
'· 

Resource use 6ptions for the 

A Case 

:: • • 



BIBLIOGRAPHIC REFERENCE: 

CENTRE FOR RESOURCE MANAGEMENT 1932, 
RESOURCE USE OPTIONS FOR THE UPPER MANUHERIKIA VALLEY 
LINCOLN PAPERS IN RESOURCE MANAGEMENT N0,9, 

PUBLISHED BY CENTRE FOR RESOURCE MANAGEMENT 
UNIVERSITY OF CANTERBURY AND LINCOLN COLLEGE 

ISBN 0-908584-80-6 LPRM 9 
ISS~ 0111-1809 



RESOURCE USE OPTIONS FOR THE 

UPPER MANUHERIKIA VALLEY 

I 

M. Bussieres 

T. Denne 

R.M. Jebson 

I. s. Knowles 

G.S. Markham 

J.E. Matheson 

M.P. Neeson 

S.M. O'Halloran 

E.D. Paul 

A. Poynter 

C.E. Regnier 

D.W. Russell 

B.R. Williamson 

B.Sc. (Agric.)., Dip.Nat.Res. (Cant.) 

B . Sc . ( Zoo 1. ) 

B . A. (Geog. ) 

B.Sc. (Physics) 

B.Sc. (Geol./Zool.) 

L 1. B. (Cant. ) 

LLB. (Cant.) 

B.Sc. (Chem. ) 

M.A.(Hons.) (Geog.) 

B.Sc. (Hons.) (Geol.) 

B.Sc. (Biol.) 

B • Sc . ( Zoo 1. ) 

B.Sc. (Physics) 

603 Case Study 

CENTRE FOR RESOURCE MANAGEMENT 





CONTENTS 

PAGE 

FOREWORD i 

ACKNOWLEDGEMENTS iii 

RESOURCE USES 

1. Agriculture 

2. Forestry 

3. Irrigation 

4. Lignite Mining and Processing 

5. Reserves 

6. Recreation 

PART B: SCENARIOS 

Introduction 

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

PART C: RESOURCE PLANNING FRAMEWORK 

SUMMARY OF FINDINGS 

APPENDICES 

A Climate 

B Soils 

c Birds 

GLOSSARY 

REFERENCES 

5 

35 

65 

85 

123 

131 

137 

137 

139 

149 

153 

163 

177 

185 

191 

199 

205 

207 

211 





FOREWORD 

John A Hayward 
Director 

In 1981 a study team from the Joint Centre for Environmental 

Sciences investigated the regional implications of possible 

lignite coal recovery and liquefaction in Otago and Southland. 

That study was concerned with the use of coal for a possible 
synthetic fuels industry and did not consider alternative uses of 

the coal reserves, nor alternative and perhaps more appropriate 
uses of the resources within each coal area. In short, it did 
not address the issues relating to wise or appropriate resource 
use. 

The study reported here is an attempt to consider some of 

the options for resource development in the Manuherikia lignite 

area. It is presented as a contribution to the continuing debate 
on the wise use of this country's abundant but not unlimited 
resources. 

The report's authors are students in their second year of 

the M.Sc. (Resource Management) programme who are required to 

complete a case study. In a case study the students work as an 
interdisciplinary group, and are expected to bring or develop the 

skills and understanding required to address a major issue in 
resource management. 

In March of 1982 the group visited the Upper Manuherikia 

Valley and were asked to consider the options for, and 
implications of, development for pastoral farming, agriculture, 

horticulture, down-valley irrigation, recreation, preservation of 
biological systems, and lignite mining and its use. As it was 

anticipated that there would be conflicts both within and between 
alternative resource development options, the group was also 

asked to indicate how such conflicts might be addressed in order 
that "wise use" might prevail. 

It was the group's responsibility to develop a framework 
within which these questions might be approached and to complete 
the study by 3rd September, 1982. 
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This report is the result of the group's endeavours. 

Although the study was primarily an educational experience, its 
approach and findings have significance beyond that primary 
objective. 
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INTRODUCTION 

Current resource development in New Zealand is unprecedented 
in its pace and scale. Development activities have implications 
for other resource uses and for future generations. Conflicts 
generated must be recognized and a comprehensive framework for 
resource planning developed for their reconciliation at all 
levels. 

The goal of this study is to understand resource use options 
in the Upper Manuherikia Valley of Central Otago. This area 
contains two of nine lignite deposits in the South Island which 
are being considered for processing into transport fuels (Figure 
2). Development of the lignite will affect present and potential 
resource uses in the valley. The study area is defined on the 
west by the St Bathans Range, on the north by the boundary of the 
Manuherikia catchment, on the east by the Hawkdun Range and 
Idaburn Hills, and on the south by the road linking St Bathans 

and Hills Creek (Fig. 1 ). 

Part A iaentifies present and p9tential resource users ·in 

the study area. Agriculture and recreation are present uses. 
Forestry, lignite mining and processing, down-valley irrigation 
and reserves are examined as potential uses. The characteristics 

and physical requirements of these options are determined and 
discussed. 

Part B comprises four scenarios which represent a broad 

range of resource use alternatives. Implications for the 
physical and social environment are outlined in each scenario, as 
are the implications for local, regional and national policy. 

In Part C, recommendations are made for a comprehensive 
planning framework which kay be used to reconcile the conflicts 
identified in each scenario. 
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FIGURE 1: 

LOCALITY MAP OF STUDY AREA 
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FIGURE 2: 

LOCATION OF SOUTH ISLAND LIGNITE FIELDS 
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SECTION 1: AGRICULTURE 

1.1 INTRODUCTION 

This section outlines the current pattern of agricultural 

use within the study area and considers the potential which could 
be achieved under various alternative uses and management 

regimes. Before the potential can be explored it is necessary to 
identify the institutional arrangements under which the current 

use pattern has developed and operates. A recognition of these 

and future arrangements is important when considering the 

potential of an area. 

1.1.1 The Study Area 
The study area is part of the South Island high country 

which has been defined as "properties situated at high al ti tu des 

with extensive grazing and which are subject to severe weather 

hazards such as the risk of snow loss" (Ward, 1960), and is 

characterised by: 

(a) a land tenure system in which the runholder leases land from 

the Crown and has rights to pasturage only; 

(b) large holdings: an average holding is 10 800 ha (Kerr et ~l 
1979); 

(c) a reliance on wool as the main source of income; approxi

mately 65% - 70% of income is derived from fine wool (Taylor 

and Mars, 1979); 

(d) has a management system based on minimum inputs of labour, 
machinery and energy. 

The study area (Figure 1) contains in whole or in part ten 
pastoral runs (Table 1.1 ). Some run boundaries extend into 

neighbouring catchments (e.g., Twinburn, Idaburn Hills, Dunstan 

Burn, Home Hills). All the runs, apart from Hawkdun, are managed 

in conjunction with associated freehold or leasehold land in the 

down-valley area. Hawkdun Station is wholly contained within the 
study area and is held on renewable lease from the Crown; 

pastoral use limitations no longer apply. 
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TABLE 1.1: Pastoral runs of the study area 

Run Total Area Area in Proportion 

Dunstan Downs 

The Downs 
Michael Peak 

Twin burn 
Two Mile 

Blackstone Hills 
Home Hill 

Idaburn Hills 
Berwen 

Hawk dun 
Other 

Total 

Study Area 

(ha) 

3 819 

3 110 

7 047 

5 612 

9 633 
2 601 

7 703 

4 305 
3 511 

5 080 

2 721 

------
55 142 

of Total Run (ha) 
( % ) 

56 6 859 
29 10 852 

83 8 498 

71 7 861 
80 12 019 

45 5 836 

59 13 117 
83 5 187 

41 8 612 
100 5 080 

a Total area = freehold, pastoral occupation licence 

and leasehold. 

The total area of all the runs, including down-valley land, 
is 83 921 ha carrying 70 520 stock uni ts (s.u.), of which 55 142 

ha carrying 46 230 s.u. ( 1981 estimated), is in the study area. 
Table 1.2 gives comparative data for the study area and other 
South Island high country areas. 
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TABLE 1.2: South Island high country production: comparative 
data. 

Numbers Nza s. I. Otago Study Areac 
Highb Moistb 

Sheep 63.5x106 1 • 883x106 5x1o5 44 427h 

N.A. 
8 300 

Breeding ewes 978x105 271x105 
Beef cattle 5.112x106 131x105 22 900 
Deer 

Area (ha) 
s.u./ha 

Total OS/TD) pasture ,ha 
Stock units 
per man year 

SOURCES: a 

b 
c 

d 

e 

f 

g 

3 136 135 15of 

21 231x106 3 258x106 564 519ha 
0.660 0.909 

294 229 87 265 5 084 

2 655 2 603 2 892 

New Zealand Department of Statistics, 1980 (Year Book). 
Kerr et al 1979 

Calculated and based on TGMLI 1976/78 High Country 
Product ion Survey. 

Approximate area of ,pasto.ral lease wi th,in
1 

the stu.dy area. 
Tnetotal area used in this report is 5? 42 hecta~es. 

1979 total 
Difference in deer numbers between "Otago Moist" and 
study area due to different years from Which the 
rigures were obtained. 

For the cqmpl~te runs (83 921 ha) the stocking rate is 
0.92 s.u.;ha \1979 data). 

h For pastoral lease land only (1979). 
s.u. = stock units 
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Table 1.3 gives a more detailed breakdown of the current 
carrying capacity of the runs in the study area based on their 

resource endowments of soil and other terrain components 

(O'Connor et al, 1981; O'Connor, pers. comm.). The stock-unit

months per hectare figure for any one terrain type and 

topdressing category represents the average carrying capacity 

from a range of block sizes. It is becoming increasingly evident 

that block size has an important influence on carrying capacity. 

There are no irrigated blocks within the study area, but 

figures obtained from adjacent sites are offered as an example of 

the influence of water on carrying capacity (Table 1.3). 
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Table 1.3 Mean Stocking Loads in Stock-Units-Months per Hectare for 35 Pastoral Management Units 
in the Study Area, in Relation to Terrain and Topdressing Treatment. 
(Numbers of management units in each class shown in parentheses). 

Terrain Type 

Run Climate Topdressing 
Category River flats Montane Terraces Montane Moraines funtane Hills SUbalpine Hills 

and Fans arrl dcMnlarils am. Steepland and Steeplands 

Sub Humid None - 1. 4 (1) 10.1 (10) 7.3 (3) 4ol (5) 

Part - - 3.9 (1) - -

Whole 9.1 (2) - 21. 2 (11) 13.6 (1) -

Irrigated - 42.8 (2) 51. 8 (1) - -

Source: (O'Connor, in prep.) 



The carrying capacity of the study area varies widely 
between terrain types and levels of topdressing. 

Differences in soil type, altitude and aspect affect average 
stocking load, for example, 10.1 stock-unit-months per hectare on 

montaine moraines and downlands compared with 4.1 stock-unit
months per hectare on subalpine steeplands. Aspect is the 

orientation of slopes, and the percentage area of sunny or shady 
slopes within a run can affect stocking rate. 

1.1.2 Institutional Arrangements 

In this study, institutional arrangements include: land 
tenure, government policies, district planning schemes and 

agencies with land use planning responsibilities in the locality. 

(i) Pastoral Leases: 

The pastoral runs are held on lease from the Crown under the 

Land Act 1948. Prior to 1948, the South Island high country 

suffered severe depletion of vegetative cover as a result of 

burning, overstocking and rabbit infestation. Pastoral leasehold 
tenure was believed to be the most appropriate method to protect 

these lands and to place the high country on a more secure 
economic basis. 

Land classified as pastoral was considered to be suitable 

only for extensive ~~ing l!!. l!~ !!_ativ~ state. Then known 

technology and farm management practices did not indicate an 
improvement beyond restoration of natural vegetative cover 

(Committee of Inquiry into Crown Pastoral Leases and Leases in 

Perpetuity [Clayton Commission] 1982: 28-29). 

The leases carry a number of conditions, some relevant ones 
being: 

(a) 

(b) 

(c) 

(d) 

( e) 

Stock numbers are set by the Land Settlement Board. 

The lease is perpetually renewable. 

The lease term is 33 years. 
There is no right to freehold the land. 

Cultivation was limited to growing winter feed and 

crops for domestic use. 
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Between 1948 and 1982, the statutory provisions have been 
more liberally interpreted as a result of: 

197 5: 

1977: 

1979: 

(i) statutory amendments; 

(ii) increased application of research resulting in 
increased production; 

(iii) higher farm costs requiring greater production. 

Some recent changes include: 

- a recreational permit could be issued for recreation 
uses on pastoral runs, for example, safari hunting; 

- cultivation for cash crops and growing timber for sale; 

- the definition of pastoral land was changed to read: 

"Pastoral land being land that is suitable or adaptable 
primarily for pastoral purposes only." 

These lands are administered on behalf of the Crown by the 
Land Settlement Board (the Board) which, in turn, is serviced by 

the Lands and Survey Department. 

(ii) Government Policies 

Three important documents have been recently produced which 

have a significant influence on the future management and use of 

the high country. Each is applicable to the study area. 

1 = " D e c i d i n g t h e U s e o f H i g h M o u n t a i n R e s ·o u r c e s : 

Government Policy Statement" (Dept. of Lands and 

Survey, 1979) • 

2. "High Country Policy": Land Settlement Board (1980). 

3. Report of the Committee of Inquiry into Crown Pastoral 

Leases and Leases in Perpetuity: Report of the 

Committee of Inquiry" (Clayton Committee, 1982). 
Strictly interpreted, "pastoral" use means only the right to 

the pasturage of the unimproved native grasslands. If this 
interpretation were adhered to, the stocking rate in the high 

country would be severely limited (less than 0.5 s.u./ha). 
However, as the Board has more liberally interpreted the Land Act 

following the 1979 Amendment in recognition of the need to 
increase production in the high country, a greater range of 

uses is now permitted. 
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The goals for the pastoral and agricultural use of the high 
country include: 

(a) To encourage intensified and increased use of the high 
country for pastoral and agricultural production on 

land suitable for such purposes, consistent with 
economic viability and with balanced land use and 

protection of natural resources. 

(b) To encourage diversification of primary uses where 
appropriate. 

( c) To encourage the integration of compatible secondary 

uses (Land Settlement Board, 1980). 

The present interpretation of the Land Act has given 

runholders a wider scope to develop and diversify their runs. 

Many have done this, especially with the aid of government 
incentives, e.g., Land Development Encouragement Loans 

(L.D.E.L.), and Livestock Incentive Scheme (L.I.S.), and Water 

and Soil Conservation Run Plans. 

(iii) District Schemes 

The study area lies within both the Waitaki and Maniototo 
Counties. The area around St Bathans village is recognised as a 

special area by the Maniototo County Council, and two special 
zones have been created which restrict development: 

(a) a Rural S (Scenic Protection) Zone on land surrounding 
the village up to the skyline; 

(b) a Rural H (Historical Protection) zone for the village. 

1.2 PASTORAL AND AGRICULTURAL POTENTIAL 

In examining the agricultural potential of the study 
area a wide variety of agricultural uses are considered. These 

uses (sheep, cattle, deer, goats, arable crops, tree crops and 
horticulture) are assessed against the physical regime of the 

study area. Labour, transport, markets, management and 

technology are also considered. These uses are not considered 
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u n de r an i r r i g at i on ~B.l~ e , as res e arch show e d that water 
available for irrigation would be more profitably used in the mid 

and lower Manuherikia Valley. 

1. 2 .1 Pasture Product ion 

A major determinant of stocking potential is pasture 

productivity, which in turn is a function of: 
(a) soil fertility; 

(b) soil moisture availability; 

(c) temperature. 

Soil fertility is a critical factor in assessing potential 

productivity. The soils of the study area are described in 

Appendix B. The soils are principally yellow-grey earths and 

high country yellow-brown earths. Other soils include high 

country steepland yellow-brown earths, with recent soils on river 
flats. As precipitation rates increase the soils become more 

leached, with a subsequent reduction in nutrient status, and 

fertilisers are a necessary factor in sustaining pasture growth. 

High country pasture consists mainly of clover, grass and 

native tussock associations. Some grasses, notably cocksfoot, 

and clovers have been introduced by aerial oversowing in the 

process of pasture improvement. These introduced grasses are 

more palatable, and clover has the added function of fixing 

nitrogen. Recently, trials have been undertaken using "Maku" 

lotus as an alternative nitrogen fixing plant. It has lower 

phosphorus requirements than clovers and can produce up to 47% 
more dry matter (DM) per hectare than clover (Scott and Mills, 
1 981 ) • 

Under favourable conditions, legumes are able to fix large 
amounts of nitrogen for plant utilization. Nitrogen is also 

obtained by plants from animal dung and urine. Clover production 

is very sensitive to phosphorus (P), sulphur (S) and molybdenum 

(Mo) deficiencies. The soils of the study area are deficient in 
these minerals and they must be added regularly if the potential 

high dry matter production is to be achieved. 

Pasture growth is also impaired by soil acidity, which is a 

15 



result of nutrient leaching (of calcium (Ca), S and Mo). 
Climate, especially rainfall variability and solar radiation 

(measured heat units), also has considerable influence on the 
level of dry-matter production. 

During the growing season, the annual water deficit becomes 

a critical factor as the pasture production level rises close to 

its biological potential (Scott, 1979). In the study area a soil 
moisture deficit can be expected for two to three months of the 

year, mainly on the yellow-grey earths. At both mid-altitude 
(600 - 1200 m) and high altitude (over 1 200 m), precipitation 

rates increase with altitude, while temperature and evaporation 
decrease. 

It is the mid-altitude zone which holds greatest promise for 
grassland development. In summer it has a better soil moisture 

regime than the lower altitude slopes and a better temperature 
regime than upper altitudes. On shady slopes, the mid-altitude 

zone may extend up to 200 m higher than on sunny slopes, due to 

less evapotranspiration. This is despite the fact that the shady 

slopes tend to be cooler during the growing season (M. Douglas, 
pers. com-m.). 

Seasonal differences in dry matter production have important 

implications for run management. Activities such as tupping and 

lambing have to be timed to coincide with the availability of dry 
matter production (Figure 1.1 ). Production is highest in spring 

and early summer, with a marked decrease in late summer and early 
autumn. 
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FIGURE 1.1: Seasonal variation in herbage energy production in 

relation to energy requirements of ewes stocked to 

maximum pasture utilization on dry high country. 
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1 .2.2 Stocking Potential 

To determine the potential carrying capacity of the study 

area, the classification (introduced in Section 1.1) based on 

terrain types is used. Table 1.4 presents the potential dry 

mat}er productivity and carrying capacity of the study area. The 

dry matter production figures represent the highest reported for 

any particular soil set or group of associated soils (O'Connor, 

1960, 1966; Joyce, 1977). Other researchers (Cassens, 

unpublished; and Brash, unpublished in Joyce, 1977), Scott 

and Mills ( 1981) and Radcliffe and Cos sens ( 1974) have obtained 

production figures lower than those reported by O'Connor, but 

still significantly higher than those currently being achieved. 
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Table 1.4 Potential Dry Matter Production and Stocking Loads in Stock-Unit Months per Hectare 
for the Study Area according to Terrain Type 

-
Production Stock Loading Hectares in Terrain Type and Soil Set 

kg/Dm/ha p.a. 
(S.U./mths/ha) Study Area Total S.U./mths. 

at 600kg/SU.p.a. 

RIVERFLA'I'S 

Tasman (99) 13500 270 3248 876960 
Eweburn {94a) 13500 270 304 82080 

MONTANE TERRACES AND FANS 

Oturehua {6c) 11000 219 5099 1116681 
Struan (6b) 11000 219 1521 333099 

MONTANE MORAINE AND DOWNLAND 

'I'iroiti {Be) 13500 270 1592 429840 
Blackstone (9) 13500 270 457 123390 
Meyer Hill (9aH) 6700 134 215 28810 
Omarama Steepland (lOa) 11000 219 2375 519468 
Naseby (23f) 11000 219 2913 637947 
Cass (53) 11000 219 3818 836142 
Cass Hill (53H) 2200 44 1357 59708 

MONTANE HILLS AND STEEPLANDS 

Tengawai Hills (24aH) 11000 219 3045 666855 
Tengawai (24a) 11000 219 1779 389855 
Kirkliston (55aH) 2000 40 2692 107680 

-
SUB-ALPINE HILLS AND STEEPLANDS 

Kaikouras (57) 6000 123 14580 1793340 

TOTALS: 46992 ha 8,001,601 
(excludes Class VIII SJ/mths or 666,800 
land and land over s.u. 
35° slope) 

CX) 

r-i 



If these potential production levels were achieved, the feed 
supply would be increased by eight million stock-unit-months, or 

666 800 stock uni ts; a fourteen-fold increase over current 
levels. 

There are several means by which such an increase in 
production can be achieved: (a) pasturecan be improved to 

increase the volume and palatability of feed; (b) to utilize 
fully the available feed. O'Connor and Clifford ( 1966) have 

shown that rotational grazing improves herbage production and 

increases stock loading. To successfully achieve rotational 

grazing, subdivision fencing is required. O'Connor (1982 unpbl.) 

suggests that each halving of topdressed block size is associated 

with an increase in stocking load of 12.2 stock-unit-months per 

hectare with each successive halving of paddock size. Scott 

(1977) states that subdivision and rotational mob stocking 

should be objectives in high country development. 

From Table 1.4 it is clear that the productivity in the 

study area is not spatially uniform, with certain soil types 

being much higher producing than others. Pasture production is 

also temporally variable, both within and between years in 

response to climatic fluctuations. Annual production variation 

must be manipulated so that the potential of the area is fully 

realised and to protect against a "bad" year. 
A major temporal variation in feed supply which presents 

considerable problems is the lack of feed in winter. For example, 

O'Connor (1975) showed that only four percent of the total 

potential feed supply from the Upper Clutha catchment would be 
available in winter. 

At present this shortfall is being met by wintering stock 

on lower oversown country. However, there is a risk that late 

summer and autumn rains may not occur, compounding the feed 

supply problem. O'Connor ( 1977) states that some runholders are 

now making more determined efforts to manage oversown tussock 
blocks as special purpose winter feeding ·areas, while others are 

turning to hay and silage for winter feed supplies. However, he 

also states, " ••• developments such as aerial oversowing and 
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topdressing in turn demand further lowland development to correct 

the winter feed deficiencies" (O'Connor, 1975). 

As noted above, the mid-altitude zone holds the greatest 

potential for development. With more intensive grazing 

management this country could provide summer and autumn feed, 

allowing the spelling of lower producing high-altitude areas. In 

the event of a dry year these higher areas could provide a 
welcome reserve of feed, especially if they had been spelled from 

grazing in successive years of average or better than average 
rainfall (Joyce, 1977). 

Such potential reserves of feed should give the runholder 
greater confidence to increase the level of stocking to that 

which can be carried in the average rainfall year, rather than 

the current conservative stocking practices. 

Although there is considerable potential for development, it 
is not possible to achieve reliable levels of pasture growth over 

the whole study area. It is, therefore, essential that the 

development is concentrated in those zones most suitable (e.g., 

mid-altitude Tasman, Cass, Oturehua and Naseby soils). In 

considering alternative uses of the study area, the value of 

these soils to the whole developed agricultural system must be 

taken into consideration. 

Rabbits 

Rabbit infestation of agricultural lands, especially 

pastoral land, is of widespread concern in Central Otago. There 

is currently considerable debate on the most appropriate methods 
of control (poisoning, shooting, myxamatosis). The extent of 

infestation is to some extent determined by pasture competition. 
Rabbits are more successful in competing for food than sheep and 
they can graze more closely to the ground. This is significant 

when feed is scarce, for example, in droughts. 

1 .2.3 Fertilizer Requirements 

An increase in carrying capacity is dependent on fertilizer 

inputs. The improvement of soil fertility requires an initial 

application of superphosphate and regular maintenance 
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applications to optimise both the quantity and quality of pasture 

(Ministry of Agriculture and Fisheries [M.A.F.], 1981 ). Lime is 

also applied to reduce soil acidity. 

Amount and timing of fertilizer application. depends on soil 

type, stocking rate and type of crops grown, if any. Other 

factors include climate, farming practices and the type of 

fertilizer applied. (Fertilizers vary in mineral composition and 

quality.) 

On low fertility soils (e.g., yellow-brown earths [Y.B.E.]), 

there is an inevitable time lag between fertilizer application 

and pasture response. The Y.B.E.s have a very high phosphorous 

retention capacity and so the ideal application rate would be 

twice annually, to reduce leaching loss in winter and surface 

loss of the added phosphorous. However, this raises the issue of 

fertilizer costs. The Ministry of Agriculture and Fisheries 

( 1981) suggests that on drier Y.B.E. a two-year interval between 

topdressings is the most appropriate. Surveys by the Ministry 

also show that actual fertilizer application rates in Otago are 

60% - 80% less than recommended levels (M.A.F., 1981). On the 

low fertility soils of the study area, fertilizers are usually 

applied in the autumn, although greatest response to sulphur will 

occur in the spring. 

An economic and efficient use of both natural and artificial 

fertilizers can be achieved by intensive rotational grazing. The 

alternative is ~ore (emphasis added) fertilizer, including 

nitrogen, and selective use of herbicides and fire for brush and 

weed control (O'Connor, 1982 unpubl.) 

Discussing fertilizer use in agriculture, Taylor (1981) 

warns that the decline in fertilizer usage since 1978 can be 

linked to the declining terms of exchange. In addition, the 

level of fertilizer application is likely to decline still 

further because some of the present (1981) applications are 

being financed by outside development funds (e.g., Land 

Development Encouragement Loans). This level is unlikely to be 

sustained from future profits, alone if the availability of these 

funds decreases. 
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1 • 2. 4 

( i) 

Livestock Opportunities 
Sheep 

The majority of sheep in the South Island high country are 

fine-woolled Merino and Halfbreds. The full Merino now accounts 
for almost half the high country sheep flock. 

Until the mid-1960s extensive pastoralism was reliant on 

unimproved native grassland, with stocking rates of less than 0.5 

s.u./ha and concentrated upon wool production. With increased 

pasture production and feed utilization, sheep numbers increased 

until the early 1970s, when they levelled off. Total sheep 

numbers have risen steadily since 1978. Although actual numbers 

increased, there was a decline in wool production per sheep (Kerr 

et .§:_l_, 1979). This may reflect an emphasis on increasing stock 

numbers rather than performance, in order to meet increasing 
costs. 

Kerr (.2.C_ _£it.) reported a major change in the composition 
of most high country flocks towards a higher proportion of 

breeding ewes. These now account for 52% of the flock. This 

increase in the base flock will be reflected in higher 

product ion. Taylor ( 1981) states that wool and lamb product ion 

nationally are now at record levels. 

The Study Area 

Sheep are the dominant livestock in the valley (Table 1 .. 2). 

The stocking rate for the study area is similar to the high 

country average but is slightly higher for the runs as a whole 

(Table 1.2). The management system is much the same as elsewhere 
in the high country, with wether flopks being left on the upper 

blocks all year, as they are able to adapt to seasonal climate 
change. Wethers produce about 4 kg/head of wool, which compares 

favourably with the return of 3.68 kg/head from runs in the 

"Moist Otago" area (Kerr et al, 1979). 

Taylor (1981) has shown that gross farm incomes need to rise 
by over 20% p.a. to meet on-farm costs so that investment can be 

maintained. He states: "Pr ices received overall have not risen 
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by this amount in the past two years (1979-81) ... The seriousness 
of the situation has to a large extent been masked by the 

significant lift in farm output." 

The original fragmentation of the study area into small runs 

(average, 8 400 ha) has made stock management difficult, as 
runholders can live in excess of 30 km from the upper-valley 

runs. This means high transport costs (approximately $15 000 -

$20 000 p.a. for fuel), the need to truck stock, and much time 
wasted in travelling. 

Because of the harsh climate and small run areas, each 

upper-valley run is managed in conjunction with a down-valley 

farm. Hawkdun Station is the exception, being located wholly 

within the study area. The down-valley farms are essential for 

the successful development of the pastoral country because they 

include land suitable for growing supplementary winter feed. 

(ii) Beef Cattle 

The Otago high country beef cattle industry is characterised 

by the extensive grazing of breeding cows (mainly Herefords). 

The tussock grasslands are better suited for breeding cows, which 

can tolerate a maintenance diet during the winter, than they are 

for the fattening of store stock. Calves are predominantly sold 

as weaners at autumn sales, where they are purchased by down
country farmers for fattening. Pasture improvement in recent 

years has enabled some runholders to retain store stock for 

fattening. 

Cattle are almost always run in conjunction with sheep and 
in this Otago region they represent about 25% of the total stock 

units carried (Kerr et~!' 1979). There are about 8 300 cattle 
s.u. equivalents in the study area, or 23% of the total stock 

uni ts. Cattle are a means of diversifying farm income by 
reducing dependence on sheep. They also help improve rough 

pasture for sheep grazing. 
In the four seasons prior to 1979/80, beef cattle numbers 

declined. This reflected the low returns from sale stock and 

drier-than-average seasons, which have caused runholders to re

examine cattle retention policies (Kerr, 1980). The national 
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sheep to cattle ratio is currently about 13: 1, which Taylor 
(1981) considers to be more sustainable than the ratio of 8.8:1 

in 1975, when the number of cattle was at its peak. 

The Study Area 

Although cattle numbers in the valley are low, the area is 

climatically suitable. The extreme temperatures present few 

problems to cattle (Hughes, 1971 ), although during calving both 

cows and calves are susceptible to harsh weather conditions and 

low-altitude country is more desirable at this time. 
A major constraint on the running of cattle in the high 

country is the availability of winter grazing and supplementary 
feed. The latter is expensive and is an important factor in 

determining the overall profitability of cattle (Hughes, 1971 ). 
In general, high country practice is to winter cows on lower 

sunny slopes without supplementary feed. Pasture improvement has 

undoubtedly helped improve the condition of cows at the beginning 

of winter. 

(iii) Sheep and Beef Products: Markets 

Wool is likely to remain the principal product from the high 

country, with stock sales (both store and fattened stock) as 
secondary products. For export value, sheep meat and beef give a 

better return to the nation than wool. Prices obtained for 
weaner calves and store cattle are strongly influenced by the 

general profitability of fattening cattle and feed costs. Beef 
prices are generally increasing, but marked fluctuations occur 

about the mean. 

In 1980/81, wool prices decreased 6.4 percent from the 

previous season, although production had increased seven percent 

(N.Z. Meat and Wool Board, 1981 ). Wool returns are affected by 

the overseas markets, with about 78% of shorn wool being sold at 
auction. Prices for store sheep, lambs and fat stock also depend 

on export markets and the number of stock retained by down
country farmers (e.g., drought may result in down-valley farmers 

selling stock to conserve feed, with extra stock being brought in 
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as the feed situation improves). 

While sheep and beef production is increasing, on and off

farm costs are seriously affecting profitability and further 

investment. In the 12 months to January 1981 these costs 

increased by 23% (N.Z. Meat and Wool Board, 1981 ). Development 

is required merely to maintain current returns, i.e., "running to 

stand still". Since the mid-1960s (with the exception of 1970/71 

and 71 /72), gross income from sheep per stock unit has been 

consistently higher than gross income from cattle, the market 
tending to favour sheep and wool production (N.Z. Meat and Wool 
Bo a r d , 1 9 80 ) • 

(iv) Improving Stock Performance 
Survey results show that in recent years overall stock 

performance has declined and that there is a good opportunity for 

increased productivity at existing stocking rates (Molloy 1980, 

Kerr 1979). High country stock performance can be improved by: 

(a) ensuring efficient utilization of pasture by more sub

divisional fencing of grazing blocks. Good grazing 

management can result in efficient herbage utilization 

and higher live-weights of breeding stock at critical 

times, namely tupping, lambing and calving, with 

corresponding better production percentages; 

(b) genetic improvement of stock to achieve better all

round production. Research is progressing at Tara 

Hills into the use of Booroola Merinos to improve 

lambing percentages. Although trials have shown an 
increased lambing percentage for crossbred ewes, wool 

weights have been lower (Allison, 1979). Merino ewes 

are not regarded as being good mothers and an increased 

lambing percentage may not be satisfactory if lamb 
survival is reduced (M. Douglas, pers .. comm.), 

therefore Booroola rams are crossed with other sheep 
breeds, e.g. Romney and Coopworth. 

Crossbreeding of cattle can also give improved 
performance. Hereford/Angus crosses have been found to 

wean more and heavier calves than straight-bred cows 
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(v) Deer 

(Baker, 1981). Friesian and exotic crosses are also 

high performers, but whether these trial performance 

levels can be sustained in the high country environment 
is unknown. 

In recent years there has been growing interest in deer 

farming. Nationally, 500 deer farms had been established to 

1979. In the study area there are three farms currently carrying 
deer. Deer farming offers an opportunity to diversify farm 

operations and sources of income with revenue coming from velvet, 

venison and breeding stock. It has been estimated that by 1990 

the number of deer slaughtered could exceed 200,000 p .. a., which 

at current prices would be worth $60m (Minister of National 
Development, 1980). 

The Study Area 

The study area is climatically suitable for farming red deer 

with snow presenting few problems. Extreme cold temperatures can 

reduce antler regrowth by curtailing the flow of blood to the 

antlers. This results in a reduced quantity of velvet being 

produced (Yerex, 1979). Deer can be grazed on current pasture 

and managed similarly to sheep or cattle. 

Feral red deer acclimatize well to intensified farming 

conditions but are easily stressed. They can be run on high 

ground during spring and summer. A good supply of drinking water 

is essential and shelter is preferable but not absolutely 

necessary. Deer could be run on any part of the study area, the 

altitudinal limit being constrained only by fencing costs. 
Constraints 

As a dominant use, deer farming in the study area is 

constrained by high initial capital costs for livestock and 

fencing (Table 1.5). In the immediate future, small-scale 
intensive deer units appear economically viable as a means of 

diversifying income. During winter, deer body-weights must be 

maintained at a high level to reduce susceptibility to disease. 

26 



Supplementary feed could be required, so adding to basic costs. 

TABLE 1.5: Deer costs 

A. Livestock Costs: Deer 

Top breeding stags (5% of herd): 

Hinds (yearling) 

Medium - aged 

Old/helicopter hinds 

Fawns (6 months) 

(Muir, pers. comm., 1982) 

B. Fencing Costs: (1979 prices) 

Deer: 1979 

Sheep and cattle: 

1979 

= 

= 

$ 

8 000 

500 

200-1 500 

700-1 200 

800-1 000 

3.84/m 

2.00/m 

As with any export product, venison will require a co

ordinated market strategy. With its very low fat content, 

venison appeals to the diet-conscious consumer and may continue 

to receive a higher price/kg than other meats. 

Velvet prices have declined from a peak of $250/kg in 

1979/80 for A grade to $115/kg currently. 

Deer farming appears highly profitable on a gross margin 

basis (M.A.F. [Aglink FPP 250], 1981 ). However, livestock prices 

are unrealistically high due to scarcity of breeding stock, but 

as stock numbers increase, prices can be expected to decline. 

The demand for deer products is likely to expand. Deer farming 

therefore represents an ideal opportunity for diversification in 

the study area to reduce dependence on traditional income sources. 

(vi) Goats 

In this section the suitability of goat farming for mohair 

and meat production as an alternative option to existing pastoral 

practices is assessed for the study area. 

Under colder temperatures and high rainfall conditions, 

Angora goats are prone to pneumonia and footrot problems. These 

factors may also affect fibre production. The upper limit for 
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goat farming in the valley would lie around the mid-altitude 

range (600 - 1 200 m). Other physical factors such as terrain 

and vegetation would appear suitable for goats. 

A major limitation to extensive grazing by goats is the risk 

of soil erosion (Batten 1979, Hollard 1979), and so effective 

control of goats is essential. Different management techniques 

are required for goat farming compared with sheep and cattle. 
Goats are generally smaller and more agile and fencing standards 

are important. The farmer interested in goat farming will have 
to be motivated to exercise the more intensive management 

practices required. A major impediment to the rapid expansion of 

Angora goat flocks is the small base population. Feral goats are 

being used as base stock from which to upgrade to the Angora. 
Mohair prices increased markedly during the 1970s, and based 

on gross margin calculations undertaken by Ritchie (1979), it can 
be concluded (unlike for chevon production) that the economics 

appear to be very attractive, due to the demand of the local 

craft industry for mohair. Production of top quality mohair 

could be a long term goal. In the interim, end uses for 
crossbred fibre should be considered. Long term markets for goat 

meat exports exist, but product availability rather than the lack 

of adequate markets has been suggested by Morris (1979) to be the 

overall limiting factor. Current high killing charges for goat 
meat means that the profitability of farming feral goats rests 

heavily on the scale of any weed control function goats may 

perform (Ritchie, 1979). 
Goat farming for mohair and meat production as a dominant 

use in the study area is constrained by a variety of factors. 

However, as a small-scale practice it could be successfuly 

integrated with other pastoral uses. More research is required 

on maintenance feed requirements and grazing preferences under 
different stocking rates, Angora goat diseases, shelter 

requirements and marketing. Based on economic and marketing 
considerations, mohair production would appear to be the most 

favoured option for the study area. 
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1.2.5 Arable Cropping and Horticulture 
(i) Arable Crops 

Cropping in the high country is largely confined to isolated 

pockets of more fertile soils. Between 1973 and 1978 the area in 

grain and root crops decreased, corresponding with a decline in 

market profitability, but the area in forage crops increased. 

This reflects both a trend towards more fat lambs rather than 

store lamb production and, on some runs, a gradual increase in 

stock numbers. For the 10 runs in the Upper Manuherikia Valley 

some 143 ha was in crops (undifferentiated), 257 ha was 

irrigated, with a total of 1 743 ha under cultivation. 

The Study Area 

Arable cropping in the high country is limited by: (a) 

short growing season; (b) frost risk in all seasons; (c) weakly 

structured soils presenting severe wind erosion risk; and (d) 

weeds, e.g. browntop and sorrel. These factors preclude most 

crops from being grown in the study area. 

Peas, wheat and brassicas (rape, turnips) are susceptible to 

frost at flowering. Rape and turnips could possibly be grown for 

winter greenfeed, but only on sites with good frost drainage~ 

Oats and barley are frost tolerant and these could both be grown 

for grainfeed. Low volume specialist crops (browntop, chewings 
fescue, turf grass) may also be marginally suitable for specific 

sites within the valley. These specialist crops are not frost 
susceptible. Disease and insect risks would be minimised by cold 

winters, low humidity and remoteness. However, soil fertility, 
structure and moisture will remain major limitations for these 
climatically tolerant crops. 

The soils of the study area tend to be infertile, weakly 
structured and have a soil moisture deficit for at least two 

months per annum. Soil management requires high fertiliser 

inputs and care against erosion. 

The main New Zealand markets for arable crops are in the 

North Island and transportation costs are a major constraint for 

South Island grown crops. On the more favourable soils of the 
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Manuherikia valley, the total cultivated area has declined in 
recent years due to a decline in markets (Ashworth-Morrison 

Cooper, 1982). Consequently, it is very unlikely that, in the 

near future, arable cropping will be an intensive land use in the 

study area. 

Arable cropping has a low suitability for the study area. 

(ii) Horticulture 

Horticulture is a very intensive agricultural operation. 

Crop establishment requires high inputs of labour, capital, 

energy and technology, including the use of specialised 

production and marketing techniques. Site requirements (soil 

type, drainage and structure; ~opography and climate) are very 

specific. Easy access to markets or ports where fruit can be 

handled in bulk is also required. Most crops, fresh and 

processed, are consumed on the domestic market, apart from 

apples, pears and kiwifruit, which have well-established overseas 

markets. 

The Study Area 

Horticultural crops unsuitable for the study area due to 
climate and market factors (for example, citrus and tropical 

fruits; flowers and bulbs; vegetables) have not been assessed. 

Crops which have been appraised include pip and stone fruits, 

berryfruits and grapes. 
Most stone and pip fruits require winter chilling and high 

sunshine levels during the growing season. Although these 
conditions are available in the study area, all species are 

highly intolerant of the spring frosts which are common in the 
area. In addition, the soils on the gently sloping area of the 

valley do not fulfil species requirements, for example, soil 
moisture avalability during the growing season. Strong winds, 

short growing season and climatic extremes also decrease 

production potential of these crops. 

Berryfruit potential for the area is low despite the 

favourable product ion factors of cold winters, low humidity and 

high sunshine levels. The soils are not suitable and the high 
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risk of spring frosts, strong winds and summer soil moisture 

deficits are further limiting factors. The study area also has a 
low potential for citrus because of short growing season, poor 
soil types, spring frosts and cool summer temperatures. 

The study area has a verl lo~ potential for horticultural 
production compared with many other areas of New Zealand, due to 
site factors. 

(iii) Nut-bearing Trees 
Introduction 

Few species of nut-bearing trees are commercially propagated 

in New Zealand, and each year over 1 000 tonnes of tree-nuts are 

imported (Bull, Jackson and Smith, 1976). Domestic and export 
market potentials are currently being assessed by the industry. 

Tree cropping has similar requirement characteristics to the 
horticulture industry. 

The Study Area 

Only species suitable for a temperate climate have been 

asf3essed ( walnut, pecan, hazelnut, almond, chestnut and 

pistachio). The suitability of the study area varies from low to 
very low. This reflects the area's environmental limitations 

(short growing season, climatic extremes, soil types 1 high frost 

risk). Although some limitations can be avoided or reduced 

(frost protection systems), it is the cumulative effect which 
makes the environment of the study area of low suitability for 

tree crops. The study area has a lo~ ~~~!l~l for commercial 
nut production. 

1 • 3 CONCLUSIONS 

(1) The dominant use of the study area is the semi-extensive 
grazing of sheep. 

(2) The stocking rate, 0.92 s.u./ha, is well above the average 

for the South Island high country (0.66 s.u./ha). The 
estimated number of stock units in the study area is 

46 230, with a potential of approximately 666 800, which 
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represents 14.2 s.u./ha. For the area within the Hawkdun 

lignite deposit, Ashworth-Morrison Cooper (1982) gives an 
average stocking rate of 3.0 s.u./ha, with a potential for 

6.1 s.u./ha. This study estimates a potential stocking rate 

for this area of between 219 and 270 stock-unit-months per 

hectare (18 to 22 s.u./ha) under intensive development. 

(3) The mid-altitude zone (600 - 1 200 m) has the greatest 

potential for increased production. Both coalfields lie 
within this zone. 

(4) Research is required on herbage (D.M.) production to 
determine more accurately stocking rates at various 

altitudes. Fertilizer is essential to continuing and 

improving production. Costs could be minimized by planned 

fencing and high stocking rates to ensure high herbage 
utilization and an even spread of natural fertilizer. The 

amount of artificial fertilizer applied would have to 
increase each year, but would eventually level off. 

(5) Sheep and cattle are suited to the valley and may be 

expected to continue to be the dominant use in the short to 

medium term. Deer would be suitable as a dominant use in 

the long term. Goats, especialy Angora breeds for mohair, 

are suitable as a minor use to assist diversification of 
income. 

(6) Horticultural and tree crops have a low suitability rating 
because of the physical environment and distance to markets. 

Arable cropping is also of low suitability because of 

climatic factors (frost risk, growing season limitation, 

soil moisture deficit). Crops could be grown in small, 
favourable areas, but production risks are very high. 

(7) The potential stocking rate is dependent upon the down

valley land being developed to provide supplementary feed 

and grazing areas for breeding stock. 

(8) Land tenure rationalization may assist in easing management 

problems, reducing costs and increasing production. 
(9) High production per run requires high stocking rates, good 

pasture composition and stock of high genetic merit (Clark 
et al, 1 9 81 ) • 
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(10) Government policies and incentives have stimulated high 
country development. The question arises whether these have 

accelerated investment beyond that normally expected and if 

this new investment level can be sustained in order to meet 
increasing costs. 
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SECTION 2: FORESTRY 

2.1 INTRODUCTION 
Production forestry is 

South Island high country. 

not a widespread land use in the 

In the past, planting has been 

concentrated in lower altitude coastal areas due to more 

favourable growth rates and proximity to markets and export 

ports. It is possible, however, that forestry could compete 

favourably with both existing and proposed alternative uses in 

the study area. 

Production forestry can be essentially divided into two 

types: 

( 1 ) 

( 2) 

Sawlog forestry, which concentrates on producing high 

quality wood for high-value end uses (e.g., plywood and 

saw-wood). 

Biomass forestry, which emphasises maximisation of wood 

quantity irrespective of quality (e.g., pulp, and 

chips) fuels. 

2.2 POTENTIAL FOR PRODUCTION FORESTRY 
In order to assess the potential of the study area for 

production forestry, the physical environment is compared against 

tree growth requirements (Table 2.1 ). Sui table tree species can 

then be identified (Table 2.2) and production potential 

calculated. End uses and processing options can be used as 

further criteria for evaluating tree species suitability (Table 

2.3). The procedure used in this identification and evaluation 

process is shown in Figure 2.1. 
For greater accuracy the study area has been divided into 

five areas for determining species suitability. These areas (or 

systems) have been determined on the basis of soil set 

homogeneity, altitude, precipitation, etc. (Table 2.1 and 

Appendix B). The two most important environmental parameters 

governing tree growth are soil moisture availability during the 

growing season, and temperature, which governs the length of the 

growing season. These factors override other physical parameters 

(soil fertility, soil depth, etc.). 
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Table 2.1 Tree species site requirements and limitations 

Species 

Pin~~ !!i_gra 
(Corsican pine) 

Pinus contorta 
(Lodgepole pine) 

Pinus _!"adiata 
(Monterey pine) 
Pinus muricata 
(Bishop's pine) 

Pinus ~l!9Q 
fMOuntain pine) 

Pinus 2o~derosa 
fPonderosa pine) 

Soil requirements 
and tolerance 

can tolerate wetter low 
nutrient soils; requires 
good drainage. 

Moisture requirements 
and tolerance 

drought resistant, pre
fers moist southerly 
aspect. 

can tolerate severe soil drought resistant, 
conditions (wet/dry, average tolerance to 
shallow, low nutrients etc. water logging etc. 

requires well drained 
soils. 

requires well drained 
soils. 

prefers well drained 
drier slopes. 

drought resistant. 
average soil moisture. 

drought resistant but 
prefers moist southerly 
aspect. 
drought resistant, poor 
tolerance of water 
logging. 

drought resistant 

Wind tolerance 

generally wind firm, thin
ning can increase wind 
throw, damage can occu~ 
to t..,l"f,1inal buds. 

wind can cause butt 
sweep on exposed sites. 

prone to windthrow on 
. exposed sites. 

prone to wi ndthrow on , 
exposed sites. 

very wind tolerant. 

good wind tolerance 

Frost and snow tolerance Animal/Disease resistance 

prone to malformation from very disease resistant at 
snow damage. high altitudes. 

can tolerate severe disease risk at warmer low 
climatic conditions, snow altitude sites. 
packing causes butt sweep. 

prone to bad snow damage prone to Oothistroma spp. 
at high altitudes. attack. 

lower frost tolerance 
than ~· radiata. 

very tolerant. 

not readily damaged 
but prefers warm climate 

Pinus uncinata 
TUncinata pine) 

prefers well drained 
slopes. 

drought resistant, low 
water logging tolerance 

very high wind tolerance very resistant 

Pin~ ~_yl vestri s 
TScotts pine) 

Pinus coulterii 
Talg-cone pine) 

Pinu~ jeffreyi 
(Jeffrey's pine) 

Larix decid~a 
{Larch) 

_t~eudo_~s~ 
rnenziesii 

(DouglaSfir) 

Picea sop. 
(Spruce} 

low tolerance of scree 
slopes. 

prefers well watered, 
free draining soil; 
low/med nutrient 
requirements. 

requires well drained 
soils. 

prefers moist soils 
stable slopes. 

drought resistant 

drought resistant 

drought resistant 

low tolerance at high 
altitudes. 

good wind tolerance 

must be well watered in intolerant of strong 
spring. gusty winds, requires 

sheltered slopes. 

prefers shady damp sites intolerant of dry winds; 
intolerant of wet sites. terminal shoots damaged; 

generally wind stable. 

damage above 900m 

hardy 

susceptible to summer 
frosts - requires 
warmer climates. 

good snow tolerance, 
susceptible to out of 
season frosts. 

susceptible to frost 
damage in growing 
season. 

prone to possum and hare 
damage; defoliation by 
aphids (Eulachnus spp.) 

very susceptible to possum 
and hare damage. 

very disease resistant. 
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Tdclc 2.1 continued/ 

Sr:0cies Soil requirements Moisture requirements Wind tolerance Frost and snow tolerance Animal/Disease resistance 
and tolerance and tolerance 

~~~~~~~~~~- -~~~~~~~~~~·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

c~oressus tolerant of most soils, needs good drainage; 
mil~carpa prefers well drained, intolerant of drought. 
fMacracarpa) fertile soils; low 

nutrient requirements 

Salix spp. 
tw1Tlows) 

Po2ulus spp. 
fAs-pens and 

Pop1ars) 

requires high soil nut
rient levels, good in 
unstable sites; prefers 
slightly acidic soils 

needs good moisture supply 

requires highly fertile, some species highly tal-
low acid soils. erant of water logging, 

others require good 
drainage. 

wind tolerant susceptible to frost 
damage in growing 
season. 

Alnus viridis 
(Green alder) 

prefers moist scree, grows prefers moist well drain- .high wind tolerance very tolerant 

Betua1 spp. 
frHrches) 

Eucalyptus 
paciflora 

;_~~~~ 
regnans 
u~ounta in ash) 

Eucalyptus 
delegatensis 
fAlpine ash' 

Euca l.>'.ptus 
Gunnii 

Eucalyptus nitens 

Alnus rubia 
fRecia1nUST 

Cupressus 
arizonica 
-rcypress) 

on shallow stony soils; ing sites. 
low nutrient requirement. 

requires good drainage. 

grows on lower fertility 
sites, prefers deep well 
drained fertile soils. 

grows on lower fertility 
sites, prefers deep well 
drained fertile soils. 

grows on lower fertility 
sites, prefers deep well 
drained fertile soils. 

prefers drier sites 

requires 750 mm·t 

requires 750-1000 mm+ 

prefers deep well-drained tolerates less well 
sites; low fertility drained sites. 
requirements. 

prefers deep well-drained requires 750 mm+ 
sites; low fertility 
requirements. 

needs high soil moisture requires high rainfall 
level; 1ow nutrient 
requirements. 

prefers moist well 
drained soi1 s. 

needs good drainage, 
prefers good rainfall. 

average/good wind 
tolerance. 

low wind tolerance, 
damage by dry summer 
sinds. 

low wind tolerance, 
damage by dry summer 
winds. 

low wind tolerance, 
damage by dry summer 
winds. 

very susceptible 
to snow damage. 

susceptible to out 
of season frosts. 

prefers warmer climate; 
frost resistant to 120 C 
during establishment. 

average wind resistance. susceptible to frost 
damage. 

wind resistant. 

wind resistant. 

frost tolerance up to 
12oc during establish
ment. 

frost resistant 

higher frost tolerance 
than f. macracapa. 

Note 1: Derived from N.Z.F.S. (Craigieburn Research Trial Results) 

Prone to possum/hare 
damage. 

shade and competition 
intolerant. 

prone to possum/hare 
damage. 

prone to possum/hare 
damage; intolerant of 
competition. 

prone to possum/hare 
damage; intolerant of 
competition. 

resistant to ar.imal/ 
pest attack. 

resistant to animal attack. 

resistant to animal attack. 

shade/competition 
intolerant. 



Growing conditions are extreme by New Zealand standards. 

Temperature averages are generally low (refer Climate: Appendix 

A), reflecting the valley's inland location, latitude (45 degrees 

S) and altitude (approximately 700 to 2 100 metres above sea 

level). Consequently, the growing season is short and varies 

from four and a half months to five months at 700 metres 

altitude, to one month at 1 500 metres. The maximum altitude 

suitable for production forestry was computed to be 900 metres. 

Above this elevation tree growth would be very slow. 

Soil moisture availability is sufficient for production 

forestry throughout those parts of the study area classed as dry

hygrous to hygrous. A small part of the study area is classed as 

dry sub-hygrous and in this zone limited soil moisture 

availability during the growing season precludes production 

forestry. 

Site requirements, tolerance limitations and growth rates of 

various tree species (Tables 2.1 and 2.2) were derived from data 

collected by the Forest Research Institute (F.R.I.) at the 

Craigieburn Range Forest Research Station. A comparison of the 

climatic regime and soil characteristics of the two localities 

(study area and Craigieburn) suggests that at equivalent 

al ti tudinal zones, forestry production would be 10% to 20% less 

in the study area. 

Analysis of the data shown in Tables 2e1, 2e2 and 2e3 

indicates that Pinus contorta (Lodgepole pine) is the most 

suitable species for biomass production. This reflects its rapid 

growth at mid-altitudes (700 - 1 000 metres). ~ nigra (Corsican 

pine), ~ sylvestris (Scotts pine), ~ ponderosa (Ponderosa pine) 

and Psuedotsuga menziesii (Douglas fir) are also suited to 

biomass forestry, but growth rates would be much slower. Of 

these species, ~ sylvestris and Ps. menziesii are the least 

suitable. ~ ~vestris is susceptible to defoliation from 

rabbits, possums and aphids. Ps. menziesii can only be grown on 

sites with good frost drainage. However, P. contorta is very 

prone to severe malformation when growing, and is thus of low 

suitability for sawlog production. 

~ n_!.gra, ~ sylvestris, ~ ponderosa and Ps. menziesii can 
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all be used for a sawlog regime and production rates are similar 

for all species. ~ nigra and Ps. menziesii do, however, produce 

wood of much higher quality. Ps. menziesii wood is of greater 

value than ~ nigra, but its very site specific requirements 

effectively mean that it can only be planted on humid sites with 

suitable frost drainage. Therefore P. nigra is the better 

species for planting in the balance of the study area considered 

suitable for forestry (i.e., the valley floor and shady and 

higher slopes). 

There are approximately 23 000 ha of land suitable for 

forestry production. This figure includes all land which lies 

below 900 metres in altitude, has a slope of less than 25 degrees 

and is not in the dry sub-hygrous zone. Table 2.4 shows land 

suitable and the associated potential production rates of the 

most suitable tree species. 

It is, however, not possible to use this entire area for 

productive purposes. Roads and fire breaks require 2 000 ha. 

The processing plant and stock pile areas take a further 200 ha 

and a 1 000 ha area is accounted for by riparian strips. 

Riparian strips in forest management are unlogged or unforested 

strips 20 - 50 m wide which follow along the edges of water 

courses. They prevent stream sedimentation, protect the fresh 

water fish habitats and maintain current stream flow regimes 

(Moody, 1980). The land area available for tree planting is thus 

approximately 20 OOO- ha. 

2.3 SAWLOG FORESTRY 

2.3.1 Forest Establishment 

This involves land preparation, planting of tree seedlings, 

and tending and maintenance of the crop up to the time of 

harvesting. Due to the harsh climate and generally infertile 

soils of high country areas, the use of correct establishment 

procedures is important in ensuring high seedling survival rates. 

Suitable selection of seedling stock prior to planting greatly 

increases the survival ratio. Important factors in site 
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FIGURE 2.1 FLOW CHART FOR ASSESSING POTENTIAL FORESTRY PRODUCTION (SAWLOG AND BIOMASS) IN THE STUDY AREA 

Assessment of physical environment of study area 

Five systems formed, based on soil and physical 
factors (Appendix 1 and soils map) 

1 

2 

I Area (ha) of each land system calculated 
. • I 7 

Calculation of area available between altitudinal 
boundaries within each system 

t 
Exclusion of all land available above 900 m 

(reflects slow growth rates) 

Exclusion of land below too m with a slope over 
250 (machinery requirements) 

. + Exclusion of all land zoned as dry sub-hygrous 
(reflects slow growth rates) 

.. 
Multiplication of ha available within each alti
tudinal boundary by potential production figures 
associated with the most suitable species at 
that altitude for 

(1) a sawlog forest 
(2) a biomass forest 

+ 
Addition of potential biomass/sawlog production 

I for each system 

I Calculation of potential+biomass/sawlog pro-

1

. duction forestry for the entire study area 
(Table 2.4) 

8 

3 

4 

5 

6 

Tree species growth requirements, tolerance limits 
and characteristics established (Tables 2.1 and 2.2) 

Maximum elevation limits for forestry production 
established 

.. 
Suitability of tree species for each zone assessed 

(Table 2.2) 

.. 
Production potential of suitable species calculated 

at various elevations (Table 2.3) 

.. 
Assessment of the relative suitability of species 

for both biomass and sawlog production 

N 
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Tab10 2.2 Tree species: Growth characteristics and land systems suitability rating 

Species 

Pinus niqra 

Pinus contorta 

Pinus radiata 

.fin~ muricat~ 

Pim~ 0}.~ 

Pi nus _ponde~ 

Pi nus ~l_vestri s 

Pir.us uncinata 

:Ji nus ~ou1 te...ci 

Pi nus j~ffre1i_ 

Lari x de_~ dua 

PseudotSJJ~ r.i'2nz ics ii 

Picea spp. 

Growth period 

Begins imr.iediately after 
flushing, ends in early suwmer 

Begins immediately after 
flushing, ends in early summer 

Begins i~mediately after 
flushing, ends in early.summer 

Begins immediately after 
f1ushing, ends in early summer 

Begins immediately after 
flushing," ends in early summer 

Begins immediately after 
flushing, ends in early sum.'Tler 

Begins immediately after 
f1ushing, ends in early summer 

Begins immediately after 
flushing, ends in early summer 

Growth characteristics 

Maintains very good tree 
growth form 

Self seeding; prone to 
severe malformation; 
very hardy. 

Fast growth rates at low 
altitude, severe stunt
ing at high altitude 

Similar to P.radiata with 
better growth at higher 
a 1titudes 

Slow growing, very hardy,. 
scrubby growth form 

Usually maintains good 
growth form 

Similar to f..mugo, but a 
single leader growth habit 

Begins immediately after Slow growth rate, hardy 
f1ushing, ends in early summer 

Gegins iITTnediately after 
flushing, ends ~n early surrmer 

~1 ':!':"Y '.:~11li 1 ar growtt: :o 
f..£2nderosa, hardy 

Begins immediately after Slow grov1th rate 
flushing, ends in late autumn 

Good growth form usually, 
requires frost drainage 

Slow grov1th 

Maximum 
Altitude 

(m) 

1300 

1500 

1000 

1000 

1600 

1300 

1300 

1600 

1000 

1100 

llOO 

Maximum 
Productive 

Altitude(m) 

1000 

1100 

600-800 

600-800 

1000 

900 

900 

900 

900 

Suitability rating for each land system 

1 2 3 4 5 

very low very low medium medium mediur:i 

low medium med/high med/high med/high 

very low very low very low low low 

very low very low very low low low 

low medium med/high med/high med/high 

very low very low medium medium medium 

very low very low low med/low med/low 

low medium med/high med/high med/high 

very low very low 

very low low 

very low very low low low very low 

very low very low med/low medium low 

very low very low 



Table 2.2 continued/ 

Species Growth period Growth characteristics Maximum Maximum I Suitability rating for each land system 
Altitude Productive 

(m) AH~::.::!'.::(:n) j 1 2 3 4 5 

c~~rcssus rnacrocarpa 1000 600-800 very 1ow 1ow 1ow low 10'.'i 

Salix spp. Hardy 1100 - very low very low very low low very low 

Popu1us spp. 1000 - very low very 1ow very 1ow low very low 

A1nus viridis Very slow growing, succes- 1600 - low med1um medium medium med/1ow 
sful on eroding sites, fix 
1 ow nitrogen 

petula spp. 1300 - very low very low low 1ow 1ow 

Eucalyptus paciflora Slow growth 1000+ - . very low low low low low 

Euca1~ regnans Slow growth - 300 very low very low very low very low very 1 ow 

D-t_c~ptus delegatensis Slow growth - 600-800 very 1 ow very 1ow very low low very low o;;:jf 
o;;:jf 

Eucal~ gunnii Slow growth. - 600 very low very low very low low low 

Euca1~ nitens Good form, good growth - 600-800 very low very low low low very low 

Alnus [Ubia Begins rapidly after Fix own nitrogen - 600-800 very 1ow very 1ow low low very low 
flushing, ends in late summer 

Cup_r:_P~u~ ~_rj~oni_@ Prone to malfonnation at 1000 600-800 Ivery low very low low low low 
high altitudes 

Note 1: Derived from N.Z.F.S. (Craigieburn Research Trial Results) 



preparation are fencing, ground cultivation and weed control. 

Fencing is necessary to protect seedlings from domestic 

livestock, and spraying is normally used to control weeds. 

Control measures would be needed to protect against animal pestst 

especially hares. Ripping is a standard practice in high country 

areas where access is available. Some parts of the study area 

are boron deficient and borate spraying would be required. 

Planting is usually undertaken in late spring in the high country 

because of adverse weather and ground conditions during the rest 

of the year. 

The accepted planting regime for a sawlog forest is 1 000 to 

2 000 st ems per hectare. To allow for future sustainable 

production, an area equal to the total area divided by the 

rotation period is planted annually. In the study area a 

rotation time of 50 years is estimated for sawlog production; 

360 ha would, consequently, be planted each year. 

Following planting, silvicultural management is required 

throughout the growing period. Animal and weed control is 

necessary during the' early stages and other silvicul tural 

practices such as thinning and pruning are required between 10 to 

20 years after planting. These practices are necessary to ensure 

wood production is of an acceptable quality. Thinnings could 

provide posts and poles for local markets. Insect and disease 

spraying is unlikely to be necessary in the study area because of 

the harsh climate. During the first forest rotation fertilizers 

would probably not be required. However, maintenance fertilizers 

may need to be applied during subsequent rotations. 

2.3.2 Processing Options 

The main sawlog processing options are: 

(1) plywood; 

(2) sawn timber. 

Plywood production requires 200 000 m3 of high quality 

peeler logs per annum for an economic unit (Development Finance 

Corporation [D.F.C. J, 1980). It is unlikely that this amount 

could be produced from the study area. Alternatively, some of 

the high quality logs could be exported to a plywood factory in 
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Table 2.3 Tree species production and product potential 

Species Potential production (a) D.M. {J)tonnes ha-1yr-1,(b)m3ha-1yr-1 Physical/Mechanical properties of End uses 
wood product 

1500m 1300m llOOm 900m 700m 

a b . a b . a b a b a b 

~ n1gra ~ - 0.5 - 6.5-7 9 8.5 11 9-10 13 .DensHy at 12% moisture=510 kg/m3 very suitable for sawwood/ 
(Southland) . pole production and pulp/ 

. Clearwood is dense and strong energy 

.Wood has poor natural durability 

.Sawlogs often small in diameter 

.Wood preserves easily 

~ contorta - - 2 - 8.5 11.3 10-11 13.5-14 11-12 14 .Density at 12% moisture-418 kg/m3 very suitable for pulp/ 
(Southland}. energy low suitability for 

.very prone to form malformation saw wood, not suitable for 
poles 

Pi nus_ ponderosa - - 0.5-1 - 7 9 8.5 11 10-10.5 13 .Density at 12% moisture-437 kg/m3 not suitable for poles low 
(Southland) suitability for some forms 

.Usually high stem taper, therefore of saw wood, suitable for 
• low conversion factor in sawmilling pulp/energy . 
.low strength and high stiffness. 

Pinus sylvestris - - 0.5-1 - 7 9 8.5 11 9-10 13 .Similar to P.nigra but poorer suitable for pulp/energy 
stem form, wood generally not such less suitable for round 
good quality . wood/saw wood than P.nigra. 

Pseudotsuqa menz1es11 - - - - 6.5-1 9 8.5 11 9-10 13 . Density at 12% moisture:451 kg/m3 very suitable for round 
(Southland) wood, suitable for saw wood 

.High proportion of heart wood suitable for pulp/energy 

.Wood tends to splinter but is strong 
and easy to season . 

. Problem of alternating high/low 
de~sity annual rings. 

~mugo - - 2 - 3.5 - 6 - 7 - .Scrubby warped growth form, there- low suitability for sawlogs/ 
fore wood grain is twisted, small biomass 
diameter etc. 

Pinu~ uncinata - - 2 - 3.5 - 6 - 7 - ti II 

Alnus viridis - - 1.5 - 3 - 5.5 - 6.5 - II II 

~ote (1) All potential production figures are approximate (±20% mid altitudes, 900-llOOm; ±50% hiqh altitudes, 1300-1500m). Figures derived from: 
Benecke and Davis (1980), Joint Centre for Environmental Sciences (1979), Nordmeyer and Baker {pers comms, 1982). 

(2) A 15% reduction in production has been assumed between the Craigieburn and Upper Manuherikia sites. This accounts for the differences in 
latitude, temperature regimes, precipitation and soil distribution. 

(3) D.M. = dry matter (above ground production). 

\.0 
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FIGURE 2. 2. Proposed forest area 

Land Unsuitable for Forestry 

~ Land above 900m7or 25°slope 
~ Hygrous- dry hygrous soils. 

Land above 9CX>m Yor 25° slope 
Dry sub hygrous soils. 

Land below 9CX>m•/or 25° slope 
Dry sub hygrous soils. 

Land Suitable for Forestry 

D Land below 900m•/or 25°slope 
Hygrous- dry hygrous soils. 
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Table 2.4 Potential production of the study area 

System 1 ~tern 2 System 3 System 4 System 5 Total 

Alpine steepland Upland High country Recent soils Lowland ye 11 ow Area 

yellow-brown yellow-brown grey earth 
earth earth 

Area 7,700 ha 14,100 ha 10,600 ha 3,200 ha 19,500 ha 55, 100 ha 

Area 
(a) below 900m - -· 10,300 ha 3,200 ha 9,700 ha 23,200 ha 
(b) < 250 slope 
(c) dry hygrous -

hygrous 

~ Altitude of CX> 

suitable area - ·- 700-900 m 700 m 700-900 m 700-900 m 

Sawlog High 
production estimate - ·- 133,900 41,600 126,100 301,600 

(f_.nigra) Low 

m3/ha/yr estimate - - 113 ,300 38,400 106,700 258,400 

Biomass High 
Production estimate - ·- 123,600 38,400 116 ,400 278,400 

_{_P.contorta) Low 
estimate - - 103,000 35,200 9,700 147,900 

d.m.t/ha/yr 

Note: No allowance has been made for roading, riparian strips etc. 

Error of production estimates ± 20% 



another region. 

New Zealand has a comparative overall advantage in sawn timber 
for export markets (D.F.C., 1980; Forestry Industry Council 

[F.I.C.], 1981 ). The sawn timber option is examined below. 

2.3.3 Production Alternatives and Sawmill Requirements 
(i) Small-scale (domestic oriented) 

Small sawmills could produce high quality timber for local 

processing into high value furniture and joinery products. Posts 
and poles would be produced from thinnings and small wood. 

A small sawmill producing 20 000 to 40 000 m3 of sawn timber 
per year (D.F.C., 1980) requires 1 500 to 4 000 ha (total) to be 
planted in forest. Wood supply could possibly be obtained from 

an integrated farm and woodlot system (refer Section 2a5, Farm 
Forestry). 

(ii) Medium-scale (export oriented) 

A medium size, export oriented sawmill would require 

planting the entire area suitable for forestry. Posts and poles 
for local use and export to other regions could be produced from 

thinnings and small wood. A sawmill producing 110 000 m3 per 

year of square-edged sawn timber would require 200 000 m3 of 
roundwood input (D.F.C., 1980). 
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An export oriented sawmill suited to the study area would be 
of the following scale: 

Wood requirement 

Production 
Capital ($million) 

Foreign component 
Cost of wood S/m3 

( 000 m3 pa) 
( 000 m3 pa) 

Total nett foreign exchange ($million) 

Employment: 

Processing 

Harvest/Transport 

Planting and pruning 

Electricity 
Water 

These figures assume that: 

200 
110 

28 

30% 

50 

15 - 20 

140 
70 

15 
225 

4 300 mwh/a 

4 200 m3/day 

- At least 80% of production would be kiln dried and 
packaged for export shipment. 

- The inclusion of a planner mill would allow dressing of up 

to 30% of finished production. 

- Sawmill production would operate on two shifts with the 
kiln functioning continuously. 

- Sawmill residues in chip form could be sold. 

The original costs for the above sawmill were prepared by 

D.F.C. ( 1980) and have been updated by the authors of this study 

to December 1981, using the Ministry of Works and Development's 
Cost Construction Index. 

2.3.4 Economic Issues (Sawlogs) 
The long lead time between initial investment and the 

receipt of income from sawlog forestry rotation makes financial 
returns uncertain. Evaluation of the cost of growing trees is 
best undertaken by a discounted cash flow analysis simulating the 

development pattern of the forest over time (Fraser et al, 1977). 
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Direct costs of production include land preparation, 

planting, tending and fertilizers. To these must be added the 

indirect costs of reading, administration, insurance and an 

opportunity cost equivalent to the return lost by foregoing 

alternative land uses. Harvesting costs must also be included as 

the product's value is derived at the factory gate. 

Predicting the financial returns from planting a sawlog 

forest is difficult. Any attempt to estimate market conditions 

50 years hence is subject to a high degree of uncertainty. 

According to the Forest Industry Study (D.F.C., 1980) New Zealand 

is unlikely to enjoy any especially favourable cost advantage in 

relation to other exporters in the future. Furthermore, shipping 

costs are likely to dictate that the majority of our exports will 

be to Asia and the Pacific rim countries. Consequently, market 

prices will depend substantially on the future economic wellbeing 

of those countries. 

With particular regard to the sawlog forest proposal for the 

study area, apart from possible sales of thinnings, substantial 

returns from the forest will not occur until year 50. A large 

proportion of costs incurred in establishment and maintenance 

would thus need to be subsidised either directly or indirectly 

through government assistance. Between the years 40 to 50, major 

costs would also be incurred in establishing a processing plant 

and associated infrastructure. Because of the long time span 

involved and discount factor implications, estimations of 

processing investment requirements are of limited value at 

present. However, using updated D.F.C. ( 1980) estimates, 

establishment of a medium-sized sawmill would require capital 

investment of approximately $28 million (December, 1981 ). 

2.4 BIOMASS FORESTRY 

2.4.1 Forest Establishment 

Land preparation for biomass forestry is similar to saw

wood. However, from this point onwards, forest management 

techniques differ significantly. 
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The rotation time for biomass forests using Pinus contorta 

is estimated to be between 25 and 30 years in the study area. 

Assuming equal annual planting rates, biomass forestry would 
require establishment of 600 ha per annum. Between 2 000 and 3 
000 stems would be planted per hectare. 

Management for biomass production would be minimal, but 

includes fencing and pest control. No thinning or pruning would 
be undertaken. Maintenance fertilizers are more likely to be 

necessary than for a saw-wood forest, as whole-tree harvesting, 

higher planting densities and more regular rotations would 
deplete the soil of a greater proportion of nutrients. 

2.4.2 Processing Options 

The following biomass processing options were recently 
assessed in studies by D.F.C. (1980) and F.I.C. (1981): 

(1) Chemical pulp. 

(2) Thermo-mechanical pulp. 
(3) Newsprint mill. 

(4) Paper mill. 

(5) Fibreboard mill. 

(6) Particleboard mill. 
(7) Energy production. 

(8) Chemical production. 

Chemical pulp, newsprint and paper mills require more wood 

than could be produced in the study area. Economic analyses show 

thermo-mechanical pulp, fibreboard and particleboard mills are 
only viable as utilizers of forest residues from large scale 

sawmill operations. In addition, the high freight costs from 

Central Otago to export ports make the production of a high 
volume, low value product less profitable. 

The manufacture of high grade chemicals from wood feedstock 
may have development potential. However, lack of proven 
processes to treat the 1 ign in component of wood means the 

potential for chemical production from wood cannot be currently 
assessed. At present energy prices it is of greater economic 
benefit to export forest products and import oil, than to convert 

w o o d to en e r gy (Har r i s et a 1 , 1 9 8 0 ) • How eve r , i n t he 1 o n g t e rm 
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wood iA the most likely renewable resource to be used as a 

feedstock for the production of transport fuels in New Zealand 

(~ cit.). Thus, for the biomass options, processes which 

produce transport fuels have been considered. 

2.4.3 Production Alternatives for Transport Fuels 

The four processes illustrated below have been identified as 

potential routes for the conversion of wood to transport fuel. 

More detailed descriptions of each process are given in Appendix 

2. 

( 1 ) Wood hydrolysis/fermentation ethanol 

( 2) Wood chemical reduction fuel oil or sub-
stitute natural gas 

(3) Wood gasification synthesis 
hydro~en 
metha e 

gas methanol 

(4) Wood pyrolysis pyrolytic oil 

Given the current state of technology, the selection of 

processes for commercially processing transport fuels from forest 

biomass is limited. Pyrolysis and chemical reduction are not 

technically proven and thus they can be rejected at present. 

Hydro 1 y sis/fermentation is 1 es s energy e ff i c i en t than 

gasification and although not quite so capital intensive can also 

be rejected on current economics. It should be noted, however, 

that developments in all processes are proceeding rapidly. Any 

one of the candidate technologies may prove the most desirable in 

15 to 20 years hence, when decisions regarding processing of the 

biomass would have to be made. These processing options have 

optimum scales of production and this has implications for 

planting area requirements. For example, a minimum sized 

gasification plant would require that the entire area suitable 

for forestry be planted. 

The actual choice of a gasification route will depend very 

much on the transport policy pursued over the next 10 to 20 
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years. Hydrogen is regarded by many as the fuel of the future 

because of its high energy to weight ratio. A number of 

technological difficulties need to be overcome before it can be 

utilized as a large-scale transport fuel. 

The use of methane requires a completely new distribution 

infrastructure in the South Island, and the conversion of 

vehicles. Due to high distribution costs, methane development 

would probably need to be associated with small-scale biogas 

plants. The high costs associated in converting to methane as a 

transport fuel could be justified with regard to long term 

sustainability. 

Methanol manufacture is the most economically attractive of 

the gasification processes. Based on current research it is the 

process most likely to be used in converting biomass to liquid 

fuel. Methanol can be used as a blend (up to 20%) with petrol in 

unmodified internal combustion engines or as a pure fuel in 

modified engines. Although methanol has a lower energy content 

than petrol, it is more energy efficient. 
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If a 2PJ (Petajoule) scale methanol plant was established in 
the study area to process forest biomass, all areas suitable for 

forestry would need to be planted. A plant of this scale would 
require: 

Inputs 

Capital 1 

Operating cost 

Wood cost2 

Production 

Product value3 
@ $100/0DT input4 

Employment: 

600 Oven Dry Tonnes/day (ODT) 
$83 million 

$ 8.5 million 

$20 / million 
$ 5.3 GJ 

g4 000 tonnes/year 
2 PJ 
$400/tonne 

$90/bbl of petrol equivalent 

Processing 55 
Harvesting/ 
transport 70 
Planting and 
tending 10 

1 35 

Water requirement 5.9 MM3/year 
Electricity requirement 68 GWH/year 

1. derived from Harris et al (1979) 

2. wood energy content = 19 GJ/ODT 
3. based on a two year construction period and discounted cash 

flow over 25 years at 10% opportunity cost of capital. 

4. discounted cash flow at 10% over 25 year rotation. 

Cost of growing $31/0DT 
Opportunity cost of land $34/0DT 

Housing, chipping and transport $35/0DT 
$100/onT 

The original costs were prepared by Harris et al (1979) and have 

been updated by the authors of this study to December 1981, using 
the Ministry of Works and Development Cost Construction Index. 
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2.4.4 Economic Issues (Biomass) 

Costs of forest production are similar to those outlined for 
saw-wood, although discounted relative costs do differ because 
rotation times are much shorter and no pruning or thinning is 
required. At a given discount rate the optimal length of 

rotation will be the combination of those growing and harvesting 
factors which minimise the unit cost of biomass production. 

If a methanol plant was established in the study area, 
considerable investment costs would be involved with both the 
plant and associated infrastructure. At current levels of 
technology a 2PJ methanol plant has an approximate capital cost 

requirement of $83 million (December 1981), and annual operating 

costs of $8.5million (December 1981 ). 

At current prices the costs involved in this form of large 
scale transport fuel production from forest biomass would be 

double the ex-refinery cost of petrol. These production costs 

are very sensitive to the cost of the biomass feedstock and this, 

in turn, depends on the cost of growing and transporting biomass. 

However, the economic viability of methanol production for 

transportation fuels will improve as the real cost of oil rises. 

2.5 FARM FORESTRY 

2=5=1 Introduction 
Integrated farm forestry enables diversification of present 

pastoral production. In addition, tree growing provides shelter 

for pasture and stock. 
The feasibility and implementation of farm forestry depends 

on the following factors: 
(1) Runholders' attitudes and perceptions towards forestry 

as a land use, the long term investment required and 

the degree of market uncertainty. 
( 2) The availability of information and advisory services 

to assist intending tree growers with species 
selection, silviculture and marketing, etc. 
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(3) General government support and the availability of 

investment capital for both forest establishment and 
management. 

(4) Whether a minimum price is assured so that returns will 

definitely compensate for costs (i.e., current stumpage 
prices tend to be very low and at present return less 

than the normal 10% expected on investment). For 
example, the 1980 stumpage price for sawlogs was $8/m3 

(D.F.C., 1980). This would have needed to have been 

$21.44/m3 to have returned 10% on costs (Stephenson, 
1981 ) • 

( 5) Distance to processing plants and markets. Proximity 
is a critical factor due to the low value/weight ratio 
of wood. 

2.5.2 Production Alternatives 

Farm forestry is usually undertaken in one of the following 
three forms: 

(i) A two-tier production system in which widely spaced trees 

are grown on pasture land. This system of forestry is 
characterised by: 

(a) very wide (7m) inter-row spacing at planting; 

(b) intensive pruning (up to 11m); 

(c) very early, non-commercial thinning; 

(d) short rotation tree crops emphasizing sawlogs or poles. 
This system has a number of problems, including the negative 

effect of trees on pasture growth and sward composition by 

shading, and nutrient and precipitation interception. 

(ii) The concentrated planting of exotic trees in woodlots. The 
size of woodlots varies according to end uses (posts, poles, 
sawlogs), but is usually between five to 20 ha. 
(iii) The planting of tree belts, initially for wind breaks and 

later for production. The trees are planted in two or more rows. 
Often a mixture of production and amenity species are planted. 

Faster growing and hardier species are usually planted first and 
these provide shelter for additional rows of trees which can be 
tendered for later milling and sale. 
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2.5.3 Economic Issues 

Financial studies of the profitability of forest farming 

versus trees or pasture alone, have been hampered by the lack of 

data on pasture production and livestock performance among trees 

(Tustin et al 1980). However, work by Jackman and Knowles (1973) 

suggests that, relative to pastoralism, farm forestry becomes 

more economically viable as both farm units increase in size and 

livestock carrying capacity decreases. They concluded that farm 

forestry would thus be an attractive use option on larger units 

with moderate to low stocking rates. 

The current stocking rate in the study area is 0.92 s.u./ha. 

In theory this suggests that farm forestry would be a favourable 

option for runholders in the valley. Additional factors do, 

however, need to be taken into account (i.e., growth rates, 

proximity to markets, future market prices, etc.). 

Jackson and Knowles also suggest that cash flow problems are 

unlikely to be encountered when trees occupy less than 10% of the 

farm area. If 10% of the study area zoned suitable for forestry 

was planted, a 2 300 ha forest resource would result. 

2.5.4 Processing 

Forestry on this scale would be most suited for posts, 

poles, saw-wood and high quality furniture and joinery 

production. 

If these forest areas were managed on a co-ordinated basis 

so that wood became available at a sustainable rate, local 

processing could be supported. Establishment of a sawmill in 

close proximity to the woodlots would greatly decrease 

transportatin costs. This sawmill could either be owned co

operatively by the farmers, or by separate management. Co

operation by local farmers at both the processing and marketing 

stages would assist in improving financial returns (Stephenson, 

1 981 ) • 

58 



APPENDIX 2.1: FORESTRY LAND SYSTEMS 

System 1: 
ALTITUDE 
SLOPE 
RAINFALL 
SNOW 
TEMPERATURE 

Alpine Steepland (soil set: 100) 

1 500 - 2 100 m 

SOIL MOISTURE 

SOIL DEPTH 

NUTRIENT STATUS 
EROSION 
RATING 

steep - very steep (>35°) 
greater than 760 mm/year (humid zone) 
long period of continuous snow cover 

extreme temperature range - lacks definite 
growing season period 

hygrous (less than 3 months below field 
capacity) 

0 - 24 cm - soil tends to be skeletal 
very low 

very high susceptibility (wind, frost, etc.) 
very low 

System 2: 

ALTITUDE 
SLOPE 

RAINFALL 
SNOW 

Upland Yellow-Brown Earth (soil set: 57) 
goo - 1 500 m 

TEMPERATURE 

SOIL MOISTURE 

NUTRIENT STATUS 
EROSION 

RATING 

steep - very steep (26 - 35°) 
greater than 760 mm (humid) 
long periods of snow cover (2 months plus) 

extreme temperatures: 3.5 - 1 month growing 

season 

hygrous - less than 3 months below field 

capacity 

very low 
severe wind, sheet, gully and scree erosion 

average - low 
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System 3: High Country Yellow-Brown Earth (soil sets 55aH, 53H, 

ALTITUDE 

SLOPE 

RAINFALL 

SNOW 

TEMPERATURE 

53) 

SOIL MOISTURE 

SOIL DEPTH 

NUTRIENT STATUS 

EROSION 

RATING 

System 4: Recent 
ALTITUDE 

SLOPE 

RAINFALL 
SNOW 

TEMPERATURE 
SOIL MOISTURE 

SOIL DEPTH 
NUTRIENT STATUS 

EROSION 
RATING 

700 m - 900 m approx. (except for small % 
between 900 - 1 500 
rolling moraines and fans (4-200), moderately 

steep (8-35°) (53H+55aH) 
greate~ than 760 mm (humid) 
snow cover approximately 2 months 

continuously 

extreme temperatures - growing season 4.5 -
2.5 months 

(55aH,53) hygrous - less than one month below 
wilting point, less than 3 months below field 

capacity; (53H) dry hygrous, less than 2 
months below wilting point, less than 5 
months below field capacity. 
(55aH) shallow, 15 cm average; (53,53H) 29 cm 
average 

5 5 aH ( v e r y 1 ow ) ; ( 5 3 H an d 5 3 ) 1 ow - v e r y 1 ow , 

strongly leached and moderately acid 
severe wind, sheet and gully erosion if 

surface exposed 

(55aH) low; (53H) low; (53) average - low 

700 m (except for small % 700 - 900 m) 
flat - gently sloping flood plains and 

terraces (0-70) 
greater than 760 mm (humid) 
2 months continuous snow cover 

extreme range (4-5 months growing season) 
hygrous - less than 3 months below field 
capacity 
20 cm 

medium - low 

susceptible to wind and stream erosion 
99,94a average - low 
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System 5: Lowland Yellow-Grey Earth (soil sets: 23F,6c, 24aH, 
Be, BcH, 10a, 6b, 9, 9aH) 

ALTITUDE 

SLOPE 

RAINFALL 
SNOW 

TEMPERATURE 

SOIL MOISTURE 

SOIL DEPTH 

NUTRIENT STATUS 

EROSION 
RATING 

700 - 900 m 

6b,6c,8c,9 (0-15°); 8cH,24aH (16-25°); 
9aH,10a,23F (21-350) 
sub humid zone 430-760 mm annually 
2 months continuous cover 

climatic extremes - growing season 3.5-5 
months 

(23F,8c,8cH,24aH) - dry hygrous 
- less than 5 months below field capacity 

- 2 months below wilting point; 
(9aH,9,6c,10a,6b) - dry subhygrous 
- more than 6 months below field capacity 
- less than 5 months below wilting point 

(10a,6c,23F) 28cm; (8c,8cH) 24.5cm; 
( 24aH) 17cm 

(24aH) low; (6c) medium - low; 
(23F,10a) medium - weakly leached 
severe wind when cultivated 
(23F) average - low; (8cH) average - low; 

(24aH) low; (Sc) average - low; (6c) low; 

( 1 O a) 1 ow ; ( 6 b ) 1 ow ; ( 9 ) low ; ( 9 aH) 1 ow 
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APPENDIX 2.2: PROCESSING ROUTES FOR TRANSPORT FUELS FROM FOREST 

BIOMASS 

(a) HYDROLYSIS/FERMENTATION 
In hydrolysis the cellulose content of wood is transformed 

to sugars by the addition of acid or enzymes. Fermentation of 

the sugars produces ethanol which is recovered by distillation. 

fermentation 
Wood 

hydrolysis distillation 
sugars & lignin ---------- ,. Ethanol 

~Residue & Lignin 

Hydrolysis only converts the cellulose portion of wood to sugars. 
The lignin (up to 30%) remains as an insoluble waste that can be 
burnt to supply part of the process heat requirements. 

Existing hydrolysis processes have low energy efficien
cies (Harris et al, 1980; Intergroup, 1979). However, 

hydrolysis/fermentation can be used for small scale plants and is 
considered particularly suitable for utilizing low-value mill 

residues (Harris et al, 1980). 

Promising research of processes which yield higher 

proportions of fermentable sugars from both cellulose and lignin 

are recorded in the literature (Slesser and Lewis, 1979; Titchner 

and Harris, 1978). 

(b) CHEMICAL REDUCTION 

The least developed of the biomass conversion methods is 
reduction by purely chemical and physical means to yield fuel oil 
(40 MJ/kg) or substitute natural gas. Development is proceeding, 

modelled on coal processing, in which the wood material is 
slurried in a process-derived oil and reacted catalytically with 

carbon monoxide or hydrogen. At high temperatures a high energy 

gas is produced and at lower temperatures a fuel oil. The 
liquefaction product would be upgraded using conventional 
petroleum refinery technology. 

A major virtue of the process is that lignin, as well as the 
cellulose component of wood, is amenable to conversion into oil. 

Al though chemical reduction methods are not technically proven, 
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they are regarded as having significant potential (Slesser and 

Lewis, 1979; Sarkanen and Tillman·, 1979). 

(c) GASIFICATION 

Forest biomass can be gasified at high temperatures and 

pressures, usually with the addition of oxygen to produce a 

medium energy ( 14 MJ /m3) synthesis gas consisting of carbon 

dioxide, carbon monoxide, hydrogen and methane. The process is 

similar to that used for coal and requires a small particle size 

and predrying to improve the handling of feed-stock, and to 

economise on oxygen. 

The high temperatures and pressures (>9oooc and >5 MPa) 
required in gasification necessitate a relatively large-scale 

operation. Harris et al (1979) consider a minimum sized plant 

would require 500 oven dried tonnes of wood per day. 

The gasification process can produce the following fuels: 

(1) Hydrogen Production 

The synthesis gas is reacted under pressure in a CO shift 

reactor with an iron chrome catalyst where the following reaction 

occurs: 

The remaining co 2 is scrubbed out and the product gas, of 

composition 90% H2 , 5.8% methane, 3.5% CO by volume, is 

compressed for storage. Hydrogen is a very efficient internal 

combustion engine fuel (Harris et al, 1979). 

(2) Methane Production 

Methane production utilizes the same CO shift reaction as 

hydrogen production, but controls it to allow a fixed ratio (1:3) 

of H2 to CO. The C02 is then removed from the gas stream which 
enters the methanation reactor where it undergoes the following 

reaction: 

This reaction is highly exothermic and produces process steam. 

The gas is then compressed for storage. As a transport fuel, 
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methane has very similar properties to natural gas. 

(3) Methanol Production 

Methanol production utilizes the same CO shift reaction as 

hydrogen and methane but keeps the CO to H2 ratio at 1 to 2 
compared with 1 to 3 for methane. The gas is then compressed and 

heated with the following principal reactions occurring in the 
presence of a catalyst. 

2H2 + CO ~ CH30H 

3H2 + C02 ~ CH30H + H20 

The resulting liquid is distilled to produce water and methanol. 

(4) Fischer Tropsch 
Synthesis gas can be converted through a less energy 

efficient process to Fischer Tropsch hydrocarbons. This could 
only be considered for a very large scale operation or if 

facilities to refine Fischer Tr ops ch hydrocarbons existed 

elsewhere in New Zealand. 

(d) PYROLYSIS 

In pyrolysis, wood is destructively distilled in the absence 
of air to yield a variety of energy rich products. Low 

temperature pyrolysis yields char, pyrolytic oil and low energy 
gases. Fractionation of the pyrolytic oil yields a number of 

chemical products and is unlikely to produce significant 
quantities of liquid fuels (Cousins, 1976). High temperature 

processes produce a gas-char mixture with the gas having a 

calorific value of 29MJ/m3. Pyrolysis is considered to have 

excellent prospects for the production of chemicals, but its use 
in transport fuel synthesis is still in the conceptual stage 

(Cousins, 1976; Slesser and Lewis, 1979). 
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3. IRRIGATION 

3.1 THE WATER RESOURCE 

3. 1 • 1 Introduction 
The Manuherikia Valley is a NE-SW trending catchment drained 

by the Manuherikia River, a north-eastern tributary of the Clutha 

River in Central Otago. The upper valley forms the headwater 

subcatchment. Dunstan Creek drains a subcatchment to the west 

and flows into the Manuherikia River near Becks, south of the 
study area. The Ida Burn drains the northern end of the Ida 

Valley adjacent to the Manuherikia Valley to the east, and also 

flows into the Manuherikia River near Lauder. 

The water resource is identified as the surface water and 
groundwater contained in the upper valley subcatchment between 

the St Bathans and Hawkdun ranges [Figure l ]. The runoff from 
the subcatchment is impounded by the Falls Dam, a storage 

structure for present down-valley irrigation. A residual flow 

below the dam is maintained. The Mt Ida water race diverts water 
from the upper reaches of the eastern tributaries of the 

Manuherikia River above Falls Dam. The water race passes across 

the Ida subcatchment to the south-east, delivering irrigation, 

stock and domestic water to the northern Maniototo plains. A 

number of disused water races are present within the upper 
Manuherikia subcatchment. 

3.1.2 Quantity and Availability 

The factors controlling the quantity and availability of the 
water resource in the subcatchment are examined below by using a 
water balance model. The model equates annual runoff (i.e., 

water yield at Falls Dam) with precipitation minus losses through 
evapotranspiration, infil tr at ion to groundwater, and depression 
and channel storage. 
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Thus: 
where 

Q = P - E - G -(D + C) 
Q = annual water yield at Falls Dam 
P = annual precipitation 

E = annual evapotranspiration 
G = annual loss to groundwater storage 
D = depression 

C = channel storage 

The upper Manuherikia Valley has a higherannual rainfall 

than the down-valley area, where the lowest recorded mean figure 
(30 years) in New Zealand is 339 mm at Alexandra (New Zealand 

Meteorological Service, 1973). The mean annual rainfall for the 
study area rises from ca. 600 mm at Falls Dam to ca. 1 500 mm at 

Mt St Bathans on the western subcatchment boundary (Ministry of 

Works and Development, 1979). There is extensive winter snowfall 
which substantially contributes to spring runoff (Fitzharris, 
1979). However, the annual contribution of snow to runoff in the 
subcatchment is unknown; Fitzharris suggests that it may be from 
between 10% to 25% (see below). 

The evapotranspiration rate is high in the Manuherikia 

Valley, through high seasonal temperatures and drying winds. A 
soil moisture deficit exists from late spring through to autumn 

on the valley floor (Otago Regional Water Board, 1980). In the 

study area precipitation increases with altitude and a soil 

moisture deficit exists during summer below 800 m (Mark, 1965). 
The study area is presently under a native tussock and introduced 

grass-clover cover, which intercepts a significant proportion of 

rainfall and snowfall (Mark and Rowley, 1976). This water is 

lost through evapotranspiration, and through deep infiltration to 
groundwater storage. Shallow infiltration of precipitation 

contributes to annual runoff as interflow. Depression and 
channel storage losses are not considered to be significant. 

Thus, evapotranspiration and deep infiltration account for most 
of the water losses in this model for the surface water resource. 

Very little is known about the groundwater resource in the 
study area. Baseflow contributions to the annual surface water 
yield will vary in different parts of the subcatchment according 

to the subsurface conditions (e.g. hydraulic conductivities and 
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gradients, and flow paths). The valley sides and headslopes are 

underlain by indurated and fractured greywacke and argillite, 

where there are likely to be rapid groundwater storage changes in 

poorly developed aquifers. Weak artesian flows were shown to be 

present under the valley floor within the late Tertiary 

sedimentary sequence (Worley, Downey and Mandeno Ltd., 1981a). 

An attempt is made to quantify the annual change in groundwater 

storage within this area so that inflows to the Hawkdun lignite 

field may be estimated (see section 4). 

Available water yield records for the study area span six 

years, including five complete years (Otago Catchment Board, 

1980. Unpublished water yield data). The data were obtained 

from a flow recorder below the forks in the upper Manuherikia 

River 16 km up-river from the Falls Dam (NZMS1. 8125/619060). 

The mean flow rate for the period June 1975 to August 1980 is 

3.48 m3.s-1 (cumecs) which gives a mean annual water yield of 110 

million m3 from a catchment area of 173 km2 (a mean annual 

specific yield of 20.1 l.s-1.km-2). 

Ministry of Works and Development (1979) have computed a 

value of 6.15 cumecs for the mean flow rate of the entire 

subcatchment (which includes the lower subcatchment between the 

recorder station and Falls Dam (193 km2)). This flow rate gives 

a mean annual water yield of 190 million m3 at Falls Dam. It is 

assumed that a similar specific yield was used, and that the mean 

annual absraction from the subcatchment via the Mt Ida water race 

was allowed for. These assumptions cannot be checked, as only 

certain information from Ministry of Works and Development (1979) 

was available for the study. 

The seasonality of the water yield is summarized by 

Fitzharris (1979). The maximum seasonal flows coincide with the 

spring snowmelt (August to October) which is augmented by flows 

derived from the period of maximum rainfall (October to January). 

Low flows occur generally from February to April, when the 

greatest potential evapotranspiration exists. Flows rise slowly 

through autumn and winter months, when snowfall is the main form 

of precipitation in the subcatchment. 
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3.1 .3 Quality 

Data on water quality appear to be few (Ashworth-Morrison 
Cooper, 1982), however it is considered to be generally high. 

Moderate phosphate and nitrogen concentrations are reported in 
samples from Ophir in the mid-valley 35 km south of the study 
area. Contamination within the study area from fertiliser 
application would be lower than that recorded at Ophir. 

3.2 WATER USE - PRESENT SITUATION 

3.2.1 History of Irrigation 

The origins of irrigation in the Manuherikia Valley lie in 
the gold-mining era. As the local mining industry stabilized in 

the mid 1860s some miners turned their attention to agriculture. 

The expense of bringing food from Dunedin prompted the planting 

of gardens which were often irrigated by water from mining races. 
A French colonist Feraud is attributed with being the first to 

plant fruit trees on a commercial basis and to irrigate them in 
1865. 

Government interest in irrigation was first evident in 1897 

when the engineer of the Mines Department enquired into the 

possibilities of water conservation for mining and irrigation 
purposes in Otago (Mitchell, 1953). In his opinion, water for 
irrigation was more important than water for mining and large 

scale irrigation was advocated for the first time. 
The first government-financed scheme in the Manuherikia 

Valley was the Galloway Scheme completed in 1920 and drawing 

water from the Upper and Lower Manorburn Dams to irrigate 1 092 

ha (Figure 3.1 ). The Manuherikia Scheme was completed in 1922, 

and draws water from the Manuherikia River by means of a 
diversion race. This was the first government scheme that was 

not founded on old mining works. This scheme presently irrigates 
2 200 ha. 

The Omakau Scheme is the largest irrigation scheme. It was 
completed in 1936 and presently provides irrigation water for 

6 300 ha in the mid-Manuherikia Valley. Storage is provided by 
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the Falls Dam which was completed in 1934. Additional water is 
supplied from the Dunstan and Lauder Creeks. Distribution is 
mainly by gravity feed but minor areas are supplied by pumping. 
In 1938 the Omakau-Dunstan Scheme was brought into service, 

irrigating 1 090 ha. Water from the eastern tributaries of the 

Upper Manuherikia River is diverted via the Mt Ida race, to serve 

3 500 ha on the Maniototo Plains for the Hawkdun Scheme. 

3.2.2 Present Production and Irrigation Practices 
The areas irrigated by these schemes are generally part of 

mixed farming enterprises or adjuncts to high country runs. All 
the farmers in the middle and upper Manuherikia Valley are 

involved in sheep production and less than ten percent of the 
carrying capacity is devoted to beef (Ashworth-Morrison Cooper, 

1981). On the valley floor ryegrass/white clover pastures and 
lucerne are grown. The main products are wool and fat lambs. 
Some properties purchase weaner calves for fattening. Stocking 
rates for irrigated properties range from 10 to 14 stock units 

per hectare. Fertiliser usage is low, with 60 kg/ha per annum 

being applied to better dryland and 87 kg/ha per annum to 

irrigated land. 

Pr ope rt ies with hill country run halfbreds, and some also 

run breeding cows. For these properties, and for those operating 
a dryland system, irrigated areas are important for the provision 

of winter feed (lucerne and turnips). 
Cash cropping (wheat, barley, oats, rye corn, swede and 

turnip seed) is carried out on some properties. However, the 
area devoted to these crops has decreased over recent years 

(Ashworth-Morrison Cooper, 1981). 
Horticulture is an important activity in the lower 

Manuherikia Valley. There are 118 ha supporting orchards, 
nurseries, glasshouses and vegetables. The most important crops 

are apricots, peaches and nectarines (Table 3.1). These crops 
prefer deep, well drained sandy loam soils located on fans and 
intermediate and low terraces. With the introduction of new 

high-producing varieties, exports to the USA and Australia have 

increased markedly. These crops are currently returning over 
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$33 000/ha (Dr J. McClaren, pers. comm.). Improved frost control 

systems and more intensive forms of production are being 
implemented which will result in increased production. A serious 

problem facing orchardists is spring frosts which can seriously 
damage crops. Sprinkler systems significantly reduce the effects 

of frosts. The lack of water in summer prevents maximum 

production being achieved, and is slowing the growth of 
horticulture in the area. 

TABLE 3.1: Present horticultural production in the Lower 
Manuherikia Valley 

Crop 

Cherries 
Apples 

Pears 

Peaches 

Apricots 
Nectarines 

Plums 
Non-production trees 

Vegetables/nurseries/ 
glasshouses 

TOTAL 

Area (ha) 

4.0 

5.0 

4.0 

14.0 
30.0 

13.0 
7.0 

32.4 
8.6 

118.0 

(Source: Ashworth-Morrison Cooper, 1981) 

Yield (t/ha) 

5.5 
46.0 
16.0 

12.3 
14.9 

8.5 
12.0 

n.a. 

115.2 

Irrigation methods used are wild flooding, contour flooding, 

border dykes and sprinklers. Under wild flooding the water runs 

uncontrolled over the surface from a dammed race. This practice 

is considered wasteful of water and is relatively inefficient. 

Contour flooding involves a series of ditches following the 

contours of the land. Successively lower ditches catch the 
surplus runoff. This method is less wasteful of water and gives 
better coverage. Both methods have the advantage of enabling 

water to be applied over rolling country. Border dyking gives 
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greater control over the quantity, spread and timing of water 

application. However, this method is confined to flat land and 

to areas of deeper soils, as some soil is needed to produce the 

borders which control the water flow.· Sprinkler irrigation is 

confined largely to orchards and is also used for frost fighting. 

Reservoirs, piping and pumps are required. Of 118 ha of 

orchards, only 76 ha have overhead sprinklers and of these only 

41 ha are supplied with adequate reservoirs and piped water 

systems. 

The amount of water sold to farmers may be limited by either 

a lack of water to sell or by a depressed demand due to high 

rainfall. This is amply demonstrated by the water sales for the 

period 1955/56 to 1979/80 (Table 3.2). In most years there is 

insufficient water to meet farmer demands, especially in the dry 

months of January and February. 

TABLE 3.2: Water sales 1955/56 - 1979/80 

Annual mean 

Max. 66/67 

Min. 56/57 

Min. 57/58 

Manuherikia Scheme 

Flow rate (cumecs) 

for the year 

21 717 600 

27 631 200 

16 224 000 

Standard deviation 3 393 600 

(Source: Ashworth-Morrison Cooper, 1981) 

Omakau Scheme 

21 878 400 

37 286 400 

6 576 000 

7 790 400 

.An additional problem is the deteriorating state of the 

Omakau and Manuherikia Schemes. The intake structures, syphons 

and channels are in a bad state of repair and would need 

considerable capital expenditure to upgrade them. The current 

annual costs for the Manuherikia Scheme are $50/ha for operating 

and $16/ha for renewal and repair (Ashworth-Morrison Cooper, 

1981). The equivalent costs for the Omakau Scheme are $27/ha and 

$9.50/ha. These schemes are effectively at the end of their 

serviceable lives. 
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3.3 WATER USE - IRRIGATION OPTIONS 

The previous section outlined the current state of water 

usage in the Manuherikia Valley. This section examines options 

for the use of the water resource in the study area. It is 

concerned with irrigation as the end-use of the resource, and 

three alternative courses of action are assessed: 

(i) no action - no change in current irrigation usage; 

(ii) upgrading - limited repair and improvement ofexisting 

irrigation schemes in the Manuherikia Valley; 

(iii) proposed Manuherikia Valley irrigation scheme (MWD 

1979). 

(i) No-action option: The Omakau, Manuherikia and two minor 

irrigation schemes presently service an estimated 10,800 ha of 

the Manuherikia Valley between St Bathans and Alexandra 

(Ashworth-Morrison Cooper, 1981 ). The Omakau Scheme is 

deteriorating and is given a complete probability of collapse 

within 15 years (Ashworth-Morrison Cooper, 1981 ). Using the 

results of a farmer survey in the Manuherikia Valley, it is 

estimated that the existing area of irrigated land would be 

reduced by 80% with an associated decline in stock numbers if the 

no-action option was followed. It is generally considered (L. 

Hinchey, pers. comm.) that the depopulation trend of rural 

communities over recent years has been exacerbated by a decline 

in the availability of water for farm irrigation relative to 

demand. For these reasons the study has not considered further 

the no-action option. 

(ii) Upgrading option: The possibility exists of limited 

repairs and improvements to the existing schemes in order to 

increase the amount of water used and the reliability of its 

distribution. This option means a capital investment to increase 

water availability to the relatively small area of land already 

commanded by existing s-0hemes. The costs are difficult to 

estimate as the extent of possible upgrading varies considerably 

between areas. Returns are also hard to estimate. Potential 
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benefits of this option would be based on the existing pattern of 
land use, as no significant increase in the total amount of water 

available is assumed. McCraw ( 1964) and Orbell ( 1974) indicate 
the productive potential of the soils of the valley under 
irrigation. The upgrading option would not be able to irrigate 

all irrigable soils in the area, and would be unlikely to mollify 

local concern. For the above reasons, the upgrading option is 
not considered further. 

(iii) Proposed Manuherikia Valley irrigation scheme: This 
irrigation option has been investigated by Ministry of Works and 
Development (1979). It would replace the existing schemes in the 
valley and approximately double the currently irrigated area. 
Water from the study area would be impounded in an enlarged dam 
and distributed via a race system to nearly the entire 

Manuherikia Valley below the study area. Total costs (including 
on-farm work) are given as $44M (December 1980) (Ashworth
Morrison Cooper, 1981). Assuming that there are limited changes 
in land use it is estimated that a 42% increase in stock units 

carried would result, or an 82% increase if the implications of 
the no-action option were to be realised at some future time (~ 

cit.). The internal rate of return (IRR) and the net present 
value (NPV) at a 10% discount rate were computed for a range of 

product prices, but it is not clear whether these are farm gate or 
FOB (free-on-board) prices. The IRR at mean price is 8.5% with a 

small negative NPV after 40 years. 

This option is now further examined. 

3.4 PROPOSED IRRIGATION SCHEME 

3.4.1 Design Description 

The proposed irrigation scheme would involve the following: 
1. The construction of a 60 m high earth and rockfill dam 
immediately downstream from the present Falls Dam to increase the 

storage capacity of the present structure from 11 Mm3 to 100 Mm3. 
The impoundment when full would cover 500 ha with a mean depth of 
20 m. 
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2. A main race 85 km long, gravity-fed from an intake 5 km 

down-river from the new dam. The race has an intake capacity of 

10 cumecs reducing to a capacity of 3 cumecs at its lower end. 

The race would skirt the foothills on the western side of the 

Manuherikia Valley and discharge into the Waikerikeri Creek 6 km 

north-east of Clyde. 

3. Distribution races from the main race to serve most of the 

land in the Manuherikia Valley from Gidding Downs to Alexandra. 

4. Construction of new, and reconstruction of existing farm 

systems. 

5. Possible construction of small storage dams on the terraces 

near the lower end of the main race near Springvale to buffer 

main race flows and to supply the Dunstan Flat area in the lower 

valley. 

6. Possible construction of a race from the Dunstan Creek 4 km 

north-west of St Bathans, running 16 km south-west to join the 

main race at the mid-valley. This supply would augment the main 

source at the new dam. Storage in the Dunstan Creek was 

considered to be too expensive. 

The total area commanded by the scheme would be 30 000 ha. 

It is considered (MWD, 1979) that the area irrigable with water 

from the new dam would be 19 800 ha, with an additional 500 ha 

supplied by the Blackstone Hill race (abstracting from the 

Manuherikia River· near the main race intake), to give a total of 

20 300 ha. The proposed scheme would also possibly supply a 

further 1 200 ha from the Dunstan race, drawing water from the 

Dunstan subcatchment. 

The irrigable area was divided into four subareas on the 

basis of assessed water requirements. The subareas would receive 

from 4 to 14 irrigations, each of 75 mm depth, through the period 

October to March. The total amount of water used under this 

application regime would be 107 Mm3 per season (MWD, 1979). 

Access to all information contained in the MWD Feasibility Report 

was not possible. However, further information derived from 
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TABLE 3.3: Environmental and design parameters in the 

proposed scheme. 

Parameter 

Mean annual 
water yield 

variability 
of water 
yield 

Design 
storage 
potential 

Maximum 
water 
allocation 
for irriga
tion 

Maximum 
irrigable 
area 

Minimum 
residual 
flow 

Size 

190 M m3 

(n = 5) 

Source 

Scaled-up flow 
records 

Mean annual From above 
flow rate = 
6 .106 cumecs. 
Standard 
error= 
0.635. 90% 
confidence 
limit~ = 
6.106-1.35 
cumecs.l in 
20 water 
yield -
150 M m3 

100 M m3 

140 M m3 

(Oct . - Mar • ) 

20 300 ha 

1 cumec 
(below in
take) = 

3 31.5 Mm 
p.a. 

MWD 1979 

Otago Catchment 
Board 1981: 
Ashworth
Morrison 
Cooper, 1981 

MWD 1979 

MWD 1979 
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Assumption 

Specific yield of 
lower subcatchment 
similar to upper; 
Mt Ida water race 
abstraction 
accounted for 

110 M m3 design 
application (MWD 
1979) + 30 M m3 
(as internal 
buffer?) 

5 300 ha Down
Becks; 10 000 ha 
Omakau-Blackstone 
Hill; 1 200 ha 
Clare-Moutere; 
3 700 ha Lower 
Manuherikia 

Tributary and 
surplus flows 
down-valley 
sufficient to 
supply Galloway 
Scheme 



MWD's calculations (Otago Catchment Board, 1981; Ashworth

Morrison Cooper, 1981) indicates that approximately 140 Mm3 has 
been allocated for irrigation in an annual period. In addition 

to this amount, a minimum residual flow requirement of 1 m3.s-1 

in the Manuherikia River below the scheme intake (31.5 Mm3 

annually) has been set, giving an annual water requirement of 

approximately 172 Mm3 from the new dam; or 90.5% of the estimated 
mean annual water yield. 

The proposed scheme is designed by MWD as a border 
dyke/contour irrigation system. Of the present 10 800 ha 

irrigated, 10 100 ha is contour irrigated and the remainder is 

border dyked. The proposed scheme is designed for an increase in 

the contour irrigated area to 13 800 ha and for border dyking on 

6 000 ha. The economic evaluation of Ashworth-Morrison Cooper 

(1981) was based on the above design framework. However, they 
consider that many farmers would install pump and sprinkler 

systems for the following reasons: lower cost than border
dyking; continuous application of water instead of discrete 

applications as part of a rostered system; and the unsuitability 
of the soils on the flat areas for grading and levelling. 

Ashworth-Morrison Cooper considered that while costs were in fact 
similar, more immediate benefits were possible through the 

installation of pump and sprinkler systems despite their higher 
annual operating costs. However, changes in the proposed scheme 

design would be required if pump and sprinkler systems were to be 

used, mainly in the onfarm works. 
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3.4.2 Risk in the Scheme Design 
The proposed irrigation scheme may be seen as a simple 

input-output system operating through time. The design inputs 
are the annual water yield and the storage potential, and the 

outputs are the irrigation and the residual flow requirements. 
If the inputs do not match the outputs, the overall benefits of 
the scheme may be reduced. The following flow chart indicates 
the nature of the risks inherent in the proposed scheme design. 

79 



FIGURE 3.1: Risk in the irrigation scheme design. 
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In a mean year, water inputs are 190 million m3, of which 

100 million m3 could be held at any one time. Outputs are 171.5 

million m3 (140 + 31.5). If the storage dam is full at the start 

of the irrigation season (October), at least 170 million m3 would 
be needed over the next 12 months to replace water used, so that 

the following season's requirements may be met. Sixtyfive 

percent of the mean annual water yield occurs from September to 

March (MWD 1979). The storage potential is evidently not a 

limiting factor in the system dynamics, but rather the rate of 

replacement of water as it is used. Annual yields of less than 

170 million m3 would mean that the dam would not be full by the 

start of the irrigation period. The one in 20 annual yield of 

150 million m3 is insufficient to supply all water requirements. 

The probability of consecutive dry years is difficult to estimate 

from the data available, but this occurrence would stress the 

system. During these times irrigation needs could be met to the 

detriment of storage or residual flows. Also, the Dunstan Creek 

and other tributaries may be used to full capacity if the water 

were available. Alternatively, water supply could be 

progressively restricted to those subareas most able to be 

stressed, either by a reduction in the number of irrigations or 

by reducing the amount supplied with each irrigation. Redesign 

of the scheme to further accommodate pump and sprinkler 

irrigation may allow a finer degree of control of water usage. 

Also, a reduction in the irrigated area would reduce overall 

benefits but would also reduce the above risks. 

3.5 PRODUCTIVE POTENTIAL 

The direct benefits and costs of the proposed scheme are 

calculated by Ashworth-Morrison Cooper ( 1981 ). Benefits gained 

from an irrigation scheme, and intensified land use under sound 

management accrue over the very long term. Productivity will 

rise, but more importantly, fluctuations in productivity will 

decrease as farmers are better able to plan, given a reliable 

water supply. 
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3.5.1 Pastoral 

Eighty-one pastoral and a number of smaller holdings will 

benefit from the proposed irrigation scheme. The scheme will 

irrigate 19 800 ha, an increase of 9 000 ha over that currently 

being irrigated. 

Using the base-adoption rate assumed by Ashworth-Morrison 

Cooper (1981), there is an expected increase from 220 000 s.u. at 

present (excluding the hill country stock uni ts) to 342 000 s.u. 

by year 14 (see Table 3.3). Because of the irrigation of other 

parts of hill country farms, hill country stocking rates should 

also increase with pasture improvements and the adoption of 

suitable management techniques (Lockhart, 1975). 

Under the present scheme farmers are reluctant to stock up 

to the level of the modal year because of the risk of a dry year 

which will result in less water being available. Stock 

performance would be severely depressed. Stocking rates for the 

new irrigation scheme can be expected to increase by about two 

s~u./ha as a result of greater reliability of the new scheme and 

better on-farm distribution (Ashworth-Morrison Cooper, 1981). 

Increased pasture production results in: (i) an increase 

in stocking rate on the irrigated area; and (ii) an increase in 

stock performance for all stock carried on the farm (Galway, 

1 977) • 

TABLE 3.3: Production increases expected under full development 

of irrigation scheme. 

Animal Products1 Present 

Wool 175 

Lamb 2 503 

Mutton (cull ewe) 632 

Prime beef 809 

Cull cows 56 

Wool greasy, meat carcass weight 

SOURCE: Ashworth-Morrison Cooper, 1981 
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With Project 

(full development) 

723 

3 702 

890 

171 
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3.5.2 Horticulture 

There are 200 ha of horticultural land in the valley, 

inc.luding nurseries, glasshouses and vegetable producing areas. 

Horticultural production in the area is dominated by apples, 

apricots, nectarines, plums and cherries. Already 41 ha is 

served by piped mains, reticulation and overhead distribution and 

a further 35 ha has only overhead distribution. Under the scheme 

the total area to be supplied by reservoirs with piped mains, 

reticulation and overhead distribution will increase to 150 ha. 

This will allow sufficient pressure for both irrigation and frost 

control. 

It is likely that a larger area could be used for 

horticulture in the future. Ashworth-Morrison Cooper (1981) 

considers the production increases only for the 30 orchardists in 

the area (see Table 2). Expanding the area under horticultural 

production should achieve a greater return per hectare of 

irrigated land than if it were to remain in pasture (Brown, pers. 

comm.). An ex-post study of the Upper Waitaki irrigation scheme 

showed that including some horticultural crops had a significant 

effect on the internal rate of return (Le Page, 1981 ). 

Soil Bureau data for the Lower Manuherikia suggest that a 

further 400 ha could be established in orchards. 

Intensified research into horticultural crops and markets 

has led to greater potential for diversification. Vegetable 

crops such as asparagus are suited to the area (Ashworth-Morrison 

Cooper, 1981). The most favourable marketing option is export of 

the fresh product, and/or processing. The ability to exploit 

overseas markets will determine the extent to which a farmer is 

willing to expand and diversify into horticulture. 

Stonefrui t such as nectarines and peaches have a well 

established export market which is able to cope with increased 

supply (Forster, pers. comm.). The long-term prospects for 

exporting both fresh and processed asparagus also appear 

favourable (Franklin, S.J., et al, 1981 ), but for many crops 

active promotion of overseas markets is still necessary. Market 

promotion needs to place emphasis on distinctive Central Otago 
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products, for example sun dried apricots. The potential for 

expansion and diversification of horticultural production in the 
Lower Manuherikia Valley will lie in the ability of the area to 
continue to produce high quality products (Millers, pers. comm.). 

TABLE 3.4: 

Fruit Produce 

Cherries 
Apples 

Peaches 
Apricots 

Nectarines 

Plums 

Pears 

Production increases expected from existing 

orchardists under full development of irrigation 
scheme. 

Additional 

area (ha) 

0.5 
10.0 
1. 5 
6.7 

27.0 

1.0 

Present 

22 

229 
173 
446 
1 1 1 

85 
63 

Output 
t/annum 

With Project 
Full Develop

ment 

42 
865 
356 
900 
415 

152 
86 

SOURCE: Ashworth-Morrison Cooper, 1981. 
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PART A: LIGNITE MINING 

This section examines the lignite resource in the study area 

and the extraction and site restoration programmes that would be 

likely to take place following a future decision to mine the 

lignite. 

4.1 THE LIGNITE RESOURCE 

Lignite is an extremely low-rank coal with a high (up to 

60%) moisture content and a relatively low thermal value (less 

than 20 MJ/kg ) • Two lignite fields are p r.esent in the upper 

Manuherikia catchment: the Hawkdun deposit in the upper 

Manuherikia subcatchment and the Home Hills deposit in the 

Idaburn subcatchment, 13 km to the south-east. Lignite in the 

study area, elsewhere in Central Otago and in eastern Southland, 

has been considered a potential feedstock for liquid fuel 

production (Ministry of Energy, 1980). These deposits are two of 

nine fields which have been recently explored and proven to 

varying levels of certainty (Taylor, 1980). This study assumes 

that each deposit could be mined and processed independently from 

the other, and so only the Hawkdun deposit in the upper 

Manuherikia valley is examined. 
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4.1.1 Hawkdun Lignite Field 

The Hawkdun lignite deposit has a maximum total thickness of 

91 m, containing a number of thin sedimentary interbeds. It 

forms part of a mid-Tertiary nonmarine sequence of sands, silts 

and clays up to 300 m thick. This sequence (Manuherikia Group) 

dips gently south-east on a basement of weathered Mesozoic 

greywacke and argillite which is exposed as the St Bathans and 

Hawkdun Ranges on the west and east sides of the valley 

respectively. Weathered gravels overlie the· sequence and are up 

to 32 m thick over the lignite deposit. Fault systems bound the 

deposit on at least three sides and have largely determined its 

areal extent (Bishop, 1981). South-east of the deposit the 

geology is poorly known. Downfaulting of the lignite is likely, 

and the seam probably thins and grades into elastic sediments 

(Isaac, 1981). 

FIGURE 4.2: Stratigraphic column of Hawkdun lignite deposit 

Geological time Depth 

Pleistocene 

Miocene 

Jurassic
Triassic 

Rock types 

Gravels 

Clays and silts 
with rare lignite 
seams 

Lignite with 
rare clay, silt & 
sand lenses. 

Weathered 

Greywacke & 
argillite. 
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TABLE 4.1: Current geological reserves estimate of Hawkdun 
lignite deposit and lignite composition. 

Lignite-in-ground 

Category 

Measured 

Indicated 

Inferred 

Total: 

Quantity 

550 x 106 tonnes 

262 x 106 tonnes 

812 x io6 tonnes 

Certainty 

Less than + 20% 
Impossible to quantify 

NOTE: Seam splits less than 0.5 m thick and seams greater than 

10% ash content (at bed moisture) excluded from 
estimates. 

SOURCE: Isaac, 1981. 

Lignite composition 

Average bed moisture content 

Average ash content (at bed moisture) 
Sulphur content (at bed moisture) 

Thermal value (at bed moisture) 

48% - 50% 
8% - 10% 

0.27% 

10 - 11 MJ/kg 

NOTE: Data obtained from a small number of unevenly distributed 

samples. 

SOURCE: Coal Research 

Isaac, 1981. 
Association, 1980. Unpublished data; 
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4.1.2 Recoverable Lignite 

The current knowledge concerning the Hawkdun field is 

incomplete. This study assumes that only the indicated 

geological reserves estimates can be used to indicate the lignite 

resource that is potentially recoverable. The recovery 

efficiency of the mining operation is likely to be high (at least 

90%) because the deposit is reasonably simple structurally and 

the seam is thick. Any losses will be largely due to the 

inability of the mining method to separate out lignite from 

overburden and interburden. Total recoverable reserves from the 

Hawkdun deposit are therefore likely to be 500+ 100 x 106 

tonnes. 

4.2 ENGINEERING CONSTRAINTS ON LIGNITE MINING 

Engineering geological and hydrogeological information on 

both lignite deposits was collected during recent geotechnical 

investigations (Worley, Downey and Mandeno Ltd., 198la; 198lb). 

The chief engineering constraints on mining the Hawkdun deposit 

are outlined below. 

The Manuherikia River crosses the land directly above the 

deposit, flowing in the overlying permeable gravels. Worley, 

Downey and Mandeno Ltd. (1981a) indicate that a lined diversion 

of the river would be necessary to prevent large inflows of water 

to the mine via the gravels. Tributaries would also need to be 

diverted into protection canals, channelling runoff away from the 

mine site. The Mt Ida water race, supplying the Maniototo plains 

with water from the eastern tributaries of the upper reach of the 

Manuherikia River, also crosses the deposit and would need to be 

re-routed. 

Static water table levels are shallow (3 - 11 m below the 

surface) during midsummer months and weak artesian flows (0.05 -

0.2 litres/second) were recorded during drilling as part of the 

above investigations. Groundwater flow rates through the deposit 

are unknown. However, the system of diversion and protection 

canals that will be needed around the mine site is likely to 

further reduce what are probably slow down-slope rates of 
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movement of groundwater under the valley sides. Therefore, once 

the pumping out of water from the deposit has significantly 

lowered the water table, annual groundwater yields are likely to 

be low (possibly one or two million m3 p.a.). 

The lignite mine will be a large, shallow pit with low, 

benched pit-slopes. Worley, Downey and Mandeno Ltd (198la) 

assumed a safe pit-slope angle of 35° for the overlying gravels. 

The Manuherikia Group sediments are considered safely stable at 

cut slopes of 20° - 300. The stability of the pit floor (formed 

by sediments below the lignite) is critical in assessing the risk 

of pit slope failure, and a safe overall slope in lignite of 200 

(incorporating benching) was assumed (.2.E!_ cit.). The safe angles 

above all assume at least partial dewatering. Stability is 

highly sensitive to the water content of the sediments, and also 

to the nature and orientation of fractures present. 

A safe slope angle of 300 was assumed for spoil dumps up tri 

a height of 40 m following tests of overburden materials. 

Grading and drainage of dumps will be needed to reduce the risk 

of dump failure. Accelerated weathering tests show that spoil 

dumps are likely to generate acid sulphate from the oxidation of 

pyrites (iron sulphide). Soluble salt levels are low. 

4.3 MINING OPERATIONS 

The geological nature of the Hawkdun lignite deposit, 

together with the engineering constraints identified above, 

largely determine the likely mining methods and sequence of 

operations. The incomplete nature of the above information makes 

precise prediction difficult, but some general assumptions may be 

made. 

The deposit would be mined as an open pit mine, and the 

overburden, interburden and lignite are all suitable for 

excavation by bucket-wheel excavators (BWEs) (Gold, 1976). 
Material is selectively excavated by a large revolving wheel with 

attached buckets. A conveyor system transfers material from the 

BWE to various parts of the mine site for dumping, storage or 

transport to a processing plant. BWEs are electrically powered 

and may excavate at the rate of 1000 m3 to 240 000 m3 a day (£.2!.. 
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cit.). It is clear that the management of water would be 

critical in all mining operations. Protection of both pit and 

surrounding catchment from unwanted water or material would 

require careful siting of activities and structures. 

The first activity would be the dewatering of the area to be 

mined to minimise water discharge into the pit, and to promote 

pit slope stability. The little information available on the 

hydrology of the deposit suggests that groundwater flow paths are 

restricted to planes or beds, and a series of perimeter wells 

intersecting these features would dewater the deposit to a large 

extent. However, information on mass permeabilities is lacking 

and dewatering may need to take place up to several years before 

opening up a pit. Pumping and discharge of groundwater into the 

Manuherikia River would augment storage for irrigation. 

The lignite mine could be opened up at different places, and 

worked in separate sections. Overburden would be stripped and 

initially dumped as outside dumps until it was feasible to 

backfill the pit (inside dumping) as mining progressed (Gold, 

1976). Stripping and storage of the thin loessial and alluvial 

soils could be undertaken, but restoration of disturbed land 

might well be carried out by using suitable overburden material 

(see Section 4.5). Outside dumps would be built up close to the 

pit as spoil transport is costly. The topography of the deposit 

means that dumps will be close to watercoursese Diversion and 

protection canals would be necessary. Diversion routes are 

restricted and would probably have to skirt the entire deposit to 

the east or west. 

Dump volumes are difficult to predict as in situ overburden 

and interburden volumes are not well measured. Stratigraphic 
information in Isaac (1981) gives an overburden to lignite ratio 

(in volumetric terms) as approximately 2:1. Increased compaction 

of dump material means greater stability. A spreader system 

could be used to convey and drop spoil from a height to maximise 

compaction (Gold, 1976). Surface immobilization of all exposed 

pit and dump slopes would be necessary to control dust dispersal. 

Batter angles would probably not exceed 300 and benching would 
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also be necessary for slope stability. The maximum area of land 

disturbed by mining (pit and dumps) is likely to be up to 2 000 

ha. However, the ratio of lignite obtained to land area 

disturbed is high for the Hawkdun deposit (3 x io5 tonnes/ha). A 

further 500 ha is likely to be taken up by watercourse 

diversions, access roads, storage, maintenance and other 

buildings associated with the mine operation. 

4.4 ECONOMIC CONSIDERATIONS 

A number of assumptions can be made concerning the nature 

and scale of mining operations after a consideration of economic 

aspects. The optimal rate of output and cost of lignite ex-mine 

is tied to the economics of mining and processing. The economic 

life of the mine would depend on machine and processing plant 

life; 30 years is assumed (Table 4.2). The rate of output over 

the mine life is limited by the amount of recoverable lignite 

present (500 + 100 x 106 tonnes), and influenced by economies of 

scale regarding machinery and labour costs in mining as well as 

processing costs. The economic feasibility of mining depends on 

, holding the ex-mine cost of lignite per tonne to a minimum level. 

The amount of material to be shifted in order to extract lignite 

is a critical aspect of mining economics. The favourable 

overburden to lignite (volumetric) ratio of 2:1 as an approximate 

average for the Hawkdun deposit is an important factor in 

economic feasibility assessment. 

The rate of increase of capital costs (machinery) and annual 

operating costs (power, labour and maintenance) with an 

increasing rate of output, will determine an optimal mining rate. 

This rate must then be optimised with processing plant 

requirements. An initial assessment assumes that the optimal 

rate would be close to the average annual rate possible with the 

Hawkdun deposit, i.e., 16.6 x 106 tonnes/year, but probably less 

than this figure. 

Two mine production rates (3 and 11 million tonnes/year) 

were chosen and, from the data available, costs were estimated 

for these rates. The economy of scale is clear (see Table 

4.2). Rates of output from the mine would be maximised early in 
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the mine life in order to recover initial capital costs which 

would be high. These initial costs would be almost wholly due to 

the EWE-conveyor system used. Annual operating costs would be 

mainly due to electricity and labour requirements. Continuity of 

output would be critical for any processing plant, and would 

depend on minimizing stand-down time of the BWE-conveyor system. 

Hard beds or large fragments can cause stoppages; only the 

gravels overlying the Hawkdun deposit are likely to require a 

special extraction method (presumably by bulldozer). Breakdowns 

of individual components can affect the entire BWE-conveyor 

operations, thus the availabity of parts and labour would be 

critical in minimising maintenance costs. The processing plant 

is certain to be located as close as possible to the mine site, 

as transport costs of lignite could be significant. 

External costs of mining operations include the adverse 

effects of land and water disturbance, and the associated impacts 

on plant and animal communities. Complete internalization of 

these costs may make the overall cost of lignite ex-mine 

prohibitive. For this reason, complete land and watercourse 

restoration may not take place (see Section 4.5). 

TABLE 4.2: Summary of economic parameters of the mine. 

Parameter Large Small 

Mine output <~p61r~Rr~~1year 11 3 

Mine life (years) 30 30 
Capital costs ($106) 350-400 150-200 
Annual operating costs ($106) 50-70 30-40 
Labour (construction) 250-300 85-100 
Labour (operation) 150 100 

4.5 SITE RESTORATION 

Land restoration should be an integral part of mine 

planning. From information on physical constraints to land 

restoration, a range of land use options can be identified. 

Ideally, a "suitability matrix" (Rowe, 1979) which ranks 

95 



environmental and economic constraints to land use should be used. 

4.5.1 Identification of Constraints 

Soils overlying the lignite field are High Country yellow 

brown earths, which have a relatively low natural fertility and a 

weakly structured profile. However, these soils (Tasman, Cass, 

Oturehua and Naseby) are still of high value. The cost of 

returning this soil to its former productive capacity is likely 

to be greater than the cost incurred with soil of higher natural 

fertility. This assumption recognizes the possibility of 

multiple seeding to obtain effective strikes and heavy 

applications of fertilizer. Soil properties such as these are 

important in determining possible topsoil response to land 

restoration. If topsoil is determined to have greater 

productivity than the substrata, it may be collected with 

scrapers prior to mining and stored for re-application. Although 

the likely alternative is still unclear, laboratory studies of 

Eastern Southland lignite have indicated that when fertilizer is 

added to topsoil, the mixing of subsoil, overburden or lignite 

fines does not reduce productivity. In some cases it even 

enhances productivity (Soil Bureau, 1981). 
Because of the infertility of soils in the area, if soils 

are to be separated at all, immediate re-application is 

desirable. Once the mine is under way, topsoil could be 

collected from in front of the mine path and applied immediately 

behind, as backfilling progresses. 

Land Topography 

The lignite field is overlain by flat to rolling land 

composed of dissected terraces and fans with low fertility, stony 

and loessial soils. This, in combination with the altitude (670 
- 790 m a.s.l.) suggests obvious difficulties for land 

restoration, especially in terms of establishment of clovers and 

trees. 
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Characteristics of Overburden 

The presence of pyrite in overburden material has been 

confirmed (Worley, Downey and Mandeno Ltd., 198la), although the 

likely concentrations are unknown. This suggests that dumped 

overburden must be carefully controlled so that the risk of acid 

mine drainage is minimised. 

4.5.2 Restoration Options 

While many options are possible, three available courses of 

action are given below: 

Option A: Dereliction 
The Hawkdun deposit could be completely mined out and the 

land left derelict for some future reclamation programme. This 

would keep the dollar per tonne value of lignite to an absolute 

minimum and improve the viability of processing options. This 

approach overlooks the social costs of large scale mining and 

does not incorporate them into the costs of production. Loss of 

land productivity and a severe intrusion upon the scenic resource 

would result. 

If this option was adopted, careful planning to safeguard 

water quality for users would be required. The Manuherikia 

River is important to lower valley users and it is important that 

watercourses be diverted around stabilised spoil dumps. 

It is conceivable that the task of planning for water 

quality in the dereliction option would prove so onerous that 

with a little further planning, proposed land uses in other 

options would be considered. 

Option B: Partial Restoration 
In this option some attempt would be made to contour mine 

spoil in conjunction with measures for water quality control. 

Topsoil would not be separated prior to mining, and only 

moderate, low cost attempts would be made to keep the upper 

substrate material close to the surface. Back-filling would be 

carried out as much as possible to retain the contour of the 

land, but where this is not possible, a lake would be left. This 

may provide a recreational area, wildlife refuge and a water 
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storage facility for irrigation. This option would cost less 

than re-creating a pastoral medium in Option C, and could 

accommodate alternative land uses such as production forestry. 

Option C: Full Restoration 

This option involves re-creating the soil-plant ecosystem 

that existed prior to mining, and would eventually allow the 

continuation of past agricultural practices. 

Plass (1979) suggests that in certain situations, native 

soils may be no more productive than the spoil itself. Because 

fertility of the soil is naturally low, initial superphosphate 

requirements could be greater than 300 kg/ha, a cost which would 

be reflected in the cost of lignite. This option would require 

close monitoring during the establishment of the pasture and 

controlled grazing until the system was fully developed. 

The new landscape might also provide a combination of: 

(i) recreational lakes; 

(ii) forestry for the least fertile areas; and 

(1i1) pasture for farmland relocated on the most fertile 

soil. 
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PART B: LIGNITE PROCESSING 

4.6 INTRODUCTION 

In this section, several uses for the lignite are examined. 

Options for direct use (for electricity generation) and 

conversion to chemicals, and liquid, solid and gas fuels are 

evaluated in two stages (Figure 4.3). Firstly, four general 

criteria are used to screen the options: economic efficiency, 

energy efficiency, product value, and resource requirements. On 

this basis two options are selected for further consideration and 

examined at a more site-specific levele Secondly, resource 

requirements (lignite, water, land) and costs are determined for 

two scales of the preferred processing options. 

In evaluating the options, some assumptions have been made: 

(1) The lignite will be mined, i.e., none of the options are 

proposed to justify mining. 

(2) Conversion facilities will be located at the mine site. 

(3) Supply is based on a one-mine operation (Hawkdun) using 

two rates of production, three and eleven million tonnes per 

year (Mt/year). 

(4) Development is not anticipated before the year 2 000. 
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There are certain inherent limitations in an evaluation of 

various coal processing options. Many technologies remain 

untested at a commercial level. Therefore, many of the 

parameters necessary for a comprehensive evaluation are not 

available or are extrapolated either from a pilot plant or from 

informal industry sources. Because of the suggested development 

period of post year 2 000, it is unrealistic to examine only 

presently available technologies. 

The paucity of reliable data prevents the use of energy 

efficiency as a more discerning criterion. The term embraces 

several concepts such as thermal efficiency, effectiveness, and 

net energy. However, the lack of information related to the 

latter two (such as "available" energy or the energy involved in 

mining) has restricted the context of energy efficiency to 

essentially refer to thermal efficiency. Thermal efficiency is a 

measure of the heating value or amount of energy in the output as 

compared to the input. 
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4.7 GASIFICATION 

4.7.1 Gasification Processes 

The operation of a coal gasification unit can be separated 
into: 

Unit Operation 
Gasification 

Gas cooling and cleaning 

Shift conversion 

Gas purification 

Methanation 

SOURCE: Talty, 1978. 

Primary Purpose 
To convert coal to gases, liquids and 
tars by use of air, or oxygen and steam. 

To separate particles, tar, oil and 

water from the gasifier gases. 

To provide the proper H2/CO ratio to 
form methane. 

To separate undesirable constituents to 

form synthetic gas stream. 

To convert CO and H2 to methane. 

Lignite contains a high proportion of volatile (reactive) 

matter, and this results in it being a coal well suited to 

gasification. Because of lignite's reactivity, a coal pre

treatment stage is not required (Huebler et al, 1977). 
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TABLE 4.3: Basic products from coal gasification. 

Typical Composition High Btu Gas Medium Low 
( % ) (Substit~~~)Natural Btu Gas Btu Gas 

H2 42 15 
co 34 29 
CH4 100 5 3 

C02 18 4 

N2 1 49 

Heating Value 
Btu/Scf 1 000 300 150 

kJ/m3 40 000 12 000 6 000 

SOURCE: Shires et al 1981. --, 
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Three major products result from gasification and are 

briefly described below: 

(1) Low ~tu ~, which is produced from coal by reaction with 

steam and air. Major fuel components are H2 and CO, with N2 

making up about half the total gas volume. The most likely 

potential use for the gas would be in combination with gas-steam 

turbines for power generation. Due to the low heating value of 

the gas, it is not economic to transport it any distance. The 

power plant would therefore have to be situated near the gasifier 

at the mine. 

As shown in a later section, however, it is not likely that 

Hawkdun lignites will be used for electric power generation, so 

low Btu gas is not considered further. 

(2) Medium Btu gas (synthesis ~, which is produced from coal 

by reaction with steam and oxygen, thereby resulting in a fuel 

gas low in nitrogen. Heat for the gasification reaction can be 

supplied by oxidation of part of the coaL This continuous 

operation and decreased heat loss increases efficiency, making 

possible increased rates of gas production. The temperatures 

used in medium Btu gasification vary from less than 850° to 

2 ooo 0 c. At these temperatures the stable products are 

predominantly CO and H2 and the reactions leading to these 

components are largely endothermic. Therefore, the amount of 

heat required is so large that every effort must be made to use 

the waste heat in steam boilers to provide gasifier process 

steam. 

Some operational advantages of medium Btu gasification are 

the ability to store the gas in modest quantities and for 

reasonably short periods of time, and to transport the fuel over 

appreciable distances (25 - 100 km) economically (Anderson and 

Ti l lma n, 19 7 9 ; Shi res et a 1 , 19 81 ) • 
Medium Btu gas has several uses: directly, for electric 

power generation; as a synthesis gas for the production of 

methane, methanol or Fischer-Tropsch liquids. 
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(3) High Btu ~' which produces substitute natural gas (SNG) 

either from synthesis gas by shift conversion, or by direct 

reaction of coal with a hydrogen-rich gas forming large amounts 

of methane (hydrogasification). High Btu gas is composed of more 

than 90% methane, giving it a high heating value (about 1 000 

Btu/scf). SNG plants also produce saleable by-products which 

include tar, tar oil, naptha, crude phenol, sulphur and ammonia 

(Anderson and Tillman, 1979). 

Based on current stocks and consumption rates, New Zealand's 

local natural gas supply will run out in 35 years. In the short 

term, however, there is more than enough natural gas in the North 

Island to satisfy demand. If demand warranted expansion into the 

South Island it would be cheaper to pipe the gas down from the 

North Island, rather than build a SNG plant beside the lignite 

deposit. Beyond the year 2 000, 1981 Energy Plan trends suggest 

that there will be a lack of natural gas end uses to support a 

gasification plant that only produces SNG. Also, it would be 

hard to find a use for the excess gas produced during the period 

when SNG came on stream, and the remaining natural gas was still 

being used up. Because of the excess supply over demand, it is 

felt that SNG production is not the most efficient use of the 

lignite resource, and it will, therefore, not be considered 

further here. 
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4.7.2 Medium Btu Gas (synthesis gas production) 

Coal gasification to produce synthesis gas can be carried 

out by several processes. The three gasifiers that are 

commercially proven are Lurgi, Koppers-Totzek and Winkler. 

TABLE 4.4: A comparison of the presently available commercial 

gasifiers for synthesis gas production. 

Gasifier 

Lurgi 

Winkler 

Advantages 

Lower cost of gas produc
tion, due to op~rating 
under pressure \30 atmos
pheres) and lower oxygen 
consumption. 

Does not produce fines or 
liquid by-products. 

Koppers-Totzek Produces no methane or 
liquid by-products and 
can handle coal fines. 

In terms of the number 
of plants currently in 
operation, it is the 
most favoured design. 

High carbon conversion 
of lignite to gas. 

Low water consumption. 

Disadvantages 

Besides synthesis gasi 
Droduces methane, coa 
rines and liquid by
products which would · 
need a market outlet. 

Low carbon conversion 
when gasifying most coals. 

Produces methane as a by
product. 

Lacks recent design~icon
struction and operav ng 
experience. 

Higher cost of working at 
near atmospheric pressure. 

Utilizes a lot of oxygen. 

Higher cost of working at 
ne~r atmospheric pressure. 

In this study a gasification process will be selected as the 

first step in methanol production. The Koppers-Totzek process is 

considered the most suitable of the presently commercial 

gasifiers. This is an entrained flow gasifier that uses less 

water than other gasification processes, and is suited to lignite 

(in that 98% of the carbon in the lignite is converted to gas). 

Because of its high volatile content, lignite is suited to 

carbonisation, but it must first be dried to about 8% moisture 

content. However, carbonisation leaves a large amount of char 
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which has to be processed also. Gasification of char in a 

Koppers-Totzek gasifier is similar to gasification of lignite 

itself. This and the fact that the char does not require drying, 

means that the overall thermal efficiency of the gasification 

process is relatively high (McGurl and Farnsworth, 1978). 

Advanced gasifiers are presently being tested in pilot plant 

operations and their commercial feasibility should be known by 

the mid-1980s. The use of a gasifier under pressure sharply 

reduces the cost of methanol production. This is because 

pressurised gasification increases the amount of gas produced and 

also decreases the power requirement for further compression of 
the product gas. 

4.8 LIQUEFACTION 

Liquefaction is the processing of coal into mainly liquid 

products. Process development has concentrated on the production 

of substitutes for petroleum. The aim is to produce a liquid 

with a higher H2 :c ratio than the original coal and therefore 

coal processing technologies involve the addition of hydrogen at 

various stages. Liquefaction processes include direct (one-step) 

and indirect (via an intermediate) methods. 

4.8.1 Indirect Liquefaction 

(i) Fischer-Tropsch (F-T) Synthesis 

Designed in Germany in the 1920s, the F-T process has been 

the basis of a large coal conversion complex in Sasolburg, South 

Africa, since 1955. Two Sasol plants produce mainly liquid fuels 
(diesel and gasoline) from coal and are the only such commercial 

operations in existence. 

The F-T process involves two main steps: gasification to 

produce a synthesis gas (CO and H2 ), and then reaction with a 
special catalyst to form liquid products. There are two types of 

reactor synthesis in the F-T process, resulting mainly in/ diesel 

(Arge reactor) or gasoline (Synthol reactor) products (Figure 

4.4). 
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FIGURE 4.4: The Fischer Tropsch process as developed 
by Sasol 
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The indirect route involves many processing stages. With 

each successive step, part of the energy of the coal is removed, 

either as heat or as energy contained in the various by- and end

products. F-T synthesis has the lowest thermal efficiency of all 

the liquefaction and gasification routes (Wellesley-Wood, 1981). 
Estimates vary according to the amount of recycling involved, 

particularly during gasification, but Sasol I operates at 39 -
41% efficiency (Walker, 1975) and Sasol II is reported to be 

higher at 45%. 
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F-T also produces a very low yield, estimated at 1.25 - 1.5 

bbl of liquid per tonne of coal (Wellesley-Wood, 1981). The use 

of lignite as a feedstock would reduce this value further since 

lignite has a lower calorific value than the subituminous coals 

which are used at Sasol, and are the basis for the above 

estimates of yield. The higher oxygen and water content of 

lignites also means that more hydrogen is required for processing 

into liquid fuels and so costs and water requirements (as a 

source of H) are higher (Anderson and Tillman, 1979). 

The F-T process requires a huge plant infrastructure. The 

requirements for the primary step (gasification) are outlined in 

section 4.7. The liquefaction step needs plants for gas 

synthesis, production of catalysts, and upgrading and marketing 

of the many by- and end-products. Such an operation is extremely 

capital intensive and therefore fuel production is maintained at 

a very high level toward recovering those costs. Shires et al 

(1981) show F-T to have the highest product costs of all the 

indirect liquefaction processes (Table 4.5) and it is estimated 

at US$70/bbl oil equivalent. Costs would be higher for a lignite 

feedstock. This and other estimates (Wellesley-Wood, 1981) show 

that F-T gasoline is 10 - 25% more expensive than the Mobil 

methanol-to-gasoline process. On the basis of both operating and 

capital costs, F-T is the most expensive of all coal options. 

TABLE 4.5: Costs of various coal processing options. 

NOTES: Capital charges at: 22% 

Onstream factor = 90% 

Liquefaction Fischer- Fuel 
Tropsch Methanol 

Plant capacity 50 000 35 000 83 000 

Capital cost,$106 1 900 2 300 1 500 

Coal, tonnes/day 18 000 18 000 18 000 

Coal cost,$/tonne 50 50 50 

Product cost f /bbl 
oil equiva ent 50 70 55 

Coal cost as % of 
product cost 40 40 40 

SOURCE: Shires et al, 1981. 
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Increasng the proportion of chemicals produced during coal 

processing is one cost redeeming factor (Anderson and Tillman, 

1979), since chemicals fetch a high market price. However, 

Simeons (1978) contends that using lignite as a chemical 

feedstock would increase costs by 30 - 100% over those of a 

petroleum feedstock. This suggests that the chemical option may 

not be so attractive in this case. The option of producing 

chemicals from Maui gas was rejected because of unreliable export 

markets (Energy Watch, 1978). 

The commercial success of the Sasol operations is related to 

many aspects such as availability of government subsidies and 

controls, but two major factors emerge. First, the end products 

of F-T synthesis are very desirable since they are direct 

substitutes for petroleum in a country that has no indigenous oil 

reserves (Sasol is wholly owned by the South African government). 

However, other processes are being advanced that furnish light 

and heavy oils and chemicals for lower costs and at higher 

thermal efficiencies and yields. In addition, other products are 

being advanced as substitutes for petroleum. 

The second factor responsible for Sasol's success is that 

effective marketing strategies have been established to utilise 

the many by- and end-products (Walker, 1975). Since a wide 

demand does not exist within New Zealand for many of these 

products and geographic position precludes a competitive market 

situation, this factor would not favour such an operation here. 

The main advantage of the F-T process is that the 

technology has been successfully tested on a commercial scale and 

is readily available. Since lignite development will probably 

not take place before the next century, this should no longer be 

significant. 

F-T synthesis will not be considered further as a coal 

processing option for lignite in the study area. 

(ii) Methanol synthesis 

The conversion of coal to methanol is an indirect process 

involvi.ng two main steps (Figure 4.5). Coal is gasified, under 

pressure, to form a synthesis gas (mostly H2 and CO) and then 

mixed with a catalyst which rearranges the molecules to form 
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methanol (Ctt3oH). The crude methanol contains only a very small 
amount of impurities (except for water). Distillation to purify 

the methanol completes the process (Bradley and Robinson, 1978). 

FIGURE 4.5: Methanol from coal 
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The production of methanol from coal is not a new concept. 

Commercial operations existed in France and the United States 

during the period 1940 - 1960 and appear to have shut down 

because of the advent of natural gas, a more convenient and 

cheaper feedstock (Harney, 1975). The technology for methanol 

production has improved substantially since then. 

New types of catalysts have been designed for methanol 

production, allowing reactions to proceed at lower pressures than 

the earlier operations. The developments were pioneered by ICI 

Ltd., London, Eng land, in 19 6 6, and the improved catalysts are 

generally copper oxide-zinc oxide based (Harney, 1975). A small 

scale plant based on the ICI process is commercially producing 

methanol from coal in South Africa and a plant based on the Lurgi 

type methanol synthesis is currently under construction in Texas 

(Simbeck and Dickenson, 1982). 

The basic synthesis reactions are: 

2 H2 + CO ~ CH3 OH 

3H2 + C02 ~ CH3 OH + H20 

The thermal efficiency of methanol production from coal is 

estimated at 56.6% (Chan, 1974). The methanol yields are very 

high and no other reactions of synthesis gas to liquid fuels have 

yields as high (Simbeck and Dickenson, 1982). 

The capital cos ts of producing methanol from coal are 

reported to be almost twice the cost of producing it from natural 

gas and about 70% higher than from a petroleum feedstock (Walker, 

1975; Hamilton, 1978). 

While the use of coal does not compare favourably with other 

feedstocks, methanol production does appear attractive against 

the other coal conversion processes (Table 4.5). Shires et al 

(1981) place methanol production costs at US$55/bbl oil 

equivalent. The use of lignite as a feedstock would increase 

operating costs because of its high moisture content and low 

calorific value. 

Again, the indirect route of methanol production would 

require a gasification complex and synthesis plants, but the 

total infrastructure will be smaller than for the FT process. 
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This is because of the high selectivity of the catalysts used 

(Hamilton, 1978), resulting in virtually no other by or end

products. Simple distillation purifies the methanol. Therefore, 

plants for further upgrading or handling of other products are 

not required. This smaller infrastructure places capital costs 

at about 60% of those for FT (Shires et al, 1981). 
One option proposed in Australia to increase the thermal 

efficiency and lower the capital costs of methanol produced from 

coal is to coproduce SNG (methane) (Hamilton, 1978. However, 

this is only achieved if the Lurgi gasification process is used 

since it produces higher quantities of methane than the other 

gasification methods (most of which are designed for minimal 

methane production). For other reasons, Lurgi type gasifiation 

is not as suitable for methanol synthesis as some other 

gasification methods (Table 4.4). 
The principle value of the methanol product to New Zealand 

is as an alternative to petroleum-derived transport fuels. It is 

a more efficient and nonpolluting fuel than petrol but has a 

lower fuel value, hence requiring larger fuel tanks or more 

frequent filling (Titchener, 1981). 
The use of methanol as a blend (M 15) initially, and then in 

pure form, is part of a sustainable strategy for transport fuels, 

since it can eventually be made from renewable resources such as 

wood and/or waste materials. 

The introduction of methanol as a fuel would necessitate 

some changes in the existing transport system. Petrol engines 

can be converted to use methanol, but material incompatibility 

and aldehyde emissions may be a problem. Alcohol engines are 

preferred and new cars would have to be equipped to handle such 

fuels. In addition, the energy content of methanol is only 50% 
of gasoline, on a per gallon basis, so the use of methanol as a 

fuel would entail higher distribution and storage costs. 

Alcohol fuels do have some advantages over petroleum fuels, 

however. These include biodegradability in the event of spills; 

higher energy efficiency; clean burning properties; and lower 

fire hazard. Besides substituting for gasoline, recent 
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experiments with additives to methanol suggest direct 

substitution in diesel engines is possible. 

Methanol could also be further processed into gasoline via 

Mobil catalytic conversion, but this extent is not proposed for 

the study area. Methanol is also a valuable chemical feedstock, 

especially in the production of formaldehydes for plastics 

production (Harney, 1975). 
The production of methanol from the lignite deposits of the 

study area will be considered further as a preferred processing 

option. 

4.8.2 Direct Liquefaction 

(i) Catalytic hydrogenation 

These processes involve the catalytic hydrogenation of coal, 

in a solvent slurry with hydrogen at high pressure, to produce 

hydrocarbon products directly. The processes have a relatively 

high energy efficiency (about 75%) (Hemming, 1977). 
Examples of this type of process include Synthoil, H-Coal, 

zinc chloride hydrocracking and the COSTEAM process. All these 

processes can handle any rank of coal, but some are at a more 

advanced stage of development than others. They also differ in 

their products. 

The Synthoil process is at an intermediate stage of 

development and is designed for the production of fuel oil, 

rather than transport fuels. Since the primary motive for coal 

liquefaction in New Zealand is transport fuels, this option will 

not be considered further. Its impacts and resource requirements 

could in any case be similar to those of H-Coal. 

H-Coal is at an advanced stage of development with a 600 

tonne/day demonstration plant now commissioned in Texas (Owen, 

1981). It produces a product oil similar to crude petroleum and 

could therefore be used as refinery feedstock. 

Hydrocracking with zinc chloride is in the process 

development stage and would require approximately 20 years to 

reach the commercial stage. The reactor contains a molten pool 

of zinc chloride salt, through which the coal feed slurry and 

hydrogen are passed. The process has the ability to produce 
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gasoline with a high octane number directly. It could provide a 

processing option in the long term. 

The COSTEAM process is specifically directed at the 

liquefaction of lignites that are low in sulphur. No catalyst is 

added and synthesis gas is used instead of hydrogen. The product 

is similar to fuel oil and best yields are obtained with high-ash 

coals. 

(ii) Solvent extraction 

Solvent extraction is essentially a twostage process 

involving hydrogen extraction to produce a solid or liquid 

extract which is then catalytically converted to liquid fuels in 

a subsequent hydrogenation stage. Solvent extraction can be 

carried out either directly using hydrogen under pressure, or 

without hydrogen in the dissolver, the solvent being hydrogenated 

in a separate step before being returned to the extractio~ stage. 

Examples of this process include Exxon Donor Solvent Process 

(EDS), Solvent Refined Coal (SRC) processes, and the National 

Coal Board Liquid Solvent Process (Pullen, 1981). Thermal 

efficiencies for these processes range from 65% to 75%, which is 

at the lower end of the range for hydroliquefaction. 

EDS liquefaction is applicable to a wide range of coals, 

including lignite, but the liquids yield is reduced for lignite 

(Taunton et a_!., 1981). It has operated successfully with 

feedstock ash contents up to 20% at the pilot plant stage. The 

National Coal Board process is restricted to ash contents below 

12% on a dry coal basis and therefore would be limited in the 

type of lignites it could utilise. 

The EDS process is at the demons tra ti on stage with a unit of 

250 tonnes/day being commissioned in Texas (Owen, 1981). The 

process produces naptha and distillates which could be used in 

New Zealand. 

The production of distillates by solvent extraction 

processes in the study area will be considered further (section 

4.11), with the EDS process being the preferred option. 
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(iii) Pyrolysis 

Pyrolysis is the carbonisation of coal to produce liquids 

and gases. Heat breaks down the coal to tar and oils, which can 

be further treated by adding hydrogen to produce a synthetic 

crude. The main endproducts appear to be char and/or gas, and 

the liquid yields are quite low (Walker, 1975). 
It is the basis of a commercial operation in East Germany, 

where lignites provide the feedstock. More advanced techniques, 

such as "flash" pyrolysis, are being tested in the U.S., but 

remain only at laboratory scale (Wellesley-Wood, 1981). The new 

techniques are designed to handle low rank coals with tar-oil 

yields or 10-17% reported. This synthetic crude would have to be 

further refined and at a greater cost than for petroleum 

(Wellesley-Wood, 1981). 
It has been suggested (Walker, 1975) that the products of 

pyrolysis are not suitable for New Zealand. The process will not 

be considered further. 

4.9 BRIQUETTING 

This process involves drying th~ coal feedstock to reduce 

the moisture content and then placing it in higher pressure 

presses to make briquets. In the German Democratic Republic, a 

large complex produces 9 million tonnes per year of briquets to 

be used directly as a heating fuel or to be processed further 

into gas or coke. A large market for these products, especially 

briquets, does not exist in New Zealand. 

Use of the briquets as a domestic or industrial fuel would 

also entail considerable environmental problems, as many 

impurities would be released during combustion. Briquetting will 

not be considered further as an option for the use of lignites in 

the study area. 

4.10 ELECTRICITY PRODUCTION 

Lignite in the study area could be utilised for electricity 

production. The Hawkdun field has sufficient lignite to meet the 

fuel requirements of a 2 000 MW (12 000 GWh) power station. This 

can be compared with the electricity requirement of the proposed 

116 



second aluminium smelter of 3 000 GWh. Therefore, this 

development option would only be considered as a possible way of 

meeting the electricity requirements resulting from the 

development of large scale, energy-intensive industries. 

Considerable risks are therefore involved since the development 

is dependent on the viability of the down-stream project. 

The production of electricity from lignite would have 

thermal efficiencies of about 35% for conventional steam turbine 

generating plants and up to 45% using advanced combined cycle 

plants. 

In combined cycle plants the lignite would be gasified to 

produce fuel gas which would then be burned to produce steam. 

Additional electricity is produced by passing the exhaust gases 

through a turbine. This enables the removal of pollutants such 

as sulphur from the fuel gas. 

Coal-fired thermal electric power generation requires more 

water per unit of energy produced than the liquefaction processes 

(Devine et al, 1981). As well, emissions on a per unit of energy 

basis are substantially higher than for the other liquefaction 

p r o c e s s e s ( o £!.. cl!.!) • F o r th e s e r e as o n s and be c au s e a 

demonstrated need does not exist for such a large expansion of 

electricity, this option will not be considered further. 
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4.11 RESOURCE REQUIREMENTS 

4.11.1 Methanol Production 

( i) Lignite 

Recoverable reserves of lignite in the Hawkdun deposit are 

estimated to be 500+100 106 tonnes. Assuming a thirty year mine 

life, two production rates are considered: 11 x 106 tonnes/year 

(about 30 000 tonnes/day) and 3 x io6 tonnes/year (about 8 200 

tonnes/ day). 

Scale Lignite Inputl Methanol Output2 3. 

sm 

lg 

(t.a.-1) (PJyr-1) 

8 200 

30 000 

36 

130 

2 300 

8 500 

18 

65 

10 700 
38 600 

1 Lignite energy value: 12 GJtonne-1 (P.86, 1981 Energy Plan). 

2 Thermal efficiency of methanol production: 50%. 

3 Includes 20% higher efficiency of methanol compared with 

petrol (Green, 1982). 

Methanol output as proportion of transport fuel demand: 

(Present total demand = 133PJ) 

(Present diesel demand = 40PJ) 

Scale 

(Output) 

sm. 

lg 

Percentage of Demand 

(Diesel) 

45% 

160% 
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14% 
50% 



(ii) Water 

Scale Net Water Requirements (Mm3/yr) 

sm. 
lg. 

Koppers Tetz ek 
Gas'nl 

1.8 

6.7 

Methanol fr. 

Nat. Gas2 

6.6 
26.0 

1 Extrapolated from Anderson and Tillman, 1979. 
2 Extrapolated from Petralgas Chemicals N.Z. Ltd., 1980. 

(iii) Land 

Scale 

sm. 
lg. 

Total Land Required (ha)l 2 

25 
70 

1 Does not include town-site or mine. 
2 Extrapolation from Petralgas Chemicals N.Z., 1980. 

(iv) Workforce 

Scale 

sm. 

lg. 

(v) Costs 
Scale 

sm. 
lg. 

Construction 

500 

1 000-1 200 

Operation 

85-100 

170-200 

Capital Costs (1982$NZ x io9) 

$1-2 

$4-8 

Estimates for cost of extraction of the Hawkdun lignite are 
$8- $10/tonne (D. Natusch, pers. comm.) or $0.70- $0.80/GJ. 

Operating costs then, are estimated at $1.00 - $1.20/GJ of lignite 
input. For oil at $75 - $140 per barrel a 10% internal rate of 
return was calculated for methanol production (Appendix 4.1). 

119 



SUMMARY RESOURCE REQUIREMENTS: Lignite Mining and Processing 

Resources Scale 
Small 

3 Mt. 
2 300 t 

Lignite/yr 
Methanol/day 
(production) 

Total Area 

Water 

1 500 - 2 000 ha 

People: 

mining 
processing 

Total 

Const. 

200-300 
500 

700-800 

Capital Costs: 
mining 

processing 

8 Mm3 

Operation 
100 

85-100 

185-200 

$ 

$1-2xlo9 

Operating Costs: 

mining 

processing 

$0.06x109 

$0.1-o.2x109 

Feedstock Costs: 
($1/GJ) 

$0.036x109 

4.11.2 Direct Liquefaction 

1 
1 

Large 

11 Mt. 

8 500 t 

2 500 - 3 000 ha 
30 Mm3 

Const. Operation 

250-300 150 
000-1 200 170-200 
250-1 500 320-350 

$ 

$4-8x109 

$0.22xlo9 
$0.4-0.8xl09 

$0.13x109 

Direct liquefaction is considered here for comparative 
purposes with the gasification to methanol route. It is also 

possible that in the long term a direct liquefaction route would 
be chosen when the technology has been commercially proven. 
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(i) Lignite 

Extraction rates are taken to be the same as for methanol 

production. 

Scale Lignite Input Productionl 

(td-1) (PJyr-1) (PJyr-1) (bbla-1 petrol 

sm. 8 200 36 27 14 000 

lg. 30 000 130 98 50 000 

1. Thermal efficiency of 75% assumed for Exxon Donor Solvent and 

H-Coal processes. Efficiencies may well be below this level, 

particularly with lignite feedstock. 

(ii) Water 

Based on intermediate wet cooling for Synthoil which has a 

similar water requirement to H-Coal (Probstein and Gold, 1978). 

Scale 

sm. 

lg. 

(iii) Land 

Net Water Requirements (Mm3 yr-1) 

1. 2-1. 3 

4.2-5.7 

For a 50 000 bbl/day plant the land requirement is given in 

World Coal, Jan/Feb 1982 as 650 ha or six and a half km2. 

(iv) Workforce 

The operating requirements for a 50 000 bbl/day plant 

is 1 500 (~orld Coal, 1982). 

(v) Costs 

One estimate of the capital costs for a 50 000 bbl/day plant 

is US$5 200 million (World Coal, Jan/Feb 1982). 

Capital costs are estimated to be higher than those for 

methanol with the same coal input. Shires et al,(1981) give an 

estimate of $1 900 M c.f. $1 500 M for fuel methanol (see 
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Table 4.5). 

Product cost is estimated at $50/bbl, using a coal feedstock 

at $50/tonne (25.5 GJ/tonne), equivalent to lignite at $24/tonne. 

Scaling these figures for a lignite cost of $1/GJ and a capital 

cost of $5 200 M gives a product cost of $90/bbl while a capital 

cost of $10 billion gives a product cost of $175/bbl. 

APPENDIX 4.1: LIGNITE TO METHANOL PLANT - Discounted Cash Flow 

Analysis Over 20 Years 

1. "Best Case" 
Capital costs: $4.0 x io9 per GJ output 

Operating costs (5% capital costs): $0.2 x io9 
Feedstock costs @ $1/GJ: $0.13 x 109 
Production: 3 8 6 0 0 b b ls d ~ equiv. ) 
Discount rate: 10% 

Product value: $75/bbl 

2. "Worst Case" 

Capital costs: $8.0 x 109 per GJ output 

Operating costs (10% capital costs): $0.8 x io9 
Feedstock costs @ $2/GJ: %0.26 x 109 
Production: 38 600 bblsd-1(equiv.) 
Discount rate: 10% 
Product value: $140/bbl 
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SECTION 5: RESERVES 

5.1 BIOLOGY OF THE STUDY AREA 
5.1.1 Vegetation 

5.1.2 Faunal Component 
5.2 TUSSOCK GRASSLAND RESERVES 

FIGURE 

5.1 Vegetation of the Study Area 
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5.1 BIOLOGY OF THE STUDY AREA 

5 .1 .1 Vegetation 
The predominant vegetation type of the study area is tussock 

grasslands. Various types of tussock grassland extend from the 
lowland to alpine zones in the drier central and eastern areas of 

the South Island. 
Small relict stands and other indicators give evidence of 

once widespread forests up to about 1200 m; these would have been 
predominantly beech or totara (Podocarpus hallii), but with some 

beech (Nothofagus spp.) and kowhai (Sophora microphylla). It is 
probable that they were destroyed by Polynesian fires from about 
the 12th century and at a time when the climate was becoming less 

suitable for their re-establishment (Mark, 1965, 1979). It is 
possible that pre-Polynesian forest cover was not complete, 
especially in drier localities. 

The grassland ecosystem supported by the area is different 
in structure and function from the original forest ecosystem. 

The total plant biomass is smaller and the canopy lower. The 
vegetation is more complex than is first apparent, being multi

layered, both above and below ground, and diverse. 
The vegetation of the study area varies with altitude and is 

similar in pattern to that of other high country areas of Central 
Otago. The terraces, fans and lower mountain slopes support 
short tussock grasslands dominated by fescue tussock (Festuca 
novae-zealandiae) and some Poa laevis. Shrubs of matagouri 

(Discaria toumatou) and native broom (Carmichaelia spp.) are 
frequently conspicuous. Some introduced grass species have 

become established in the more modified lower grasslands. 
The most modified dry grasslands are at times reduced to scabweed 

(Rao u 1 i a au st r a 1 is ) , so r re 1 (Ru.!!!.~ ace to s e 11 a) and this t 1 e 
(Cirsium spp.). In some areas understorey grasses to the 
dominant fescue are introduced species such as browntop (Agrostis 
tenuis), silver hair grass (Aira caryophyllea), sweet vernal 
(Anthoxanthum odoratum), Kentucky bluegrass (Po~ 

pratensis), haresfoot clover (Trifolium arvense) and chewings 
fescue (Festuca rubra var. commutata). Cocksfoot (Dactylus 
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FIGURE 5.1 Vegetation of the Study Area 

Snow tussock associations 

Snow tussock I short tussock (silver. hard etc.) associations 

Snow tussock/ short tussock/ tow producing or native grassland assoc. 

Short tussock/ low producing or native grassland assoc. 

Short tussock/ low producing or native grassland /high producing pasture assoc 

Low producing or native grassland 

Low producing or native grassland I red tussock assoc 

Low producing or native grassland I snow tussock assoc 

Low producing or native grassland I high producing pasture-
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.Bl.2. ~~!.~ t ~) , 1 u c e r n e ( M e ~1...£~.B..£ ~~!1..Y~) an d s w e e t c 1 o v e r 
(Mellilotus spp.) have established in some areas, as have white 

clover (~ repens), gorse (Ulex eropaeus), and sweet brier (Rosa 

rubiginosa) in the less arid sites. 

The mid-altitude zone (900 - 1 200 m) is characterised by 

the co-dominance of snow-tussock (Chionochloa rigida) and fescue 

tussock. The zone also includes speargrass (Aciphylla aurea). 

Run management practices seek to encourage the growth of hard 

fescue tussock rather than snow tussock. 

The higher slopes (above 1 200 m) are dominated by tall 

tussocks, and snow tussock (Chionochloa rigida) is most prominent 

in the Manuher ikia Valley. Much of the alpine zone above 1 700 m 

is characterised by fellfield communities with large proportions 

of bare, rocky ground interspersed with alpine plants. There is 

a sparse cover of specialised plants on the mountain summits of 

the Hawkdun and St Bathans Ranges. Cushions of the dwarf 

speargrass (Aciphylla dobsonii) and shrubs of Hebe epacridea and 

H. buchanii characterise the fellfields. Screes also are common 

on the upper slopes of these ranges (Mark, 1965). 

5.1.2 Faunal Component 

The faunal component of this grassland ecosystem has a 

smaller biomass and is quite inconspicuous in comparison to the 

visual dominance of the plant communities. The invertebrate 

fauna of all grasslands is remarkably poor in terms of species 

richness, although large numbers may be present (Harrison and 

White, 1969). The invertebrate fauna is probably similar in 

many respects to that of grassland systems in other parts of New 

Zealand, although there are some important elements present such 

as endemic spiders (Forster, 1975). 
Habitat is provided for skinks (Leiolopisma spp.) and geckos 

Heteropholisspp.). Birds are not numerous in the area and most 

are common species (see Appendix C). Grazing mammals, sheep and 

cattle, have been introduced to the area and management will 

often involve regular burning to maintain grassland quality for 

these herbivores. Other mammals include possums (Trichosurus 

vulpecula), hares (Le;eus euro;eaeus) and rabbi ts (Ory ct olagus 
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cuniculus); deer (Cervus sp.) may also be present. 

The Manuherikia River has a mixed fish population of brown 

trout (SalmQ trutta) and brook char (Salvelinus fontinalis). 

Native bullies (Gobiomorphus spp.) and Galaxids (Galaxias spp.) 

also occur in the upper catchment (Watson, pers. comm.). There 

is no documentation of aquatic invertebrates but it is likely 

that these would include larval forms of Colyoptera, 

Ephemeroptera, Trichoptera, Plecoptera and Diptera. 

The study area has several small blocks of exotic trees 

which constitute another ecosystem type, providing habitats for 

various passerine birds, possums and invertebrates. 

5.2 TUSSOCK GRASSLAND RESERVES 

The Reserves Act 1977 establishes the need for "the 

preservation of representative samples of all classes of natural 

ecosystems and landscapes". 

The need to set aside areas of high country tussock 

grasslands for protection in reserves to maintain their scenic, 

recreational and ecological values has been recognised. Much of 

this land is in pastoral lease and contains characteristic native 

plant and animal species found only in central South Island 

(Barr, 1982). Some of the rarer species are protected in special 

purpose reserves (e.g. the Castle Hill buttercup (Ranunculus 

paucifolius), whereas others are not yet adequately protected. 

Mark ( 1980) made a strong plea for the reservation of 

representative tussock grassland ecosystems. His arguments for 

reserves are largely based on their function as a baseline 

against which to compare the impacts of land development on plant 

and animal communities, micro-organisms, physical and chemical 

properties of the soil, microclimate, and various aspects of the 
water cycle. Scientific reserves are established under the 

Reserves Act for the purpose of "protecting in perpetuity for 

scientific study, research, education ~nd the benefit of the 

country, ecological associations, plant or animal communities, 

types of soil, geomorphological phenomena and like matters of 

special interest." 
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Many areas designated for reservation in New Zealand have 

been based on criteria other than scientific or ecological, and 

have stressed aesthetic and recreational values. Use of the two 

former criteria points to the disproportional favouring of 

conservation of native forests above other native ecosystems. 

Maps of the ecological regions and districts of New Zealand 

(Simpson, ·19a2) divide the country into different areas on the 

basis of differences in geology, landform, climate, soil and 

flora, and the extent of remaining indigenous vegetation. Each 

ecological district is a geographic area with a recognisably 

distinct pattern of characteristic natural ecosystems. An 

ecological region is recognised when several closely related 

districts form an integrated unit. 

The ideal would be to preserve an adequate sample of the 

range of characteristic ecosystems in each district, and so 

preserve also the national range. 

The study area encompasses parts of three ecological 

districts: St Bathans, Hawkdun and Ida. In order to preserve 

samples of the range of ecosystems in each district, three 

reserves could be established within the study area. The St 

Bathans district comprises the St Bathans Range and the study 

area contains virtually all of the sunny slopes, with vegetation 

communities distinctly different from those on shady slopes. The 

Hawkdun district comprises little more than the Hawkdun Range, 

and virtually all of the shady slopes are within the study area. 

The Ida district is much larger, however, most of the communities 

within it are of Chinochloa rubra and poor swards of Festuca 

novae-zealandiae. The part of the Ida district which is in the 

study area includes communities of Chinochloa rigida and good 

examples of Festuca novae-zealandiae (O'Connor, pers. comm.). 

Based on these preliminary evaluations there is potential 

for establishing a Scientific Reserve on the east side of the St 

Bathans Range and one on the west side of the Hawkdun Range. 

Small catchments would provide adequate representation of the 

ecosystems. Another Scientific Reserve preserving a 

characteristic ecosystem type of the Ida district could be 
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established on the lower slopes above Falls Dam. 
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6.1 INTRODUCTION 

The study area offers a range of activities and pursuits 
similar to those offered in other South Island high country 
areas. Some of these have already attracted recreationists, yet 
there is still potential for development. Most of the activities 

can be integrated with pastoral farming. Some attract visitors 
from outside the region but most are of local importance only. 

The present and potential recreational activities, and the 
facilities and services required, are ·outlined below. 

6.2 RECREATIONAL ACTIVITIES AND AMENITIES 

6.2.1 Historic Sites 

St Bathans village and nearby Blue Lake are .important 

historic areas and form part of the Otago Goldfields Park. St 
Bathans has been designated a historic protection zone. Blue 

Lake is zoned as a scenic protection area but is open for more 
active recreational use. The Goldfields Park attempts to 

preserve a cross-section of sites representing the historical 
themes of discovery, communication, mining technique and 
lifestyles found in Otago. 

The Vulcan Hotel is an integral part of the historic and 

landscape character of the township and plays a very important 
role as a focal point for both the local community and visitors. 

6.2.2 Landscape 

The mountain and basin tussock grassland landscape is an 

important scenic resource. The open spaces and relatively 
unmodified landscape of the Upper Manuherikia Valley are an 

important backdrop enhancing the quality of many recreational 
experiences. People value the opportunity for solitude and 
nature observation in the area. 

6.2.3 Water Recreation 
Blue Lake provides a site for more active water recreation 

pursuits. It was formed through prolonged sluicing and hydraulic 
elevation that took place in the search for gold. Once 

abandoned, the depression filled with mineral-charged 
water. 
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In summer, the area is used for picnicking, swimming, water 

skiing and boating. Potential for development of this resource 
is limited. Both active and passive users have increased in 
numbers and conflict has already arisen between those who visit 

the area to appreciate its landscape and history and those who 

are there to enjoy, in large part, the boating and skiing that 
the water resource provides (Otago Goldfields Park Advisory 

Committee, 1980). There are also inherent physical limitations as 

a result of erosion of the cliffs and infilling of the lake. 

Restrictions of use will be required to ensure that these changes 
are not accelerated. Summer use may decline with the development 

of boating and other recreational facilities associated with the 
Clutha River Power Scheme. Winter use of the lake area is 
minimal, although there is a proposal to develop a skating and 
curling rink (Thomas, pers. comm.). 

6.2.4 Fishing 

The Upper Manuherikia River above Falls Dam contains 

populations of brown trout in both the main branches of the river 
and their tributaries. Fishing is not widespread in these areas, 
but the dam itself offers good angling opportunities and thus 

receives greater use. Catch rates are similar to those in other 
lake fisheries in the district (Watson, pers. comm.). 

Natural spawning is sufficient to stock the Falls Dam 
fishery. Although there have been some enquiries regarding 

artificial stocking, the Otago Acclimatisation Society feels that 

the stocking rate is not the limiting factor on population size, 
and so this measure has not been undertaken (Watson, pers. 
comm.). 

Use of the fishery is largely restricted to local residents 
and it is unlikely that it could be developed into a major 

attraction for recreational anglers from outside the area. 

6.2.5 Hunting 

Upland game hunting for chukors and Californian quails is a 

popular activity in areas of the Manuherikia Valley and the 
Hawkdun Range is one of the heaviest shot chukor areas in Otago 
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(Neilson, pers. comm.). There are limited opportunities for duck 

shooting at Falls Dam. Deer shooting has been an activity on the 

Hawkdun Range in the past, but the Maniototo branch of the New 

Zealand Deerstalkers Association is no longer active in the area. 

The limited opportunities for game hunting in the area 

presently provide for the local residents and do not attract 

large numbers from outside the valley. It is unlikely that 

artificial stocking could increase population numbers to the 

extent that people from other parts of the region or country 

would be attracted in significant numbers. 

6.2.6 Tramping and Skiing 

The area has attracted very few tramping parties, as 

preference is given to other inland areas such as Ohau Basin, 

Upper Ahuriri, Mt Aspiring, etc. (Thomas, pers. comm.). 

Interest has been shown by local residents in developing 

downhill ski facilities. There is a small tow in operation on 

the Dunstan Range. Another site with skiing potential is Mt St 

Bathans, although strong cold winds limit the area's 

suitability The isolation of the area makes it unlikely that a 

significant number of visitors will be attracted to the area for 

skiing alone. 

In Otago, cross-country skiing is becoming p~pular, and a 

few enthusiasts have used the Hawkdun Range. Overall interest in 

this activity is expected to increase and the study area may 

provide one of the few suitable locations for this pursuit in New 

Zealand. 

6.2.7 Camping and Accommodation 

In summer a number of people camp along the Manuherikia 

River, at the road junction leading to Falls Dam. Holiday 

cottages provide further accommodation in St Bathans. 

6.2.9 Horse Racing 

The Central Otago Trotting Club holds a race meeting at the 

Omakau racecourse in early January each year, and the Vincent 

Jockey Club holds two days of galloping approximately one week 
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later. Horses are brought from Southland, Otago and Canterbury 

to race. The meetings attract many people from outside the area; 
an estimated attendance figure for the trotting meeting is 3 600 

people (Vallely, pers. comm.). A large number of people treat 

the race day as a picnic, others camp at the racecourse and the 

meeting becomes a holiday for themselves and their families. 
Although Omakau is outside the study area, it is recognised 

that the race meetings attract significant numbers of people. 
The recreational opportunities of the Upper Manuherikia Valley 
may attract some of these visitors to the study area. 

6.3 POTENTIAL FOR NEW DEVELOPMENTS 
The isolation and distance from major population centres and 

main highways has enabled the study area to remain relatively 

unmodifiedo 
There is potential to cater for an increasing demand without 

compromising the needs of recreationists for less crowded areas. 

Development must be sensitive to the present amenity values, but 

existing facilities and services could be used to a much greater 

extent. Shearers quarters, farm cottages and camping areas could 
provide accommodation for increasing numbers of people, as they 

have in other high country areas (Gresham, 1978). The provision 
of accommodation may be the major means whereby a runholder can 

capitalise on the recreational use of the study area. 

Activities that could be promoted with some success in the 

study area by individuals or local planning authorities include 
downhill skiing, cross-country skiing, skating and curling, 

hunting, horse-trekking, boating and outdoor education. 
Development w.ould proceed most suitably in a manner incorporating 
a range of different activities with the provision of 

accommodation. 
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PART B: SCENARIOS 
This part of the study outlines four scenarios for resource 

use in the study area. The objective of these scenarios is to 
illustrate the implications of a broad range of resource use 

alternatives that may be promoted by various sectors of society. 
The purpose is not to arrive at a preferred option. 

In each scenario, the impacts on the physical environment, 
and the consequent social and economic changes, are examined at 

the local and regional level. In most cases implementation 
requires changes in national policy, and where identified, the 
impacts are discussed. 
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SCENARIO 1 

1. DESCRIPTION 

The development of semi-intensive pastoralism in the study 

area, including farm-forestry (in the form of woodlots) which 
will produce posts, poles and high quality sawlogs. Increased 

diversification to include deer farming will occur. Three 
scientific reserves are to be established in the study area. The 

Manuherikia Valley Irrigation Scheme (irrigating approximately 
20 000 ha) in the mid-valley will also proceed. 

2. IMPLEMENTATION 

The potential stocking load calculated for the study area is 
668 000 s.u., to be achieved at a three percent per annum growth 

rate. This figure is an upper limit and probably represents the 
maximum carrying capacity of the valley and will be achieved only 

with very intensive development. Livestock performance is 

expected to increase gradually. It is unlikely that this growth 

rate will be achieved without additional government incentives. 

A close relationship between the run country of the study area 

and the down-valley arable land will continue because of the 
availability of supplementary feed. 

The planting of exotic tree species in woodlots will occur 

with pastoral development. The farm forestry programme could be 

managed on a co-operative basis, for example under a farm 

forestry association. Construction of the irrigation scheme will 

begin immediately with off-and on-farm work being completed by 
year 11. Proposed production increases would be achieved by 
year 15. 

Three scientific reserves will be established within the 
study area to preserve representative examples of tussock 
grassland communities. 

3. IMPLICATIONS 
3.1 Resource and Management Requirements 
3.1.1 Pastoralism 

The intensified pastoral production will require additional 
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resource and management inputs. Without continued and increased 

use of non-renewable resources, such as artificial fertiliser, 

the high stocking rate of over 14 s.u./ha in this scenario could 
not be sustained. 

While fertiliser application will be high during the 

development phase, the rate of application will decline with 
improved management techniques, but the extent of this 

substitution is unknown. In addition to fertiliser, oversowing 

with introduced grass and clover species is required to achieve 
the increased production. Pasture improvement will be most 

significant on the sunny upper slopes and mid-altitude shady 
areas. Intensive management will be required to ensure maximum 
pasture utilisation and to maintain the improved composition. 

Management practices will require further fencing of blocks into 

smaller units and frequent rotation of stock. Possible farm 

diversification to include intensive deer farming would incur 
additional fencing costs. 

Winter feed demands will increase significantly, but it is 

assumed that sufficient winter feed will continue to be provided 

from autumn-saved pasture on each run. Where supplementary feed 

in the study area cannot satisfy requirements during extreme 

weather conditions, for example, severe drought, the runholder 
could: 

(i) use feed saved at higher altitudes; 

(ii) buy supplementary feed, at considerable expense; or 

(iii) sell stock if supplementary feed is not available. 
Increased stock numbers will result in additional stock 

handling facilities and labour, particularly seasonal workers, 
being required. The overall management requirements for deer are 

less than for sheep, but deer farming involves the adoption of 

new management practices. Seasonal labour requirements can be 
reduced with deer farming although specialist services such as 
veterinary assistance will be expected to increase. Initial 

development for deer farming may be restricted to the lower 
country, where fencing is easier. 

There will be a need for research into the optimum management 
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practices for honey bees in the high country. Problems of 

beekeeping in the high country include unseasonal frosts, 
windthrow of hives and the isolated nature of potential areas of 
production (Simpson, 1981). 

With increased pastoral development, rabbit infestation may 

increase. Research will be required into likely problems and 

control methods to prevent depredation of pasture, especially 

where feed supply is short. 

3.1.2 Woodlots 

Woodlots may total up to 10 percent of a run. Planting, 

thinning and pruning may be carried out by people employed ful

t ime by a co-operative (one person per 40 ha). Three to four 
gangs, each of five people, working on a regional basis, would be 

required for harvesting. The area in woodlots may support up to 
ten small sawmills, each employing three people (Stephenson, 

1981 ). In addition to production, woodlots can provide shelter 
for stock. This advantage also applies to deer farming, where 

the efficiency of feed conversion may be constrained by exposure. 

3.1.3 Irrigation 
The total capital cost of the proposed Manuherikia Valley 

Irrigation Scheme is $44million (Ashworth-Morrison Cooper, 1981). 
This cost includes: 

- the headworks at Falls Dam; 

- on- and off-farm works; 

- associated land development including live-stock, 

orchards, buildings, equipment and rural water supplies. 
Approximately 500 ha of land in the study area will be inundated 
by the enlarged storage lake. 

Construction of the scheme will require a workforce of 50 to 
60 people for a period of five years. During the following six 

years a workforce of 12 to 15 people will be required to operate 
and maintain the scheme, with two to three additional contractors 
being required for seasonal maintenance (Reid, pers. comm.). 
Temporary accommodation for the construction workforce will be 
required. 

141 



3.2 Local and Regional Implications 

3.2.1 Agriculture 

(i) Physical Environment 

Increased stocking loads will have a minimal impact on 

soils, and further subdivision will assist in erosion 

control. Oversowing, topdressing and heavier grazing 

pressure will result in a more dispersed tussock sward, 

especially on better soils. Increased grazing pressure will 

inhibit weed growth. Trees will be an added component of 

the vegetation. 

There is a risk that increased applications of 

fertiliser will affect water quality, but the extent is unknown. 

If cattle are run in large numbers, trampling and pugging may 

alter channel flow and sediment load (Hughes et al, 1971 ). 
Changes in the type and condition of vegetation may affect water 

yield by reducing fog interception (Mark et al, 1980) and snow 

interception (Fitzharris, 1976). However, it is difficult to 

ascertain whether these findings will result in significant 

changes in water yield of entire catchments. 

The most significant change to the present landscape 

pattern will be woodlots. The greener tones created by 

introduced grasses contrast with the tawny brown landscape that 

characterises a tussock grassland. 

(ii) Social Implication 

There may be an increase in the number of runs within the 

study area. Production increases may require further employment 

of permanent labour and seasonal and contract workers. 

Changes in land status from leasehold to freehold may 

have social implications. It has been suggested that freeholding 

may provide more incentive to develop than if the land remained 

under leasehold. If the land remains under lease and a revised 

rental system is adopted, farmers"may be reluctant to develop 

their runs, as the increased value from the development will be 

reflected in future rentals (Clayton Commission, 1982). 

Freeholding may result in subdivision of runs to give farmers 
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additional income to meet the higher costs of freeholding. 

There is likely to be an increase in demand for farm 

services such as stock transportation and fertilizer supply. 

This will have an impact at the regional level, as these goods 

and services are provided by regional centres. A local 

implication could be a greater demand for social services. With 

intensified agriculture, farmers may be less willing to tolerate 

stock disturbance by recreationists. Letting farm accommodation 

such as shearers' quarters, gives farmers an opportunity to 
diversify farm income. 

3.2.2 Woodlots 

It is likely that small-scale farm forestry, co-operatively 

organised, will help to maintain local community cohesion through 

a small but stable workforce. 

The cost of logging and transporting the produce of small 

plantations will be high because of the scattered nature of the 

forest industry. The logging of one small woodlot in the study 

area has been profitable, but the future returns may be too small 

to encourage further investment. There is a reluctance to plant 

woodlots because of uncertain returns at the end of a long 

growing period. The severe climate of the study area results in 

slow growth, and returns from farm forestry will take longer to 

be realised compared with other more climatically favourable 

areas. However, the returns may be higher than for other uses 

(e.g. grazing) within the study area. Diversification will help 

in providing a greater trading base by reducing dependence on 

fluctuating wool and stock prices. 

The small, local sawmills will be more adaptable in meeting 

local needs for posts, poles and firewood. The proximity of raw 

materials to the mill and of the final product to the local 

market will keep transport costs to a minimum. 

3.2.3 Irrigation 

(i) Physical Environment 

Irrigation will be mainly by border-dyke and contour 

irrigation. There will be considerable disturbance to the soils 
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in the Manuherikia Valley as the former requires grading into a 

flat, gently sloping surface resulting in the removal of 10-20 

percent of the topsoil. Plant growth may initially be retarded 

due to changes in the soil structure, but over the long term it 

should be improved by irrigation. 

Some soils within the· lower Manuherikia Valley have soluble 

salts present, and over-irrigation may cause salinity problems 

through the rise and lateral movement of salts in the soil. 

Impeded drainage due to the presence of a clay pan can also cause 

water logging and compound the salinity problem. The retarding 

of plant growth and contamination of groundwater may result. 

Drainage works will be needed to minimise these effects. Spray 

irrigation can help reduce these problems as there is greater 

control over the amount of water applied compared with border 

dyke or contour methods. 

The combination of increased fertiliser usage, stocking load 

and water application may increase the rate of leaching of 

artificial and natural nutrients into the groundwater and river 

systems. In the lower Manuherikia Valley, the potential for 

expansion of horticulture may lead to increased usage of 

pesticides and herbicides, and their use may result in a decrease 

in water quality and adversely affect stream invertebrates and 

blue-green algae. 

A residual flow of one cumec has been set for the 

Manuherikia River below Falls Dam. The quantity of residual flow 

will have implications for water quality down river through the 

capacity of the river to dilute contaminated tributary and 

surplus irrigation runoff. The impact on down river flora and 

fauna and other water users is uncertain. Determination of a 

desirable minimum flow will require further consideration and 

consultation with interested parties (Otago Catchment Board, 

1981). 

(ii) Social and Economic Implications 

Community irrigation schemes tend to endow the bulk of their 

benefits to the community involved (Leathers, pers. comm.). The 

investment in construction, operation and maintenance of the 
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scheme, and the resultant increase in farm production, stimulates 

activities in the associated service sectors (for example, 

contractors, fertiliser suppliers, processing and marketing 

facilities). 

The construction workforce will largely consist of 

contractors from outside the region. Their impact on the 

locality will be minimal and relatively short term. The proposed 

irrigation scheme will reduce the effects of drought and thus 

increase production. Because of this, employment is estimated to 

increase from 142 to 203 under fully developed pastoral farming, 

and from 50 to 77 for horticulture (Ashworth-Morrison Cooper, 

19 81 ). These employment op po rt uni ties may be optimistic as 

farmers could increase their own workload (Hubbard and Brown, 

1979) rather than take on extra labour. Intensified land use, 

particularly horticulture, may lead to further subdivision, 

increasing the number of people the Manuherikia Valley could 

support. 

Recent studies (Ministry of Works and Development, 1971, in 

Ashworth-Morrison Cooper, 1981; Ashworth-Morrison Cooper, 1981) 
have shown that the number of pastoral units decreased from 100 

to 80. The proposed irrigation scheme may halt this trend toward 

amalgamation. The extent to which additional facilities and 

services are required depends upon the ability of existing 

facilities to absorb the expected increases in production and 

demand for services (Hubbard and Brown, 1979). It is possible 

that the facilities catering for farm output may be adequate, if 

the annual production increases from the irrigation scheme are at 

levels which would be expected in a good year. However, it has 

been argued that where droughts are recurrent, dryland farmers do 

not have the flexibility to adapt to good seasons (Gillies, 

1977). A more reliable irrigation system will increase 

production markedly above that of previous good years. Extra 

facilities will therefore be required. 

The increased stock loadings expected as a result of the 

Manuherikia Valley Irrigation Scheme and the Maniototo Plains 

Irrigation Scheme may justify the construction of a freezing 

works at Omak au (Joint Centre for Environmental Sciences, 1982 ). 
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Expanding the area in horticulture may accelerate the need for 

additional packing and processing facilities. 

The irrigation scheme will be important in reversing the 

trend towards rural depopulation, thus enabling the social fabric 

to be maintained. 

Where irrigation schemes have been established in other 

areas there is a tendency for younger farmers and their families 

to move into these areas (Hubbard and Brown, 1979; Gillies, 

1977). This increase of younger families may lead to a demand 

for additional community services, such as health, education, 

welfare and recreation. 

The enlargement of the Falls Dam may increase recreational 

opportunities, particularly fishing. The use of the dam for 

water based recreation in summer will depend on the extent of 

draw-down and fluctuations in water levels. Further development 

or enhancement of wetland on the periphery of the dam may provide 

a wildlife habitat. 

Intensification of agricultural production may bring about 

changes in lifestyles. 

(iii) Water Rights 

Many of the current water rights in the Manuherikia Valley 

came into existence as mining privileges under the Mining Act, 

1926 and earlier legislation. The Crown has been purchasing 

private mining rights since the 1920s, and now has significant 

control over the available water resources. A number of small, 

private water rights still exist and the Crown is negotiating 

their acquisition. The proposed Manuherikia Valley Irrigation 

Scheme may be subject to the alienation of these rights (J.Walsh, 

pers. comm.). Acquiring these rights may be difficult where they 

concern water resources which lie outside the range of the 

irrigation scheme. 

The terms and magnitude of mining privileges are contained 

in official mining records. These were transferred from the 

Warden's Courts to Regional Water Boards under the Water and Soil 

Conservation Amendment Act 1971 (S.17). They are public records 

and provide the ony accessible guide to water ownership in the 
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Manuherikia Valley. 

Many of the mining privileges recorded by the Regional Water 

Board are inaccurate. This difficulty is compounded by the 

suspect survey descriptions which sometimes accompany older 

records. Consequenty, they are of very limited assistance in 

determining the importance of private mining privileges to 

overall water resource development in the Manuherikia Valley. 

The Otago Regional Water Board has annotated its records with 

recent field information, but is unwilling to make them publicly 

available, on the basis that the annotations represent only a 

field officer's observations and are not part of the official 

record. The Ministry of Works and Development, which is planning 

the irrigation scheme, has also studied the various private water 

rights to give it a better understanding of the present position, 

rather than rely on the Regional Water Board's records. 

The magnitude of these private water rights must be 

understood in order to assess their significance to the 

irrigation scheme. Similarly, the duration of the mining 

privileges may determine how they will be acquired by the Crown. 

The official records can only reliably provide the duration (in 

time) of the privileges. 

There are 12 private water rights on the Manuherikia River, 

with the last expiring in September 1991. Some of these rights 

are subject to restrictions when Falls Dam is being drawn upon to 

supplement flow in the Manuherikia River. 

3.3 National Implications 

National agricultural policy is based on export-led growth, 

with incentives for increased production. Policies to encourage 

increased production include: 

- concessional development finance; 

- compensation for high internal costs through input 

subsidies (for example, fertiliser); 

- underwriting of farmer confidence through minimum price 

schemes and an exchange rate policy designed to maintain 

export competitiveness. 
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Although incentives existed during the 1970s, they failed to 

increase pastoral production in real terms (McLean, 1978). These 

incentives do not always encourage farmers to adopt the 

management techniques most suitable for increased production. 

For example, due to subsidies, farmers often increase fertiliser 

application at the expense of fencing for subdivision. Not only 

does this thwart agricultural production, but also it is in 

direct conflict with policy measures that attempt to reduce 

dependence on imports. 

To promote diversification, incentives will be necessary to 

encourage the farmer and others to establish adequate services 

and processing facilities. Assured markets for high quality 

products will be an important initial step in implementing such a 

policy. An economy based on export oriented growth is dependent 

not only on maintaining access to inputs (such as fertiliser), 

but also access to export markets. 

Government policies for the high country recognise the need 

for multiple use of land (Land Settlement Board, 1980). This is 

consistent with legislation for land and water planning. These 

policies were considered by the Committee of Inquiry into Crown 

Pastoral Leases (1982), in an assessment of the policies 

developed for the South Island high country, especially rentals, 

freeholding, and the reservation and multiple use of pastoral 

land. If accepted, the recommendations of the committee would 

have far-reaching implications for the pastoral lessees and other 

users in the study area. 
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SCENARIO 2 

1. DESCHIPTION 

A continuation of pastoral production in the study area. 

This will involve a transition from present substantial reliance 

on non-renewable resources (e.g. phosphate fertiliser and fossil 

fuels) to renewable resources. 

Minimal inputs of non-renewable resources will still be 

used, but to complement renewable resource use, rather than as 

the mainstay of development. 

2. DISCUSSION 

Principles associated with the use of non-renewable 

resources may be understood by focussing on phosphate as an 

example. Phosphate is at present critically important to New 

Zealand agriculture. 

Phosphorus is an essential nutrient to both plants and 

animals and is a key element in all biochemical pathways. The 

nutrient is recycled through plants and animal wastes and is 

returned to the soil. The natural ecosystem based on recyclable 

nutrients is in contrast to the present farming system which 

requires application of nutrients that have been mined from non

renewable mineral deposits. 

2.1 Limits to the Availability of Non-renewable Resources 

2.1.1 Physical Limits (energetic limits) 

The ultimate limit to the use of phosphate from concentrated 

deposits is the availability of energy for extraction. Increased 

energy requirements for the extraction of phosphate means that 

energy is diverted from other sectors of the economy, such as the 

supply of goods and services. Traditionally, cheaper energy and 

technological improvements have greatly extended the availability 

of non-renewable resources. Now that more effort is required to 

produce net energy, the limits of exploitation of non-renewable 

resources will be reached eventually. 
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2.1.2 Societal Limits 

There are further limits to the use of resources, imposed on 

or chosen by society, in acknowledgement of its obligations to 

future generations. Firstly, a need to allocate a resource 

fairly over time for use by future generations, must be 

recognised because there is a limit to non-renewable resource 

availability. Secondly, to retain future options, the rate of 

use must also be sensitive to the stability of ecological 

systems. Such limits will constrain resource use prior to the 
energetic limits. 

Currently, maximising social welfare is considered to be 

achieved by maximising Gross National Product (GNP), since 

material and energy throughput makes up a large proportion of 

GNP. This suggests that present social behaviour is much closer 

to maximising rather than minimising throughput. Furthermore, 

social welfare is concerned with the present generation and with 

those immediately following. The mechanism used for the 

allocation of resources confers a confined time perspective to 

the decision maker. For instance, discount rates commonly used 

in economic analysis heavily discount the future, and may only 

provide a mechanism for the short term al location of resources. 

In the long term, discounting does not explicitly consider the 

allocatio.n of resources between generations. There are no 

mechanisms which can be implemented to direct society as to how 

and when resources should be used. Society must make a 

conscientious choice to recognise these limits in allocating non

renewable resources. In the long term, the problem of how New 

Zealand can adapt agricultural production to the use of renewable 

resources must be addressed. 

3. IMPLICATIONS 

3.1 Local 

With the use of present farming practices, doubts have been 

expressed that pastoralism can be sustained at stocking rates of 

0.5 s.u./ha without using non-renewable resources (O'Connor, 

pers. comm.). In order to maintain a farming community in the 

study area, innovative approaches must be pursued in productive 
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systems and in adoption of social values consistent with a 

minimised throughput of materials. 

It is difficult to visualise the impact on the local 

community and physical environment, as it will depend very much 

on the nature of the transition and the value system adopted. 

3.2 National 

In this Scenario the flow of materials through the system is 

used to maintain, rather than increase, a standard of living. 

Social progress is not defined in material terms, but focuses on 

a broader perspective of quality of life. 

In the long term, systems that are driven by non-renewable 

inputs will tend to be replaced by systems based more on 

renewable resources. A different basis for the selection and 

dire ct ion of technological change will emerge, emphasising 

technologies that reduce energy and material requirements. There 

will be an indreasing emphasis in agricultural research adopting 

an ecosystem approach based on biological controls. By 

minimising inputs, recycling and the consideration of ecological 

systems and their assimilative capacity, residual material is 

reduced. By these means, environmental quality can be maintained 

or enhanced. 
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SCENARIO 3 

1. DESCRIPTION 

A 22 000 ha sawlog forest (18 000 ha planted) will be 

established in the study area over a fifty year period. This 

forest will be planted and harvested at a sustainable rate (360 

ha/year). 

A medium export scale sawmill (output 110 000 m3/year sawn 

timber) will be established to process forest output. 

Semi-extensiveand extensive pastoralism will continue in 

areas of the valley not required for forestry. Pastoralism will 

also continue as an interim use of the areas designated for 

forestry but not yet planted. 

The proposed Manuherikia Valley Irrigation Scheme will be 

implemented. 

2. IMPLEMENTATION 

2.1 Sawlog Forest 

Between the years 0 - 50, 360 ha of the study area will be 

planted annually in trees, and by year 50 all areas suitable for 

forestry will be planted (Figure 2.1, Part A)a 

This forest will be managed in accordance with a sawlog 

regime (for example, thinning and pruning will be undertaken). 

It is assumed that from year 50 onwards the forest will be 

harvested and replanted on a rotational basis. 

2.2 Sawmill 

The sawmill will need to be established immediately prior to 

year 50, as this is when substantial quantities of wood will 

first become available for processing. A forestry town will have 

to be established concurrently and access roads upgraded. 

2.3 Pastoralism 

Between years 0 - 50, pastoralism will gradually be 

displaced by forestry in a large part of the study area. 

Consequently, from year 50 onwards, pastoralism will be on a much 

reduced scale. 
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2.4 Down Valley Irrigation 

Between year 0 - 5, implementation of the new down valley 

irrigation scheme will occur. 

3. IMPLICATIONS 

3.1 Resource Requirements 

3.1.1 Land and Water 

An export scale sawmill will require tree planting of all 

land in the valley suitable for forestry (approximately 22 000 -

23 000 ha). The irrigation scheme reservoir will account for a 

further 500 ha. Remaining areas will be left for pastoral uses. 

Water and electricity requirements of this scale sawmill 

will be 4 200 m3/day (unrecycled) and 430 MWh/year respectively. 

3.1.2 Infrastructure 

Over the 50 year forestry establishment period there will be 

a steadily increasing demand for associated infrastructure and 

services (e.g., roads, fencing, housing, etc.). Prior to the 

harvesting stage, construction of a sawmill, additional workers' 

houses and community facilities will be required. 

Temporary accommodation will also be needed during the 

construction phases of the irrigation scheme (refer Scenario 1). 

If pastoralism continues at its present level of intensity, 

farming infrastructure requirements will decline gradually in 

accordance with the decreasing land available in the study area 

for this use. 

3.1.3 Capital 

Establishment and management of this proposed sawlog forest 

will require considerable long term investment as there will be 

no substantial returns until after year 50. This is the first 

stage at wich sawn timber will be available for sale. 

If pastoralism retains its present character, investment 

requirements and subsequent returns will gradually decrease as 

the land becomes unavailable (see Scenario 1 for irrigation 

investment requirements). 
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3.1.4 ~mployment 

If the sawlog forest was planted at a rate of 360 ha/year, 

labour requirements for forest establishment and tending will 

increase from a gang of 4 - 5 seasonal workers (year 1) to 

approximately 15 permanent workers (year 50). 
From year 50 onwards, harvesting and processing will provide 

employment for a further 225 people (see Table 2.5, Part A). 

Currently 25 people are directly employed in pastoralism in the 

study area. By year 5 O, approximately half of this work-force 

will be required, assuming a continuation of present pastoral 

management. 

Construction of the proposed irrigation scheme will involve 

a temporary workforce of approximately 60 people in the short 

term (years 0 - 5). 

3.2 Local and Regional Implications 

3.2.1 Physical Environment 

( i) · Soils 

Soils in the area designated for forestry have a medium to 

low nutrient status but will probably support several forest 

rotations .. Adverse effects on soil structure are unlikely (D.J. 

Mead, pe rs. comm.). Continued controls on stocking numbers 

prevent any increase in soil erosion in non-forested parts of the 

study area. 

(ii) Atmosphere 

Depending on the technology used, some air pollution coud 

result from burning wood and wastes at the sawmill. Noise from 

the sawmill may be high. 

(iii) Water 

Forest establishment is unlikely to have an impact on water 

quality if suitable protection measures are implemented (e.g., 

the use of riparian strips and track contouring). Damming 

individual catchments during road construction and logging are 

possible methods to maintain water quality. Losses of nutrients 
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from exotic forests tend to be very small, even when fertilisers 

have been used (Neary and Leonard, 1978). 

Adverse impacts from the sawmill include possible chemical 

spillage from wood treatment, and harmful leachates from wood 

wastes deposited as landfill. The significance of such effects 

on the study area are unknown. 

(iv) Water Yields 

The proposed sawmill will have very low water requirements. 

However, current research (e.g., Moutere Experimental Station 

trials) showed that runoff from pine catchments was less than 

half that from pasture-covered catchments. Pearce (1979) 
suggests that increased interception by trees and subsequent 

evaporation were the dominant factors producing this reduction in 

water yield. Of lesser importance was the transp~rational 

influence of this forest vegetation during periods of soil 

moisture deficit. 

It is probable that changes in vegetation cover will affect 

water yield in a manner quite specific to the catchment 

concerned. If the proposed sawlog forest is planted in the study 

area, the reduction in water yield may be up to 15 percent. 

(v) Flora and Fauna 

Exotic forests provide little habitat diversity as they are 

monocultural systems, and they support a low density and richness 

of wildlife. 

In the study area it is likely that areas of exotic forest 

will provide habitat for some common passerine bird species 

(e.g., blackbirds, song thrushes, hedge sparrows). However, its 

considerable distance from any native forest will preclude the 

introduction of many indigenous bird species. Habitat will 

probably be provided for some exotic mammal species (e.g., 

possums), but many of these are regarded as pests. 

Adverse impacts will include the reduction in population 

numbers of some strictly open grassland species. Extensive areas 

of tussock grassland communities, especially fescue (F~~!uca 

novae-zealandiae, will be destroyed. 

·Forestry practices may adversely affect stream ecosystems of 
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the study area through possible increased sediment load. Self 

propagation of tree seedlings into areas adjacent to the proposed 

forest is likely. Unimproved grasslands provide the most 

favourable environment for wilding invasions (Benechey, 1967). 

The implications of self-propagation include risks to present 

biotic comm uni ties, other land uses and lands cape values. Once 

es tab lis hed, these seedlings can be cont rolled with varying 

degrees of success by burning, grazing, felling and spraying. 

None of these measures are very satisfactory. Fire is often 

unacceptable because of soil conservation concern, and grazing 

usually only proves effective when mob-stocking is used. Felling 

and spraying, being labour intensive, are both very expensive. 

3.2.2 Social 

The employment and demographic characteristics of the study 

area and surrounds will be greatly altered if a large-scale 

forest industry is developed. The influx of new people into the 

area will be a gradual process reflecting forestry labour 

requirements. 

Initially, a temporary labour force will be required for two 

to three months annually. By year 50 this will be replaced by a 

permanent forest workforce of approximately 15 people. Temporary 

accommodation will be needed during forest establishment. During 

this same period, farming families will be displaced from the 

area designated for forest development. Once harvesting 

commences, the total forestry workforce requirement will rise to 

225 people, due to the large numbers involved in harvesting and 

processing (Table 2.5). In addition, it is likely that there 

w il 1 be a fu rt her influx of people to the area to provide goods 

and services for this population. It is assumed that 65 percent 

of workers will be married (based on sex ratios in Kawerau and 

Murapara from Chapman, 1960), and that each married worker has a 

spouse and two children. 

Using these assumptions, permanent housing will be required 

for over 650 people from year 50 onwards. As there is no large 

town close to the study area, a separate forest town may have to 
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be established. Development of this town and the associated 

influx of over 650 people will change the nature of the rural 

communities in the valley. Present lifestyles reflect the 

remoteness of the area; future residents will have a greater ease 

of access to various goods and services and social isolation will 

be less. These changes will occur over a long time period and 

will not be particularly significant for present residents. 

For the new community, adequate access to various social 

services will be required. The increased proportion of young 

couples and children will put additional demands on health and 

educational services. Other community facilities and services 

wil be required, including retail, banking, recreation, sewage 

disposal, water and electricity. 

Upgrading of road access to both the forest and town will be 

an additional requirement. 

The establishment of the forest community is likely to 

disrupt the underlying social patterns. Forestry tends to bring 

into a community a new business and specialist group whose 

economic interests and social views conflict with those held by 

the established local power group (Smith, 1981). Forestry 

introduces an element of bureaucracy into rural regions. 

However, decision-making concerning the forestry community will 

not be at a local level and there is always the concern that 

local interests will be sacrificed. The presence of one large 

industrial development within the study area will have strong 

implications for people's lives within the forestry town. 

Currently, work opportunities for women are limited, and 

there are large numbers of young single men in forest 

communities. Social problems may be generated if these forest 

employment patterns continue. Chapple (1973) suggests also that 

many current social problems in forestry towns reflect the 

synthetic nature of the communities and the paucity of social and 

recreational provisions. 

3.2.3 Economic 

During the forest development phase the local economy may 

decline, reflecting the decrease in farming population numbers 
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and pastoral production. However, throughout this entire period, 

pastoralism will remain a significant contribution to the local 

economy. Forestry workers at this establishment stage will be 

required on a seasonal basis only, and for this reason there will 

probably be small scale investment by them in the local 

community. 

Until year 50, sales of posts and poles from thinning will 

provide the only forestry returns. From year 50 onwards 

substantial economic returns will accrue annually from sawn 

timber sales. The increased population from forestry development 

will greatly boost the local economy through increased spending 

on goods and services. 

3.2.4 Recreation 

The change in vegetation cover will alter the landscape 

considerably. This may effect recreational experiences, as the 

aesthetic quality of the valley is very dependent on its visual 

expansiveness. Changes to the biotic communities will include a 

decrease in the populations of some wildlife species (e.g., 

Chukors) valued for hunting. 

Exotic forests do, however, have their own appeal and they 

provide recreational opportunities including walking, horse 

riding and hunting. Some of these are mutually incompatible and 

forest use zoning may be required. 

The nearby Naseby forest attracts a great number of visitors 

and the summer population of the town increases from 130 to 2 500 

( D. L i t t 1 e , p e rs • c om m. ) • I f a s i mi 1 a r inf 1 u x of tour i s ts 

occurred in the study area, various measures to protect the 

forest and to provide for the needs of visitors will be required. 

If recreational use of the area is thought to have 

significant potential, forest planning should consider including 

provisions for amenity enhancement. 

3.2.5 Impacts on Present Uses 

The establishment of the sawlog forest will result in the 

displacement of several farmers and their families from the study 
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area. Pastoralism will be in the main restricted to slopes above 

900 m. Pastoral output from the study area will be greatly 

reduced. This will have implications for associated servic~s 

within the area. The remaining pastoral areas will need to be 

restructured into more cohesive blocks. Access will have to be 

provided through the forest to the runs at the northern end of 

the valley. 

These changes will occur gradually over the fifty year 

establishment period, and much of the land zoned for eventual 

forestry will be available for grazing in the period prior to 

tree planting. 

The present down valley irrigation scheme may be affected by 

forestry development due to the possible impact of a forest cover 

on water-yield. 

3.2.6 Local Institutions 

Afforestation is a predominant land use in the rural zone in 

the Maniototo County. Timber mills, sawmills, timber processing 

and ancilliary activities are conditional uses (Maniototo County 

Council, 1970). 

Forestry establishment is therefore permitted as of right 

provided that it complies in all respects with "the controls, 

restrictions, prohibitions and conditions specified in the 

scheme." The restrict ion on processing will be of concern in the 

future when the forest matures. 

Existing legislative and administrative policies will need 

to be reviewed, and in some cases refined, if this Scenario is 

implemented. For example, additional provisions will have to be 

made in the District Scheme for a processing plant and forestry 

town development. 

The infrastructure demands of the forest industry will place 

a considerable financial burden on the local institutions. This 

effect will be particularly marked in a rural county with a low 

rating base. The impact will be regional and some local 

institutions will need to redetermine revenue policies if 

government assistance is not forthcoming. In some instances 

local authorities may have to increase rates to maintain services 
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(e.g., roading), even though they will receive little or no 

direct benefit from the project. This is particularly true if 

sawlogs are transported by road from the study area to an export 

port. 

3.5 Implications for National Policy 

The proposed forest and the associated processing plant 

could be managed by the New Zealand Forest Service, a private 

company, a local authority or a co-operative. At present, 

approximately 90% of existing pine forests are owned by the New 

Zealand Forest Service and private companies. Most of this wood 

is sold to private companies for processing. 

Land considered suitable for forestry in the study area is 

governed by the Land Act 1948 and is either leased for pastoral 

use or is under renewable lease. If the Act is strictly 

interpreted, it could be argued that no tree planting of any kind 

will be permitted without prior consent of the Land Settlement 

Board (L.S.B.). However, under its High Country Policy, the 

L.S.B. takes a more liberal approach which encourages 

diversification and integration of productive uses. To this 

extent, the Board's policy allows afforestation on a commercial 

scale. However, under this Scenario, the extent of proposed 

planting completely subordinates pastoralism. 

A land use change of this magnitude will require a change in 

land tenure and government policy. 

The Southland Conservancy of the New Zealand Forest Service 

is responsible for the management of State forests in Central 

Otago. It considers 570 m a.s.l. to be the maximum altitude for 

production forestry, although land up to 610 m a.s.l. is 

acceptable, if forestry has a dual protection/production role 

(New Zealand Forest Service, 1980). As transportation costs 

comprise up to 50% of the total cost of establishing, tending and 

harvesting the forest crop, the Forest Service further defines 

suitable areas as those within a 75 km radius of the main 

population centres. Present vegetation cover is also taken into 

account in identifying suitable areas. Areas of tussock and 
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scrub are considered appropriate for tree planting. 

Generally, the Forest Service in Southland considers 

fo r·es try to be the most profitable land use in areas with a long 

term agricultural prospect of extensive grazing. 

Afforestation in the study area will consequently be a 

departure from the present policy of the New Zealand Forest 

Service. The area can be regarded as being suitable for forestry 

in terms of its present productive capacity and vegetation covere 

However, it is a long distance from major population centres and 

the altitude of the study area is higher than that considered 

acceptable. 

Forestry establishment in the study area will also require a 

change in the traditionally held attitude of agriculture as the 

dominant land-use. 

It is assumed in this Scenario that the wood from the sawlog 

forest will be processed and then exported. The internal market 

in New Zealand is already fully supplied with wood and future 

local demand will only increase slighty. 

Owing to the long time period involved in forest growth, 

large scale uncertainty exists concerning future markets. 

Consequently, forests have to be planted very much "in faith" 

that suitable markets will eventuate. Eventual export of wood 

and wood products will result in increased foreign exchange 

earnings. This land-use proposal is consistent with the present 

government's policy of export-led growth. 

Forest growth rates in the study area will be much slower 

than those presently considered acceptable, and for this reason, 

current government incentives of 45% of all costs may not be 

sufficient to stimulate investment in this area. 

In the long term, additional government incentives may prove 

to be beneficial, as under current returns this proposal could 

earn New Zealand $15 - $20 million annually in total net foreign 

exchange (figure updated from D.F.C. [1980] report using MeW.D. 

C o s t of C o n s t ru ct ion I n de x ) • This return on investment is 

considerably higher than that from agriculture at its current 

level of production in the study area. 
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SCENARIO 4 

1. DESCRIPTION 

The development of a large scale lignite mine and plant for 

processing into methanol for use as transport fuel. Lignite 

development will be followed by energy forestry, producing 

methanol from wood. A scheme to supply down-valley irrigation 

will be in place before mining begins. Some extensive 

pastoralism will continue in the study area. 

2. IMPLEMENTATION 

The proposed schedule of events follow: 

Year 0 

(1982) 

Year 1 

( 19 8 3) 

Year 5 

Year 8 

Year 9 

Year 14 

Year 15 

Continuation of technical and economic feasibility 

studies for lignite mining and processing to liquid 

fuels. Continuation of present hill country practice. 

Commence implacement of new down-valley irrigation 

scheme (construction of new dam, races, etc.). 

Irrigation scheme in place. 

Commission alcohol engines in all new cars. 

Commence planning for large scale (11 mt/yr-1) lignite 

mine. Pastoral leases over mine site recalled. 

Pre-mining activities at site: river diversion, 

dewatering, construction of new roads and protection 

canals. Construction of new housing and expansion of 

present services at project town site (Becks). 

Commence tree planting for large scale (22 000 ha) pine 

forest at a rate of 600 ha/yr. 

Construction of lignite to methanol plant (8 500 t/day) 

near mine site. 

Year 16 Excavation begins at mine site. One half of N.Z. 

vehicle fleet equipped with alcohol engines. 

Year 18 

(2000) 

Lignite extraction at production rate. 

commence at processing plant. 
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Year 45 

Year 48 

Year 51 
(2033) 

Construction of wood to methanol plant (290 t/day). 

First wood is harvested. Operations commence at wood 

processing plant. Mining ends. Operations at lignite 

to methanol plant end. 

Rehabilitation of mine site ends - land suitable for 

forestry. 

3. IMPLICATIONS 

3.1 Physical Environmental Implications 

The wastes from a lignite mine and processing plant are 

liquid (effluent), gaseous and particulate (emissions), and solid 

wastes. A methanol plant using wood instead of coal as a 

feedstock would produce the same types of wastes, but their 

composition would be less polluting. As planned, the wood to 

methanol plant is much smaller, generating proportionately less 

waste. 

3.1.1 Effluent 

The main sources of effluent from the mine are surface 

runoff and drainage from the dumps, lignite stockpiles, roads and 

exposed mine workings. Runoff containing fine-grained sediment 

may create a silting problem. There is also potential for acid 

runoff (oxidized iron sulphide) from dumps, but the concentration 

of sulphates is unknown. The proximity of dumps to water-courses 

means that there is a risk of contamination from these sources. 

Effluent from the processing plant is water containing 

dissolved and suspended solids and organic matter, some of which 

are inherently toxic. The water may be minimally treated in 

effluent ponds and then re-used during processing, or else more 

intensely treated for release to the river. 

3.1.2 Emissions 

Particulates from the mine, as dust, may be a major problem. 

Dust will be generated from lignite stockpiles, dumps, the pit, 

and unpaved roads. The dry and windy climate of the study area 
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will aggravate this problem. Controls such as water spraying are 

available, but this may worsen the water supply situation. 

Control measures are not totally effective and there will be a 

continual dust problem. 

Gaseous wastes from the processing plant will be produced 

mainly during the formation of synthesis gas and during direct 

combustion of lignite to supply heat and power. The emissions 

are more than 99 percent carbon dioxide, with small amounts of 

carbon monoxide, hydrogen cyanide, hydrogen sulphide, and sulphur 

and nitrogen oxides. 

The sulphur content of the Hawkdun lignites is lower than 

most coals and hence treatment will be less intensive. 

Desulphurization processes are costly but effective, and can 

scrub 95% - 97% sulphur (as H2S) from the process gases. Sulphur 

(as so 2 ) from the boilers is much more difficult to contain, 

although this is only a small part of the total operation. 

Nitrogen oxides (NOx) are particularly toxic and cannot be 

removed from process emissions as effectively as sulphur. Using 

current technology, about 20% of the NOx still escapes to the 

atmosphere (Joint Centre for Environmental Sciences, 1982). 
In the study area, problems from gaseous emissions will be 

worse in the winter. Temperature inversions are common in this 

area and would provide a mechanism for trapping pollutants. 

Heat is another emission from processing plants. The amount 

of thermal discharge depends on the extent to which water is used 

in cooling during gasification (Anderson and Tillman, 1979). 
Trends are toward a much greater use of air for cooling, and this 

will certainly be the case in the study area, as water is 

limited. Most of the heat will therefore be vented through air 

cooling towers. The impact of this will be greatest in winter, 

but its significance is unknown. It is suggested that heat may 

break up temperature inversions (Fitzharris, cited in Joint 

Centre for Environmental Sciences, 1982). 
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3.1.3 Solid Wastes 

Solid wastes from the processing plant (mainly ash) present 

a disposal problem. The Hawkdun lignites have a low to medium 

ash content (about 10% ash at bed moisture), creating about 3 000 

tonnes per day for removal to the mine dumps. The long term 

effect of this buried ash is not understood, due to a lack of 

data on trace elements in the lignites. 

3.1.4 Noise 

For a large scale mine and processing complex, noise will be 

greatly increased above the present levels. The associated 

increase in railway and road activity will also contribute. 

3.2 Implications for Other Uses 

3.2.1 Land Use 

There will be a direct impact on the present pastoral use of 

the study area. Development of the Hawkdun deposit will affect 

five runs: 

Two Mile (830 ha); 

Blackstone Hills (160 ha); 

Hawkdun (20 ha); 

The Downs (590 ha); 

Michael Peak (195 ha). 

A further 1 200 ha, approximately, will be occupied by a water 

diversion system, outside dumps, mine buildings, processing 

plants and access roads. There is an indirect effect of limiting 

access to parts of some runs, and of increasing noise and traffic 
in the area. 

Tree planting for energy forestry will occur at a rate of 

600 ha per year over thirty years. The total forested area will 

be 18 000 ha, leaving for pastoral use the area above 900 m, 

which will be suitable only for grazing. 

There are several options available for rehabilitation of 

the mine and plant, each with different implications for 

subsequent land use. Assuming that the option for partial 

restoration will be adopted, most of the land occupied by the 

mine and plant will be suitable for forestry, with grassed 

riparian strips. Lakes will be left within the mine area. 
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3.2.2 Water Use 

The lignite mine and plant and the wood to methanol plant 

will affect water quality and quantity in and outside the study 

area. This will affect the users of the irrigation scheme, 

recreationists, and plant and animal communities using the 

Manuherikia River. 

(i) Water Quality 

There are many unknowns surrounding the impacts of mine and 

plant waste on water quality, such as the quality of groundwater 

(from mine dewatering) that will be discharged into the 

Manuherikia River and the significance of siltation or acid 

runoff on water quality. 

Other factors, such as the composition of plant effluent, 

are more easily identified, but their control is very costly. 

The amount of contaminants released into the river from the plant 

will depend on the regulations imposed upon the operator. 

(ii) Water Quantity 

The mine is not expected to be a net user of water. Initial 

dewatering will yield quantities of groundwater estimated to be 

in the order of several million M3 (Mm3). Water obtained from 

dewatering during mine operations is likely to be used for dust 

control. The main water consumption will be during processing, 

although the high water content of the lignites will tend to 

minimize this requirement. For a large scale methanol plant, 

annual net consumption is estimated at 30 Mm3, although there is 

much uncertainty over these figures due to the absence of large 

scale coal to methanol plants, worldwide. Annual water yield of 

the Manuherikia River is estimated at 190 Mm3 and total 

allocation for the proposed irrigation scheme is 172 Mm3. 

Depending on the allowance built into the irrigation design, the 

water requirements of lignite processing will increase the risk 

of shortages for irrigation. 

Because of its smaller size, water requirements for the 

proposed wood to methanol plant are much less than this. Gross 

requirements are estimated at about 6 Mm3 and this extraction 

would occur after the lignite processing plant has shut down. 
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This amount will not significantly affect water available for 

irrigation. 

The establishment of forests may also affect water yield. 

It is estimated that afforestation may reduce yield by up to 15% 
(see Scenario 3). 

3.2.3 Air 

The impact of plant emissions will depend on the extent to 

which they are controlled, although even best available 

technology will allow some gases to escape. The health of mine 

and plant workers, as well as residents located elsewhere in the 

Manuherikia and Ida Valleys, will be affected, especially during 

winter inversions. Toxic emissions may also have an impact on 

plant and animal communities, and may lower water quality. 

Gaseous emissions and dust will also affect aesthetic values 

of the area which are held by tourists and recreationists who 

presently visit it. 

3.3 Local and Regional Social and Economic Implications 

3.3.1 Population Changes 

Lignite development will bring a major change in the local 

and regional population, reversing the trend of declining rural 

communities and towns to that of a sharp increase in numbers. 

A temporary workforce will be needed for the construction of 

both the mine and processing plant, and a smaller, permanent 

workforce for operation and maintenance. Estimates of the 

required workforce are 1 250 - 1 500 (construction) and 600 - 700 

(operation and maintenance). 

A workforce will be needed for associated infrastructure 

development, including existing and new commercial, social and 

administrative services to support the new industrial activity. 

Using a local service to workforce ratio of 0.7 (Joint Centre for 

Environmental Sciences, 1982), 500 jobs in infrastructural 

activities directly connected with the lignite development will 

be created. 

Infrastructure development will itself make servicing 
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demands, indirectly increasing the working population of the 

region. The construction workforce is likely to be mostly single 

males. Both the permanent and infrastructural workforces will be 

mostly male, but married with families& Thus, the total 

population increase in the immediate region (Manuherikia Valley, 

Alexandra) is likely to be at least three times larger than the 

workforce itself, i.e., 3 000 - 4 000. 

Population increases will occur rapidly during the 

construction phase (3 - 5 years), followed by a significant 

decline. An inevitable development is the "boom town" to house 

construction workers. This town will be either at a completely 

new site or else centred on an existing rural community (e.g., 

Becks). Alexandra, as the regional centre, will expar.d rapidly, 

possibly doubling in size. The population will remain steady 

over the life of the mine plant complex, but at the end of the 

lignite development it will sharply decline. Energy forestry 

will require a relatively small workforce for planting, 

harvesting and processing. 

3.2.2 Economic Changes 

Assuming that an additional 5% - 20% of capital costs for 

the mine plant complex would be needed to finance infrastructure 

development (Denver Research Institute, 1975), between $250 and 

$1 000 million will be spent on local and regional economic 

development. Economic activity in the Manuherikia Valley will be 

rapidly inflated, as a shift from agriculture to industry and 

ind us trial servicing takes place. Construction, manufacturing, 

transport, commerce and service sectors will expand rapidly, 

principally in Alexandra, but also in smaller towns close to the 

mine plant complex (e.g., Ranfurly). 

The indirect economic effects (multiplier effects) will mean 

increased economic activity within the larger region and the 

nation. Money will flow into Central Otago and will attract 

further development to proximate urban centres (Dunedin, Oamaru, 

Timaru) and to urban centres elsewhere in New Zealand. 

There is a risk that funding for local and regional 

infrastructural development will lag behind the demand for 
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services. It is likely that the present institutional 

arrangements for disbursing money from central government for 

basic infrastrutural needs will be inadequate, as the rate of 

increase in demand will be unprecedented in New Zealand (Joint 

Centre for Environmental Sciences, 1982). Special arrangements 

may well be necessary. 

There is also a risk that the increase in local economic 

activity will not be balanced in allowing for work opportunities 

for women and young people. Experience has shown that this 

inequity generates many significant social and psychological 

problems in the resultant community. 

3.3.3 Infrastructure Development 

Construction labour will be accommodated either in a 

specially built project town, or in an expanded existing rural 

community in the Manuherikia Valley. Ministry of Works and 

Development funding and control is most likely. Total 

transformation of the rural community closest to the boom town is 

likely. 

Associated demands for public utilities such as reading, 

electric power, water supply, sewerage, and communications, will 

increase rapidly. Upgrading and rebuilding of local roads and 

the expansion of the present rail network will be needed to cope 

with the increased industrial traffic during construction, and 

also for transport of the product (methanol). The total 

population increase in the Manuherikia Valley could require as 

much as a 50 GWh increase in the electricity loading (assuming 12 

MWh/person per annum for the Central Otago region) (Joint Centre 

for Environmental Sciences, 1982). The increased water demand 

for the immigrant population (estimated at approximately 6 Mm3 

p.a.) may increase the risk of water shortages for irrigation and 

residual flow requirements. As an alternative rural water supply 

strategy, the development of groundwater in the Manuherikia 

Valley may be stimulated. 

There will be a rapid increase in demand for social and 

administrative services and facilities in the Manuherikia Valley 

and in adjacent rural centres. This will involve the provision 
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of heal th and education services, and also retail, banking, 

postal and entertainment facilities. An associated increase in 

local and central government administration will take place. 

3.3.4 Social and Cultural Changes 

Little information exists concerning the social effects of 

rapid industrialisation in rural areas in New Zealand, as changes 

comparable with the lignite development are only now taking place 

(e.g., in North Taranaki). The existing farming community is 

conservative regarding change and has different attitudes and 

lifestyles from the urbanised, industrial workforce which will 

move in. Disharmony and social problems in the resulting 

composite community may develop. 

The Manuherikia Valley and Alexandra will be most affected 

socially and culturally, and the rural community adjacent to the 

boom town will be totally altered. Existing social institutions 

will be important links in integrating the arriving population, 

and new institutions will develop to cater for urban interests. 

The Manuherikia Valley will be subject to a greatly 

increased demand for recreational pursuits; existing attractions 

(e.g., St Bathans) may change through increased tourist traffic. 

The scenic value of the surrounding landscape will also be 

affected. The mine plant complex will present an inevitable 

visual intrusion in the study area. The enlarged Falls Dam will 

be a recreational attraction, although there is likely to be a 

conflict between increased recreational pressure and maintenance 

of water quality at the dam. 

3.4 National Implications 

3.4.1 Methanol from Lignite 

A large-scale lignite to methanol plant in the study area 

will provide for 50% of existing national transport fuel demand 

and also for almost complete national self-sufficiency for the 

period 2000 - 2010. 
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FIGURE 1: Transport fuels demand and supply 
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Potential limitations to the implementation of methanol as a 

transport fuel are: 

- adequacy of supply and distribution system; 

- availability of conversion kits or new alcohol engines; 

- customer demand and acceptance; and 

- institutional impediments (e.g., delay in establishing 

standards) (Green, 1982). 

Experience with CNG and LPG conversions emphasises the long 

delay inherent in a voluntary conversion programme. Assuming a 

20% increase in existing vehicle stocks and average vehicle 

mileage, new vehicles with alcohol engines could make up half the 

vehicle fleet in a period of ten years. However, to achieve a 

total fleet of methanol vehicles, it may be necessary to tax 

alternative fuels and vehicle types heavily, which would amount 

to mandatory adoption. Therefore, an integral part of the energy 

planning process is persuading consumers to switch to a new fuel. 

During the phase-in period of ten years the Petralgas chemical 

methanol plant and the methanol stream from the Mobil synthetic 

gasoline plant could be used to supply fuel methanol. 
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Compensation may have to be paid for the :reduction in oil 

refinery throughput and the under-utilisation of the Mobil 

gasoline plant. 

Methanol produced from lignite may cost between $75 and $140 
per barrel of petrol equivalent. For methanol production to be 

competitive, the cost of imported oil must rise to this price. 

If methanol production is considered primarily as a strategy 

to increase the security of supply of transport fuels, then there 

will be a substantial rise in the cost of fuel to the consumer, 

i.e., one and a half to three times the current price. The 

effects of this will include cost increases for primary 

production, lower transport demand and a reduction in New 

Zealand's international competitiveness. As lower income 

consumers spend a greater proportion of their earnings on 

transport fuels than those on higher incomes, price rises in 

transport fuels have a disparate effect on incomes. 

Land-use planning in both urban and rural areas must examine 

and plan for the consequences of higher priced transport. Energy 

planning and pricing policy must recognise and facilitate the 

transition to higher cost transport if adverse impacts are to be 

minimised. Transport based on other energy sources, for example, 

electricity and biomass, will become more cost competitive. 

Construct ion of a large scale lignite to methanol plant reduces 

flexibility to obtain lowest cost transport fuel supplies. 

Some of the benefits of achieving self-sufficiency, 

utilising a large scale lignite to methanol plant, flow directly 

to those involved in its construction and product distribution, 

while any increased costs are borne by New Zealand consumers. 

The use of lower quality energy feedstock to produce 

transport fuels means a larger amount of non-renewable energy 

will be degraded (lost) to meet the same level of demand. 

The technology and expertise needed for lignite mining and 

processing will require contractual involvement of large 

multinational companies. Before equity participation and loan 

financing is arranged, government guarantees of product price may 

be necessary. Investment requirements are $4.5- $8.5 billion 
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over five years, of which at least 60% will be spent overseas. 

An investment of this magnitude in a single project is beyond New 

Zealand's experience. 

Unless construction is over a long period, or the planning 

of lignite development is integrated with other major industrial 

projects, then New Zealand firms will not have sufficient 

resources to allow for major involvement in the development. The 

size of the proposed project will mean a diversion of resources 

from various sectors of the economy. Unless the economy is 

carefully controlled during this period, inflation will result. 

Lignite mining is regulated under the Coal Mines Act, 1979. 

State coal mines are declared to be public works under the Public 

Works Act, 1981, and land may be compulsorily acquired. 

3.4.2 Methanol from Wood 

Establishment of an energy forest in the study area will 

require either an appropriate scale of financial support from 

Government, or planting by the New Zealand Forest Service. As 

existing Forest Service policy does not consider the planting of 

forests specifically for energy conversion, a change in policy 

will be necessary. 

Methanol output equivalent to the lignite to methanol plant 

would need approximately 30 wood to methanol plants of the size 

proposed for the study area. They would occupy 650 000 hectares 

of similar land and directly employ 4 000 people. 

Production cost from the proposed plant (which is not 

necessarily optimal) is estimated at $90 per barrel of petrol 

equivalent, with a feedstock cost of $100 per oven dried tonne. 

A comparison with lignite processing on an energy output basis 

shows that feedstock costs using wood are three to five times 

greater, while capital costs are only a third to a half. 

Production cost is very sensitive to feedstock cost and may, 

therefore, be lower in areas with higher forest growth rates. 

Capital investment in forests, forestry infrastructure and 

processing plants will take place over a long period. 

Construction of a number of plants over time means flexibility 

with regard to demand fluctuation, adoption rate of alcohol 
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vehicles, price of imported fuels and technological change. 

Another advantage is a reduction in the risk associated with 

dependence on one or two large plants. 

It may be more economic to export pulp, chips or paper. 

products, rather than process wood into liquid fuels. 
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PART C: RESOURCE PLANNING FRAMEWORK 

1. INTRODUCTION 
Resource management is a continuing attempt to reconcile 

people's needs and aspirations with the realities of the natural 

environment. There are inherent limits in time and space to the 

availability and use of resources. In society there are varying 

perceptions of the need for and value of resources. These spring 

from a range of social objectives, and give rise to differing 

attitudes concerning the use of resources. The range and 

availability of natural resources is similarly variable. The 

wise use of resources must therefore recognize both the 

motivations of society and the limits to resources that exist, 

before decisions concerning resource use are made. 

Part B of this study gives four examples of the possible 

uses of resources in a small area of New Zealand. In each 

scenario, the national policies required for the particular uses 

described are quite different, and many are in direct conflict 

with each other. These policies represent a range of approaches 

to the use of resources in the study area. There is no one 

correct approach. The wisdom of the choices made for resource 

use in the study area will depend on the existence of a sound 

planning framework. This framework must allow for the assessment 

of any proposal for resource development in the light of full 

information concerning the wishes of society and the possible 

options for the use of the resource. Only through such a 

framework can the conflicts that will exist between the various 

resource uses hope to be reconciled. 

This part of the study attempts to develop a resource 

planning framework that is not only applicable to the resources 

in the study area, but is also of value to resource planning in 

New Zealand generally. The framework can be incorporated into 

the present institutional and legal framework for resource 

planning and management. 
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2. REQUIREMENTS OF A PLANNING FRAMEWORK 

There are a number of requirements of a resource planning 

framework if it is to operate effectively within the present 

political and ins ti tut ion al context. These requirements follow 

from a consideration of the nature of planning as a social 

process, and from an examination of the current state of resource 

planning in New Zealand. 

A deficiency of the present situation is that the 

formulation and review of sectoral policies involving the use of 

natural resources is carried out without adequate public 

feedback. Major policy decisions are frequently made with 

implications that are poorly understood by both the policy-makers 

and the public at large. The study considers that the lack of a 

resource planning framework at central government level to 

assist and direct the policy-making process, is responsible for 

this state of affairs. 

A further deficiency is the non-comprehensive and fragmented 

natQre of the institutional and legal framework for resource 

management. Government departments and statutory authorities 

often have narrow and conflicting objectives, and they are also 

functionally unco-ordinated (OECD, 1981 ). This situation is 

reflected in the generally weak resource planning function of the 

legal framework. For example, the Town and Country Planning Act 

1977 charges statutory planning authorities with the "wise use 

and management of •••• resources" (Section 3, 4) as a goal of the 

planning framework at local and regional levels. However, 

despite this directive, this planning framework is not structured 

to allow for the comprehensive assessment of resource use 

options. The use of land is regulated, rather than natural 

resources in general, and judicial interpretation of the limits 

of the above mandate are well established (e.g., see Black, 

1982). Furthermore, central government policies for resource use 

may effectively pre-empt local or regional land use planning, for 

example, through the use of the National Development Act 1979. 

The following key requirements of a resource planning 

framework are identified: 
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(i) There must exist some statement of local and regional social 
objectives, expressing the needs and aspirations of the people in 
an area (e.g., district and regional scheme statements). This 

enables public or private resource development proposals to be 
repeatedly examined in the light of established local and 

regional plans. 

(ii) The framework must provide for the comprehensive assessment 
of the options for the use of a resource, and their implications, 
following the conception of a proposal to use the resource. This 
assessment generates information about the proposed and the 

alternative uses of the resource, and enables the reasons for any 
proposed use to be stated. 

(iii) The framework must allow for public involvement in the 
assessment of options. Public involvement generates further 

information and allows for the expression of the attitudes of 
society concerning the proposed resource development. It also 
allows society to understand the nature of the decision which 
will be made concerning the use of the resource. 

(iv) The social conflicts that will arise from any development 
proposal need to be taken account of, and the framework must 

attempt to reconcile these conflicts at local, regional and 
national levels. 

(v) The decision concerning the use of a resource must be made 

by the political decision-maker only after the carrying out of as 
many assessments as are necessary to ensure that the option 
chosen is a wise use. 

3. RECOMMENDED SEQUENCE OF PLANNING ACTIVITIES 

The following sequence of activities is seen by the study as 
an expressiion of a resource planning framework which integrates 

the normative requirements outlined above with the current 
institutional and legal framework for resource management. The 

effective implementation of such a plan requires a political 
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commitment to further open up the process of policy-making 

regarding the use of New Zealand's natural resources. Past 

commitments in this respect have been honoured more in the 

breach than the observance. Also, reform of the current 

institutional and legal framework to incorporate both substantive 

and procedural elements of the planning framework is necessary, 

if the "wise use and management of resources" at national, 

regional and local levels is to be achieved. 

(i) Preparation and operation of district and regional schemes; 

formulation and recognition of local and regional social 

objectives. 

(ii) Conception of resource development proposal by central 

government or private enterprise. 

(iii) Public notification of the preparation of a "white paper" 

on the proposal. 

(iv) Preparation of "white paper" (resource development ass

essment) by proponent. The white paper: 

(a) identifies the resource; 

(b) states the objective for the proposed use; 

(c) describes the proposed use (and alternative use options 

of the resource, where the proponent is central 

government); 

(d) assesses all significant implications of the proposed 

and alternative use options. 

Assess means to identify; quantify (estimate magnitude 

and probability of occurrence); show the cause and 

effect relations to other implications; and evaluate 

( determine the social significance or value with 

respect to social objectives). 

(v) Public distribution of white paper. 

(vi) Public discussion at local, regional and national levels 

and feedback to central government and/or private enterprise. 
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(vii) Reassessment and further planning of proposal by 

proponent. 

(viii) Further white papers ma be prepared by proponent as 
proposal planning generates more information. 

(ix) Go/no-go decision on proposal by proponent: either 
continued planning or abandonment of proposal. 

(x) Impact assessment of proposal carried out by proponent. At 
this stage of planning, decisions are made concerning the scale, 
technology and location of the proposed use. The impact 
assessment identifies and evaluates the significant consequences 
of the resultant proposal. Measures to be taken for mitigating 
adverse impacts are described. 

(xi) Public and central government review of impact assessment. 

(xii) Government decision on proposal. If yes: 

(xiii) Statutory consent application process commenced under 
relevant statutes. 

(xiv) Statutory consents for proposal granted with conditions; 

granting subject to objection and appeal process. 

(xv) Proposal implemented subject to result of (xiv). 
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SUMMARY OF FINDINGS 

AGRICULTURE 

1. Potential exists to increase the stocking load from 44 427 
s.u. (approximately) to 668 000 s.u. (possible maximum). 

2. This potential is dependent upon down-valley land being 

developed to supply winter feed. 

3. The mid-altitude zone (600 - 1 200 m), especially the 

Naseby, Oturehua and Cass soils, has the greatest potential for 

increased production. 

4. Natural and artificial fertilizers are essential for 

improved productivity. Their economic and efficient use will be 

assisted by intensive rotational grazing. 

5. In the long term deer would be suitable as a dominant use, 

whereas goats would be suitable only as a minor use to assist in 
the diversification of income. 

6. Horticulture (including nut tree crops) have low suitability 
because of climate and infrastructure disadvantages. 

7. Arable cropping has low suitability because of climate. 

8. Land tenure rationalisation may assist in easing management 

problems, reducing costs and increasing production. 

9. Some government policies, for example, the Land Development 

Encouragement Loans and Livestock Incentive Scheme, have 

accelerated agricultural development. It is unclear whether this 

level of development can be sustained in the absence of 
incentives. 

1 O. If adopted, the changes in high country policy recommended 

by the Clayton Committee will have wide implications for 
agriculture in the study area. 
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FORESTRY 

1. Potential exists to plant a 23 000 ha forest within the 
study area. A forest of this scale would displace pastoralism 

from approximately 40% of the area. 

2. Alternatively, smaller-scale farm forestry could be 
incorporated with present pastoralism. 

3. Growth rates in the study area would be slow in comparison 
with areas presently considered suitable for forestry (a 50-year 
cycle for sawlog production and a 30-year cycle for biomass 
forestry has been assumed). 

4. A 23 000 ha forest will support a medium scale export 
orientated sawmill or a 2 P.J. scale methanol plant. 

5. Production of methanol from forest biomass is currently 

considered the most feasible route to produce transport fuels. 

6. Large scale changes to the local economy and social 

structure will occur once harvesting and processing begins. 

7. Sawlog production and processing will eventually employ 

approximately 225 people, compared with 135 people for biomass 

production and processing to methanol. 

8. Planting of a 23 000 ha forest will necessitate the 
recalling of some pastoral leases in the study area. 

9. A 23 000 ha forest may reduce water yield by up to 15%. 

10. Tree seedlings are likely to spread into adjacent pastoral 
areas unless contained. 

11. Sawlog forest production will produce wood for export and 
benefits in overseas exchange. 

12. Producing forest biomass for conversion into methanol would 

result in increased self-sufficiency in transport fuels. 
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IRRIGATION 

1. The depopulation trend of the rural community has been 
aggravated by a decline in the availability of water for farm 

irrigation relative to demand. 

2. The proposed Manuherikia Valley Irrigation Scheme will use 
up to 70% of the annual water yield of the Manuherikia catchment 

through a greatly enlarged storage reservoir. 

3. The proposed irrigation scheme will result in much increased 

agricultural activity, a more diversified community structure and 
a higher standard of social services. 

4. The proposed irrigation scheme is subject to the alienation 
of private water rights in favour of the Crown. 

5. The period of maximum flows partly coincides with down
valley requirements. The rate of replacement of water from March 
to October will determine whether the following season's 

requirements will be met. 

6. The possibility of a run of dry years giving rise to 
shortfalls in water supply will stress the irrigation system, 

making restrictions in irrigation supplies and residual flows 
necessary. 

MINING 

1. Approximately 500 million tonnes of lignite are recoverable 

from the Hawkdun lignite field within the study area. 

2. Mining operations will require the complete diversion of the 

Upper Manuherikia River and the Mt Ida water race. 

3. Lignite may be mined at the rate of 30 000 tonnes per day by 
the use of large bucket-wheel excavators and conveyor-spreader 
systems. 
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4. There is a risk of water contamination from mining 

activities through the presence of dust and uncontrolled runoff 
from dumps. 

5. Groundwater from dewatering of the mine site is not likely 
to add substantially to the surface water resource for irrigation 
and lignite processing. 

PROCESSING 

1. Methanol is considered to be the most efficient option for 
lignite processing. 

2. Methanol processed from Hawkdun lignite can be used as a 
transport fuel that would provide half of New Zealand's total 
annual transport fuel requirements. 

3. Methanol may be processed from wood following the mining of 
lignite. 

4. The processing plant complex will take up to 3 000 ha from 

pastoral use for 30 years. 

5. Great changes to the local economy and social structure will 

take place if lignite is mined and processed in the study area. 

6. Lignite mining and processing may significantly affect the 
availability of water for down-valley irrigation. 

7. Liquid wastes from lignite processing may adversely affect 
water quality, depending on the conditions of water treatment 
that are imposed. 

RECREATION 

1. Activities pursued are similar to those of other high 
country areas. 

2. Most recreational activities are of local significance only. 

3. Main interests are: historic sites, landscape, water 
recreation, fishing, hunting, camping and horse-racing. 
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RESERVES 

There is potential for three scientific reserves in the 
study area. These could form part of a network of reserves 

preserving representative samples of all classes of natural 
ecosystems and landscapes. 
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APPENDIX A: CLIMATE 

1. INTRODUCTION 

New Zealand lies in a zone of disturbed westerlies, with 

anticyclones, cold fronts and depressions being regular 

occurrences. The influence of these features on the climate of 

Central Otago is modified by two factors: (i) its position 

relative to the Southern Alps; and (ii) its inland nature. As a 

result, Central Otago experiences a dry climate, being sheltered 

very effectively from the rain bearing winds and extremes of 

temperature. The sheltered nature of Central Otago is also 

reflected in high sunshine and frost levels (Maunder, 1965). 

2. ELEMENTS OF THE CLIMATE 
2.1 Data 

The study area does not contain any climate stations. The 

closest are at Naseby on the northern Maniototo plain, Alexandra 

and Ophir in the lower Manuherikia valley, and at Tara Hills in 

the Waitaki basin. Rainfall stations are greater in number, with 

coverage in the Manuherikia valley as far as St Bathans and Falls 

Dam. 

The lack of a climate station in the study area reduces the 

detail and accuracy of climatic information available, although a 

reasonable picture can be obtained from existing stations. 

Naseby most closely reflects the climate of the study area, 

having a similar elevation and aspect. Work by Mark (1965) on 

the Old Man Range has been used to give some insight into the 

climatic patterns at higher altitudes. 

Summary climate observations to 1970 for the above four 

climate stations are attached. 

2.2 Precipitation 

Central Otago is characteristically dry, having the lowest 

mean annual rainfall in New Zealand. Mean annual rainfall 

statistics for the rainfall stations in the Manuherikia valley 

are presented in Table 1. This shows that precipitation 

increases with altitude along the length of the valley. 
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Precipitation also increases up the valley sides, reaching 

approximately 1 500 m on the higher slopes of the St Bathans and 

Hawkdun Ranges. 

TABLE 1: Mean annual rainfall for stations in the Manuherikia 

valley. 

Station 

Alexandra 

Galloway 

Ophir 

Becks 

Matakanui 

Lauder No. 

Lauder No. 2 

Cambrian 

Manuherikia Dam 

St Bathans 

Elevatio\l 
\metres) 

138 

300 

375 

390 

495 

540 

Observation 
Period 

1941-70 
1921-50 
1941-70 
1921-70 
1921-50 
1921-50 
1921-50 
1921-50 
1921-50 
1921-50 

SOURCE: Maunder, 1965; NZ Meteorological Service, 1973. 

339 
368 
420 
432 
462 
498 
574 
686 

747 
790 

The wettest months occur in early spring and summer, whereas 

June, July and August are the driest months. The winter minimum 

may not occur above approximately 900 m because of heavy winter 

snowfall (Mark, 1965). 
A feature of Central Otago rainfall is its variability. At 

Naseby the maximum annual rainfall recorded has been 

approximately 46 percent above the average, with the lowest 

annual rainfall being 38 :percent below the average. The lowest 

annual totals occur down the valley toward Alexandra, e.g., at 

Alexandra the lowest recorded rainfall is 211 mm. 

Rainfall can also be very variable within a year. At Naseby 

a maximum monthly rainfall amounting to 52 :percent of the average 

annual rainfall has been recorded. Very low monthly rainfalls 

occur frequently with some months having no rainfall, especially 

in the lower Manuherikia valley. 

192 



Snow becomes an increasingly important component of 

precipitation the further up the valley. Snow lies on the ground 
for up to two months every year in the Hawkdun/Home Hills area. 
Mark (1965) found that the duration of continuous snow cover 

increased noticeably with altitude, but especially between 900m 

and 1 200 m. At Naseby snow has been observed in all months. 
From the mid 1800s there have been twenty severe snowstorms in 

the Otago area, the most recent occurring in 1939, 1943 and 1965 
(Burrows, 1976). 

2.3 Temperature 

The main feature of the temperatures experienced in Central 
Otago is their extremes. The climate summaries show the highest 

and lowest monthly and annual temperatures. At Naseby the 

highest maximum recorded is 34.1oc while the lowest minimum is 

-15°c. The mean annual range is 40°c, from -10.7°c to 29.3°c. 

The mean temperature in the coldest month, July, is 1.6°C, while 
in the warmest month, January, it is 13.4oc. The mean daily 

range of temperatures extend from 9.6°C in winter to 14.0°c in 
summer. The ranges of temperature experienced in Central Otago 
are some of the highest recorded in New Zealand. 

Mark (1965) found that monthly maxima tend to decrease by up 
to s.soc for each 300 m increase in altitude. Air minima tended 

to decrease by up to 7.2oc for each 300 m increase in altitude. 
However, lower valley floor sites frequently experience lower air 

temperature minima than those on the lower and mid slopes. Cold 
air drainage probably explains this inversion. The temperature 
lapse rate varies with altitude and season, and tends to be 
greater at higher altitudes. 

Temperature is important in determining the length of the 
growing season, which is defined as the period when mean monthly 

temperature is above 1ooc. The approximate duration of the 

growing season at various elevations in the study area is 
presented in Table 2. From this it is clear that the growing 
season in the study area is relatively short. 
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TABLE 2: Approximate duration of the growing season in the study 

area. 

Elt~~tion 

700 
900 

100 
300 
500+ 

2.4 Soil Temperature 

Gror~g~t~~~son 

4.5-5 
3.5-4 
2-2.5 
1-1 • 5 

Mark (1965) found marked gradients in soil temperature 
maxima associated with differences in al ti tu de and season. The 

greatest range occurred at lower altitudes. Monthly minima were 
less variable and on upper slopes tended to remain high relative 

to air temperature. The insulation effect of snow probably 
accounts for this. 

2.5 Evaporation and Soil Moisture 

The high summer temperatures and the marked summer 

concentration of rainfall accentuate dryness, as the rainfall 

occurs when temperature, insulation and evaporation are all high. 
These factors result in considerable soil moisture deficiencies. 

The climate summaries show average monthly soil moisture 

deficits. The small excess of rainfall over evapotranspirat ion 

in the winter provides a small amount of soil moisture storage 
which, on average, is depleted by the beginning of October. From 
October to the end of April, soil moisture deficiency generally 
occurs. Table 3 shows the proportion of time with soil 
moisture deficits. A high proportion of years, even in the study 
area, experience soil moisture deficits. 

Mark (1965) found an altitudinal gradient in the 

availability of soil moisture. At altitudes between 600 m and 

800 m, soil moisture fluctuated between field capacity and 

permanent wilting point. Above 800 m soil moisture was generally 

more freely available. For the study area, soil moisture is 
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usually below field capacity for three months of the year and 

below wilting point for one month of the year, but marked 

variations occur at different altitudes and between soil sets. 

TABLE 3: SOIL WATER DEFICITS 

Station 

Nase by 

Ophir 

Alexandra 

Length of Record 
Years 

40 

39 
40 

SOURCE: Fitzharris, 1979 

2.6 Sunshine 

% of Years 
With Deficit 

90 

100 

100 

%_ of Years With 
Deficit for at 
Least 3 Consecu

tive Months 

68 

95 
100 

Sunshine hours are relatively high. Alexandra experiences 

2 073 hours/year, while Tara Hills experiences 2 080 hours/year. 

The study area is at a higher altitude than these stations so 

will have slightly lower sunshine hours. 

2.7 Frosts 

Ground frost is extremely common in the winter months in 

Central Otago. Naseby experiences an average of 170 days/year 

with ground frost and 134.3 days/year with screen frost. As the 

study area is at a higher elevation than this station, even more 

days of frost would be expected. At Naseby both ground and 

screen frost can occur in any month. The frostiest months are 

June, July and August, while the least frosty are January and 

February. 

2.8 Wind 

The prevailing winds are from the north-east and south. 

However, strong, gusty north-west winds can be channelled down 
the valley. 
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TABLE 4: Summary climate observations to 1974 

RAINFAll. MllllMETRES 
MIG~ESl MONTHlY/AHNUAl fOTAl 
llOP"A l 
l0~t5T MOkT~lY/ANNU-l TOTAL 

AVE•AG£ NUMBER OF DAYS WITH RAIN 
1.0 MILLIMETRES OR MOR! 

MAXIMU~ 1•DAY RAINFAll MM, 

TE~PERATURE, DfGREES CFLSIUS 
MHHE~T MUlMUM 
MFAN MOHT~lY/AHNUAl MAXIMUM 
MEAN DAILY MAXIMUM 

NORM Al 

MEAN DAILY MINIMUM 
MEAN MONTHLY/ANNUAL MINIMUM 
LOWEST M!NIMUl'I 

MEAN DAILY RANGE 

~fAN DAILY GRASS l'llNIMUH 

DAYS WITH FROST 
GROUND FROST AVERAGE 
FROST IN SCREEN AVERAGE 

RflATJVE HUMIDITY (%) 
A\ERAGE AT 9 A.M, 

V-POUR •RESSU~E (MIS) 
AVE~AGE AT 9 A,M, 

SPECIAL PHEHO,..ENA 
AVE AGE NO. Of DAYS WITH SHOW 
AYE AGE NO. OF DAYS WITH HAil 
AVE AGE NO. OF DAYS WITH THUNDER 

149591 TARA HlllS,OMAR-MA 

RA!Nf ~ll, MILLIMETRES 
HIGHEST MO~THLY/AHNUAl TOTAL 
NORM Al 
LOWEST MONTHLY/ANNUAL TOTAL 

AVE~AGE NUM8ER OF DAYS W!T" RAIN 
1,0 MlllIMETRES OR MORE 

MAXIMUM 1•DAY RAINFALL HH, 

ESTJHAleD WATER !AlANCE 
AVERAGE RUNOFF (MM) 
AVERAGE DEFICIT (MM) 

TEMPERATURE. DEGREES CELSIUS 
KIGliEST MUIMU"' 
MEA~ MO~T~lY/AN~UAL MAXIMUM 
MEAN DAILY MAXIMUM 

NO AMAL 

MEAN DAllY MINIMUM 
MEAN MONT"LYIANNUAl MINIMUM 
LOWEST MINIMUM 

MEAN DAILY RANGE 

MEAN DAILY GRASS MINIMUM 

DAYS WITH FROST 
GROUND FAOST AVERAGE 
FROST IN SCREEN AVERAGE 

EARTH TEMPERATURES CDEGREES C) 
AVERAGE AT 0.10 METRES 
AVERAGE AT 0.30 HtTRES 

RELATIVE HUMIDITY (%) 
AVERAGE AT 9 A,M, 

VAPOUR PRES~URE (MBS> 
AVERAGE AT 9 A,M, 

WIND 
~AILY Wl~O RUN (KllOHETR[S) 

SPECIAL PHENOMfNA 
AVERAGE NO. OF DAYS WITH SNOW 
AVERAGE NO. OF DAYS Wl\H HAil 
AVERAGE HO. Of DAYS WITH THUNDER 

1923-1970 
1941•1970 
1923•1970 

19h-1970 
1954-1970 

1930-1970 
1930-1970 
1923-'970 

1931-1960 

1923•1970 
1930·1970 
1930-1970 

1923·1970 

1936-1970 

1936•1970 
192J•1970 

LAT. 45 1S lONG. ''lO 6E HT, 610 M. 

JAN FEB MAR APR HAY JUN JUL AUG ~[p OCT NOV ore YE~R 

182 
74 
14 

8 
55 

173 
61 

9 

7 
43 

8 7 
56 S1 

H6 
46 ,, 

8 
39 

105 
38 

2 

6 
25 

68 
B 

0 

7 
32 

106 
30 

5 

6 
24 

116 H5 
38 H 

6 6 

6 7 
34 50 

9 
31 

142 
H 

1 

8 
311 

34.1 31.4 29.8 26,8 21.1 ,7,8 15.8 18.9 21.1 25.0 28.9 31.7 
28.2 27,8 25.6 21.2 17.2 13.2 12.6 14.9 18.1 21.7 23.9 26.5 
20.4 20.3 18.2 14.6 10.3 7.0 6.3 8.6 12.0 14.9 16.9 19.1 

13,4 13.3 11.5 8,5 5.0 2.3 1.6 3.3 6.0 8.5 10.4 12.3 

All 
56 

:54.1 
29. 3 
H,1 

8.0 

6,4 6.3 4.6 2.3 -o.s -2.6 -3.4 -2.1 o.o 2., 3.7 5.5 1.9 
-0.1 -o.6 -1.1 -3.5 -6.4 -a.s-10.0 -8.3 -5.7 -4.2 -2.s -1.2 -10.1 
•3.9 •3.6 ·3.9 -S,4·11.8•13.9-15.0-12.6·11.1 •8.3 -6.1 -4.9 -15.0 

14,0 14.0 13.6 12.l 10.8 . 9.6 9.7 10.7 12.0 12.8 13.2 13.6 12.2 

4.6 4,Z 2.7 •0.1 •2.8 ·4.8 •5.8 -4.3 •2.2 •0.1 1.8 3.5 -o.3 

2.8 3,0 6.6 14,1 21.3 2S.5 27.0 24.7 19,4 14,0 7.7 3.9 170.0 
1.1 1.1 3.4 8,6 17.8 23.2 25.4 22.4 15,9 9.2 4.3 1.9 134.3 

67 76 79 81 81 83 76 10 66 64 66 

1954-1970 11,3 11.1 10.5 8,6 6,5 5.4 S.1 S.6 6,8 8.1 8.8 10.5 8.2 

1954-1970 
1954-1970 
1954-1970 

1949-1970 
1941-1970 
1949-1970 

1949-1970 
1949-1970 

1950-1970 
1950-1970 

1949-1970 
1949-1970 
1949-1970 

1931·19t.O 

1949-1970 
1949-1970 
1949-1970 

1949-1970 

1949-1970 

1949-1970 
1949-1970 

1949-1970 
1949-1970 

1949-1970 

1949-1970 

1949-1970 

1949-1970 
1949-1970 
,04Q-1970 

197 

0,1 0.1 0.1 0,8 2.1 2.8 
0.1 0.1 0,1 0.2 
0.6 o.z 0.2 

3,4 2.7 1.7 1,4 0.9 0.3 
0.1 0.3 0.3 0.1 

0.1 0.1 0.2 J.9 

16.4 
, • 3 
2.3 

LAT, 44 3?5 LONG, 169 54E HT, 488 M, 

JAN FEI MAR APR MAY JUN JUL AUG SEP CCT NOV DEC YEAR 

136 133 120 154 
64 56 53 43 
18 5 7 3 

6 6 7 6 
87 47 29 66 

3 
36 ]3 25 

3 
'5 

115 
41 

1 

7 
52 

91 
30 

3 

5 
31 

88 
28 

7 

s 
39 

18 

130 
30 

5 

6 
49 

20 

204 110 
36 48 

3 2 

6 7 
S3 42 

10 
3 

137 
48 
11 

7 
45 

) 
, 3 

148 
56 

7 

7 
S! 

3 
33 

34.4 32.4 30.0 27.2 20.6 17.2 15.2 19.2 21.0 26.4 29.7 32.3 
30.4 2~.4 27.1 2i.2 17.6 14.0 12.7 15.2 19,2 23.4 25.1 28.6 
23.0 22.7 19.8 15,8 10.8 7.4 6.3 9.3 13.4 16.7 18.7 21.l 

15.7 15,4 12.7 9.3 5.2 2.3 1.3 3.7 6.7 9,6 12.0 14.1 

770 
53~ 

391 

75 
ll7 

34.4 
31. 4 
1 5. 4 

9.0 

8.6 8.4 6.8 3.2 0.1 -2.6 -3.8 -1.8 0.7 3.1 5.1 7.3 2.9 
2.3 1,7 -0.2 •3,3 •6.0 -7.8 -9.0 -6.6 •4.8 -2.8 •1.3 C.7 -9.S 

-0.2 -1.7 -4.1 -6.1 -9.4-11.2-17.9-10.8 -8.2 -5.6 -4.2 -1.7 -17.9 

14,4 14,3 13.0 12,6 10.7 10,0 10.1 11,1 12,7 13.6 13.6 14.0 12.S 

6,6 6,4 4,9 1.0 •2.0 ·4.8 -S.6 •3.8 ·1.6 0.6 2.7 5.4 0.11 

0.7 0.6 3.0 11,3 20.1 26,5 28.9 26.6 19.S 12.8 5.' 1.9 157.3 
0.1 0.2 1.3 6.6 15.3 23.S 27.1 22,9 13,3 6.2 2.4 0.4 119.~ 

16,7 15.8 12.8 8.3 3.9 1.1 0.2 1.8 4.8 9.2 12.9 15.9 ~.6 
18.4 17.8 15.2 10,8 6.2 2.9 1.6 3,1 6.3 10.3 13.7 16.6 10.2 

59 63 70 75 83 84 83 71 62 . '58 58 71 

10.6 10,9 10.2 8,3 6.6 5.3 S.1 5.9 6,9 7.8 8.5 9.7 8.0 

304 

0.1 
0.1 
1 .1 

282 

0.1 

0.4 

246 

0.3 0., 
0.5 

230 

0,6 
0 .1 
0,4 

SOURCE: 
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1. 0 

0.2 

180 

2, 1 
0.1 o., 

167 

it'. 3 
0.1 

182 

, • 2 

0.1 

"3 
0.1 
0.4 

2115 315 
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TABLE 4: Summary climate observations to 1974 Continued. 

l<AllHAll. Hlll!IHTHS 
HIGHEST HO~THLY/ANNUAL TOTAL 
l!OR1'1Al 
LOWEST HOHTMLY/AHNUAl tOTAl 

AVtltAC.E N!JM8Ell OF ~AVS WITH '-AIH 
1.11 1'11lllMfTP.ES OR MORE 

HAXIMUH 1•DAY RAINFALL MM. 

ESTIMATED WATEP BALA~CE 
Allfl!AGE DEFICIT IMIO 

TEMPERATURE. OfGREES CEtsrus 
HIGHEST HAXIMU>I 
HEAN HONTHLY/ANWUAL MAXIMUM 
MEAN ~AILY MAXIMUM 

~EAN OATLY HINIMUH 
MEAN MONTHLY/ANllUH MINIMUJll 
LOWEST MllllMUH 

MEAt.i DAILY U.llGE 

MEAH DAILY GRASS MINIMUM 

OHS lllTH FROST 
G~OUND FROST AVERAGE 
FROST IN SCREEN AVfllAGE 

EOTH TEMPEr>ATURB (tEGRHS C) 
AVERAGE Al 0.10 MEfRES 
AVERAGF. AT 0.30 HF.T~ES 
AVERAGE AT 0.91 METRES 

RflATIVE HUMIDITY Cl) 
AVERAGE AT 9 A.H. 

VAPOUR PRESSURF (~BS) 

AVERAGE •T 9 A.H. 

SU'ISHl'\E. HOURS 
HIGHEST 

AVERAGE 
1' OF POSSIBLE 

LOWEST 

WIND 
DAILY WINO RUN Cr.ILOHETRES) 

SPECIAL PH~NOMENA 

AVERAGE NO, OF DAYS WITH SNOW 
AVERAGE NO; OF DAYS WITH HAIL 
AVERAGE NO. OF DAYS WITH THUNDER 

1922-1970° 
1941-1970 
192 2-1970• 

1928-1970 
1928-1970 

1929-1970 

1928-1970 
1928-1970 
1929.:1970 

LAT, 45 165 LONG. 169 23E HT. 141 M. 

JAN Ff8 MAR APR MAY JUN JUL AUG SEP OCT NOV OEC Yf AR 

96 137 
46 38 

8 2 

6 5 
58 45 

53 S3 

103 
311 

2 

6 
36 

90 
28 
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6 
39 

15 

68 
28 

2 

s 
26 

S5 
20 

2 

5 
26 

S7 
15 

1 

4 
29 

53 
1S 

0 

4 
20 

63 
20 

3 

4 
!14 

93 
28 , 

5 
so 

96 
33 

5 

6 
41 

13 41 

70 
JO 

1 

6 
3S 

66 

37.2 33.7 32.1 27.7 23.1 19.8 19.9 ?0.3 ??.6 27.8 31.7 33.4 
31.2 30.3 28.4 23,7 19.1 15.1 14.8 16.9 20.6 24.3 27.1 29.5 
23.1 23.0 20.8 16,7 11.6 7.9 7.2 11.1 14.11 17.A 19,9 22.1 

496 
B9 
211 

64 
58 

289 

37. 2 
32.0 
16. 3 

1931·1960 16.9 16.7 14.4 10.8 6.2 3.3 2.4 5.3 8.7 11.6 13.8 15.9 10.S 

1929-1970 
1929-1970 
1929-1970 

1929-1970 

1929-1970 

1963•1970 
1963-1970 

1963-1970 
1963-1970 
1963-1970 

1963-1970 

1963-1970 

1935-1970 

1935-1970 
1935-1970 

1935-1970 

1963-1970 

1928-1970 
1928-1970 
1928-1970 

10.7 10.3 11.2 4.7 0.8 -1.~ -2;2 -0.6 2.4 5.3 7.5 
4.4 3.8 1.1 -1.6 -5.2 -6.2 -1.2 -5.o -3.2 -o.8 o.9 
1.4 0.7 -0.8 -4.6 -1:1-10.0-11.7 -8.4 -5.6 -3.4 -1.8 

9.8 4.6 
3.4 -7.7 
0 .6 -11. 7 

1Z.4 12.7 12.6 12.0 10.8 9.2 9.4 11.7 12.4 12.5 12.4 12.3 11.7 

6.9 6.6 4.4 1.0 -2.6 -4.1 -5.0 -4.0 -1.8 0.9 3.2 6.1 1.0 

1.0 2.4 2.3 11.6 ,5.6 25.1 27.3 2S.O 17.4 10,6 6.1 2.5 146.9 
2.0 10.1 21.3 25.1 15.4 5.2 1.6 0.4 81.1 

16.3 15.4 13.1 8.6 4.7 1.9 
17.5 17,6 15.6 11.8 7.4 4.? 
16.4 17.0 16.2 13.9 10.6 7.5 

1.3 2.7 
3.1 4.8 
5. 7 6 .1 

63 66 74 78 85 90 9, 84 

5.9 9.5 12.t. 15.7 
7.9 11.2 13.7 16.4 
7.9 10.4 12.8 15.1 

n 62 57 59 

9.0 
10. 0 

11. 6 

74 

11.1 11.1 10.6 9.0 6.8 6.0 5.5 6.1 7.2 8.2 9.2 10.7 8.S 

284 246 232 198 1811 131 141 185 208 254 287 294 2343 

232 200 192 154 123 99 107 151 172 20~ 210 227 ?073 
so 51 51 48 43 311 39 49 50 ~1 48 J,7 48 

•66 139 146 116 79 

169 172 

0.2 0,1 
0 .6 o. 5 

145 116 

0.1 
0.1 0.1 

85 

o. 5 
0.1 

76 

1 .1 
0.1 

72 110 122 163 154• 162 1862 

63 89 

1.4 0.6 
0.1 

114 185 200 217 

0.4 0.3 0.1 
0.1 0.2 0.3 

0.41 0.6 0.5 

136 

4. 4 
1.3 
2.6 

• includes observations from rainfall station 

RAINF•LL. MllllHETR£S 
HIGHEST MONTKLY/AHNUAl TOTAL 
!iORMAL 
LOWEST MOllTHLY/ANNUAl TOTAL 

AVERAGE NUMeER OF DAYS WITH RAIN 
1.0 MILLIMETRES OR MORE 

MAXIMUM 1•0AY RAINFALL MM. 

ESTIMATED WATER BALANCE 
AVERAGE RUNOFF <MM) 
AVERAGE DEFICIT (MM) 

TEMPERATURE. DEGREES CELSIUS 
HIGKEST MAXIMUM 
MEAN MONTHlY/ANWU~L MA~IMU" 
l'iEAN DAllY MAXll'.UH 

MEAN DltlY Ml~IMUM 
"EAN HONTKlY/ANkU&L MINIMUM 
LOWEST MINIMUi'I 

MEAN DAILY RANGE 

MEAN OAltY GRASS MINIMUM 

DAYS ll!TI! FROST 
'ROUND fROST AVERAGE 
FROST IN SC~fEN AVE-AGE 

PHATIVE ~U~IDTTY <'1.l 
AVERAGE AT 9 ~.M. 

VAPOUR PRESSUPE (MftS) 
AVEAAGf l.T 9 A ,'4. 

SPECIAL P~~NO~tNA 
AVf.-AGE ~O. OJ i~y~ WITH SNOW 
AVf~HE NO. C'~ UH l!ITK tlAH 
AV(~AGf NO. Of hAVS ~lTH lHU~D(R 

1924-1970 
1941-1970 
1924-1970 

1924-1970 
1924-1970 

1924-1971 
1924-1971 

1930-1970 
1930-1970 
1925-1970 

LAT. 45 75 LONG. 169 37E HT. 305 M. 

JAN FU MU AP~ MAY JUN JUL AUG SEP OCT llOV DEC YEAR 

107 140 
53 43 
12 5 

6 6 
54 43 

123 
48 

2 

6 
54 

46 46 25 

103 
30 

0 

6 
so 

83 
30 
10 

6 
35 

76 
25 

0 

52 
18 

1 

s 
20 

46 
20 

2 

4 
22 

94 
28 

0 

5 
33 

133 
41 

1 

6 
49 

, 10 116 
38 46 

6 0 

" 7 
42 58 

41 

35.2 :n.2 31.6 26.8 22.0 19.6 16.8 20.4 25.4 26.6 31.0 h.4 
30,4 29.5 27.1 22.9 18.5 14.11 13.7 16.2 19.7 23.3 25.8 28.5 
22.8 22.5 20.1 16.2 11.1 7,4 6.8 10.4 13.9 16.8 1Y.O 21.5 

560 
420 
281 

68 
~8 

19 
202 

35.2 
31. 5 
15,7 

1931-1960 15.6 15.2 12.9 9.4 5.0 2.1 1.2 4.11 7,3 10.'1 1?.4 14.6 9.? 

1925-1970 
1930-1970 
1930-1970 

a.a a.4 6.3 3.o -o.9 -3.1 -3.7 -2.0 1.0 3.8 s.1 1.8 2.9 
1.3 o.8 -1.3 -4.4 -7.5 -8.9-10.0 -8.1 -5.9 -3.4 -L3 o.5 -10.1 

-2.2 -1.7 -5.6 -7.11-11.1-11.7·19.7•12.8-10.6 -6.9 -5.7 -2.2 -19.7 

1925-1970 14.0 14.1 13.8 13.2 12.0 10.~ 10.5 12.4 12.9 13.0 13.3 13.7 12,8 

1930-1970 

1926-1970 
192'•1970 

1928•1970 

4.7 4.3 2.2 -o.9 -4.4 -6.4 -7.3 -6.o -3.3 -o.6 1.2 3.6 -1.1 

4.0 4.7 9.4 15.l 23.1 27.1 27.8 26.8 20.2 14.& 10.5 6.0 189,7 
0.2 o.3 2.4 a,9 18.6 z4,1 26.2 21.4 13.4 6.2 2.8 o.6 12s.1 

62 6!1 72 76 81 86 86 78 68 63 60 61 

192a-197o 11.1 11.3 1n.4 8.4 6.4 5.5 5.2 s.a 6.8 a.1 9,2 10.6 8.2 

1925-1970 
19B·1970 
1925·1970 

0 .1 
0.5 

0 .1 o. 2 
0. 4 0.1 
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APPENDIX B: SOILS 

1. SOILS MATRIX 

The importance of the soil resource is well explained in 

"Soil: our productive and renewable resource" (Leamy, M., 
Leslie, D., 1980): " ••• primary need is to obtain comprehensive 
data about our land resources, to correctly interpret the data 
for a variety of land uses and to use the interpretation to 
reveal options for use" (p.86). These use options are defined 
within each scenario. 

An interpretation of the soils for agriculture and forestry 
is given in Table 1. 

2. SOILS AND THEIR CHARACTERISTICS 

The following information on soils and their related 

characteristics are taken from the General Survey of the Soils of 

the South Island (DSIR, 1968). 

The spectrum of soil groups identified, as classified by the 

genetic classification of Soils of New Zealand, ranges from the 

Yellow-Grey Earths (YGE) of the semi-arid zone to the High 

Country Steepland Yellow-Brown Earths (YBE) of the humid zone. 
The recent soils are characterised by the river flats of the 

humid zone. Soil properties are given in Table 2 and shown on 
the soils map (Figure 1 ) . 
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SOIL LEGEND 

Yellow-Grey Earth (YGE) 
Dry - subhygrous - on terraces and fans 

Struan 

Dry hygrous 

Oturahua 

- on rolling lands and hills 

Tiroiti 

Tiroiti hill 

- on related steepland soil 
Omarama 

- on rolling lands and hills 
Nase by 

- on steeplands and hills 

Tengawai hill 

Upland ~ High Country Yellow-Brown Earth (YBE) 
Hygrous - on rolling lands and hills 

Recent Soils 
Hygrous 

Cass 
Kirkliston 

- on steeplands and hills 
Kaikoura 

- on floodplains and young fans 

Tasman 
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FIGURE l Soils of the Study Area 

;~:'.~·~\).', Struan soils (6b) 

~~ . .:::.;;.::.;;:: Oturehua soi ls ( 6c) 
~U=V~i:·~~rn Ti roi ti soils ( 8c) 

lt::m::P:l:tlt! Ti roiti Hills soils (8cH) 

Blackstone soiis (9) 

Meyer Hill soils (9aH) 

Omara ma Steepland soils (1 

Naseby soi Is ( 23 f) 

Tengawai Steepland soils(2 

........ Tengawai Hill soils (24aH) 
·:::::::::::::: Cass soils (53) 
·,'!~a~~~~;:t,:,. 
Y.)~;<'{:~!~ Cass H ii l soi Is ( 53 H) 

Kirk!iston Hill soils (SSaH) 

Kaikoura Steepland soils (57) 

~~~ Eweburn soils (94a) 
§ Tasman soils (99) 
.___ _ _, Alpine Steepland soils (100) 

- - - Study area boundary 

--------·- Idaburn Catchment boundary 

-, 
\ 

l 
\' 

\ 

' \ SOILS 
\ 
\ 
\ 
\ 
\ 
I 
I 
\ 
\ 
\ 
\ 
I 
\ 

' ', 
I 
\ 
\ 

' ' \ ~ 

Sources New Zealand OSTR 1965 Sotl Bureau Bulletin 27 
Ministry of Work & Development 1977 Land Inventory Worksheets 
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N 
0 
w 

soil 
Unit 

8c 
Tiroiti 
24a 
•rengawai 
St soils 
24H 
'I'engawai 
Hill Soila 

57 
Y.a i.koura. 
stecpla.nd 

lOa 
omarama 
st.eepland 

SSH 
.Kir kl istx:ln 
Hill 

53 
Cass 

23f 
Naseby 

Ge 
Oturehua 

94a 
E'.11et.urn 
Soils 

9 
Blackstone 
soils 

6:::. 
s trub.n S:>ils 

51 ii 
Cass I-till 

99 
';'as:nan 

«:,.l:t 
Xcycr Hil.l 
:.;oils 

- ~--

Soil 
Area 
(ha) 

1592 

1779 

3045 

14680 

2372 

2692 

3818 

2913 

5099 

304 

457 

457 

1357 

3258 
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Soil Altitude Land form 
Classification {m) Description 

Lowland YGE 1680 easy to strongly 
rolling 

YGE 1680 steep 

Lowland YGE 1680 Moderately steep 

Upland and 1600 steep to very steep 
high country 
YBE 

Lowland YGE 1360-1600 steep 
sides 

Upland and 1000 moderately steep 
highcountry 
YBE 

Upland and 800 rolling morraine 
High Ce>untry 

YBE 

Lowland YGE 650 flat to gently 
slopinq 

Lowland YGE 525 flat terrace• 

recent 600-2300 flood plalina 

YGE 600-2500 rolling 

YGE 700-2000 terraces 

Upland and 900 ·Moderately steep 
High country 
YBE 

Upland and 600 Flat to gently 
High Country sloping 
'/BS 

YGE 200-1600 ~od~rately steep 
hills 

Vegetation Structure 
{texture) Topsoi.1 Depth to 

SubS> il Can: 

silver/f escue fescue crumb 24.5 
grassland (silt loam} fine 20 
fescue/silver tussock granular 
gra~sland (silt i~; 

Fescue/silver tussock crwnb to 17.0 
grassland (silt loam) nutty 

snow tussock crumb <12 
grassland (silt loam) nutty 

f escue tussock crumb <=12 
grassland (silt loam) 

snow tussock grassland nutty 15.0 
(silt loam) 

snow fescue tussock crumb/ 29.0 
grassland (silt loam) granular 

f escue tussock grass• crumb/ 29.0 
land (ail t loam) nutty 

fescue/silver tussock crumb 19.0 
qrassland 

fescue,silver tussock 
grassland (silt loam) 

fescue/blue tussock nutty/ 12.S 
grassland (silt loam) crumb 

Fescue tussock crumb/ 29.0 
nutty 

snow/f escue tussock crumb/ 32.0 
grassland (silt loam) granular 

fescue and blue tussock granultx/ 20.0 
grassland and matagouri crumb 
scrub \sandy loam) 

fescue ·tussock cruinb/ 17. 5 
gra~sland (stony loam) nutty 

Subsoil Top 

prismatic -
fine nut.ty s.s 

massive 5.5 
stony 

nutty crumb 5.3 
stony 

blocky 6.6 
stony 

nutty 4.4 
blocky 

crumb/nutty· 5.9 
stony 

blocky 5.6 

primnatic S.l 

blocky/nutty s.s 

nutty/stony 5.9 

nutty/crumb 5.1 
gt:anular 
sil t1 loa.'l\ 

blocky 5.4 

nutty/stony 6.5 

pH 
Sub 

-
5.4 

5.4 

5.4 

6.3 

~-1 

5.8 

S.5 

S.2 

5.6 

s.s 

5.l 

5.1 

6.8 

i-3 
~ 
t.P 
t-1 
tij 

N 

(/) 

0 
r'· 
....... 
en 

0 
Hl 

rt 
::J" 
ct> 

(/) 

rt 
c 
~ 

"<: 

~ 
~ 
ct> 
Al 





APPENDIX C: BIRDS 

Birds of the Upper Manuherikia Valley (from Bull et al, 1978; 
J.M. Neilson, pers. comm.): 

Black fronted tern 

Black billed gull 
Black backed gull 

Black shag 
Little shag 

White faced heron 
Banded dotterel 
Grey duck 
Grey teal 

New Zealand shoveler 
New Zealand scaup 

South Island pied oystercatcher 
Pied stilt 

Paradise shelduck 

Spur winged plover 

Pukeko 
Harrier 

New Zealand falcon 
New Zealand pipit 

Grey warbler 
Fantail 

Black swan 
Canada goose 

Mallard duck 
California quail 

Chukor 
Rock pigeon 

Skylark 

Blackbird 

Songthrush 
Hedge sparrow 

Redpoll 
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Chlidonias hybrida 

Larus bulleri 

Larus dominicanus 

Phalacrocorax carbo 

Phalacrocorax melanoleucos 
Ardea novaehollandiae 

Charadrius bicintus 
Anas superciliosa 

Anas gibberifrons 
Anas rhynchotis 

Aythya novaeseelandiae 
Haematopus ostralegus 

Himantopus himantopus 
Tadorna variegata 

Lobibyx novaehollandiae 

Porphyrio porphyrio 

Circus approximans 

Falco novaeseelandiae 

Anthus novaeseelandiae 
Gerygone igata 

Rhipidura fuliginosa 

Cygnus atratus 

Branta canadensis 
Anas platyrynchos 
Lorphortyx californica 

Alectoris chukar 

Columba livia 
Alauda arvensis 

Turdus merula 
Turdus philomelos 

Prunella modularis 
Acanthis flammea 



Chaffinch 

Goldfinch 
Greenfinch 

Yellowhammer 
Starling 

White backed magpie 
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Fringilla coelebs 

Carduelis carduelis 

Carduelis chloris 
Emberiza citrinella 

Sturnus vulgaris 

Gymnorhina tibicen hypoleuca 



Barrels (bbl) 
Batter 

British thermal 
units {Btu) 

c 
CH30H 
Chevon 
Clastic 

CNG 
co 
Dry hygrous 

Dry subhygrous 

Endothermic 
Exothermic 

Free on board 
(F.o.b.) 

Giga 
Gigajoule (G.J.) 

Gigawatt hour 

(GWh) 

H2 
HCN 

H2s 
Hydrocracking 

Hygrous 

GLOSSARY 

One barrel equals 159 litres 

The cut slope of an openoast mine. 

1 Btu eq_uals 1.06 x 103 joules, or 2.93 x 10- 4 

kilowatt-hours 

Carbon 

Methanol 
Goat meat 

Composed of coarse or fine rock and mineral fragments. 
Compressed natural gas 

Carbon monoxide 

May be below field moisture capacity for up to five 
months; reaches wilting point for a short period only, 
usually less than two months. 

Very low moisture retention; may be below wilting point 
for up to five months. 

Accompanied by the absorption of heat. 

Accompanied by the evolution of heat. 

Free on board at some location, e.g., F.o.b. Lyttelton. 

The invoice price includes delivery at seller's 

expense to that location, where title to the goods 

usually passes to the buyer. 

1 o9 

109 joules. A gigajoule is approximately the 
energy used in a small car tank full of petrol. 

One gigawatt hour equals 10 6 kilowatt-hours. 

Hydrogen 
Hydrogen cyanide 

Hydrogen sulphide 
Adding heat and pressure to separate oil into its 

different product fractions, for example: diesel, 

petrol, tar. 

Moderate water retention; may be below field capacity 
for less than three months and above wilting point 

for most of the year. 
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Indicated 

Inferred 

A category of mineral reserves in which the quantity 
and quality are approximately known through the 

projection of measurements for a reasonable distance 
on the basis of geological evidence. Synonym "probable". 
A category of mineral reserves in which the quantity 
and quality are estimated only on the basis of existing 

knowledge of the geological character of the mineral 
deposit. Synonym "possible". 

Interburden Beds of soil and rock between lignite seams requiring 
removal during lignite mining. 

Internal rate The rate of discount that will equate the present value 

of return (I.R.R.) of the anticipated inflows with that of the anti0ipated 

outflows. That is, the rate of discount at which the 

Joule (J) 

Kilo 
Kilowatt hour 

(KWh) 
L.P.G. 

Mega 
Megawatt (MW) 

N2 
Net present value 

(N.P.V.) 

NOX 
O.D.T.(P.D.) 

N.P.V. is zero. 

The metric unit of energy. 
1 o3 

The industry unit for electrical energy. Where one 
kilowatt-hour equals 3.6 megajoules. 

Liquid petroleum gas 

106 

The most common unit for expressing electrical power, 
and equals one megajoule per second. 

Nitrogen 

The difference between the present value of the net 
cash flows of a project or investment and the initial 
cash outlay. 

Where: 
- "present value" is the value today of an amount to 

be paid or received at some future date. Calculated 

as the future sum discounted at an appropriate rate. 
- "cash flow" is the total cash receipts (inflows) or 

payments (outflows) arising from a given asset or group 

of assets for a given period. Net cash flow is the 

inflows less the outflows. 
Nitrogen oxide 
Oven dried tonnes (per day) 
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Overburden 

Peeler logs 

Peta 
Petajoule (PJ) 

Reserves 

Scf 
Scrubbers 

SOX 
Species diversity 

Species richness 

Tera 

Soil and rock that needs to be removed during opencast. 

mining, so as to gain access to the mineable lignite. 

Logs for veneer and plywood production 
1015 

1015 joules. A petajoule is approximately the 
electrical energy used in a city the size of Napier 

each year. 
A category of mineral resource in which the resource 
is located, and its quantity and quality is known or 
estimated to varying levels of certainly (e.g., 

measured, indicated, inferred). Reserves may or may 
not be recoverable under prevailing technological and 

economic conditions. 
Standard cubic feet. 

These dissolve fumes in water so that the air emerges 
"washed". 

Sulphur oxide 

The number of species compared to ·the total 

number of individuals in a given area.· 

The total number of species. in a given area. 
101 2 
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