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Qualifications and Experience  

1. My full name is Frank Sc arf and I reside in Timaru. I am an hydrolog ist and hold 

an New Zea land Certific a te of Eng ineering (Civil) and a Bac helor of Sc ienc e 

(Mathematic s). I am now retired but c ontinue to p rovide hydrolog ic a l advic e 

from time to time to Fish and Game (Centra l South Island), pa rtic ula rly in 

relation to water resources assessment, modelling and management rules.  

2. Throughout my working life spanning more than 45 years, I worked in 

hydrology, water resourc es management and rela ted fie lds. During the 1990s, 

I was employed in va rious senior management positions within the Canterbury 

Regiona l Counc il inc lud ing Southern Area Manager and Group Manager 

(Regula tions and Consents). Throughout the 1980s, I filled the position of Water 

Resources Manager with the South Canterbury Regional Water Board.   

3. I confirm tha t I have read and agree to c omply with the Code of Conduc t for 

Expert Witnesses (31 March 2005). This evidenc e is within my a rea of expertise 

exc ept where I sta te tha t I am relying on what I have been told by another 

person. I have not omitted to c onsider materia l fac ts known to me tha t might 

alter or detract from the opinions that I express.    

4. This evidenc e is based on hydrolog ic a l rec ords p rovided by Environment 

Canterbury and on my persona l knowledge of the Wa itaki River and its water 

resourc es from living and working in the South Canterbury a rea for the past 27 

years. 

5. This evidence addresses the following: 

a) Flow records at Waitaki Dam and impacts to those records resulting from 
construction of various dam structures and the diversion of water to fill 
permanent reservoir storage. 

b) Changes to Meridian s current practises to comply with provisions 
established by the Waitaki Catchment Water Allocation Regional Plan    

c) Meridian s role in water management  

d) Conditions applying to consent to take water for irrigation 

e) Other Matters  Rivers and tributaries.  

Introduction  

6. I have been asked by Centra l South Island Fish and Game ( Fish and Game ) 

to p repare and p resent hydrolog ic a l evidenc e in rela tion to the p roposed 

water take app lic a tions by the mid -river New App lic ants Group (MRNAG).  I 

have p reviously g iven evidenc e to Commissioners on Fish and Game s beha lf 
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in respec t of both the Merid ian NBTC app lic a tion and the Hunter Downs 

Irriga tion Sc heme app lic a tion.  Whilst I do not intend to repeat tha t evidenc e, 

there is a degree of overlap .  In partic ula r, my evidenc e on the Wa itaki River 

hydrolog ic a l rec ord is highly relevant to understand ing how the p roposed 

takes will opera te, and what degree of reliab ility the use of tha t water for 

irriga tion is likely to enjoy.  Of c ourse, what minimum flow is app lies to the 

c onsent is a lso c ritic a l in tha t regard .  The question is what the best flow 

rec ords a re for the Wa itaki River for modelling purposes, in order to 

understand the impact of the proposed water takes on the river.  

7. Flow rec ords for the Wa itaki River da te from about 1925. Early rec ords were of 

lesser qua lity. The sec ond period extends from 1950 to 1977. This rec ord 

inc ludes more deta iled and rigorous rec ord ing of flows both on the ma instem 

and tributaries throughout the Waitaki catchment. 

8. The third period extends from Dec ember 1977 to da te. This rec ord for the 

Kurow site is muc h more reliab le and is based on the flow rec orded every 15 

minutes at that site.   

9. The water resourc es of the Wa itaki River have been p rogressively developed 

for hydro power genera tion purposes sinc e 1935 and the c onstruc tion of 

Waitaki Dam. 

10. During the c ourse of tha t development the na tura l hydrology of the lower 

Waitaki river has been modified significantly through the creation of additional 

water storage, and in pa rtic ula r the c onstruc tion of Benmore Dam during the 

early 1960s and the ra ising of Lake Pukaki in the la te 1980s. Merid ian Energy 

Limited has the responsib ility to manage tha t water storage in the na tiona l 

interests and its energy needs. That management has resulted in a shift in the 

seasona l d istribution of flow throughout the year as shown in Tab le 1 below 

and Figure 1 that is attached as Exhibit 1 to my affidavit.  

Table 1: Waitaki River at Kurow  Important flow statistics (m3/s)   

Pre development (1927 50) Post development (1979-07) 

mean median MALF mean median MALF 

353              310 127 370 360         207 
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11. Inc reased storage has resulted in an a ttenuation of historic flood events, and 

just as signific antly, a low flow reg ime muc h higher than tha t whic h existed 

p rior to hydro development. Now, for 80% of the time the flow during the 

irrigation season (Sept  Apr) is maintained within the range 242-507 m3/ s.  

Has the diversion of water to fill increased storage been taken into account in the 
irrigation certainty risk analysis?  

12. I have been asked by Fish and Game to review the hydrolog ic a l information 

rela ting to the Mid River New App lic ants Group (MRNAG) and in pa rtic ula r, 

matters rela ting to the ra ising of Lake Pukaki and the filling of Lake Benmore 

and how those events impac t the c onc lusions reac hed by Potts et a l and 

supported by Mr Leong a t the HDIS Hearing. 

13. At that hearing , I referred to evidenc e p resented by Mr Henderson1 and the 

annua l hydrograph p lots (his Figure 13) in pa rtic ula r, and noted tha t long 

periods of susta ined low flow a re not a fea ture in the post 1978 da ta . Suc h 

events a re however a fea ture of the p re 1978 hydrographs, notab le among 

whic h a re 1937/ 38, 1941/ 42, 1952/ 53, 1954/ 55, 1960/ 61, 1963/ 64, 1964/ 65, 

1973/74, 1976/77 and 1977/78.  

14. A simila r impression is ob ta ined from the perusa l of the c hart inc luded in Stuart 

Ford s supp lementa ry evidenc e2 where the inc idenc e of pa rtia l and tota l 

restric tions in the fa r right 26 lines of the HDI 150 Full c hart (i.e. from 1978/ 79 to 

2003/ 04) fea ture marked ly less than for the rema inder of the c hart (i.e. p re 

1978/79). 

15. I then noted tha t 1976/ 77 to 1977/ 78 is c oinc ident with the ra ising and filling of 

Lake Pukaki and that 1963/64 and 1964/ 65 is c oinc ident with the filling of Lake 

Benmore. In terms of tota l irriga tion restric tion days (pa rtia l and full restric tions) 

throughout the lower Wa itaki, these years were ranked 5th, 1st, 4th and 6th 

respectively in the 73 years included in the Henderson and Ford analyses.  

16. This in turn ra ised the question as to the extent to whic h the na tura l water flow 

in those partic ula r years was d iverted to fill the inc reased permanent storage 

now c onta ined behind those struc tures, and so effec tively reduc ing the 

                                                     

 

1 Henderson R: Brief of evidence to HDIS Hearing (Figure 13  annual hydrograph 
plots) 
2 Ford S: Supplementary brief of evidence to HDIS Hearing (Chart entitled HDI 150 Full)  
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natura l flow tha t would otherwise have been rea lised a t Wa itaki Dam during 

those years. 

17. At the HDIS hearing , this question was put to Mr Leong appearing for 

Environment Canterbury who assured the Commissioners tha t the two periods 

in question c oinc ided with some of the d riest years on rec ord and tha t the 

d iversion of water to fill the permanent storage c onc erned had been 

adequately taken into account.  I do not agree, for the reasons I now turn to.    

The raising of Lake Pukaki  

18. The 1976 79 period c oinc ides with the ra ising of Lake Pukaki by 37m, add ing 

about 5500 - 6000 Mm3 to storage within the Upper Wa itaki basin. Putting this 

in perspec tive, to fill this add itiona l storage would require d iverting the whole 

flow of the Waitaki River at Kurow for about 180 days. 

19. It took a lmost two years from September 1977 through to April 1979 to fill the 

increased storage within Lake Pukaki. 

20. The Tekapo Cana l linking lakes Tekapo and Pukaki was c ommissioned in May 

19773 but while some flow testing of the c ana l was c a rried out during August -

September that year the canal did not become fully operational until January 

1978. At this point a ll of the water p reviously d isc harged from the Tekapo 

powerhouse into and down the Tekapo River to Lake Benmore was being 

d iverted via the Tekapo Cana l and Tekapo B power sta tion into Lake Pukaki. 

This situa tion, exc ept for minor sp ills and the oc c asiona l rec rea tiona l release 

flow, continues to this day.  

21. The Pukaki Cana l linking lakes Pukaki and Ohau was c ommissioned in Marc h 

1979. 

22. Referring to Mr Henderson s c hart for the 1977/ 78 water year (reproduced 

here as Exhibit 2 to my a ffidavit)you will note the la rge number of low flow 

days between September and February. Mr Henderson c onc ludes tha t for the 

HDI 150 Full sc enario (Tab le 7 of his evidenc e) the number of wa ter restriction 

days would be 121 days and the highest in the 73 years of rec ord he 

modelled. 

                                                     

 

3 Sheridan M (1995): Dam dwellers - End of an era. Sheridan Press 
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23. I have c ompared the monthly mean flow rec orded for the Kurow site for the 

period January 1978 through to December 1979 (supp lied by ECan), with the 

rec ord supp lied by Merid ian and used in the Henderson and Ford ana lyses. 

My analysis is attached to my affidavit as Exhibit 3 and is titled Tab le 2 . Table 

2 shows tha t the two rec ords to be a lmost identic a l. Any d ifferenc es between 

the two records can be ascribed to minor differences in the ratings involved in 

c onverting water levels to flow for the Kurow rec ord and power genera tion to 

flow for the Waitaki Dam record.        

24. The Kurow rec ord is a base hydrology rec ord and has not been mod ified . The 

simila rity in monthly mean flows leads me to the c onc lusion tha t the Wa itaki 

Dam rec ord a lso is a base rec ord and like the Kurow rec ord desc ribes nothing 

more than the flow through Wa itaki Dam. If a c orrec tion for infilling of Lake 

Pukaki had been imposed I would have expec ted the monthly mean flows 

throughout the peak filling months from Oc tober 1977 to May 1979  to be 

some 50 100 m3/ s higher than the observed rec ord . This is c lea rly not the 

case, as shown in Figure 2 which is attached as Exhibit 4 to my affidavit. Figure 

2 ind ic a tes tha t, a t least for the extent of the c ommon rec ord (from Jan 1978 

onwards), the monthly mean flows rec orded a t Kurow (the red line) and 

Waitaki Dam (the blue line) are the same.  

25. This supports my c ontention tha t the Wa itaki Dam rec ord has not been 

modified and c ontra ry to the op inion expressed by Mr Leong, the d iversion of 

water into permanent storage c rea ted by the Pukaki high dam during the 

1977-79 period has not been compensated for.    

26. Turning now to the monthly mean inflow and outflow rec ords for Lake Pukaki. 

These a re inc luded in the Works Consultanc y Servic es report da ted 19904. 

Attached to my a ffidavit as Exhib it 5 is Tab le 3 that lists the monthly mean 

inflows and outflows rela ting to Lake Pukaki for the three water years 1976/ 77 

to 1978/ 79 inc lusive. The volume of water d iverted into permanent storage 

during the three years from July 1976 to Jun1977 tota ls about 4200 million 

c ub ic metres. The information c onta ined in Tab le 3 is p lotted in Exhib it 6 

attached to my affidavit which is titled Figure 3.  

27. Between Oc tober 1977 and May 1979 the average water level in Lake Pukaki 

was raised some 37.8m from 494.5 to 532.3 m RL . 

                                                     

 

4 Works Consultancy Services 1990: Waitaki Hydrology Update 1990 
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The filling of Lake Benmore  

28. Benmore Dam was c onstruc ted in the early 1960s. Filling of the 110 m high 

dam c ommenc ed on 3 November 1964 forming a reservoir with a surfac e 

area of about 75 km2 and similar in area to that of Lake Tekapo. 

29. Attac hed as Exhib it 7 to my a ffidavit is Tab le 4. Tab le 4 summarises the inflows 

to the Benmore site oc c urring during the fina l stages of c onstruc tion and 

subsequent filling of the storage dam. The tab le extends over the three water 

years 1963/64 to 1965/66 inclusive. 

30. The inflow to the Benmore site has been c a lc ula ted by summing  outflows 

from eac h of the a lp ine lakes Tekapo, Pukaki and Ohau, the Ahuriri River flow, 

the Forks River flow (a ll rec orded) and add ing an estimate (10 m3/ s) for the 

rema ining tributa ries. This monthly inflow da ta was then c ompared to the 

c orrespond ing flow da ta for Wa itaki Dam and the d ifferenc es noted . The 

da ta shown in Tab le 4 is p lotted in Figure 4 whic h is a ttac hed to my a ffidavit 

as Exhibit 8. 

31. Prior to the c ompletion of Benmore, there was little in-river storage 

downstream from the a lp ine lakes. Aviemore was not c onstruc ted until the 

la te 1960 s and the only storage of any size was tha t rela ting to Wa itaki Dam. 

The opera ting range for this dam is quite limited (about 2m) and flow passing 

the Benmore site p rior to 1965 was d isc harged through Wa itaki Dam with little 

attenuation.  

32. Referring to Figure 4, the flow a t Wa itaki Dam is genera lly 0-40 m3/ s higher 

than the flow a t Benmore exc ept for the two month period Dec 1964 to 

January 1965 when Benmore was being filled.  

33. In Dec ember 1964, inflows tota lled 667 m3/ s while flows a t Wa itaki Dam 

averaged only 42 m3/ s. Simila rly in January 1965, inflows tota lled 309 m3/ s 

while Wa itaki dam rec orded an average for tha t month of 242 m3/ s. The 

d ifferenc es, 625 m3/ s for Dec ember and 67 m3/ s in January, equate to a 

volume of 1850 Mm3 or about 65% of the water volume c onta ined within Lake 

Benmore.  
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34. Attached to my a ffidavit as Exhib it 9 is Figure 5. Figure 5 shows the flows 

through Wa itaki Dam for the 1964/ 65 water year.  Mr Henderson5 (refer his 

Tab le 7 HDI evidenc e) c a lc ula ted tha t for this pa rtic ula r water year and the 

HDI 150 Full sc enario (assumes tha t Lower Wa itaki a lloc a tion has been taken 

up with 150 m3/ s minimum flow a t Wa itaki Dam), there would have been 73 

days of pa rtia l or full restric tions on irriga tion takes, inc lud ing a c ontinuous 

period of 50 days.  This season is ranked the 6th most severe in the 73 years of 

record used in his analysis. 

35. Comparing Mr Henderson s c hart (refer figure 13 -1964/ 65 and attached to 

my a ffidavit as Exhib it 10) with Figure 5 it is c lear tha t the bulk of the irriga tion 

restric tion oc c urring tha t season c oinc ides with the period when Benmore 

Dam was being filled . Certa inly, the 50 days of c ontinuous restric tions 

extend ing from la te November to mid January c an be d irec tly a ttributed to 

dam filling. 

36. Reviewing the monthly inflow and outflow da ta for lakes Tekapo, Pukaki and 

Ohau for Oc tober and November 1964, I accept that this particular spring was 

d ryer than norma l and as a c onsequenc e some partia l restric tions (about 23 

days) would have been imposed during those two months. This however, in 

terms of restric tion days, relegates the 1964/ 65 year from 6th to about 30th on 

the severity scale.  

37. With dam build ing it is p rac tic e to c onstruc t a bypass struc ture or tunnel 

above the historic bed level. A low level c offer dam is then c onstruc ted to 

d ivert flow through tha t struc ture to enab le c onstruc tion of the ma in dam 

struc ture. During this p roc ess some filling of the reservoir oc c urs up to the level 

of the c offer dam and the bypass struc ture. I am unc erta in as to the extent 

and timing tha t this oc c urred in the Benmore and Pukaki Dam situa tions. Most 

likely tha t pa rtia l filling oc c urred within two years p rec ed ing the c omp letion 

da te. Looking a t Tab le 4 (my exhib it 7) for example, it appears tha t for the 

Benmore Dam, some initia l hold ing bac k of flow into storage oc c urred during 

the autumn of 1964. 

Other storages  

38. The c rea tion of Lake Benmore in 1964 and the ra ising and filling of Lake Pukaki 

about 1978 c onstituted signific ant reservoir storage events for the Wa itaki 

                                                     

 

5 Henderson R D 2007: Brief of evidence and application for consents by SC Irrigation Trust and Meridian 
Energy Ltd, October 2007 
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system. However, these a re not the only oc c asions when flow has been 

transferred to fill permanent storage. Other lesser events inc lude the fillings of 

Aviemore Dam (1968), the Tekapo Pukaki Cana l (1977), the Pukaki Ohau 

canals (1979), the Ruatanawha Dam (ca 1982) and the lower Ohau canal (ca 

1984). 

39. Of these the most signific ant would have been the filling of Aviemore, 

involving about 400 Mm3. This oc c urred in July 1968. Flows through Benmore 

for tha t month averaged 450 m3/ s while flows through Wa itaki averaged only 

283 m3/ s, a d ifferenc e of 167 m3/ s equiva lent to about 430 Mm3. Flows 

through Wa itaki Dam were reduc ed down to 70 m3/ s during the la tter pa rt of 

the month from a bac kground level of about 380 m3/ s oc c urring immed ia tely 

before and after that period of peak filling.  

40. I have no information regard ing the timing and ra te of filling for other lesser 

storages but within the c ontext of the volume d isc harged annua lly through 

Wa itaki Dam (about 11700 Mm3) the d iversion of volumes involving 100 Mm3 

or less is not particularly significant.  

41. It is worth noting a t this point tha t the Wa itaki Va lley Ac c limatisa tion Soc iety 

app lied to the Nationa l Water and Soil Conserva tion Authority to estab lish a 

minimum flow on the Wa itaki River in Oc tober 1984 some 2 years a fter 

c ompletion of the Upper Wa itaki hydro power development. Prior to tha t 

da te, the Crown agenc ies (p rinc ipa lly Ministry of Works and NZ Elec tric ity 

Department) d irec tly involved in that development  regula ted flow through 

Wa itaki Dam c onsistent with the d ic ta tes of meeting power genera tion needs 

c oup led with power development c onstruc tion demands occurring a t the 

time. 

Conclusions regarding diversion of water into permanent storage   

42. I do not believe the hydrolog ic a l rec ord used by Mr Henderson has been 

ad justed to ac c ount for water held bac k in permanent storage. The rec ord 

used by Mr Henderson is to a ll intent and purpose, the same as tha t rec orded 

a t Kurow, a t least from January 1978 when rec ord ing began a t tha t site. There 

is no reason to c onc lude tha t the Wa itaki Dam rec ord p rior to January 1978 

has been trea ted any d ifferently and thus it too is a pure hydrolog ic a l rec ord 

describing nothing other than the actual flows through Waitaki Dam.   
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43. From these ana lyses, I c onsider tha t the extent of irriga tion restric tions tha t 

would be imposed under the HDI 150 Full sc enario pa rtic ula rly for the 1964/ 65, 

1976/77, 1977/ 78 and 1978/ 79 water years, are oversta ted by Messrs 

Henderson and Ford. 

44. It is worth noting a t this point tha t p rior to 1968 when the Water and Soil 

Conserva tion Ac t 1967 c ame into forc e there was no sta tutory requirement to 

c onsider environmental effec ts. Even then, Crown agenc ies were exempt. 

Little, if any, c onsidera tion was g iven by NZED and MWD as to potentia l effec ts 

resulting from induc ed low flows throughout the lower Wa itaki River.  Had the 

lower Wa itaki irriga tion sc hemes been opera ting in Dec ember 1964 during the 

time Benmore was being filled, I am of the opinion that an induced mean flow 

of 42 m3/s for this peak irrigation month would not have been tolerated. 

45. Because of the uncertainties associated with:  

a) dam and infrastructural development; and 

b) the lac k of any requirement to c onsider modern day pub lic 

expec ta tion and ac c ountab ility with regard to environmenta l, 

cultural and social effects; 

I c onsider tha t the p re-1979 rec ord , pa rtic ula rly the period between 1960 and 

1978, is flawed to the extent tha t storage and management dec isions 

exerc ised by NZED were signific antly impac ted by the c onstruc tion demands 

of the MWD , and in pa rtic ula r the timing and ra te of filling of new permanent 

storage. For this reason I considered the post construction flow data extending 

from 1979 to da te is a more c onsistent rep resenta tion of c urrent management 

practise and as such provides a better record for modelling purposes. 

Water allocation to irrigation 

46. Many of the irriga tion c onsent app lic ants seek a minimum flow of 100 m3/ s 

and are contrary to the WAB Plan which sets a minimum flow of 150 m3/s from 

Wa itaki Dam to the sea . At the earlier HDI Hearing I p resented a tab le 

desc rib ing the seasona l irriga tion p rofile for full a lloc a tion of 90 m3/ s and 1250 

Mm3/ yr for agric ultura l and hortic ultura l use downstream from Wa itaki Dam. 

This tab le has been expanded and is inc luded here as Tab le 5 and a ttac hed 

to my affidavit as Exhibit 11. 



   

         10

 
47. The 1250 Mm3/ yr a lloc a tion downstream from Wa itaki Dam inc ludes 150 

Mm3/ yr granted spec ific a lly to takes from the ma instem and tributa ries 

between Waitaki Dam and Blac k Point. Blac k Point is identified to be a t Map 

Referenc e J40:345905 and immed ia tely upstream from the LWIS and the HDIS 

(proposed) intakes. 

48. As noted by va rious submitters to the p revious HDI hearing , many of the 

existing irriga tion c onsents spec ify only the peak abstrac tion ra te and do not 

inc lude a seasona l volumetric ra te. Potts and Page have summarised a ll 

existing c onsents and new app lic a tions, and have made a seasona l 

volumetric a lloc a tion rec ommendation for eac h c onsent based on irriga tion 

app lic a tion method , soil type and ra infa ll (approx 610 mm/ yr for sp ray 

irrigation and 1780 mm/yr for border dyke).  

49. However, until such time as existing consents are reviewed to include seasonal 

volumetric ra te there rema ins some doubt regard ing the exac t position 

surround ing the tota l seasona l volume c urrently a lloc a ted and with tha t, 

unc erta inty surround ing the volume ava ilab le for new c onsents. Setting tha t 

aside, the ind ividua l c onsent a lloc a tions p repared by Potts and Page and 

posted by ECan appear reasonab le and form the bases for an appropria te 

consent review in due course.  

50. Looking a t Tab le 5 you will note tha t the Others seasona l a lloc a tion of 158 

Mm3/ yr exc eeds the Plan a lloc a tion limit of 150 Mm3/ yr. I do not c onsider this 

to be of ma jor issue sinc e the Commissioners a re in the position to restric t the 

seasona l limit on eac h new c onsent approved to 150/ 158 (or 95%) of the 

maximum sought. Should this be c onsidered overly restric tive the parties 

concerned have recourse to apply for a Plan change. 

Meridian s role in water management 

51. At the HDI Hearing , I a long with others, expressed the op inion tha t the 

hydrolog ic a l reg ime a t Wa itaki Dam is no longer na tura l, a situa tion tha t has 

persisted sinc e 1979 and the ra ising of Pukaki. Storage throughout the 

c a tc hment is managed by Merid ian p rimarily in the interests of na tiona l hydro 

power genera tion. This inc ludes the c apturing of higher than average flows in 

summer and autumn for release during the higher power demand winter and 

spring months.  
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52. Over rec ent years Merid ian has ac tively p romoted and supported loc a l 

irrigation proposals. Depending on the outcome of these hearings, it faces the 

p rospec t of having to mod ify its storage management p rac tise to meet 

reliab ility of supp ly expec ta tions to existing and new irriga tion throughout the 

Wa itaki c a tc hment, while a t the same time meeting the intent and d irec tion 

of the WAB Plan in respect of minimum flows at Waitaki Dam.   

53. The mean flow of the Wa itaki River a t Kurow is about 370 m3/ s while the mean 

annua l low flow is about 207 M3/ s. Merid ian has the means and authority to 

manage storage within the Wa itaki basin to meet a peak irriga tion release 

requirement of 80 m3/ s between Oc tober and Marc h as per Rule 7 while 

meeting a minimum flow requirement of 150 m3/ s between Wa itaki Dam to 

the sea .  

54. At the HDI hearing, I p resented deta iled evidenc e with regard to irriga tion 

water allocation and risk modelling. Those analyses were carried out based on 

90 m3/ s and 1250 Mm3/ yr a lloc a ted to agric ultura l and hortic ultura l use as 

p resc ribed in the WAP. I refer you to tha t p revious evidenc e, and in pa rtic ula r, 

paragraphs 28-55. 

55. In summary that analysis showed that: 

a) Under the existing 120 m3/ s minimum flow situa tion (80 m3/ s 

downstream from the lowermost take) existing c onsent holders 

authorised to take about 56 m3/ s in tota l, enjoy a reliab ility of 

supply close to 100 %.  

b) With the WAP minimum flow of 150 m3/ s from Wa itaki Dam to 

the sea tha t reliab ility is reduc ed to 97.5%. 

c) Add ing the HDIS take of 20.5 m3/ s to the existing take b rings the 

peak ra te to about 76.5 m3/ s and with tha t the reliab ility is 

reduced from 97.5% to 96.2%. 

d) With a peak ra te of 90 m3/ s, inc lud ing the app lic a tions under 

c onsidera tion a t this Hearing , irrigation reliab ility for a ll irriga tion is 

reduc ed to 95.1%. This is marg ina lly better than the 95% required 

by Polic y 46. 

56. However, the lower Wa itaki situa tion is unusua l in so fa r tha t reliab ility of supp ly 

to existing and new irriga tors within the 90 m3/ s a lloc a tion limit, is ab le to be 
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mainta ined a t c lose to 100% through the management of upstream storage 

c ontrolled by Merid ian. As sta ted p reviously, release of water to ma inta in 

irrigation reliab ility in itself is not lost genera tion opportunity; a ll it means is tha t 

Merid ian may be required to exerc ise tha t genera tion potentia l a t a less 

profitable time. 

57.  To sa tisfy the minimum flow involves very little ad justment, the worst c ase in 

the last 27 years being in 1989/ 90 when 2.2 Mm3 would have needed to be 

released to meet the 4 day shortfall in December 1989. 

58. To sa tisfy p rojec ted shortfa lls to meet irriga tion demand with c lose to 100% 

c erta inty over and above the minimum flow of 150 m3/ s involves on average 

29.3 Mm3/yr, ranging from zero to 71.6 Mm3 (2003/04). 

59.  Were the reliab ility standard to be relaxed to inc lude: 

c) close to 100% for existing irrigators; and 

d) 95% for HDIS and other irrigation; 

then the volume shortfa ll required to be released by Merid ian from storage 

would average about 15 Mm3/ yr c ompared to 29.3 Mm3/ yr for the tota l 

reliability standard. 

60. To put these figures in perspec tive, the flow through Wa itaki Dam averages 

about 11500 Mm3/ year. Under the Plan, Merid ian is required to manage tha t 

volume in a manner tha t p reserves 4730 Mm3/ yr for minimum flow and 

enab les 1250 Mm3/ yr to be taken for irriga tion purposes. Taking into ac c ount 

tha t Merid ian manages some 40000 c umec days (approximately 3500 Mm3) 

of ac tive water storage in the upper Wa itaki basin, any ad justments involving 

75 Mm3/ yr and less, nec essary to meet oc c asiona l shortfa lls in minimum flow 

and irriga tion demand , appears rela tively minor in the c ontext of these tota l 

volumes. 

61. Other than p rovid ing Merid ian with a more flexib le and less demand ing water 

management reg ime, there appears to be no good reason to lower the 

minimum flow from 150 to 100 m3/ s. My ana lysis shows tha t with appropria te 

storage management, Merid ian is ab le to meet the minimum flow reg ime of 

150 m3/s plus projected irrigation demands downstream from Waitaki Dam.  
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62. Were the Commissioners to dec ide tha t there should be equa l p riority among 

a ll irriga tion takes (existing , HDIS and MRNAG app lic a tions) then I rec ommend 

that the following condition be included on the MRNAG consents. 

63. Note this c ond ition is d ra fted c onsistent for maximum c umula tive take ra te of 

12 m3/ s and 150 Mm3/ year between Wa itaki Dam and Blac k Point inc lud ing 

takes from tributa ries (i.e. Haka taramea , Maerewhenua , Oteka ieke, etc ) 

flowing into the Waitaki between the two sites. This is for the 150 m3/s minimum 

flow scenario. 

Whenever the flow in the Wa itaki River a t Kurow (map ref. I40:079068) as 

estimated by the Canterbury Regiona l Counc il fa lls below 230 m3/ s the taking 

of water from the Wa itaki River c a tc hment between Wa itaki Dam (map ref. 

I40:060100) and Blac k Point (map ref. J40:345905) sha ll not exc eed the tota l 

cumulative rate as calculated using the following formula: 

rate of take = ( Flow at Kurow 

 

150) * 12/ 90  

or the tota l cumulative monthly maximum ra tes  shown in the following tab le, 

whichever is the lesser.6 

Sep Oct Nov Dec Jan Feb Mar Apr 

5 6 9 10 10 10 5 3 

 

For the purposes of this c ond ition, the flow at Kurow sha ll be the average flow 

recorded over the previous 24 hours as assessed at 9 am each day. 

The Canterbury Regiona l Counc il w ill post on its website (www.ecan.govt.nz) 

any restric tions app lying in respec t of this c ond ition together with perc entage 

reduc tion in the maximum ra te of take tha t c onsent holders a re required to 

observe to comply with this restriction.  

64. In the above c ond ition, I have rec ommended tha t restric tions a re based on 

the average flow rec orded a t Kurow over the p revious 24 hour as opposed to 

the 1 hour rolling average spec ified within Rule 2 Tab le 3 xvii of the Plan. The 

rec ord a t Kurow is highly va riab le hour to hour d ic ta ted by power genera tion 

                                                     

 

6 For existing consents the formula adjustment factor would be 56/90 instead of 12/90 and the respective 
monthly rates are 27, 38, 50, 52, 52, 52, 38 and 25 for Sept to Apr, respectively. For HDIS the factor is 20.5/90 
and the monthly average rates of take are 8, 10, 16, 17, 17, 17, 9 and 5 respectively. (Refer Table 5)  

http://www.ecan.govt.nz
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timing and output dec isions a t Wa itaki Power Sta tion. Given tha t the time of 

travel of flow from Kurow to Blac k Point and the bulk of the irriga tion 

abstrac tion is about 15-20 hours, and c oup led with the fac t tha t the va riab le 

flow reg ime released through Waitaki Dam is to some degree a ttenuated 

through in-river storage, I consider that the average over the previous 24 hours 

is an adequate measure for management purposes. 

65. Should you dec ide tha t existing irriga tors (tota lling about 56 m3/ s) a re to reta in 

p riority and tha t MRNAG and HDIS (inc lud ing Wa ihao Downs) have equa l 

secondary priority then the above condition needs to read: 

Whenever the flow in the Wa itaki River a t Kurow (map ref. I40:079068) as 

estimated by the Canterbury Regiona l Counc il fa lls below 230 m3/ s the taking 

of water from the Wa itaki River c a tc hment between Wa itaki Dam (map ref. 

I40:060100) and Blac k Point (map ref. J40:345905) sha ll not exc eed the tota l 

cumulative rate as calculated using the following formula: 

i)  rate of take = ( Flow at Kurow 

 

MMF) * 12/ 34  

7 where the MMF for each month is as follows: 

Sep Oct Nov Dec Jan Feb Mar Apr 

178 188 202 202 202 202 188 175 

 

ii) or the monthly maximum ra tes  shown in the following tab le, 

whichever is the lesser. 

Sep Oct Nov Dec Jan Feb Mar Apr 

5 6 9 10 10 10 5 3 

For the purposes of this c ond ition, the flow a t Kurow sha ll be the 

average flow rec orded over the p revious 24 hours as assessed a t 9 am 

each day. 

                                                     

 

7 Correc tion There is an error in pa ragraph 80.6 of my HDIS evidenc e p reviously p resented . The formula 
should simp ly read : Ra te of take= (flow a t Kurow MMF) as the intent of the c ond ition is tha t HDIS has 
p riority to any wa ter in exc ess of tha t required to meet existing irriga tion c onsent requirements p lus a 
minimum flow of 150 m3/ s. This d iffers from the situa tion set out in this c ond ition whic h assumes the MRNAG 
and HDIS have equal priority and that any excess water is distributed proportionately. 
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The Canterbury Regiona l Counc il will post on its website 

(www.ecan.govt.nz) any restric tions app lying in respec t of this c ond ition 

together with the perc entage reduc tion in the maximum ra te of take 

that c onsent holders a re required to observe to c omp ly with this 

restriction. 

North Bank Tunnel 

66. I have p reviously p resented evidenc e with regard to NBTC and the following 

two paragraphs taken from tha t evidenc e summarises the ma jor find ings in 

relation to these applications. 

67. Introduc tion of the NBTC will impac t the hydrolog ic a l c harac ter of the Wa itaki 

River for some 34 km between Wa itaki dam and Stonewa ll. Mean flow a t 

Kurow is p red ic ted to reduc e from 364 m3/ s to about 180 m3/ s under the 

Wa itaki Regiona l Plan (WRP) rules. Downstream from Kurow, tributa ry inflow will 

inc rease the mean flow by up to 14 m3/ s8 depend ing on the extent of 

abstrac tive use during the year. On this basis the mean flow immed ia tely 

above Stonewall w ill likely be a round 190 m3/ s. Downstream from Stonewall 

and the d isc harge from the NB tunnel the mean flow reverts to about 364 

m3/s. 

68. About 51% of the ava ilab le flow is d iverted through the NB tunnel under the 

WRP c ompared to 55% under the AFR9 rules. Under the la tter sc enario the flow 

d iverted through the tunnel averages 200 m3/ s as opposed to 184 m3/ s under 

WRP rules, a d ifferenc e of about 8%. This however transla tes to a lesser 

amount in lost power p roduc tion sinc e water not d isc harged through the NB 

tunnel c ontinues to genera te power through Wa itaki Dam but through a 

much reduced head (21m instead of 128m).    

69. I believe it is reasonab le to c onc lude tha t abstrac tion between Wa itaki Dam 

and Blac k Point is la rgely c a tered for through tributa ry inflow and tha t a 

minimum flow of 150 m3/ s would c ontinue to be ma inta ined . There is no 

evidenc e to my knowledge to suggest any signific ant loss of surfac e flow to 

groundwater throughout this 35 km reac h and based on this, any minimum 

flow estab lished a t Kurow will c ontinue a t or slightly above tha t level through 

to Black Point. 

                                                     

 

8 In evidence to these Hearings, Stewart concludes that the tributary contribution is about 13 m3/s.  
9 AFR (Alternative flow regime) is a minimum flow regime with the following monthly minimum flow (in m3/s)  
thresholds. Jun  Aug 110, Sep 120, Oct and Apr 125, Nov 130, Dec-Jan 140, Feb 150, Mar 145. 

http://www.ecan.govt.nz
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70. Should the Commissioners dec ide in favour of the NBTC app lic a tion then the 

c ond ition I have rec ommended for the MRNAG app lic a tions will need to be 

c hanged from tha t outlined p reviously in this affidavit. I would rec ommend 

the following:   

Whenever the flow in the Wa itaki River a t Kurow (map ref. I40:079068) as 

estimated by the Canterbury Regiona l Counc il fa lls below 160 m3/ s the taking 

of water from the Wa itaki River c a tc hment between Wa itaki Dam (map ref. 

I40:060100) and Blac k Point (map ref. J40:345905) sha ll not exc eed the tota l 

cumulative rate as calculated using the following formula:  

rate of take = ( Flow at Kurow -150)  

or the maximum rate shown in the following table, whichever is the lesser. 

Sep Oct Nov Dec Jan Feb Mar Apr 

5 6 9 10 10 10 5 3 

All taking of water sha ll c ease if the flow a t Kurow is a t or below 150 m3/ s. For 

the purposes of this c ond ition, the flow a t Kurow sha ll be the average flow 

recorded over the previous 24 hours as assessed at 9 am each day. 

The Canterbury Regiona l Counc il will post on its  website (www.ecan.govt.nz) 

any restric tions app lying in respec t of this c ond ition together with the 

perc entage reduc tion in the maximum ra te of take that c onsent holders a re 

required to observe to comply with this restriction. 

71. For those irriga tion take sites between Blac k Point and the sea (i.e. LWIS, MGIS, 

HDIS etc ) and assuming equa l p riority for both existing and new c onsent 

holders, the condition for this block of irrigators would need to read: 

Whenever the flow in the Wa itaki River a t Blac k Point (map ref. J40:345905) as 

estimated by the Canterbury Regiona l Counc il fa lls below 230 m3/ s the taking 

of water from the Waitaki River c a tc hment between Blac k Point (map ref. 

J40:345905) and the sea sha ll not exc eed the tota l c umula tive ra te as 

calculated using the following formula: 

i)  ra te of take = ( Flow at Blac k Point -150)  

ii)   or, the monthly maximum ra tes shown in the following tab le, 

whichever is the lesser. 

http://www.ecan.govt.nz
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Sep Oct Nov Dec Jan Feb Mar Apr 

35 48 66 69 69 69 47 33 

 
The taking of water sha ll c ease when the flow a t Blac k Point is a t or below 150 

m3/ s. For the purposes of this c ond ition, the flow a t Blac k Point sha ll be the 

average flow over the p revious 24 hours a t 9 am eac h day as estimated by 

the Canterbury Regional Council based on the following: 

Flow at Blac k Point = Flow a t Kurow + Flow through NBT 

72. Should the Commissioners dec ide tha t existing irriga tors should reta in p riority 

over HDIS and any new app lic ants, then for the existing irriga tors group the 

same condition applies except that the thresholds shown in (ii) need to read:   

Sep Oct Nov Dec Jan Feb Mar Apr 

27 38 50 52 52 52 38 25 

73. For Hunter Downs were tha t to be approved with sec ondary p riority the 

condition needs to read: 

Whenever the flow in the Wa itaki River a t Blac k Point ((map ref. 

J40:345905) as estimated by the Canterbury Regiona l Counc il fa lls below 

230 m3/ s the taking of water from the Waitaki River c atc hment between 

Blac k Point (map ref. J40:345905) and the sea sha ll not exc eed the ra te as 

calculated using the following formula: 

i)  ra te of take = ( Flow at Kurow  MMF) * 20.5/34  

where the MMF for each month is as follows: 

Sep Oct Nov Dec Jan Feb Mar Apr 

178 188 202 202 202 202 188 175 

 

ii)   or the monthly maximum ra tes  shown in the following tab le, 

whichever is the lesser. 
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Sep Oct Nov Dec Jan Feb Mar Apr 

8 10 16 17 17 17 9 5 

Other Matters 

a) Rivers and Tributaries 

74. Referring to Rule 2 Tab le 3 in the WAP it has been noted tha t some rivers, for 

examp le the Upper Ohau River, are listed simp ly as the Upper Ohau River as 

opposed to the Twizel River whic h is listed as the Twizel River and tributa ries . 

Some submitters have c onc luded tha t the d ifferenc e in word ing c onstitutes a 

definite intent by the Board to exc lude tributa ries from c onsidera tion and thus 

they seek to divorce the tributaries from the mainstem. 

75. I do not support suc h a c onc lusion. By definition, a river exists as a 

c onsequenc e of flows from its tributa ries. The flow in a tributa ry exists as the 

result of flows from its sub tributa ries, and so on. A tributa ry in this c ontext 

inc ludes both surfac e and sub surfac e c ontributing streamflow. The Water 

Allocation Board recognises this in Policy 1 of the WAP. 

76. To a rgue tha t c onsents issued on tributa ries, say to the Hakata ramea River for 

example, should be exc luded from meeting any minimum flow reg ime on the 

Hakata ramea (and indeed the Wa itaki River), to me, is simp ly not susta inab le. 

A take of 100 l/ s irrespec tive of whether it is taken from a tributa ry still reduc es 

the flow in the river by 100 l/s.  

77. What c onstitutes the ma instem as d istinc t from a tributa ry is often ill 

defined . To a llow for any rea l or perc eived advantage to those abstrac ting 

from a tributa ry over those taking from the ma instem (wha tever tha t is) only 

opens up a rgument as to the lega l definition and c onstitution of the tributa ry 

c onc erned .  I believe it is important tha t those taking from a tributa ry a re 

captured by the same provisions as those taking from the mainstem.     

78. From a water management point of view, I c onsider tha t a ll c onsents 

downstream from Waitaki Dam, whether on tributaries or not, should ideally be 

sub jec t to the Wa itaki Dam minimum flow p rovision. Those hold ing c onsent to 

take from say the Hakata ramea River would need to c omp ly with minimum 

flow provisions relating to the Hakataramea in addition to those relating to the 

Wa itaki. Those seeking to take from a tributa ry of the Hakataramea c ould well 
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be sub jec t to even another level of minimum flow p rovisions should the 

Regiona l Counc il c onsider tha t suc h add itiona l p rovisions a re nec essary to 

protect the instream environment of the tributary. This may well be a condition 

c onsistent with tha t p resc ribed under Rule 2 Tab le 3 xxii (Other rivers and 

streams) of the Plan.  

79. Only in this way is the Authority ab le to exerc ise integra ted water 

management throughout the catchment.  

SWORN at TIMARU ) 

by FRANK SCARF   )  

 

this              day of    August  2008 )  (FRANK SCARF) 

before me: )  

______________________________________ 

A Solicitor of the High Court of New Zealand  


