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- APPENDIX B -~ HYDROLOGICAL DATA
Attached are the following data %abulationse
. Daily mean flows {smoothed) Ophir 1919-1930

DPaily mean flows, Ophir 1971, 1972, 1973
Honthly mean flows for above periods

°

&

Comparative gaugings uncorrected for irrigation
Comparative gauging corrected for irrigation

s

DU P W N e

B

Netes on recent Ophir ratings, catchment areas

-

(c.f.s.)
(metric)
(metric)
(metric)
(metrie)

Using the above, following the procedure outlined in

e
Fig. 1, a proportional flow model was constructed, =z
following derived data obtained. :

1. Annual yields.

2. Irrigation Season Yields
3. Yinter Yields

nd the
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ANNUALL MEAN DISCHARGE
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1925,
DAILY MEAN DISCHARGE IN CUSECS DURING

ANNUAL MEAN DISCHARGE

1825,
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APPENDIY C - STORAGE CHARACTERISTICS

Some Notes.

1. Falls Reservoiy 8125 ¢ 620924

Refer to 8 125/6 (20 ch. to 1 in.) and to Aerial Plan
669 (Alexandra AQTG%,, {5 ¢ch, %0 1 in.). Also see Dn 5229
(60 £t to 1 in.) for dam site. Gains and evaporation
calculations (J.D. Watt and others) in foolscap notebook.

Existing dam built 1935~%6 with reinforced concrete "glory .
hole™ spll]way crest of 1840'. Raised to 1842 in 1935.
Storage capacity at 1842' ig 11,000 M1 apProx, -

Under present operations resevvowr is drawn fully down
before the end of each 1rr1gatﬁon season and spills most

of the winter,

Concrete cubt-off wall on upstream face of dam is desgigned
for pressures allowing raising to 1900'. However, spillway
would be extremely awkward to raise 58 ft, involving the
construction of a smilar bell-mouth and complicated -
buttressing above and below water level with minimum
prejudice to the operation of the pregsent spillway and

to irrjgation operations., The alternative would be an
expensive r.c. spillway channel over the downstream"

face .of the raised dam and down the gorge.

Gonstruction—of a nevw dam to 1940'=1950% just downstream of
the existing svructure would allow a much simpler and
cheaper spillway involving only some earthworks and the

loss of some rough grazing and utilising, in the main, the
watercourse of Shamrock Gully. (Refer to Fig. VI). This
spillway it is estimated would carry water on a return period
of approX.. 5 years and a maintenance allowance for loss .
of pasture and remedial eavthworKs would have. to be allowed
for.

The site is an ideal one and should be exploited fully.
Indeed the additional input ex Dunstan raises the optimum
size to 1960'. The raising of a 30" structure at Shamrock
Gully saddle to achiéve this has not been investigated
however. ) '

2. Dunstan Creek - Gorge Site (3125 2 AT75048)

The site for which the storage curve is plotted is at the
northern entrance to the gorge and is in schist country.

The degree of fracturing is unknown, but it is reasonabile

to assume a massive gravity structure. conmstructed from that
material could be built in excess of 200'., Spillway provision
could be made easier by a shoulder on the right bank; this
would help to minimise structural concrete work.



- 02 -

The basin at present runs cattle on summer grazing and
is difficult of access either following up the creek
from Cambrian (27 fords) or from th Lindis (over
GO0 passes).

torage curve isg piot%ed from 20 ch. to 1 in. sheets
(Pig. T11).

3. Cambrian (S125 : 519958)

This site was briefly considered in view of the fact-
that the proposed Race No. € from Dunstan Ck +to Falls
Dam would provide a large quantity of excavation adjacent
to this location which could very cae@nly be used 0
form 2 dam or weir.

The economics of nrov1d1av additional storage would

depend largely on the flndwngs of 1nvest1gatlon° along

the scree face above the site but it is certain that 6 3
should the proposed Race No. 8 be constructed some :0.5x 10° m
of material would be available even if only to provide

a small weir for additional storage for 1ocal use. ' The

flats are, however, a valuable part of farm vnits in that

area.

As Race No. 8 would divert a very large proportion of

the Dunsten Creek yield, it is un¢1ke1y that a large
structure would be ﬁortqu1189 however the 30' high
structure is presented in the estimates snown in Appendix
E for comparison onlye

4. Pennyweight (8125 : 500850)

A small site for additional storage Whlcn could be topped
up by the Dunstan-Falls Race, can be found between the
terraces above the Manuherikia-Pennyweight Gully confluence.

5. Thomson's Creek

Two possible sites, 1nvest1gated as sarly ds t}e 1930's
both shown immediately +to have prohibitive costs.

6. Dunstan to Falls Race

As an alternative to expensive storage in the Dunstan it
could be possible to convey winter flows ex Dunstan to Falls.

With Falls raised to say 1940', intake in the Dunstan would
have to be at around the 2000' level in tre Dunstan? this
is about the exit from the Gorge.
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is evidence of small races having served the
gs at St Bathans but the first 15,000' through
w

g
it scree faces would be a major problem in the

4] H: o *‘3

e
in
ic
g tion of a large race of 3 cumec. Capac*ty

n laC
vehicle access berm.

ith

QO o Qs
H*O H HES

’3

Detailed investigations would be requ1red.to ascertain
tho depth to bedvocf under the loose faces and if this
is minimal then a narrow raceof rnctdmgular section
(suitable for machine cleaning) would seem to be in
oxder. Howe VEf, the quantity of loose Pauefl 21 could
be of the order of + million m” and it was this that
prompted the investigation of an adjascent storage
am/wclr@ ~ ‘ -

Various alternative routes are possible and 3 were
rsvghedovt on contour plans costing variously $0.7M

to §1.0M. The cheapest route is the ;oagest arid follows
co&tcurv around CldalﬂO Dwns with a large syphon 2t
Mata and Shemrock Creeks. Refer Map 8, Route (CJ.

. Examination of the estimated flows in Dunstan Creek show

that a race of 3 cumec. size would be appropriste and would

convey an estimated 40,000 Ml. sach winter to Falls.
Maintenance could he carrled out in sunmmer.
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MANUHERIXKIA WATER RIGHTS

Sone Notes

" phe following notes are. the result of a search of the
rds of the Warden's Courkts of Blacks, Naseby, Clyde, Cromwell
‘plexandra, now held by the Otago Regional Water Board.

In an effort to clarify the position as regards water rights
the Manuherikia and its Lributaries subsequent to notificaticn of
s under the new Act, an abtempt was made %o trace all the rights

ted in the following sources:

List of‘notifications of -use, Otago Catchment Roard, April 1973.
1ist of rights for operational priority, R.E. Alexandra, undated

Iist of notification of existing use for irrigation, M.O.V.,
Merch 1969, File P.W. 74/61. - '

Alexandra file 33/2 periods December 1921 to August 18930 and
February 1936 to October 1938 (intermediate file missing) held
at W. & &. Dunedin, in particular lists dated 5/12/23 and
16/1/24%, but also individual items of correspondence concerning
private rights. :

" All right numbers menbtioned in the above sources were traced
ough the registers and enabled the following tables to be drawn
The search was not an exhaustive search of the registers and
ere may be other rights still current in the registers, but

ich have not been notified, and therefore may not be recognised
der the new Act as current privileges.

The investigation covers all “taking" rights and privileges
the Manuherikia Valley with the exception of all points on the
olburn upstream of its confluence with the Manuherikia River.
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Storage alternatives

SUMMARY

APPF??IY B BBG ’ER]KG_ESTIF&T:S

Optimum Falls ~§ 600,000 $ 67/ha.

Optimum Dunstan

Cambrain

$ 215/ha.
$1,600/ha.

$1,075,000
$1, 100,000

Pennyweight $ 100,000 $1,000/ha.
Thomson $1,800,000 $2,670/ha.

Dunstaﬁ/Falls "top-up" race $ 700,000
OptimumFalls plus "top-up" $1,300,000 8  82/ha.

Distribution systems

pa g LS L Y T el g

Enlarged Omakau Main Race 51,750,000

Higher Omakau Main Race $2,420,000
Enlarged Dunstan Race $ 306,000
High tributaries systenm $ 280,000

Moutere Link Race :
Moutere-Waikerikeri System ) $1,010,000
Alexandra System $ 614,000

Upgrade Downs Race » $ 40,000
Upgrade Blackstone Hill Race $ 40,000

Upgrade Existing Manuherikia Scheme  $962,500
Upgrade Existing Omakau Scheme $230,000
%bo%h to present duty)

Bstimated "creditable® items to new scheme.
$1,192,500

- « or say $1,000,000

(Refer to Appendix C for Notes).



Comment on Estimates -~ Engineering Standards

The following estimates, of necessity very "preliminary"-
have been prepared with the following points in mind:

(a) Massive stor

rage earthfill gravity structures with
steel/concrete

e cut-off membranes.

{b) A11 main and distribuliary races fully fenced
- trapezoidal with at least one berm formed for
vehicle access for maintenance,

{c¢) 411 syphons reinforced concrete pipes with reinforced
concrete inlet. and outlet works. ' '

(d) 411 drops, weirs, distributors reinforced concreie
gtructures with steel control gates.

{e) Race lines roughed out at grade 1:3500

Falls Dam °° 1+ 8 9.

Massive earthfill structure;siitable material in

abundance adjacent to site. Neglect existing structure
and resite downstream to clear. Cut-off membrane rather
than impervious core. Opbimum TWL is around 1950' elev.
this will involve low dam across saddle and earth spilliway
training banks. :

0.75 x 10° ya° at $0.35  $260,000
Spillway Barthworks $ 65,000
Cut—off, U/S face, 6" conc.  $200,000
Valves, fittings $ 75,000

TOTAL : = $600,000

Alternative r.c. spillway in "2$%00, 000
gorge at TWL less than

Dunstan Dam

As above, Access is difficult.

1.08 x 10° ya? at $0.40  § 430,000

Spillway $ 300,000 -
Cuteoff - $ 200,000 ~
Fittings, ete. ’ -$ 75,000

Access 3 70,000

$1,075,000
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Cambrian Low Dam

Possible sites for additional low storage exist: fill could
be excavation from race (8) along scree face, valuable
flats submerged (10,000 M1},

5.5 x 10° va’ at $0.20 $1,100, 000
: . or -$1,600/ha.

Pennyweight Low Dam

Possible site for additional Jlow storage below
St Bathan's loop road (1500 M1) :
-estimated L.S. $100,000

or $1000/ha.

-

Thomson®s Danm

:'Previously investigated in f950‘ée Estimated cost
of rockfill dam {10,000 M1). $1,800, 000
. or $2670/ha. (1)

Digtribution Svstems

1. Enlarged Omakau Main'Race
(360 c.f.s. to 200 c.f,s. at pump)

Intake, etc,, using existihg welr $ 100,000
Race 75,000' at &5 ‘ $ 375,000
43,000 at $3 - $ 129,000
-Pipes 10,000 at $50 $ 500,000
Structures 30 at $5000 & 150,000
Race to River 11000' at $3 - $ 33,000
_ : - 31,287,000
+ 20% distribution $ 257,400
. | $1,544,400
Add - for pumping to Link Race (5) $ 200,000
150" Lift . .
$1,744,400
Say . .. 81,750,000 (1)
-2, Highker Omaksu Main Race ‘
(360 c.f.s. to 200 c.f.s.)
$1,544 (from above) x %g x 1.10 $2,270,000
4dd for pumping to Link Race (5) ° - $_ 150,000

k] 3 ’
(100" 1if+t) _ , - $2,420,000 (2)

SIS Io T




3@

Te

8.,

- B4 -

Enlarged Dunstan Main Race

Utilising present intake tidy up
Flume T700' at $10
Race 5000' at 310
25000% at $ 4
19000 at $2
Structures 10 at $5000

+ 20% distribution

. Tributaries above Main Race served

by Lauder, Th 1omson, Devonshire

Intakeo, urgradlﬂg
Dlatrlbutlon

Moutere Link Race

- Moutere-~Waikerikeri System

{pumping included in 4, but could be less
P s

Race 50,000 at $5.
« 10,000' at $10
30,000' at $4

Pipes 6,000' at $45

Structures 20 at $5000

+ 20% distribution

Alexandra System (80-100 c.fT.s.)
(Served from Moutere) .

Race 18,000' at $3
Structures, drops
Distribution 40,000' at $4
50,000 a2t 33
Structures 30 at $5000

See 'under storage

$306,000

$100, 000

- $180,000

$280, 000

$250, 000
$100,000
$120,000

$270,000

$100,000

$840,000
$170,000

$1,010,000

$.54,000

$100, 000
$160,000
$150, 000
$150,000

$614,000
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Upgrade Downs Race, up to $_40,000
Upgrade Blackstone Hill race, up to $_40,0C0
. o . 11, 13

To upgrade existing Manuherikis Scheme, to
present duty, _
Eea&womks refer report (13) proposal 5.2 $400. 000
(See apypendix F) STV
”hlpkv Gully flume renewal $200, 000
Chatto Creek, Syphon remewal , present 3 50,000
ten years hence $ 50,000
Main Race {loess country)
: 65,000 at $2.50 7 $762 500 .
’ Structures, ete. $100, 000
Total "Capital Expenditure - $962,500

To upgrade existing Omakau Scheme 12, to present duty

Intéke
Gates and Welr repairs , $ 20,000
Protection . $ 30,000
54% pipe 2000! at $45 $ 90,000
8ilt trap $ 10,000
‘ -~ $150,000
Race Upgrading $-50,000
Manuherikia Syphon Pipes $ %0,000
620% at $50

Total "Capital" Expenditure $230 000
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. APPENDIX B~

CPw.s/3/2

" The District Commissioner of Works, T TP
DUNEDIN, | B

MANUHERIXIA IORICADTICN SCHEUE .
MATH Iolars aliy s itlhedibdn GOhae SECTION

Reference: Letter dated 19.4.67 from the Central Obago
Irrigation Asdvisory Council requesting a report - on the Hanuherikisa
Gorge race covering such aspects asse . :

Fregent Conditions S S o ,:
Possibillty of Damage

Access for repalr purposes

Alternatives, ebc,

L'Aﬁa History and General:

©  The Hanuherikia Irrigation Scheme was the first constructed
as an irrigation project, as distinct from being founded on the
remaine of mining enterprise, although tHe scheme does incorporate
. Bome early mining races and water rights. Construction was
commenced in 1917 and was mainly complete by 1922 when first waber
wasg delivered. )

The main intake is in the very rugged Manuherikia Forge,
leading directly into a 1550' long tunnel through a spur forming
‘an acute bend in the river, The tunnel delivers imbo s 11t trap,
which is above flocod level, and the construction originally _
continued as a concrete lined race along sn extremely rough sidling
until it was possible to get away from the gorge and onto easier
country overlooking Chattc Creék; this was crossed by & siphon
1800' long and the Test of the system was by normal gravity race
distribution. : . : ;

The concrete lined race in the gorge gave much trouble and in
1936/57 the worst section was bypassed by a 644' tunnel, 5181
long, set back in solid rock counbry. The initisl section of the
s¢heme now consists of Intake turnel 1550%, silt trap, concrete
lined sidling race 60 chains, tunnel 5181%, flume 500', open race
85 chalns and Chatto Creek siphon 1800%, It is the remaining
©0 chains of gorge race that is now concerning the Advisory Council,
-with specific mention of its physical condition relative o .
continuity of supply; this report, however; will also deal with
-more general aspects of the scheme such as usasze aad quantity of
watery, quality of water as regards bedload and extension of E
irrigation, as all of these affect design of replacement oz

-alternative works. . ' .

- 2o Present Conditions:

Alexandra, two years ago (4lex. P.¥.15 of 1%.6.65)y and this
included the following comments on the Manuherikia Scheme:-

. A generél report on headworks was made by the Resident Engineer,

"The intake system is a tunnel which starts directly in

the river (a stone weir Dbeing used to bring the water

level up to that required) with gates to control the

flow, and which leadis o a gravel trap about three

quarters of a mile away. The gravel trap 1s connected
directly to the measuring flume and thence into a concrebe
channel sidling down the Henulerikia gorge, and finally iato
another tunnel. The whole strudture up to this second tunnel
is .a cause for grest concern." .




#*The concrede inteke gabe strushture is im good conditlion, Ev
exoeps that 1% lesks wery badly. This lesk prevented a v
1 ation of the tumnel being undevhaken.
Thres years sgG, however, an inspectlion was meds and the
condition of the hupnsel reported to be very bad. This
atatement is supported by the evidence akt the mouth of

the tumnel. Mosb of the concrete of the invert has been
seoured away together with the flat strips of reinforcing
sbesl, leaving scsresly % inch of concrebs in mest of the
length, and nonme at all in some places. In The spft schisd
sountry in which this bunnel is sivuated, any lesk which
develops could be sericus. The gravel trap is in gqually

poor condltion, tws chamnels € inches deep beling scoursed

in the floor exposing the bedrock. Thare is alsc a large
disgonal crack in the well wall, the tep secticn having

moved sboud twe inches. The mebering device is a rectangulsr
orifice - £his has developed a slight crack st one of the
sorners. The measuring flume ie in ressonabls condition,

bus the sidling vace is the opposite. Pwenty fool seoblons
‘have moved, and have been patched up, snd then moved zgain.
Thig largely due Lo The instebility of the sides of the gorge’.

¥

e 3"9;

The Residend Enpineer’s report glves a true encugh pleture of
the situation (except for the length of the intuoke tunnel) ag 1%

a5 existed for say the lasb. twenty yesors and sg it is bodsy. A1l
sections of the headworks are funchloning bub are in peor condition;
- ig impossible to say that: any ome section is in immediabe danger
£ collapse or failure, bubt it is equally as @ifficult Lo pub s

ife on the works due to the vagaries of the river and the country
and the upknown aspects of materials and design. . .

~ In operation, bthe intake tunnel entrance 1s neither sereened
nor protested in any way. - Lt is located on the concave bank of
s bend in the river and is wide open bHo collect suy gravel or :
‘vesotation that mey wash inte it.. The intake tumnel is 6° x grg
and iz designed o take 350 cusecs when the silt trap ab its lowerm
‘end is scouring. Vertical sbeel sllde gates are located at the
inlet end, and these are conneclted Lo an arrangenent of floats,
levers and trips which, in theory, drop the gates in times of high
flood. In practice; the fleoat chambers gesd zilted up and the

: linkage is prone o Jamming by fleating debris, leaving the tiunnel
wide open for acceplance of river bedload. 43 2 result, all the
invert gets continually scoured from the inlet gates Lo the oullet
of the gravel trap. e : . TR -

o From the gravel trap %o the inlet of the lower tunnel, the
‘pace sidles for 60 chains down the right bank of the gorge which
“is sbeep and unstable in places, and it is the safety of this
section which is of conceram to the founcil. The race traverses
s0lid rock, msde ground snd slip ceountry; it is conerete lined
.ell its lenghh but the concrebe leaves much ¥o be desired. belng
ef poor guality, porous, unreinforced. snd of minimal thickness =
in some cased consisting of only a thin veneer over the earth/
bBoulder hank behind, o -

FPailures have occeurred from time to time - three or four
down this length of rasce = bub details are notb avallable as
repair was carrvied out immediately by the maintenance gang and
records are nobt on file. A typicsl failure sequence starts
with leskage through the comerete; or a crack, washing away earth
£i11 between boulders which then slump, allowing the botton to
£all out of the race, together with all the fiow. The fill

meterials on which the rsce has been bullt appear o have been
placed solely to support the concrste flune and not be ach as 2
water resisbant structure. vhen a slump ocours, either in mads
greund or in slin country. the unreinforced soncrete cracks badly.
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- Frouble 1s also caused by sheep/or frost loosening bouldenrs
1 the steep slopes zbove the race,” value mainly but can do
rilelal demage To the race structure snd give rise o

onal msinbenanics,

& sghort distance downstream of the gravel trap an sccess
ok has boen formed down the right wall of the gorge and the
see undernesth this has besn roof slabbed and covared over forp
vobeetion. :
¢ hag & steep grade in sest giving i
ties (over 1 ff/chain, 12 7t « Felocith

w i

58 to high
roxinately 100 cusses with meximunm flows normali

&
7); capacity
iy in the

o8 fes
" 3
bgy £ 1S
ol I (73
[o]

Onege the flow enters the lower bunnel, the supply is not of

¢ game ¢oucerni admititedly rockfall could sceur in the tunnel,

t unless the movement was major any bresk in supply wouwld only
movnt Yo a8 few days. The bunnel iz of 100 gusecs capaciby, Is 5187
6 long,y fully lined 6% x 3' for 2387 fewvt, conerete inmveri and

sides for 1,222 feet, and the remsinder unlined buy 79 high x 6 wide

E%Séibility of Damage

This can largely be gauzed from the above deseriphion of the
orks and thelr present condition. Damage ¢an be clossified under
shree headingss- ’ _ .

a) Superficial damage caussd by falling stone which can ccour
- ab any time bub ie of minor consequence.

Seour damage of the inlet tunnel and gravel trap, which is
continuous and severe during river floods, and which is
inherent with this particular design of headworks. Apary from
periodic repair, nothing can be done to relleve the problen '
without major smendments o the intake degign. '

{e¢) Biructural ﬁamage %o the works due to movement of the country,
elther from above or below the race, and which can be nabturszl
or. aggravated by leakage from the racs. )

- It is damage in Category (c¢) that is of most concsrn as this.
Lan occur ab any time, often without warning and during the
rrigation sesson, and as many unknown guanbtitiss are involved such
28 stability of hillside or foundatlon rill, rainfall, concrete
quality, etc., fallure cannot be forecast or calculated for, N
here is virbuslly nothing that can be done te help bthe situation
part from reconstruction of the race o recasting the headworks
Bystem, as described below. It is recognlised that the present
¢ondition of the race is indeed poor and that its 1ife must be
limited; it nevertheless continues to 8o iss Jjob and within the
~Pregent Irrigation Superintendsni's knowledge, has suffered only

- two major breaks in the last 15 years, both of which have besn
- Quickly repaired, causing minimum interruption to supply, in spite
of difficult repair conditions owing to LOOT aceess,

i% is only fair %o state that the uncertainty of life and the
Susceptibility to damage must be allied %o the low standard of _
Conerete construction of the race. If the comerebe used had complied
%ith modern structural standards, had been reinforced, and had bheen
%o & minimum thickness of 6 inches as specified, then the race

ould have been more resistant %o presssure from the hillslide, %o
;éﬁfcrmaﬁieﬁ.%y’sabsié&&géﬁ Yo wnrestricied opening of cracks and

to leskage. . ' .



DifZleulty of sccess is the greabest problem to be avercoms
any repsir works and 1% must have bssn = major factor affecting

original consbtruction. Acesss is possible to the upsirsam end

e 8 point on the race below ths silt trap alsv by foot or
icked machine, Aceess along the vace in eibher direction, to fthes
sr tunnel or te the gravel trap, iz by foobt only along a ueTTrow
unculating pabh which is impossible Tor a wheelbarrow. When
race 18 dry, freer sccess iz availsgble along the concrebe race
Fome All equipment and materials for repairs have %0 be
bendled along The racs, ¢r winched or chuted down the gorge walls
the site. S . »

_Both tracks down into the morgs could be improved to make them

able by say a four-whsel drive utility type wvehlcle, but to the
el intake only with considerable difficulsy. The raes formation

ver was constructed during the days when manpowsr was the

epted construction eguipment (as distinet from bulldozers,

lrigs e%c.,) and the additiecn noew of anything wmore- than a

er standard footpath is not possible without complése reconstruct-

I
-3
BN

the intake tunnel by foobt or by tractor (tracked) with difficulty,



Alternaiivyesst

Rt

4 vumber of siternatives to he present headworks layout
exist, none of whioh, srifortunately, are pariicularly
trantive with respect to ceost, bub twoe are dafinite improve-
zents on the existing system from the functicnel engineering
giewpointe %The alternatives arel ‘ '

4 Constoastion of o dam at the entrence of the lower tunnel

Such & dam would be sslely to galn hesd and would glve no
storage but this would be no dissdvantage on the ¥anuherikia
The dam would complsiely obviate the nsed Tor all ihe
sxisting headworks down to he No.2 tunnel intake, it would be
a silt and boulder Irap iow the system but would have Lo be
provided with a siuice gate for pericdieslly releasing
sceumulations, it could be build without disrupting the present
irrigation supply with sn access road wp the now disused portion
of the gorge racs. Lt in peasonable to expect that & sultable
gite can be readily found, as eolid rock oubcrops ere very much
in evidence on both walls of the gorges L

On the debit side is the slze of the atrueture. & cross
meetion taken ati the tunnel enirance gives a dam height of

70 feet sbove river water iavel and erest width of 260 feet;
the most probable choles weuld be a concrete arch with spillway
crest and siuice gate for desiliing. The Cost of such a
structurs considering site and mecess adfriculties eould amount
to 400,000, - : _

5,2 Construction of g dam 2k cheing upstrean from lower

tunnel snirsnoe

, _The lower porilen of the pgorge race hese & much flatter -
gradient than the upoer poriion near the silt trap, there
being only %.3 feet difference in invert level over the lower
2l cheins; ths river grade however is 8%111 relatively steen
and this enables & dam to be built with mosi of the advaniages
of 5.1 above but with a heightl above river level of 25 feget and
_ evest width of 100 fest. Congrete yardage of ihis upper dam

- would only smount io aboul cone gixth of the previous alternative,
but ettention would have to be given to the 2 chaing of
raceline to the tumnel snirance. This could be replaced with
R.Cs, pipe laid along ihe present formation and covered over for
protection {4100 cusscs would require a i inch diameter Pi?@)a
The cost of the smaller dam including sluicegate provislion as
previously, plus 24 chains of pipework and protection could -
total $215,000. A1l the work could be done without disrunting
the irrigation supply, with only the pipes heving to be

placed outside the irrigation seasols - '

5.3 Replscement of the race sgchlon with pivg and
‘ * "'\4“ 2 %—

Trom the silt trap to the entrance of the lower tunnel
the race invert falls 33 feet in 61 chains snd it would be
possible to pipe 100 cusecs through 42 inch dismeter pipe

down this length., The pipe could be laid along the race invert
and be coversd fo@ protection against rogkfell as in 5.2 above;
rubber ring jolnts would accomnodate any slight moyenent of

the couniry and the sysienm would be leask free. An aCcCeES
pench would need to be formed slongside the race whieh would

1% pociworks, snd the work would hove to be

involve some difficul :
dene during the May-Bepitember period %o maintain irrigation
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jies. Rinter conditieons in the gorgs are ral %i?@ly
:, 1% being frosty and sunlésg. Relinstatenment of the rses
ing would esost approzinately $1L0,000. :

With & piped race howaver ithe giit trap would have to

main in nb% systen and would be even more necessary than it
now, 88 wear of %%a Qﬁﬁs invers by tranaportsd gravels could
%t be sountenancad. & long as the unpr rotected, open o
erything, intazke iunugl mouth is persisted with, & silt itrap
ne lesser proportions than the present structure will be
<a?&t@3v negessary. 1t is not pessible te put = '1ife’ on the
ating structure, bubt with the ezpenditure of say between
GW“N%QﬁQUw dellsvs 1% wight be expecied to last many years,
geially would this be “ﬁ al it eould be given an easier life
the provision of g prot ad intske Tor the fturnel, and the
jent method of doing this mauzd be by an infiltration gallery

n the gravels upstress of the present boulder weir. The
Averdlow however gots very low at times ﬂu?ing the irrigation
season and virtuslly all ithe water is diveried into the tunnelj
o colleet all the water by infilirastion & concrete welr across
he plver would be nepessary with the gallery along iis upsireanm
aeee With a2 suitsble Pilter bed agsinsi the weir, only sand
izes écwn reegd enter the Bystem, and the sili trap would handle
ueh geades with g ninimus of wear, Construction of & welr and
allery could cost ﬁgpyexima%clv $105,000, It would involve
1out%ing gn access road to the intake, but most of zhs w@rh could
be aaﬁe without interrupting the supply. :

Ny

‘Both phases of this alternative treatment of the prcblam
‘thus smount to $245,000. IFf the weir and gallery were not
progeeded with, wear and general deterioration of the silt :
trap would continue and aceelerate? however 1t iz not possible
to aat s Tipure on this and-it is unlikely thst complete
'?ﬁﬁLﬁéﬁﬂﬁﬁﬁ would be necessary for meny years. A silt trap
must Torm an essential pari-of the system though as transport
of bedload through B&ﬁﬁﬁ must not Qﬁﬂura

5oy

{a) The first slternntive would be to parallel the
troublesome ssotion of gorge race by tunnel in =2
gimilar nmanner ¢ the old length of gorge race
that was bypassed in 1937. This would still
demand the presence of a silt trap or sn amended
intake as for 5.3, would be 60 ehains in length
and at currendt tunnslling costs would be about
. 40% more cxpensive than the gguivalent length in
covered pipes

{b) A& second sliernaiive consistas of tunnelling
' _throupgh & spur on the left bank of the river with

, the outlst ovposiis Ne.2 tunnel entrsnce and the
intake apafuxzmﬁﬁel 4wenty chains upstream of the
present 5ilt trane This tunnel would be over 10
chains shorier than that above, bui would have o
incorporcte & naw intake and silt trsp, plue &
siphon/bridge crossing of the river, and sc 1s no
more attractive than a}-abovea

{e) It would szisc be possible to tunnel dirsctly from
: the gorge at *ﬁ@ present silt trap in & generslly
westerky direction snd emerge in a gully not far
from the Chinky Gully flure; this would be even
lsss ativactive as such a tunnel would be a nile
and a nuartsr 1&mg and have the same intakes and silt
trap troubles to contend with zs (a).



5¢5  Pumping -

) An alternative to 5,2 consists of replacing the danm

D2 with pumps 1o gain the 25 f'eet head sbove the river. %York
involved would include the rrovision of a pump pool which could
be slulced oug periodically and after floods, a pumn structure
~2bove {lood level, a pover osupply to the 4nstallation asng 20
chaing of pipe repls
nature could cost g1

.

Ang the race as in 5.2, A scheme of this
zhily lens than 5.2, asy $2005000, bub
antages of higher renewal cosis and
operating costs, as all pover charges would be a direet charge
on the farmer « at present water usage rates, power would
amount o an extra 12 ner acre. Bigh operating costis for
%
%

wouldé have the diss

3
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nesligivle capital cos reduction, put this propogal in a poor
light when conmpared w the purely gravity supply alternatives.

" 6o Conelusions ang Pecommendastion.

: ' It must be rcecognised that due generally to the stardards
of the original countruction, the ape of the installiantion and ithe
rugred anhd unsiasble nature of the country, the physiesl
condition of the scheme hesdworks is not good, but that it is
impossible to put a '1life! on the works. The present state of
affeirs could pertsin for encther 10 to 20 Years;y with 1i:tle
or no more interruntion to g1pDly or relztive cost oF repsirs
then is now the case., However, it must also be enphasised that
a eritical aye must be kept on the headworks at &1l times, and
that althongh renewal or replacement cannot now bBe classed ma
top priority, it could be in say 10 or 20 years.. when that
tire does come it anpesrs that the nost sttractive solution,
from both the engincering and coant viewpoints, will be the
provision of & low head dam {alternative 5.2) able to sluice-
through ary accumulations of river bedload, gerving to raise-
water levels to utilize io.2 tunnel, snd funciioning also as:
a setiling pond/boulder trap. : :

%hile the repair bill continues to average below 31000
per annua compared with the cosé. of recasting the neadworks at
say $200,GGO,'the only recomacndation possible in todays cir-
cumstances is to continue maintenance as at present, but with
the recognition thst this will be ever increasing and thst
ultimate replacement ia inevitable. o .
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“Attached -~ Some Hotas ons

Ao Eeadworks Haintenance Costs/Replacement Costo.
B.  Vater Usage - Hanuherikia Scheme.
Ce Eetimpate Figures = Alternative Headworks Proposale,

General layou% of Scheha Headworks.

Graphs of Scheme Water Usage and Coats..
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Hendworks Maintensnce Costs/Meniscement Cost

4s long a8 repaly gosis say below $1000 pem. it is
able that repelr, 28 against renewsl at $200,000, i=m
paratively economic. %o date repalr cosis appsar to have

en below $500 p.a. although setual {igures are not availsblee
¢ stage at which revaly becomes uneconomis is 4ifficult to
seps, and could depend on wheilher recasting the socheme la
copted a8 a renswsl or & capitsl work, 48., whether the money

g found from the farmers waler rates or from Covernment sources.
At present, income Irom water rates sovers aspproximately 320%

£ the schene operaiion and maintenance cosis, so ithe problem

is somewhat hypothetical, Existing irrigstion sgreements and
rater rates do not expirs unitil 1972 - renewal musi be a major
faotor in ihe resssessment of these rates. :

With the gecumulaied deficit now susocliated with this
poheme, 8 renewal fund just does net exist - it would require
$1000 invested annuaelly o L% Tor 50 years 1o compound to
$200, 000, o :

v

1

o



»  Hater Usape - Wonuberikis Soheme

r

The capacity of the existing headworks system is
approximately 100 cusess, snd all the rsplacenent sliernatives
considersd in the repori are based on being able o Bupnly
thls same quantity. The area under Agrecment however is enly
4, 900 seres, and with » reasonable waten duty of say 100 sores
wer cusec this ared should be shble io be supplied by a 50 cuses
systeme. FProviding for a 50 cusee gystem would nsturally reduce
the cost of several of the gternatives presented with respect
to plpe sizes, intske capacities, pump and sower reguirements,
€leey however this has not bheen done as it is considered that
the demand for additionsl water/irrigable land exisis altihough
@t present 1% tends to be hidden, '

Attached iz & table giving water diverted and sold
Pigures for the last 12 seasons, The water quots for this
Bcheme varies from 247 to 36" (rote 82 cents %o $1.62 per acre)
aceording to the land, with extra water aveilasbie at 52 cants
per acre foot. It can be seen that over regent years the usags
has been very high ~ sinee 41551 the depth of application over
the agreed irrigstion area has averspged I, feet with an ail time
high laat seasen {66/67) of 56.2 inehes. Add the irrigation
seagonsg rainfall 4o this, ususlly abouwt 9 ineches, and a seil
neisture content similar 1o the West Coaszt can readlily be
imsgined. ' -

These figures point to two main paséibili%ies;_

(%) That because water is cheap, irrigetors are not worried

about being efficient 4in it2 usage, and

(£1) That nmore lanéxis'ﬁaing irrigated than is undep’
: Agreement, - I

It is probable that a combination of ihe two present the
actual state of affairs, With respect fo (i), this schems has
been operating now fon L5 years and farmers have long aceepted
-the water supply and its low eost, and unlike those of the
later aschemes, have not haa to make full use of the water to
cover high water rates, The present day rates are lower than.
thots of 40 years age when the Irpigation Investigation
Commlttee report was produced in 1928, It is fair to comment
however that much of the land undem the zeheme is sidling
couniry and so is more diffieult to irrigate efficiently, but
it must also be stated that of the Tletter land able to be
border~dyked very litile has been atitempted. With rgspect to
{11) it is natural enough %o expeet a farmer who ubtilizes his
guota to irrigste efficiently his agreed acreage and who re-
gognizes his water sunnly a8 a real asset; to take extra water
at approximately halfl the cost to irrigate further land ontside
his contraet ares, Judging by the guantlly of water sold 1%t
appears probable that more 1anad is being irrigated than is undern
Agreement, snd if this is 80, it is reasonable %o allow for
headworks with capaciity grester than 50 cuseess For the report
100 cusses has bBeen agsumed; to be in keening with the capaciiy .
of Ho.2 tunnel and dormrace structures. ¥Yhis Tigure will allow
for any increase to inglude land new irrigated out of Agreement
and also possible further extensions of irrigstion - ths schene
main rsce commands ahout 12,000 acres. The demand for watepr ig
as high as ever - over the last season (ﬁaring which 10 inches
of rain were recorded) the main intake race opers ted for 218 days
with an average fiow of 67,2 CUSECS . S
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Istimate Fizures - Alterrabive Headworks Troposals

5:%41

T
B @ 3
SR T

C o5

5925?
2
«3

NP 13
s
e

5e3e
.2
. °5

B34
s
6
o7

R

Site desvelopment, access road, establishment, ebc. $20,000

Excavations, foundations _

Dam, concrete (5000 cyd), formwork inel.
Sluice gate, steelwork, mechanism

fiisc. and conbingency, 10% approx.

e ey
RS 4

P

Site development, access, establishment, ebe. -

Excavations, foundations

Dam, concrete (800cyd) formwork
Sluicegate, steelwork, mechanism
Plpework, protection (24 chains)
Hisc. and contingency, 10% approx.

Lccess to sites access bench, establishment ete.

Pipework and protection (61 chains)
Contingency, Survey, Misce., 10% aprroXe

Access bto intake, eatablishment, ete,
Exeavations, foundations’

Concrete weir, gallery, control gétesg filter.
Survey, misc., 10%,

5.4 (a) Access, etc., as for 5,3.9

5.4 (b)

Tunnelling allow part lined (61 chains).

v

Survey, contingency

Intake ebc., a8 5.3.4-6
Tunpelling (50 chains) '
Bridge/sirhon c¢rossing

Survey, contingency, etc.

N8B, 1367

15,000
300,000
30,000
35,000

$400,000

PRSTEE Ty

$25,000
103000
.- 80,000
30,000
. 50,000
20,000

© $215,00

$25,000
100,000
13,000

$138,000

$20,000
15,000
60,000
10,000

$105,000

$25,000
160,000

$200,000

$95,000

130,000
15,000
25,000

$265,000
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