Kaitohutohu Kaupapa Rawa

17 March 2009
Reference: 20090058

M M Cosgrove A
Advocates for the Tongariro River Inc . Tk
c/o 12 Wiremu St

TURANGI 3334

Dear Mr Cosgrove

Thank you for your letter which was received on 3 March 2009 concerning an Official
Information Act request. You requested a duplicate copy of a letter Bernie Galvin, then
Secretary to the Treasury, wrote to the Hon Roger Douglas, Minister of Finance, in
1985 about the costs of the various hydro electric generation projects of that period.

Please find attached a copy of the Treasury report, “Review of Electricity Planning and
Electricity Generation Costs” dated 27" March 1985, which we believe is the document
you are referring to. This fully covers the information you requested.

Yours sincerely

Dominic Milicich
for Secretary to the Treasury

1 The Terrace
PO Box 3724
Wellington

New Zealand

tel. 64-4-472 2733
fax. 64-4-473 0982
www.treasury.govt.nz
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27 March 1985 '
The Minister of Finance @:

REVIEW GF ELECTRICITY PLANNIN BE g@v GENERATION COSTS
Introducticn @ B
1 Investment in a Je_,cts Re—pdblic sector forms a significant part of the

&
total capital invest: nNew Z . In 1983/84 $3.0 billion out of an estimated tetal
of $7.68 billion wag_investdd by thase sector. Over the last 30 years the state's share

of capital invest ‘?9 S90S range 30-45 percent. A major part of this investment has

been in pow tal\l% and all truction projects. As a result the Electricity Division
cf the Mi “nergy con s fixed assets of $3.06 billion (March 1983 book value
after deprec :

o}

Nkl
Mdicat%’ M size and capital intensity of the energy sector can be
]

Mm a co n of the above figures and the fixed assets and staff empioyed
er Chaldsnge((excluding its Canadian subsidiary). Fletcher Challenge has fixed

N ea of $905 million and employs 17,300 people; NZE by contrast has
assets\of $3.06 billion and employs 5,700.

b ' :.% size of the capital investment in this field when there is competition
bet e privale and state sectors of the economy for capital means that inefficencies
c of judgement can have a significant effect on New Zealand's long term
p erity. )

ALL COSTS ARE IN $17983, UNLESS OTHERWISE STATED.




©

3 a reliable demand

ini
erRs”were dr
O n Supply%

2

4 This report cavers 1] of the 17 power projects, both hydre and thermal (gas, cil or
coal burning), approved by the Government between 1953 and 1983. Hydro projects .
reviewed include Atiamuri, Tongariro, Upper Waitaki, Manapouri, Aviemore and Benmore:
these were chosen to cover the range of project environments encountered in hydro
construction. The thermal stations reviewed include New Plymouth, Huntly, the t
Marsdens and Whirinaki. The Marsdens provide interesting examples.of the design
build construction alternative available to the Ministry of Energy, tly underarst
mining is also reviewed as an important allied construction projegt. ' tary
on each project, as reflected in Treasury files, is included in the A

S The investigation reveals a less than satisfactory sj i n this a state
investment as regarding the adequacy of advice presented inisters, the inkestigation,
choice, and management of projects, basic precepts of power plannin d the“efficient

administration of state resources.

& The resultant unnecessary expenditure on T r Marsd

nd"Whirinaki alons

is estimated to be $0.8-1.0 billion in constant 1 r's, with a sponding economic
%& value of physical

e nomy for consumpticn

cost of $2.3-3.0 billion. The economic cost e nts
resources that would have otherwise have e@ ailable
or investment. This is equivalent to thed\e dland econo being poorer by $230-300

million constant dollars a year for eve ne

ure a alculation of the econcmic cost
is discussed more fully in paragraphs@

Power Planning :

8 Power planning require

costs from projects under investigaticn;

b best practica 0 i : ¥
(e a method"i ranks pro@ er of lowest economic cost.

9 Un orecasting ture demand was the responsibility of the (then) New
Zealand E ity Department. Since that time this task has been carried out by a
num of mmittewnning which new projects would ba built, and when, rested

11 h the¢¥iais of Works and NZED and after 1957 with Committees whose

m the above Ministries, or their successors, Treasury, Statistics

e j latter part of the period under review demand was consicerably

y the committees which anticipated that the 7-8 percent annual growth

rat mption that characterised the 1950's and &0's would centinue into the 80’s.

Inst a combination of lower economic activity, decline in population growth and to a
rmextent the increasing availability of natural das reduced demand growth to 2-3
ent per annum. ,
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11 The situation that developed is set out in Table |.

TABLE |

p Electricity Demand Forecasting

Year Actual Predicted 10 Over
Consumption Years' Previousl Est iqn
GWh GWhn _

1978779 21,606 28,722 (1969) 35
1979780 - - 21,692 29,381 970) S
1980/81 22,110 30,75 1) 59
1981/82 22,962 32,892 1972) 43
1982/83 24,294 36, (197 52
1983/84 25,850 $3°029) 51
Not until 1978 did the Planning Commitd acknowledge previous forecasts had been
too high. i )
12 For New Zealand the error v ostly esulting in the mothballing of

1
Ririnaki, a pe s~turbine station, being rarely used
2 was to assist in the creation of a

Al
selection, planning and construction of

Marsden B on cornnletion and
since its commissioning. [4o
climate which was not copd)
power prejects,

\C> L A
I Membershj planning ees  changed over +he years in response fo changss in

Departme sAtuctures end respohsibilities:
a ce Review sggés;?;%uiremenfs. This committee had the task of producing estimates of
Ture r demd rship of the CRPR includad:

» 2 Elecirical Supply Authorities, 2 NZED, 1| Department of Statisties, |
ater) | Hinistry of Energy Rescurces.

b” Plapni i{fce on Electric Power Development. This commiitee had the task of deciding how
+ ndpforecast figures preduced by CRPR could best be me+. Initially PCEPD was chaired

¥ Minister of Electricity, later by the Generai Hanager, NZED. |+s members included:

Chairman G.M. NZED, 2 NZED, 2 MWD, 1 Treasury, 3 ESA and later Hinistry of Energy Resources
or | Planning Division MOE.

From 1980 the roles of CRPR or PCEPD were taken over by the Electricity Sector Planning
Commi ttee. )

The ESPC members comprise 4 representatives from +the Electricity Division, 3 from the
Electrical Supply Authorities, 2 MWD, | Mines Division, and | Planning Division (MOE).
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13 Because of this, as this report shows, the cheapest power stations were not built first

and there appears to have been inadequate investigations of projects prior to their -

recommendation: as a result Ministers were not fully informed of the potential for cost
overruns and in some cases were provided with information of uncertain accuracy.

Analysis of Performance

14 In Tabfe 2 calculated unit power costs based on submission those{derived
from actual construction costs are set out for a number of powe ojects. In iFipn
D !
fu

submission and construction costs and commissioning times ar
been calculated using a 10 percent discount rate by discoun e operati

compounding past capital costs, and dividing this sum by th& prasent val of the)stations'
output. An example calculaticn is shown in the Appendix. The flgu%expressed in

constant 1983 dollars.
TABLE é%?
Construction Cost Data POwer Cadts

Power 2xOverrun Factors3

Tk Capital Power
Sub. Cost Cost

Construction Commis&
Cost $m Date
Sub. .Act. Su

ﬂthdro Dams
Atiamuri 183 292 59 11.8 1.6 Lot
Aviemore 417 27 _ 68 A, 0.7 0.7
8znmcere 799 66 6 5.3 3.9 0.8 0.8
The Schemes _
Tongarire®> 1162 71 &5 137210 1.6 2.0
Upper Waitaki 1 58 5.7 A 1.0 1S
Manapouri® 1056 U 980783 -~ 1,9 30 1.8 1.6
Thermal Statiod®
New Plymouthf\\, e 79 e 1.3 2
Huntly Q4T 42 79, 84 3.6 7.4 1.3 2.1
Marsden 204 229 67 %1 = L e 1.1 -
Whiripaki’ 8 76 78 R 0.3 -
Ma;;gq\aﬁy ~182 72 78 8l - - 1.5 -

N $
const ion{and power cosis have been calculated in constant doltiars, using the MWD
n

strugfi ladex, to convert dojlars of a particular year +o $1683 (CC| 2040) . Power
cost calculdhions, inciuding the use of |0 percent discount factors, are set out in +the
Ap i )
3 ve n factor is obtained by dividing the actual cost by the submission cost.
Se changed after initial approval therefore submitted costs and actual costs do not give a

real comparison. How Plymouth's submission cost is taken as that given in a [etter to NZED

) y Preece, Cardew & Rider dated 10 April 1972,
Submission cost based on 1964 and 1973 submission costs with +he project constructed, as

ortgnally envisaged, by [975. 21 . {é/Kwhr refers to Tongariro power costs without downstream
benefits added.

6 The $604m for Manapouri was the es+imate made by Bechtels affer the project was approved and
the contract with Comalco signed. 1977 indicates +he construction completion date, power
generation commenced in 1970. The submission power cost is based on Bechtels originatl
submission expendifure distribution presented to Comalco.

7 Rarely run.

8  Hoihbal led na completion.
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15  Examination of the data in Table 2 indicates:
i consideréblé construction cost overruns'_ on most projects;?
ii  delays in commissioning in 7 out of 11 projects;
iii - considerable electricity cost overruns as a result of (1) én@ |
With the exception of Benmore and Aviemore considerable 'po er Verruns,

order of 70 percent, were incurred on the hydro schemes, (T
Manapouri). In the case of Huntly power station, the cost &\; is likely B

16  The implication of Table 2 for future planni edms\duite SN the absence

100 percent higher than estimated at the time of submissfon ough a _combj
time and capital cost overruns and higher than expected sqal prices.
1

of any drive to counteract the deficiencies se Wothis repdrt Sdrrently predicted

power costs of future stations are likely to be by a about 1.5 with a
follo&g. atlons quoted by the

standard deviation of 0.55. Thus power f

Electricity Sector Planning Committee in 19
Luggate - 8 ¢/kwh
Queensbury i 4 %
Kawarau 6.5
Lower Waitaki 8.7

t

NI Thermal g ;
is likely to cost between S nts ;@ based on historical performance.

Ranking of Proiacts

17 Table 3 sets o@ 1! prafactgin order of their commissioning dates as envisaged
in the project i s at eMhe projects were approved tcgether with the cost
of power est} ng therap ate discounting techniques on the basis of:

a the @vided in the prgject submission at the time of approval;

b g@\e\\aﬁual co;‘,\ts Wzompleted project.

<:> /"Sii\\
(\\> ' ;
The n jon cost overrun factors have a mean of .23 with a standard deviation of 0.36.
g e> O r

factor as calculated, includes the contingency, which is generally of the order
O-13\percent, but may be higher or lower depending on the project.

tectricity cost overrun facter is 1.5 with a standard deviation of 0.55. However, it

imit the overrun factor is i.5 + 1.96%x0.55/ 5= 1.5+ 0.41.

.<:::::> should be noted the data are drawn frem a very small sample. At a 95 percént coafidence
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TABILLE 3
Power Planning and Power Costs
‘ Commissioning Submission Cos Actual Cos!
Station Date as Submitted ¢/kwh ¢/kwh
North Island '
Atiamuri!l 1958 N
Tongarirol2 1971 10.9) 15.721.D

New Plymouth ’ : 1976 ¢5.

3
51
Huntly 1979 3.6 7.4
Rangipo : 1980 2 7.7
South Island , @ @
Benmore
1.
7.8
5.6

Aviemore
Manapouri

- / S8 ojects were not undertaken in a
cheapest-first basis. The actugloutcomes af @ S-Moverruns diverge even further from
schedule nstructien.

I Voo
~N O NV

Upper Waitaki _

Clyde E ;5

It is clear that even on the basis of iSSigra\Q
what would have been the lo& @

The Basis of Fvaluation
18 Onc factor ir i '%Jaluation in the earlier years was & general

reluctance cf p rnissions using costing procedures which used
discounting tech vide the aporopriate information to evaluate projects
with differeptHex s\ During the sixties the use of discount rate techniques
for praojesc g was -gradually developed. This was formalised by a
1971 Cabin iremint that 3ll projects with public sector invelvement be analysed

using Q peregnt discoynt pate. In spite of this requirement, assessments of the relative

cost/pf wer E ays submitted on this basis. Thus we find submission costs
b gecounting @p Lal charges being pressnted up until 1974, In some cases this may
v

or ranking errors. In others it may have resulted in projects being

respoRdible
@: owed wh{'i%:/ d’not have been submitted even on a simple undiscounted analysis but
|

evalugbed (sirig the discount rate technique were considerably more costly than

isting es. Rangipo is a case in point. NZE in its 1973 submission far approval
cf th%l chose to report costs based on accounting capital charges!3. This, as

IQ:ggéi;zggiQ report 7529 July 1957 notes Atiamuri's cost as $298/kw ($1957) commissioning 1959 and

akuri's cost as $186/kw ($1957) comissioning 1951. The Mor+h and South Island transmissijon
systems were linked in 1566 so that Atiamuri and earlier stations are not directly comparable
with subsequent South Island stations. :

12 Originally the Tongariro Power Project Stages | fo V were to be corpleted by 1975, [+ was
claimed to produce 670 Gwh pa in downstream benefits. As noted in +he report these benefits
sppear to have been counted in the cost of +he downstream stations and the cost of the power
from TPD in their absence is given in brackets. The extrs power generated at Atiamuri, for
example, as a result of TPD, is captured in the cos+ of power for that station.

13 However during the Maui gas negotiations in 1971 NZED presented electricity charges calculated
using ‘the 10 percent discount rate. . :
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Treasury argued at the time and as is clearly evident from the following table, did not
provide appropriate information to enable Cabinet to obtain a clear picture of the
economic cost of the alternatives. Thus in the example shown in Table 4 accounting
capital charge costing calculations indicate a 32 percent difference in cost between
Rangipo and the cheapest station while costs based on a 10 percent discount rate indicat
a 97 percent difference in cost between the same two cases.

TABLE 4 | E;\\@

Rangipo Cost Comparisons Based
on Different Estimation Procedupe?

Estimated Cost Comparison Estimatad Cost Compérison

Accounting with ith

Capital Charges Cheapest eapest

e Station Station
¢/kwh % %

Rangipo 4.1 (%:g ) +97.0
Coai-fired Sl 0.0
Oil-fired ) 4.1 b +8.0
Auckland M2 ; 3.3 A8l 0.0

19 Despite the above rankings an
cheapest cost pewer

appropriatzness of the 1
appears still unresolved 4

of the 1968 Electlricity Act that

, Rangipo was approved.!4 The
as a ranking tcol for power projects
istry of Energy with 5 and 10 percent rates

port page 5).

e power plan, this commitfce acknowledges the fairly high cost
: : je but recognises that there are social and technical reasons for the
i inc : Tthal reasons include the use of a seif-replenishing fue! which is
, ther Vol g the problem of escalating fuel costs, the absence of pellution and

the simpli operating and maintenance ... As was mentioned in the 1972 report of

» the establishment and manpower are already in the area and the time is

m
this ¢ { :
Op@ {> proceed with the construction of Rangipo if *hese rescurces are not +o be
loshk. "

% despHc‘ a Cabinet re-affirmation of +the discount rate, the committee was still
rting (i977 Report page 4). .

"in the absence of any new technological development i+ is almost axiomatic to say that
New Zealand's energy strategy must include a policy of developing indigenous;

self-replenishing resources, first, followed by consumable resources to the extent that
these resources can be made available,” ’ ) :




The Economic Cost of these Shortcomings

20  The economic cost is a measure of the benefits the economy has forgone as a result
of the choice of the higher cost alternative or the unnecessary construction of a powe
station. It is measured by the difference in the present value sums of the constructi
costs of the two projects, or, in the latter case, the present value su the station &8
What is forgone is the return (estimated at a 10 percent discount the or

unnecessary resources put into the projects. If the cheaper alternative een senfor

the station not constructed, these extra. resources could have other A t

opportunities which would have yielded income and employ% ne were orsectly
Y

evaluate the economic cost to the nation of the somewhat azard approach péflected
in the power station construction programme indicated abo one wowld rewcast the

prejects in terms of lowest submission cost first and late the preseaf worth of that
menu as against the present worth of the actual con programm On the basis
0

of the comparison of submission costs, Tongarirg not ha ilt before the
rest of the menu. With a more accurate evaluatl f tHe costs

- unlikely the Tongariro scheme as undertaken be ted. Some idea of
the magnitude of the unnecessary expend infurre § A\ pesult of the historic
construction programme can be obtained garing th gariro scheme, which has
just been completed, with Clyde, which i urder co tior,

Tongarirag” -

2] As the project was originally ¢ ived isted of five stages, which would sE]
constructed over a peried of ars. '
Stage | : Weasar ersio fe? into Lake Rotoaira

Stage 2 2 i’ power sw

Stage 3 : rango divessteninto the Tongarira River

Stage 4 and S 2 5 Power stations on the Tongariro River.

The Minister o
MWD, that
be develo

reported, based on a combined report of NZE and
weuld be cheaper than any other scheme which could
R'island.

22 196 i proved the construction of Stages 1, Il and Il of the Tongariro
power wet., Thi r ne scheme has two generation components:

rém this
North or

ect g \on power (Tokaanu) amounting to B24 Gwh per annum {mean year
rodu N

indi wnstream benefitslé amounting to 670 Gwh per annum from diverted
gtegiptroduced into the Waikato system.
L

"Least cost” has a range of meanings in power construction. In this report it refers +o
ase-load stations. However the same concepts apply equally +o firming or peaking
requirements.

16 The downstream benefits were used as a major selling-point for the scheme, fhe implication
being that the exira power generated downstream was essential ly free as the Waikato dams were
already in place. In fact if Atiamuri is anything to go by that power was very expensive
indecd. In 1957, when +the decision was made to install the fourth generating set at
Atiemuri, i+ts capital cost had risen to $298/kw, which was exceptionally high. It was
Justified on the gruunds that +the price would reduce to $232/kw on diversion of the Upper
Waikato river, as the Tongariro scheme was then known. It thus appears that the downstream
benefits from the Tongariro wero double—counted.
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25 In 1973 stages 4 and 5, producing 870 Gwh were replaced by a single power station
(Rangipo producing 660 Gwh) and modified tunnel systems to give a completéd cost based
on the 1964 and 1973 submissions of $1,162 million. The scheme is now due for
completion in 1984, after a construction period of 20 years, at a cost of $1,654m. The

potential oulput for the scheme as finally approved and assuming the claimed downstrea&

benefits are realised is 2154 Gwh.
Clyde ]
5 %d

24 A potential alternative to Tongariro was the Clyde higl esigned ¢
1930 -Gwh. Two sets of comparisons are presented in T 6. In

submission data for both projects have been compared assumi oth stations produced
full power by 1975. In the second, the current position i t out bt wi e producing
power by 1978 to mesct the planning objective of suppl wer to the nd area by
the late 1970's.!7.18 1t has been assumed, in ac @With h 15, that a
construction cost overrun of 20 percent would have inQurred a e :

TAB
Comparison of Tongariro andA@ Altermces of

Hydro Power: Sulsissids Comparisonsy

Vi E
y ’ 3 \%/ . nxvro Clyde
Capital cost, $m 198319 789
Construction period, years 0 13
Year of Full Powsr 975 1975

Gwh, directly generated26 1640 1930
Gwh available at Auckiand 1640 (2310) 1800
Present value cost $m 193% ase yeh 5153 3160

The differance in capi s inc 1s $444 million in constant 1983 dollars and the
corresponding differences presarwv cost is $1,993 millien. The present value cost is
the present vaiu : a 10 ENdiscount factor, of the annual real ($1983) capital
costs. $ %

Current Co 2fion Compariso

25 apipo was oWucted as originally submitted but was modified, as noted in
pa = Ful ?;? as been produced at Tokaanu since 1975 and Rangipo was

s”situation is now compared with Clyde assumed to be producing

co inel 5 i
| er by Qﬁ% incurring a 20 percent cost overrun, as indicated by the analysis of
etous stalions' urns, paragraph 1S. ' \

7

AN

Iééd)pags 6, 7 notes » )
ngariro Power Development ™... i+ Is probable firm recommendations will be made %o the
vernment scon®,

Clutha River *"... Between 4000 and 6000 Gwh annually should be availabie, but no costs
are likely before May 966", - s

18 PCEPD noted in reference to a report comparing nuclear gseneration to other forms of
generation available in New Zealand, 1970 page 23:

"The specific terms of reference were +o find 2 solution to the problem of supplying the
load requirements of the Auckland area in the late 1970s over'a 4 year period by the most
economic means. ... The general conclusion reached is that the Clutha developnent would
not be abio to compete with other forms of generation.” - i
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TABLE 6
Comparison of Tongariro and Clyde as Actual and Estimated to
; completion construction costs

; Tongariro Clyde (20%

Capital cost 5m 1983 1654 47
Constructiorf period, years 20 13

Year of Full Power 1983 978

Gwh, directly generated20 1490 193

Gwh available at Auckland21l.22 - 1490 (2 1800
Present value cost $m 1983, 1983 base year 5173 849

Cost of electricity delivered c/kwh23 1%5.7)

26 The table indicates that the unnecessary
construction of the Tonqgariro scheme are likely t

urred/\e; esult of the
orde@ 0 million with a

corresponding economic cost of the order of ¢ millio ost per unit of
electricity delivered to Auckland is likely to U or peégib reble the comparable
cost if, rather than Tongariro, the Clyde hi ad pro s’the alternative. With
that cost of power, the Tongeriro scheme till net be appearing in current plans,

which are projected to 1998, .

Other Projects
27  Two oil-fired thermal s ations, ™arsde a Nhirinaki, were zpproved in late

1974, The stations were co ad unnsce Treasury and the (then) Ministry of
Energy Rescurces, who ecasts and questioned the wisdom of
installing ocil-fired equi Marsden mothbalizd on completion, and Whirinaki

has been usad only rarel &g tosioned. Thair cost in 1983 dollars was $269
mitlion for Marsden %‘ milli
\gsﬂma‘f‘es

19  Clyda's\¢ “includes infrastructure costs other than Cromwell re-development.
The, further 4568m ibutable to this cancels out  the reduced cost resulting from the
ntrac

taf¥s bid_as ed with the MWD estimete which is included in the submission
imate/ The GQ? ¢ submission cost is that quoted in 1964 rather than the $1162m in
25 : :
ngarirp (GRh! flect two power stations in Stages IV and V.

2 Th fistream benefits sppear in fact to have been included in the cost of power
pfeduted the Waikato river stations, and their inclusion would amount To doubie counting.
pereent loss on transmission from Clyde (1983 Efecfr'icify‘Secfo_r Plan).

e cost of electricity from Ciyde includes |.04/kwh estimated additional cost, covering
transmission losses to the North Island and capital and operating costs. The figure in

brackets is +the Tongariro power cost jf dewnstream benefits are included but ignoring
dowinstream capital costs. ’
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28 When Marsden B was first presenfed to Cabinet in 1973, it was as a dual coal/oil
fired station. Following the 1973 oil shock Cabinet made the logical decision to attempt
to minimise oil consumption. It then asked officials'as to the feasibility of siting Marsden
B on a Waikato coal field. It received the reply that a site was not immediately availabl
and that any delay might give rise to electricity shortages in Aucklan late 1979,
year Marsden B was due te come onstream.

29 The total unnecessary expenditure incurred in these proje e
g

$1,000 millien dollars in constant 1983 dollars over the period cofistruck
indication of the magnitude of the constant dollar costs ca d by a ¢q

with the Mabil Synthetic Gasoline plant which had a capital costN\gR $8386 milli

July 19€0. Allowing for the time these resources were compietely | during the
construction phase the total eccnomic cost in terms o pqriunities was of the
order of $3,000 million in constant 1983 dollars. etted elsex se resources
would have yielded $200-$300 million per a (the appradimate value of our
horticultural products).

PROJECT APPROVAL AND MANAGEMEN @ @

30 Successful management of construct ojects r that the planners and the
i

construction managers have a commof g0 hat e power industry can only be
the supply of electricity at the lowe@st ctlcabl % ether the power is designated
base, firming or pecaking. This anal\s uqgests ‘t\a\y; ere have been very substantial

; raghme that appears to have put Lo one

economic costs acscciated with-a.constructio

side basic power planning cri favour > ary issues such as the providing of a
continuous supply of worl Aoran daren i} warkforce, as has often boen the case.
Also, the argument tha e

i
f self isning hydro resources, is praferable to the
use of consumable thar ources,” oR E19’ grounds that lower opcrating costs are in

somc way proferable Wet capi sts incurred at the time of construction, has alsc
contrituted Lo the sitwiblen de bove. The following technical and social issues,
which have beefJsartified i x 1, have impeded the development of lowest
practicable cost fovies: :
" ipade ecificatio%roject reguirements
. ipadequ invesk{bation and project evaluation
%ccou iabi
seqee of re rnanitoring

loymeat o tUnities and "skilled" workforce issues.

@m t Eva!u/égom \d Submission Information

3 % of projects encountered difficulties which might have been anticipated
from ravrigorous evaluation prior Lo approval and which, had Cabinet becn informed

tential difficulties, may have resulted in it ¢hoosing a different course of action.
eMNnstances information was supplied Lhat was of uncertain accuracy. In a number
stances geological difficulties were greatly underestimated (Atiamuri, Tongariro,
ouri and I-luntly Mines). In others inadequate project specificaticns or investigaticn
to cost overrun, costly re-design or failure to meet performance or output
requiremments (Turangi township costs, Manapouri quantity surveying and design data,
Huntly power station foundations and Huntly coal mines). In addition, a contract was

removed from a contractor by Cabinct on information of uncertain accuracy {(Bechtel's
Huntly East Mine contract).
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Project Supervision

32 The containment of costs is a significant' component of project management, It
presents a very real problem in power station .construction due to the limite
accountability that is a characteristic of State construction and the absence of financk

incentives. Three separate areas can be identified: :
a failure of the departmental syste'm to communicate adeq requi@;}s
' e

with a multi-national consulting/constructing organisatigr( i\has begg t
_ with regard to Marsden A and the Huntly coal mines. <§ V
b conflicting roles of the MWD with regard to project constrdction a onitering.

c problems relating to project management or cord g arrange

i Tongariro tunhelling contracts and cz@t agr

ii  Huntly coal mines development;

iii ~ Manapouri tunnelling contr ) :’
nt. an

33 The inacdequacies in project manaqe txdl have led to considerable cost
overruns before the matter has 0 brought tention of Ministers. This has
resulted in directives by CEC and CV Or rewvi spects of a number of prejects and
by Audit's expressions of cofc8rn al cost @' or conlract dstails. These roviews,
detailed in the station datg ndix 1, ha oveéred aspects of: Z

a Manapouri cost o\@
;5

b Bechtels parforas

o Huntly mi %

d Ton@ er proje&
W nnelling\Centracts:
it¥ costo angi township;
@nts fees.

!
it

ade ct management has also reflected a failure to appreciate the
“eca j nificance of cost overruns, particularly when seen in aggregate over a
f years.

sultants

@ Three firms of consultants have undertaken the major share of consulting during the
gourse pf the work described in this report: - ‘

Sir Alexander Gibb & Partners - Waikato river dams & ‘Tongariro power project
Bechte!l Pacific Corporation - Manapouri, Marsdens, Huntly mines
Preece, Cardew and Rider - Meremere, New Plymouth, Huntly.
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A factor common to all the consultants is that in one or more of their projects there has

been either a CEC, CWC or Audit review of their work as a result of complaints of cost
overruns or plant failure. The reviews drew attention to the following issues:

a Communication &
Dealing with a multi-national consulting firm such as Bechtels f 2alin h a

bureaucracy similar to our departments. High calibre staff ar ed in S@:ﬁd\?t

numbers to deal with the multitude of queries and volumino ork whric c
from the consultant. It appears to have been departme
people have been given the task of liasing with the consult

(0]

b Specification of Requirements

Inadequate specification or the failure to antics
redesign of consultants' proposals or the constridcti

plant.th ot iceally suited to
New Zealand conditions. Huntly coal mines s s apy : ple of the protlems
encountered in this area. Redesign is cost @ e txveﬁﬁg ndertaking the projazt

and proper specifications are still ne if anvi national consuitant is to
undertake the work.

c Defined Tie-Points for Cost 13(%9@ n

The absence of pre~-determined tie ts, sue
of cost comparison obscure
increases. The client is €

ined capital items, for the purpcss
Qr \comparison of areas sensitive to cost
eing unable to adzquately control aor

- evaluate the consultant (T \ is GTG plant, like the Huntly mines, shows
this characteristic whi iciting\the e cost overruns),
d Monitering o@:.\wl-ants
When the con as be esponsible for project management thsre appears o
have been~so relucta the part of departmental engineers to monitor the
consultagts’ performance. is "appears to have been the case at Huntly mines (s2=
Appendix): itoring of the Cconsultant is clearly essential, if for example, the project
involfes th onsulta%@oject manager, in cost plus contracts.
Fees

gariro project as their fee. The Auditor-Ceneral intervened in 1967 to request

lexa & Partners were to receive 3 5/9 percent of audited cost of the
ow

a fixe this was not agreed to until mid-1977 which resulted in fees totalling $31

millida $4983 being paid for their services,

n Pacific Corporation received a fixed fee plus reimbursibles for Marsden A and .
¢ Case of Marsden A their estimated fee of $21 million rose to $38 million while the
den B estimate of $33 million rose to $45 million.

ther Factors driving Project Planning

35  Two non-economic considerations have often been raised prior to the approval of
new projects:




i

This has generally taken the course of

Direct Raising of Workforee Issues

retaining and existing "skilled workforce", This

argument has been a common tool to justify the initiation of a new project or th

the right):

extension of an existing one25. Areas where it has been used to argue f e initiation
a new projeck include the following (the project for which approval wa is list

a

b

i1

Political impetus appears to be given
fully researched or documented. The c

Waikato river dams;
Tongariro Stages I, II and IiI;
Rangipo,

Aviemore)
Manapouri)

Obtaining of Approvals in Princiole

Tongariro
* Rangipo

Dhaak

a political commitment:

a

b

c

Atiamuri;
Tongarire:

Upnar Waitaki.

25

Augus

now is ‘H%
this basis | Yo

struct of iamun

In th ot d

S
o O

State Hydro Electricity Department.

er work is required at Hangakino to help present forces
uld appreciate your secking urgency to obtaining approval
i with our own forces.™ :

e 24 February 1968.

paper the Minister of Works sscks Cabinet approval to retzin the present

Aviemore ¢ uction force for further work of the kind it has completed and recomends
+h%@isfer of Electricity be asked what new works he:could recomend %o enable
i

achieved.

our view the arguirent that the workforce possess construction experience gained over a
period of 17 years or more is of dsubtfyl validity.®

Mi is‘f'ryA of Works and Devefopmen
recommendation that it be deferred.

.

t on Ohaski 4 October 1932 in response to a Treasury

"The more important facter is maintaining a relatively steady load on, and thus high

productivity from, the frained man
in the design office."

power resources presenfly available both in the field and
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Conclusion

36 The cost of the inefficiencies in project planning, evaluation, decision-making and
management identified in this paper are of sufficient magnitude to have affected
performance of the economy as a whole as well as being a direct £ n
taxpayer. The causes, including such things as the perception of e
agencies, unnecessary claims of urgency, inadequate identificati

well as issues such as public sector accountability, all remain
addressed, if the Government's objective of producing least
be achieved in a timely and efficient manner.

Recommendation

37 1t is recommmended that you note the informati reptb:::\%
B V Galvin
" Secretary to the Treasury \




APPENDIX 1

POWER STATION CONSTRUCTION HISTDRICAL..DATA

The Projects Investigated

a Atiarﬁuri ' @
b Tongariro ) ig %

G Upper Waitaki

d Manapouri Power Praject @
e -Benmore ' @

f Aviemore @ & 2
g New Plymouth @

h The Marsdens | ] @ ) %

i Huntly Power. Staticn

j Huntly Mines

k Whirinai<i ; @ @
Power cost calcu}at@jsdure Xaingle: Atiamuri

Unless olherwis icated a have been converted to $1983 using the MWD

Construclions osi %dex. %

o
.\©
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The Stétions Investigqted

Hydrao

In the North Island the Atiamuri power station and the Tongariro power scheme were
chosen for examination. Atiamuri was considered typical of the Waikato stations while
Tongarire provided an interesting example of a project involving a diverse range
construction requirements ranging from tunnelling to town planning.

South Island stations investigated included Benmore, Aviemare, C anapdufi ard
the Upper Waitaki power scheme. Benrmore and Aviemore Were. c MO comparew
Clyde, while Manapouri and the Upper Waitaki scheme provid Aferesting i
with Tongariro. &

Therma!

The peak load and firming stations Whirinaki and Mar ere i as well as the
mothballed, Marsden B. - The two Marsdens@ ’mtere@xamples of the

design-and-built construction alternative availab

Crow%
Huntly and New Plymouth were evaluated as@o major@oa thermal stations.

a Atiamuri

. Atiamuri was approved for construstiorNn 953 st of $175m producing 63MW!L, In
1957 Cabinet approved the additio four ating unit to increase output to
ostNE :

B4MW which effectively increased the mit

Considerable cost overrunsawe curre £
unsound and had to be e ted,/ The ¢ @ :h
Treasury report TSZ@ 1957 adtéz (31957):
23 ioh—elrre iQg/carried out by the MOW at the southern end of
& that it will be an ecenomic propostion to direct a
tal quantl% tra water into the lake and thus increase the flow of

prudent to make provision at the station for the later

. fourth generatar.
arws costs the effect will be to bring total expenditure up to: Atiamuri

X ion and Ohakuri $1.86 million and as the pcwer outputs will remain
t e the initial costs per kw will rise to $298 and $166 respectively.
% installation of the fourth generator ... will reduce costs per kw to $232 and

$142."

$183m.

dam foundation materizi was found to be
€ staticn on completion was $292.6m.

d %s appears that the downstream benefits of the Tongariro.Power project for Atiamuri
hakuri, at east, were counted at the time of their construction.

| Ci(53)43
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Power Cost Calculation

The cost of power has been calculated using a 10 percent dicount rate. In such a
calculation the stream of benefits over the life of the station are equated with the stream
of capital and operating costs, all costs and benefits having beeén discounted or ~
compounded (as the case may be) to the chosen bafe year.

Benefits = sum of pi ool
fUch)
where q = yearly power output in Gwh
p = cost of power
subscript i = refers to ith year where at eari=
" Costs = sum of o R
{1.1)1

‘where c = yearly costs incurred bot

Thus p gj

= Ci.
(1.1 : (1.1)
since p is constant over the life of th @
Re-arranging for p, we obtain @

An =xample calcula 1 - ‘ t1am 1 t below

@@%@ E
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Atiamuri (Submitted Costs - NZE)
- Assumptions and Parameters
1971 first year of full power:

i 330 Gwh Output;
10 percent discount rate 0.70 $m annual operating cost @\

1953 $ submission index 50 year operating life .
1959 year of first power @
Capital Cost Operating and Maintenanse tion Ou@
Year $M Real $M Real Real $M Real : $M Rea Actual sent
1953 1983 Present 1983 Present Value
Value Valy 1983
1983 1 Gwh
1953-54 0.40 7.65 133.49
1854-55 1.86 25.72 376.19
1955-56 4.50 57.38 827.40 @ <§

1856-57 4.50 >7.38 13219

1957-58 2.00  25.50  303.9] .
1958-59 0.80  10.20  110.51 7553 153 1,658
1959-60 ~ \ 86 229 2.256
196061 7 305 2,731
1961-62 \ 305 2.483
1962-63 } = 5 305 2,257
1963-64 o, %68 305 2.052
196465 4.26 305 1,865
1965-66 3.87 305 1,696
1966-67 : 2.5 305 1,542
1967-68 i Ble 305 1,401
196869 . 2.90 305 1,274
1969-70 @ : 2.65 305 1,158
1970-71 . 2.41 305 1,053
1971-72 @ : \ e 330
b A =

‘s
1\/ 18

um t x%, "B2.46 54:515
v L
@ o |

O N
Q@ Co@er Present Value of Total Costs ($)

ow
N
v
(]
o

[

Present Value of Total Output (Gwh)

(2,504 + 82.46) x 106
34,513

'©@Cost of Power = $0.0745 x 106/Cwh

= 7.45 cents per kwh

The cost of Power is 7.45 c/kwh in $1983 and using 1983 as a base year at commissioning
- in 1959,




Atiamuri (Actual Costs - NZE)

- -~ Assumptions and Parameters
‘ 1975 first year of full power

330 Gwh Qutput

10.0 percent discount rate

1958~59 22:55 244.35 153

1983 $ submission index 0.70 $m annual operating cost
1959 year of first power : 50 year operating life
" Capital Cost Operating and Maintena ion Output
Year Nominal § Real Real $ Real Real ctua gsent
$ 1983 Present 1983 Present& ue
Value 1983 1983
1983 ' Gwh
1951-52 ) <:5>
1952-53 .10 14.03 269.20 @
1953-54 1.30 15.88 217-10
1954-55 3.08 36.53 579.48 :
1955-56 5.40 61.20 882.56
1956-57 5.43 59.55 780.76
1957-58 6.77 12.31 861.78
2.29 : 55

!
1959-60 7 229 2,253
' 1960-61 229 2,048
1961-62 . i A 305 2,483
1962-63 Crpg el Y 305 2,257

4
L
1963-64 4.68 305 2,052
1964-65 4.26 305 1,865
1965-66 ' : 3.87 305 1,696
196667 : 35.50 - - 305 1,542
1967-59 : 0.7 3.19 305 1,401
1968-69 b 2.90 305 1,274
1969-70 0.7 2.65 305 1,158
1970-71 ‘ % 0.7 2.41 305 1,053
1971-72 % 0.7 2.18 305 957
1572-73 0.7 1.98 : 305 870
1973 0.7 . 1.80 305 791
0.7 1.64 305 719
0.70 330

&

N
Surn \% 282 3,895 - - 82.37 : 33,549
. \> .
Qf & cost of Power is 11.8] c/kwh in $1983 at commissioning in 1959.

EEY
sy
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Tongariro

Since its inception the Tongariro power project has raised strong emotions both on
conservation grounds and cost overruns on construction. It was approved 'in principle in
April 1964 at an estimated cost2 of $1,254m. As the project was originally conceived it
consisted of five stages: ’

Stage 1 - Western Diversion of water into Lake Rotoraj
stage 2 . - Tokaanu power station :

Stage 3 - Moawhanga diversion inte the Tongariro R
Stage 4 and S - Two power stations on the Tongariro Rj
and ‘would be constructed over a périod of 10 years. Siand the
Electricity at this time reported, based on a combined r rt ok Nhe

%lster of
EYectkricity

Oepartment and MWD, that power from this system3 @ould be che n any other
scheme developed in the North or South Islands.

Sir Alexander Gibb and Partners in their report iro P'VQSP Development,"”
April 1962, noted that other than hydrological ents % ngariro, other flow
ticn

estimates were based on either one or t s™obse i
forming part of the scheme.4 However i the basisef\these measurements that

the mean volume of water to be obtaipe the di
the magnitude of the downstream be is is surp
had been under investigation pricr t

f the major streams

as calculated and hence
prg/considering that the project

. ions

Geological information appears to bee sparée. On the Tokaanu Tunneli,

leading to the power station, £

om the eight boreholes on the tunnec!

line show Lhe tunnz! can belds ; gsite, which, however, varies from very
harg to soft whare hydrophd : : 2tter having little or no reck properties.”

stalicn die Lo heat

d. Yet in 1970 PCEPD was to repoert to
ay the commissioning of the Tokaanu power
nd being encountered.>

Similarly on the anga t bs and Parlners in their summary report noted that

some argidKe few faults\age believed to cross the line of the tunnel." Yet PCEPD

the rock thpdug ich the , would be driven was expected to be greywacke with

was to repo a5 E.égat progress on the tunnel had been seriously affected as a result of
i i i se

being frequently encountered.®

4

Q

7

&
\\\EHfg:;ES r
Dmi@il 1964

riro River Powar Deveiopment, Report of investigation Vol i, April 1962, Sir Alexander
i nd Partners :
port of PCEPD 1970 page 7

Report of PCEPD 1973 .page S

CM(64) 37 22 September 1964




With respect to design detail the consultants noted in their report on the Maowhangs
lower dam, for example, that the design was "based on preliminary consideration only” and

that a significantly more detailed study woul

Power Station they noted that the site was "

possible but a more detailed considerati

construction.

L]

d be required. While on the proposed Ranqipo

not restricted and a variety of layouts were

on should be given prior to commencing

Initially only stage 1, 2 and 3 were approved at an estimated cost’ of 2m. In 197&
amended stages 4 and S, including a single power station and mo nnel S

were added to give a completed cost of $1,162m. The scheme is or completi n
in 1984, after a construction period of 20 years, at a cost of $1,64
MW

In a Cabinet draft of 26 August 1964 received by Treasury (”4'\\@

the conskrisétion of

a town at Turangi was recommended. Ministry of Works and D& lopmegtbacked iks casa

with a claim that the net cost of a permanent town :
works camp ($42m):

The figures supplied were clearly somewhat opti

) would be an that of a

d by 9was very obvious.
Re-assessrnent indicated that a permanent to co Campared with $72m

for a works camp or temporary town.

In July 1966 the current estimate of theg
had risen to $1,149m.

ed stv
This information, like that suppliédhon urangi ¥p; was also to turn out to bs an
aowhango tunnelling contracts
e

under-estima

By August 1568 2 furth
independsnt estimate”

te. Problems
concerning the amount of sup

rearrangament of

gencratad maore chaabl

In July 1973

in tu 1lin
res te“fji:;%
N te estim

e com

95¢e/

=

it mitted 4
Their submi io?%;?ated
would be kwh ($197
the Tonga el

onment

S

©

3) a

st >
of tg Tongariro power scheme

g in its recommendation to CWC that ths

were nter

Jegquired a flows. :

of 'Cj t had been prepared. MWD reported "an
ere."”

ould "include only those units that can be

ppyoval the Rangipo power station at a cost of $328m.

L\awer from Rangipo (according to the 1970 Energy Pian)

such.would

withdut Rangipo.

The modified

be no dearer than the estimated unit cost of
However because of difficulties encountered -

tiopndate was shifted back a year to 1980 and the cost was now

o

1(

Tongariro scheme would then cost $1,586.m

st to completion of stages 1, Il and 11l and Rangipo.

e units generated at Rangipo were cheaper than could be generated

ate). Treasury report 72685 2} September 1973 refers.

atem %
: @here @f supported Dy a Treasury analysis of alternative schemes (at a 13
rcent ¢ A

%&
.®§

aaki
ntly

Plant Factor

70
53
80
e

7 CH{G4) 37 22 September 1964

c/kwh (1973)  c/kwh (1983)
1.62 7.1
0.6 2.6
0.5 2.2
0.95 41




In 2 note to the Minister of Finance (23 November 1973) Treasury reported:

a Rangipo was said to be needed because of a possible power shortage in 1980/81.
However, Treasury was not convinced that the additional margin was necessary;

b the economic analysis showed Rangipo to be 90 percent more expensive than a
coal-fired station and 70 percent more expensive than an oil-fired station. It al

noted that given the current uncertainty about future oil supplig$ that an oil-fi
station was not an attractive alternative;

c the accounting technique used by Electricity Departme indppro ria@a
means of making comparison between different forms of ehe generati
lly,

Despite all these objections the project was approved. Incide thewoil-fi power
stalion referred to was later to be approved for constructiqn as Marsdep-B:
h

However, this was not the end. Further problems
ui

nter e construction

ik
of Rangipe headrace tunnel which increased $34 the esti , cost partly due

&
o)
to the method of payment being used on te%%‘rac htractor choosing
top-heading rather than full-face tunnelling p ;
ted

The ceonsultant, Sir Alexander Gibb and

—

a percentage of audited

cost (35/8 percent for most items) egt fee of &% se to $3lm before concern

was expressed by Audit and a fixed f reimbufsihles ¢vas finally negotiated for their -
- services. % “\ '

- T R %\}”

c Upper Waitaki

The Upper Waitaki proje
power stations and thei
on Twizel being axt

} e caQstNption town Twizel, Pukaki high dam, five
i I September 19698 CwWC agread to the work
nclu akl/and Maryburn power stations and associated
canals hut duferrg

of the Pukaki high dam. This was followed in
December 197C with

1k coseed on the Pukaki dam and Tekapo B power station
{in place of Pulkaki Mar tnally in 1972 CWC approved the construction of
Ohau A pow sé\a and asssc canals.

s .

In Februar approval was Yiven for construction of Ohau B and C power stations at

whichAtime total t of the project was estimated to be $1414 million. The current
ima pletieq c $1460 million.

lkely to be completed near to its budgetted 1974 cost it has fallen
its commissioning dates as is indicated below:

v e project 1
O sidérably-beh
x} Qppér Waitaki ~ Cormmissioning Dates
r

opdsed 1974 - ' Current 1983
hau A 1977 1979 (2units) - 1980 (2 units)
. Ohau B 1979 - . 1983 (2 units) 1984 (2 units)
Chau C 1981 1985 (2 units) 1986 (2 units)
\ _ Tekapo B 1976 1977 ;

8 Cabinet Works Committee Minute H(69) H23 Part |




