
 

 

Appendix A: Reservoir Scenario Modelling Results   

 

 



 

 

Appendix B: Dam and Distribution System Feasibility 
Drawings  



 

 

 

Appendix C: Preliminary Construction Programme   



 

 

 

Appendix D: Probable Maximum Precipitation 
Estimation for Makaroro River Dam 
Catchment 

  



 

 

 

Appendix E: Rainfall to Runoff Model Calibration and 
Validation for the Makaroro River at Burnt 
Bridge 

  



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

  



 

 

 

Appendix F: Distribution options assessment 

  



 

 

 

Appendix G: Dam type options assessment 

 

  



 

 

Dam Types Options Assessment 

G.1. Options Considered 

This appendix outlines the dam type options considered for the construction of A7 Dam and 
includes an assessment of both relative costs and non-cost criteria for preliminary designs. 
These preliminary designs are largely based on experience with similar projects. 
Geotechnical and hydrological studies were still in progress during the option assessment 
and the designs were developed only to the point that enabled relative cost estimates to be 
completed. 

Three standard dam constructions have been examined, two embankment type dams and 
one mass concrete dam: 

 Concrete face rockfill (CFRD) 

 Earth core rockfill (ECRD) 

 Roller compacted concrete dam (RCCD). 

Two sub-options for each of the embankment dams were considered: 

 A predominantly rockfill dam with spillway excavations extended to provide 
sufficient rock. Gravel fill was limited to that available from required excavations. 
These are referred to as ECRD_1 and CFRD_1. 

 A predominantly gravel dam using material from required excavations 
supplemented by upstream river gravels. Rockfill was limited to the minimum 
available from diversion works and spillway excavations. These are referred to as 
ECRD_2 and CFRD_2.  

Drawings presenting the arrangements adopted for the options assessment follow within 
Appendix G. 

All 5 arrangements used flatter batter slopes than normal to allow for the high earthquake 
loadings anticipated for the site. Foundations depths were modelled based on seismic 
refraction survey lines and preliminary interpretation from surface exposures and 
topography.  This generally consisted of 5m of alluvial and colluvial material overlying 
sound greywacke. The top 2m of foundation material was assumed removed to waste while 
critical elements such as earthcore and filters, concrete toe slabs and RCCD foundations 
were excavated to a depth of 2 m into the greywacke.  

Foundation conditions were assumed to be reasonably tight but with moderate leakage 
into vertical joint systems. Estimates allow for a grout curtain and blanket grouting for all 
dam arrangements. 

G.2. Embankment Materials 

The only earth core material available is a silt from an upstream borrow area (refer 
“Potential siltstone borrow” on Drawing 27690-DA-104 in Appendix B). This material is 
expected to produce a relatively brittle and erodible core material that may be satisfactory 
for an embankment under high earthquake loads but is not acceptable for an embankment 
subject to foundation displacement during an extreme earthquake event. 

Filter materials for ECRD and the upstream Zone 2B for the CFRD are expected to be readily 
available from gravel deposits in required excavations and in the river upstream. They will 
require processing to obtain the required grading and washing to remove excess fines.  



 

 

Greywacke rockfill for the rockfill embankments can be quarried from locations adjacent 
the site. The proposed layouts produce rockfill from excavations on the right abutment 
upstream and downstream of the dam. The diversion works, spillway and outlets are 
arranged to make use of these excavations. 

Gravel suitable for fill within zoned embankments was initially assumed to be available 
from within the present river bed and on the terraces and from upstream river deposits. 
Investigations have indicated a number of concerns with these sources of gravel fill: 

 There is unlikely to be sufficient gravel available from the river upstream and 
sources may need to be extended to the higher terrace materials. There could be 
some difficulty in obtaining a consistent product from the terraces; 

 The gravels tested are fine gravels with 80% to 90% less than 75 mm and a 
significant proportion of sand sizes. Some samples are clean while others have up 
to 15% fines. In general, this material would have a low permeability and require 
well designed drainage zones; 

 There are thin “reefs” of coarser river gravels available but these are separate lag 
deposits and limited in extent; 

 Gravel with high fines content is likely to be internally unstable as the finer 
fractions can be eroded by water passing through the fill leading to potential piping 
issues. 

G.3. Embankment Dams 

The conceptual ECRD arrangements are shown in Drawings A7-SK38 to 41 and A7-SK44 to 
45 and consist of a relatively wide central core sloping slightly upstream protected by filter 
zones and supported by gravel or rockfill shoulders. The main coffer dam is incorporated 
within the upstream shell of the dam while the downstream face is strengthened with steel 
reinforcement to permit safe overtopping during construction. 

The gravel ECRD arrangement (Option ECRD-2) leaves the terrace alluvials largely in place 
under the gravel shells but founds the central core and filters on sound rock. Relatively flat 
external batter slopes have been adopted (2.0H : 1.0 V) in view of the high seismic loads. 
The rockfill arrangement (Option ECRD-1) removes all gravel from the embankment 
foundations but uses steeper (while still allowing for high seismicity) batter slopes 
reflecting the higher shear strength of the rockfill. 

Moderately wide 3 m filters are provided comprising a 2 stage downstream filter and an 
upstream crack feeding zone.  

The conceptual CFRD arrangements are shown at Drawings A7-SK42 and A7-SK46.  Spillway 
and diversion channel arrangements will be similar to those shown for the ECRD options in 
Drawings A7u-FS-SK39 to 41. The CFRD arrangements consist of a zoned rockfill or gravel 
embankment with a 300 mm thick concrete facing on the upstream batter. The Zone 2B 
bedding material under the concrete face slab has an average width of 4.5 m and consists 
of processed gravel from required excavations. 

Alluvial foundations are assumed to be excavated in the upstream one-third of the 
foundation but left in place downstream after removing the top 2 m of contaminated 
material. 



 

 

G.4. Diversion/Outlet Works and Spillways for Embankment Dams 

Various primary spillway locations were examined on both the left and right abutments. 
The left abutment options are limited by the unstable rock conditions in the left hand side 
of the gorge downstream of the embankment. A primary spillway on the left abutment 
ridge was considered to be too close to the unstable rock mass. A location at the site 
proposed as an auxiliary spillway in the conceptual designs presented in the Inception 
Report (T&T August 2011) was considered for a short primary spillway with a flip bucket 
discharging into the steep gully.  However, this was considered likely to produce excessive 
scour for a primary spillway that operates on a regular basis. It was considered acceptable 
for an auxiliary spillway that operates only for floods exceeding the OBF. 

There is only one viable right abutment spillway location for the dam alignments 
considered in the options assessment and this was adopted for all options. The diversion 
(assumed to be a tunnel at this stage) was also located on the right abutment to move it 
away from the sz1 zone of rock mass weakness identified on the left abutment. The 
spillway and diversion/outlet works arrangements for the rockfill dam options, ECRD_1 and 
CFRD_1 are identical layouts.  

The diversion works for the options assessment consist of a 3m diameter right abutment 
tunnel with approach and exit channels excavated to river bed level. Relatively low 
upstream coffer dams are located in the river gorge section between the inlet channel and 
the embankment. Main coffer dams are located within the embankment shells and an 
allowance is provided in the estimates for meshing of the rockfill in the gorge to provide for 
safe overtopping discharges. 

The outlet works comprise a full height intake tower for selective withdrawal of water from 
the storage servicing a 1200 mm penstock and a 600 mm bypass pipe. Each outlet is 
controlled by a fixed dispersion cone valve with butterfly guard valves located upstream 
and has an offtake to the hydro power station. 

The intake tower is poured against and anchored to sound rock excavation on three sides 
up to RL 430. This leaves some 30 m of tower cantilevering above the anchored base 
subject to earthquake loadings. 

Spillways consist of a right abutment primary spillway controlled by a 20 m ogee crest and a 
left abutment auxiliary spillway controlled by fuse plug embankments.  A primary spillway 
will typically be used to convey all small and frequent floods (up to the OBF) without 
significant damage, whereas the auxiliary spillway will only begin to flow at rare events 
beyond the OBF and operation can often involve some damage including scour.  The 
primary lined chute spillway terminates in a flip bucket that discharges into a pre-excavated 
plunge pool that extends 6 m below river bed level. The overall excavation is dimensioned 
to provide the required volume of rockfill for the embankment. 

The spillway and diversion/outlet works arrangements for the gravel dam options, ECRD_2 
and CFRD_2 are again identical layouts.  The diversion/outlet arrangements are as noted 
above but the downstream right bank spillway excavations are minimised with a high level 
flip bucket discharging into a high level plunge pool and a high level discharge channel 
crossing the terraces to discharge into the river. The reduced rockfill excavation allows the 
use of cheaper gravels in the embankments. 

G.5. Roller Compacted Concrete Dam 



 

 

A standard RCCD arrangement shown at Drawings A7-SK43 and A7-SK47 has been adopted 
for the initial assessment and comprises: 

 A gravity dam with a vertical upstream face and a relatively flat backslope of 0.85 H 
to 1.0 V to handle earthquake loadings 

 A central spillway with road bridge, controlled by a 20 m wide conventional 
reinforced concrete ogee crest, chute and flip bucket discharging into the existing 
river channel 

 A high paste RCC mix with 180 kg/m3 of cementitious material comprising one-
third cement and two-thirds flyash 

 Concrete aggregate obtained from processed river gravels 

 Grout enriched RCC (GERCC) used for the upstream face, foundation contact and 
for the downstream stepped face outside of the spillway channel 

 An intake tower anchored to the upstream concrete face with pipework and valves 
similar to the embankment dams. 

The dam centreline is the same location as for the embankment dams. The arrangement 
provides a high quality concrete dam that is of a comparable standard to the embankment 
designs proposed above and with the tensile strength and cross section to handle the high 
earthquake loadings. 

G.6. Relative costings adopted for dam type selection 

The estimated indicative relative costs for the 5 options are shown in   



 

 

Table G-1.  The costings carried out concentrated on 'big ticket' items that differ between 
both dam type and arrangements considered.  This provided a means by which the various 
options could be compared and ranked together with 'non-cost' risk attributes. 

The estimates show that: 

 The CFRD arrangements have a slightly lower relative cost than the ECRD 

 The gravel fill dams have a slightly lower relative cost than the rockfill dams 

 The RCCD has a substantially higher relative cost than the embankment dams. 

These results were not unexpected. CFRD construction has increased rapidly over the last 
45 years (internationally) as the use of compacted rockfill has become widely accepted. 
CFRD construction was limited in earlier years due to the use of dumped rockfill, that while 
suitable for ECRD construction, produced long term settlements that adversely affected the 
concrete face of higher CFRD constructions. 

Gravel fill for embankment dams is cheaper to handle and place than quarried rock. While 
batter slopes need to be a little flatter and fill volumes are larger, this cost is more than 
offset by lower unit costs, provided adequate and suitable gravel supplies are available 
within a reasonable distance. 

RCCD constructions have also increased rapidly over the last 25 years (internationally) and 
are generally accepted to be of comparable cost to embankment dams. However, much of 
the cost advantage is obtained from more economical river diversion arrangements and 
spillway constructions. The A7 site has comparatively small river discharges by international 
standards and little cost advantage was obtained from these areas in this case. Unit rates 
for RCC production and placement are difficult to estimate without extensive investigation 
and testing of aggregates and mix designs. It is possible that lower unit rates could be 
justified by minimal processing and handling of river gravel deposits but not to the extent 
that the total cost would be comparable with the embankment dams. 

  



 

 

Table G-1 - Relative Costs for Dam Options  

Option Description Relative Cost 

ECRD_1 Earth core rockfill dam using predominantly rockfill 
shells 

110% 

ECRD_2 Earth core rockfill dam using predominantly gravel 
shells 

100% 

CFRD_1 Concrete face rockfill dam using predominantly 
rockfill shells 

103% 

CFRD_2 Concrete face rockfill dam using predominantly gravel 
shells 

95% 

RCCD Roller compacted concrete gravity dam 

 

167% 

NOTE:   

1 Option ECRD_2 has arbitrarily been set at a cost of 100%, and all other costs are relative to this option 

2 Drainage facilities have not been included in cost estimates for the gravel shell type embankments, and are 
now expected likely to be required based on further consideration of materials. Therefore the cost of the gravel 
shell type embankments may be underestimated relative to the rockfill shell type embankments. 

Notwithstanding the above comments regarding the presentation of costs, the relative 
costing exercise carried out revealed that the relative costs are higher than estimates 
produced in pre-feasibility work.  The option that is most directly comparable with pre-
feasibility estimates is ECRD_2 and the main reasons for this cost increase are: 

 Increased height of dam to provide additional reservoir storage (50 million m3 
increased to 72 million m3 to replace storage at abandoned Site D5). 

 Pre-feasibility had no information on the left abutment and made no allowance for 
treatment of the sz1 zone of rock mass weakness. 

 Pre-feasibility assumed a tight greywacke foundation based on previous experience 
with this foundation and made no allowance for grouting. 

 Pre-feasibility used narrow filters typical of ECRD construction. ECRD_2 provides 3 
m wide filters as a defence mechanism for embankment cracking that would be 
anticipated under high earthquake loadings. An additional crack filling filter was 
introduced upstream as an additional defence mechanism 

 Pre-feasibility left the full depth of terrace gravel in place except for the core and 
filters which were extended to the greywacke surface. Preliminary investigations 
indicate an ash layer that would require additional excavation to waste and that 2 
m of greywacke excavation should be allowed for the core foundation 

 A small increase in spillway cost due to moving to the right abutment site. 

Note that subsequent to the Options Assessment, further changes have occurred that are 
likely to involve increase in cost: 

 Increased height of dam to provide 90 million m3 rather than 72 million m3 

 Allowance for stabilisation of the upstream landslide 

 Additional freeboard to allow for changes in flood hydrology estimates. 

  



 

 

G.7. Option Selection 

The primary consideration in option selection is the ability to handle high earthquake 
loadings and the possibility of secondary movement on the sz1 zone of rock mass weakness 
crossing the embankment on the left abutment. Little was known about this feature during 
option development but investigations now show  it to comprise a 10 to 15 m wide zone of 
crushed mudstone with interbedded sandstone crossing the left abutment terrace and 
exposed in the left hand gorge wall upstream and downstream of the dam. It is likely to be 
a significant feature in the near field of a major fault capable of producing large 
earthquakes. It is considered reasonable, at this stage, to treat the zone as being capable of 
secondary (sympathetic) movement and to assume some displacement, of the order of less 
than 1 m.  GNS is currently undertaking a study to assist in quantifying the magnitude of 
possible displacement.  The work is programmed for completion in mid November 2011. 

The widely accepted general practice is to avoid constructing dams across active faults if 
feasible alternative locations are available. While the A7 site does not straddle an active 
fault, secondary (sympathetic) displacement along existing zones of rock mass weakness 
may be possible following strong earthquake shaking from one of the nearby active faults.  
Eighteen alternative storage sites including Site A7 were considered during the Advanced 
Pre-feasibility Stage (T&T February 2011), and one of which (Site D5) was advanced to 
feasibility level geotechnical investigations before being discarded as not feasible, a process 
reported in the Inception Report (T&T August 2011).  Both Wieland (2008) and Sherard 
(1974) agree that “if a site with fault movements cannot be avoided then it is reasonable 
practice to construct a conservatively designed embankment dam”.  Sherard (1974) does 
not directly discuss the CFRD subtype of embankment dam, which has grown in popularity 
in years subsequent to Sherard’s publication.  However Wieland (2008) describes defensive 
measures for CFRDs specifically where displacement may occur in the dam foundations.   

Where alternative sites are not available, the dam needs to be capable of absorbing the 
fault displacement by sealing, drainage, buttressing and other conventional engineering 
procedures without provoking a dam failure. While this type of construction is an unusual 
procedure with limited international precedent, there is general agreement on the 
preferred type of construction and the types of defensive measures that should be 
provided. 

All options considered are capable of handling the anticipated earthquake loadings in the 
absence of foundation displacement. The ability of the various options to absorb fault 
displacement is discussed below. 

ECRD Constructions 

ECRD embankments are considered suitable provided: 

 The core material is a non-erodible ductile material with a large failure strain than 
can accept shear without cracking;  

 Generously proportioned and properly designed cohesionless filters are provided 
with an upstream filter capable of sealing cracks in the core and downstream filters 
that prevent migration of core material into the rockfill. In addition, filters limit the 
flows into the downstream shell even if the core is breached.  Typical 
recommendations include filter zones at least 2 m wider than the fault 
displacement (preferably with a factor of safety of 1.5) or alternatively, a width 
equal to twice the design displacement; 

 A downstream shell capable of safely discharging significant discharges. 



 

 

The main problem with the ECRD proposals as developed and comparatively costed is that 
the only core material available near site is a brittle and erodible silt from an upstream 
borrow area (Refer Drawing 27690-DA-104). This material may be suitable for an ECRD on a 
conventional foundation but is not favoured for a site that needs to accommodate 
foundation displacement.  Suitable core may be achieved by sourcing remote from the dam 
and/or blending various materials together, but at considerable additional cost. 

The ECRD_2 arrangement using gravel shells would have the further disadvantage that the 
gravels tested would be only semi-pervious and erodible. A wide drainage zone would be 
required downstream of the filter zones to provide adequate drainage capacity. Allowance 
for this zone was not included in the option estimates.  As a result, the comparative costs 
presented in   



 

 

Table G-1 for the gravel embankment may be underestimated relative to the rockfill 
embankment. 

CFRD Constructions 

CFRD embankments are considered equally suitable. They have the disadvantage that the 
concrete face can be damaged in large earthquakes without foundation movement 
occurring while the concrete face and the toe slab would be expected to sustain severe 
damage if foundation displacement occurred.  However the CFRD design has the very 
significant advantage that it is stable without the concrete face.  The rockfill embankment 
can handle flow through conditions without instability issues.  CFRD embankments are 
designed to accommodate large flood inflows prior to construction of the concrete face and 
have operated quite successfully under these conditions.  Another advantage is the 
potential to carry out repairs to the concrete face if it is damaged in an earthquake event. 

Again, the gravel CFRD embankment has the disadvantage of low permeability and 
erodibility, requiring extensive drainage facilities.  Again, these drainage facilities were not 
included in the option estimates and consequently the comparative costs presented in   



 

 

Table G-1 for the gravel embankment is likely underestimated relative to the rockfill 
embankment. 

RCCD Constructions 

Concrete gravity dams are generally not considered suitable where active faults cross the 
foundation. The RCCD was included for consideration when it was thought thesz1 zone 
would be a narrow vertical feature crossing the right bank terrace roughly perpendicular to 
the dam axis. There is a precedent for this scenario at the Clyde Dam, where a jointing 
system was devised to accommodate this type of movement. Once thesz1 zone was 
demonstrated to be a wide inclined zone of crushed material dipping into the left 
abutment, the RCCD was considered unsuitable. 

The gravity dam is a rigid, brittle structure and small displacements may cause cracking. The 
extent of cracking with the wide inclined zone of crushed rock is very difficult to predict. It 
would be expected to break the bond between concrete and rock foundation, allowing full 
uplift pressure to penetrate the interface. The movement could easily cause drain holes to 
be misaligned and fail to operate. Cracking within the body of the dam may also allow uplift 
pressure to penetrate the body of the dam. Post-earthquake stability would be very difficult 
to assess. 

Overall Assessment 

The two gravel dams, ECRD_2 and CFRD_2 were not considered further due to the concerns 
raised at Section G.2 (e.g. quantity available, fineness of grading in terms of permeability 
and internal stability). A number of non-cost issues are compared in Table G-2 with 
appropriate weightings. The dominant issue was considered to be the potential 
displacement across the dam foundation during an extreme earthquake event.  

This evaluation saw a clear advantage in the CFRD construction. As the CFRD construction 
was also the minimum cost construction (when gravel options removed), Option CFRD_1 
was adopted for further studies. 

Table G-2 Non-Cost Issues 

    Dam Type Rating (score out of 10) 

Concern Weighting RCC CFRD ECRD 

Displacement across dam foundation (seismic 
failure mode) 50 5 9 7 

Diversion management 4 10 6 4 

Seiche overtopping (freeboard) 4 10 2 2 

Weather during construction 4 7 10 4 

Construction experience 4 6 7 8 

Construction duration 8 8 6 4 

Environmental effects (cement runoff esp.) 1 6 7 8 

Quality control requirements 5 6 8 6 

Consentability 0 0 0 0 

Dam break effects 0 0 0 0 

Total Score  482 645 492 



 

 

    800 800 800 

Percentage of Total Score possible   60% 81% 62% 

 

 

 

 

 



 

 

 

Appendix H:   Dam Design Peer Review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix I:  Distribution Peer Review 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix J:  Water Resources Peer Review 

 







SCENARIO 1

GEV

RP Storage Required

(years) (m
3
)

10 95,807,961

20 105,218,885

35 111,541,639

60 116,777,031

100 121,089,871

1.5 2 3 5 10 20 35 50 70 100

-90000

110000

310000

510000

710000

910000

0

20,000,000

40,000,000

60,000,000

80,000,000

100,000,000

120,000,000

140,000,000

160,000,000

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

A
n
n
u
a
l 
M

a
x
im

u
m

 D
ra

w
d
o
w
n
 (
m

3
)

Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 19580 ha,  90th percentile demand cap.

P:\27690\WorkingMaterial\200 Water Resources\Storage modelling\A7 storage modelling cmbb 11102011.xlsm CMBB    12/10/2011

0

20

40

60

80

100

120

140

160

180

S
to

ra
g
e
 (
m

3
)

M
il
li
o
n
s

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 19580 ha,  90th percentile demand cap.

P:\27690\WorkingMaterial\200 Water Resources\Storage modelling\A7 storage modelling cmbb 11102011.xlsm CMBB    12/10/2011



SCENARIO 2

GEV

RP Storage Required

(years) (m
3
)

10 55,681,737

20 63,468,706

35 69,231,178

60 74,416,793

100 79,039,942

1.5 2 3 5 10 20 35 50 70 100

-90000

110000

310000

510000

710000

910000

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

A
n
n
u
a
l 
M

a
x
im

u
m

 D
ra

w
d
o
w
n
 (
m

3
)

Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

P:\27690\WorkingMaterial\200 Water Resources\Storage modelling\A7 storage modelling cmbb 11102011.xlsm CMBB    12/10/2011P:\27690\WorkingMaterial\200 Water Resources\Storage modelling\A7 storage modelling cmbb 11102011.xlsm CMBB    12/10/2011



SCENARIO 3
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SCENARIO 5
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SCENARIO 6
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20 98,416,747

35 103,460,849

60 107,517,552

100 110,768,213
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Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  
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SCENARIO 7

GEV

RP Storage Required

(years) (m
3
)

10 99,360,797

20 108,833,691

35 115,134,518

60 120,306,915

100 124,533,081

1.5 2 3 5 10 20 35 50 70 100

-90000

110000

310000

510000

710000

910000

0

20,000,000

40,000,000

60,000,000

80,000,000

100,000,000

120,000,000

140,000,000

160,000,000

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

A
n
n
u
a
l 
M

a
x
im

u
m

 D
ra

w
d
o
w
n
 (
m

3
)

Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)
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Lognormal

RP axis

Return Period  
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SCENARIO 8

GEV

RP Storage Required

(years) (m
3
)

10 92,540,343

20 102,050,916

35 108,530,047

60 113,959,452

100 118,483,186
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Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

RP axis

Return Period  
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SCENARIO 9

GEV

RP Storage Required

(years) (m
3
)

10 84,629,739

20 90,238,366

35 93,649,629

60 96,242,901

100 98,212,697
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Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  
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SCENARIO 10

GEV

RP Storage Required

(years) (m
3
)

10 78,053,305

20 83,511,366

35 86,870,872

60 89,451,048

100 91,430,020

50 88,640,612
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Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 18,400 ha, with 80th percentile demand cap.
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SCENARIO 11

GEV

RP Storage Required

(years) (m
3
)

10 83,486,988

20 88,902,768

35 92,176,067

60 94,651,063

100 96,521,408

50 93,877,769
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Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 19,580 ha, with 75th percentile demand cap.
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 19,580 ha, with 75th percentile demand cap.
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SCENARIO 12

GEV

RP Storage Required

(years) (m
3
)

10 74,789,070

20 83,500,399

35 89,633,740

50 93,194,959

100 99,446,839

50 93,194,959
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Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 16,310 ha, with 90th percentile demand cap.
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SCENARIO 13

GEV

RP Storage Required

(years) (m
3
)

10 72,769,299

20 78,239,159

35 81,668,948

60 84,345,350

100 86,429,381

50 83,500,159
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Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 17,400 ha, with 80th percentile demand cap.
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 17,400 ha, with 80th percentile demand cap.
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SCENARIO 14

GEV

RP Storage Required

(years) (m
3
)

10 65,920,574

20 74,142,733

35 80,034,847

60 85,192,238

100 89,670,845

50 83,499,995
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Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 14,750ha, with 90th percentile demand cap.
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SCENARIO 15

GEV

RP Storage Required

(years) (m
3
)

10 83,515,063

20 92,565,166

35 98,814,392

60 104,112,334

100 108,575,499

50 102,392,242
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Gumbel Variate -ln{-ln(1-1/T)}

Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 17,700 ha, with 90th percentile demand cap.
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Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 17,700 ha, with 90th percentile demand cap.
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SCENARIO 16

GEV

RP Storage Required

(years) (m
3
)

10 76,120,170

20 83,516,270

35 88,477,437

60 92,579,771

100 95,954,814

50 91,258,862
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Ruataniwha A7- Dam Site
Drawdown Frequency Analysis : 1972 to 2010 Annual Series

(PWM fit -- (n+0.12/(i-0.44) plotting position)

EV1

GEV

Lognormal

Return Period  

100

Ruataniwha Storage Dam A7 - Modelled Storage Drawdown

0.9 MALF, 17,120 ha, with 85th percentile demand cap.
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0.9 MALF, 17,120 ha, with 85th percentile demand cap.
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Internal radius 2.0m

Permanent steel rib support
200 UC at 1.0 m spacing

Min excavation line

5.0

2.
3

External radius 2.5

600 mm cement lined
bypass pipe

Reinforce water face with
24mm bars on 300mm grid

Overbreak grout for
tunnel roof

Longitudinal construction
joint

Internal radius 2.0m

Min excavation line

2.
3

External radius 2.3

600 mm cement lined
bypass pipe

Reinforce water face with
24mm bars on 300mm grid

Overbreak grout for
tunnel roof

Longitudinal construction
joint

4.6

Internal radius 2.0m

Min excavation line

2.
3

600 mm cement lined
bypass pipe in

200 mm floor slab

Tunnel Section from
Ch 185 to Ch 315

(Grout Curtain from plinth
assumed at CH 305

Tunnel Section from
U/S Portal at Ch 175 to Ch 185
Ch 460 to D/S portal at Ch 470

300 mm min concrete
lining

200 mm min shotcrete
Water face reinforcedwith steel mesh

Drain holes at 2 m centres drilled 2m into rock
Walls anchored to rock with 2.4m anchor bars

External radius 2.2 m

Tunnel Section from
Ch 315 to Ch 460

Internal radius 2.0m

2.
3

External radius 2.3

Overbreak grout for
tunnel roof

4.6

Outlet Penstock from
Ch 300 to Ch 315

(Grout Curtain from plinth
assumed at CH 305

300 mm min concrete
lining

20 overbreak grout holes
drilled 5 m into rock around

circumference at Ch 305
to intersect with main

grout curtain

2100 steel penstock
with interface grouting
between penstock and

concrete surround

2nd Stage concrete surround

Internal radius 2.0m

2.
3

200 mm floor slab

External radius 2.2 m

Outlet Penstock from
Ch 315 to Ch 470

2nd Stage concrete surround

2100 steel penstock
with interface grouting
between penstock and

concrete surround

concrete surround

at 1.5m c/c
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ORIGINAL IN COLOUR

2600 dia Raise Bore Shaft
with 2100 steel liner in

concrete surround

Intake Tower, 4000 int diameter

3000 thick base slab

FSL  RL 469.5

Parapet crest Level RL 475.5

1

2

3

4

RL 473.0

RL 440.0

RL 443.0

4.0 m dia concrete
concrete lined tunnel

with 4 ports600 wall thickness

Trashracks & baulk slot

RL 417.0

Low Level Intake
Box structure with

trash bars

Trashbars

2.1 m square vertical
slide gate, hydraulically

operated

6 tonne travelling crane
on portal frame

5.0

for lower ports 1 & 2

Trashracks & baulk slot
for upper ports 3 & 4

Top of of lower ports RL447.5
32% of total storaage

External stairs for access not shown

Concrete Stoplogs

3.
0

1.
8

Section Through Port 4

Trashracks & baulk slot

for upper ports 3 & 4

Trashracks & baulk slot
for lower ports 1 & 2
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Hawke's Bay Regional Council
Ruataniwha Water Storage Project
Project Description Issue 
DRAWING Rev Title

General

DRAWING Rev Title

327690-DN-000 Drawing List

DRAWING Rev Title

327690-DN-001 Distribution Works General Arrangement

DRAWING Rev Title

327690-DN-002 Zone A General Arrangement

DRAWING Rev Title

327690-DN-003 Zone B General Arrangement

DRAWING Rev Title

327690-DN-004 Zones C and D General Arrangement

DRAWING Rev Title

INTAKE

DRAWING Rev Title

327690-DN-100 Intake General Arrangement

DRAWING Rev Title

327690-DN-101 Intake Plan

DRAWING Rev Title

327690-DN-102 Intake Typical Embankment Section 

DRAWING Rev Title

327690-DN-103 Radial Gate Plan

DRAWING Rev Title

327690-DN-104 Radial Gate Details 

DRAWING Rev Title

HEADRACE CANAL

DRAWING Rev Title

327690-DN-200 Headrace Canal Layout (Sheet 1 of 12)

DRAWING Rev Title

327690-DN-201 Headrace Canal Layout (Sheet 2 of 12)

DRAWING Rev Title

327690-DN-202 Headrace Canal Layout (Sheet 3 of 12)

DRAWING Rev Title

327690-DN-203 Headrace Canal Layout (Sheet 4 of 12)

DRAWING Rev Title

327690-DN-204 Headrace Canal Layout (Sheet 5 of 12)

DRAWING Rev Title

327690-DN-205 Headrace Canal Layout (Sheet 6 of 12)

DRAWING Rev Title

327690-DN-206 Headrace Canal Layout (Sheet 7 of 12)

DRAWING Rev Title

327690-DN-207 Headrace Canal Layout (Sheet 8 of 12)

DRAWING Rev Title

327690-DN-208 Headrace Canal Layout (Sheet 9 of 12)

DRAWING Rev Title

327690-DN-209 Headrace Canal Layout (Sheet 10 of 12)

DRAWING Rev Title

327690-DN-210 Headrace Canal Layout (Sheet 11 of 12)

DRAWING Rev Title

327690-DN-211 Headrace Canal Layout (Sheet 12 of 12)

DRAWING Rev Title

327690-DN-212 Canal Longsection (Zone A)

DRAWING Rev Title

327690-DN-213 Canal Longsection (Zone B)

DRAWING Rev Title

327690-DN-214 Canal Longsection (Zone B)

DRAWING Rev Title

327690-DN-215 Canal Longsection (Zones B & C)

DRAWING Rev Title

327690-DN-217 Typical Canal Cross-Section Details

DRAWING Rev Title

327690-DN-218 Canal Cross-Sections (Zone A)

DRAWING Rev Title

327690-DN-219 Canal Cross-Sections (Zone B )

DRAWING Rev Title

327690-DN-220 Canal Cross-Sections (Zone B)

DRAWING Rev Title

327690-DN-221 Canal Cross-Sections (Zone B & C)

DRAWING Rev Title

DROP STRUCTURES

DRAWING Rev Title

327690-DN-300 Drop Structure Typical Plan

DRAWING Rev Title

327690-DN-301 Drop Structure Typical Section

DRAWING Rev Title DRAWING Rev Title

SIPHONS

DRAWING Rev Title

327690-DN-400 Siphons Typical Plan

DRAWING Rev Title

327690-DN-401 Siphon Longsections

DRAWING Rev Title

327690-DN-402 Waipawa Siphon Offtake

DRAWING Rev Title

CROSSINGS

DRAWING Rev Title

327690-DN-500 Minor Stormwater Crossings

DRAWING Rev Title

327690-DN-501 Typical Bridges

DRAWING Rev Title

TURNOUTS

DRAWING Rev Title

327690-DN-600 Secondary Works Offtake Details 

DRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev TitleDRAWING Rev Title
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ID Task Name Duration Start Finish

1 CFRD Program 1407 days? Mon 3/06/13 Thu 30/11/17

2 CFRD Program 0 days? Mon 3/06/13 Mon 3/06/13

3 CFRD Program 0 days? Fri 16/12/16 Fri 16/12/16

4 CONTROL DATES 1145 days? Mon 3/06/13 Sat 28/01/17

5 AWARD OF CONTRACT 0 days Mon 3/06/13 Mon 3/06/13

6 PHASE 1 474 days? Mon 3/06/13 Mon 15/12/14

7 PHASE 2A 83 days Mon 15/12/14 Sat 21/03/15

8 PHASE 2B 106 days Sat 21/03/15 Thu 23/07/15

9 PHASE 2C - 2D 33 days Thu 23/07/15 Mon 31/08/15

10 PHASE 3 330.33 days Sat 14/03/15 Sat 2/04/16

11 PHASE 4 257.33 days Mon 4/04/16 Sat 28/01/17

12 INITIAL SITE WORK 222 days Mon 3/06/13 Mon 17/02/14

13 MOBILISATION 28 days Mon 3/06/13 Fri 5/07/13

14 LOCATE TUNNELLING EQUIPMENT 46 days Mon 3/06/13 Fri 26/07/13

15 LOCATE BATCH PLANT 46 days Mon 3/06/13 Fri 26/07/13

16 LOCATE CRUSHING PLANT 46 days Mon 3/06/13 Fri 26/07/13

17 ENVIROMENTAL CONTROLS 18 days Fri 5/07/13 Fri 26/07/13

18 ROAD ACCESS 60 days Fri 26/07/13 Fri 4/10/13

19 GENERAL SITE CLEARING 12 days Fri 4/10/13 Fri 18/10/13

20 SITE ACCESS ROADS 12 days Fri 18/10/13 Fri 1/11/13

21 ESTABLISH CRUSHING PLANT 57 days Fri 18/10/13 Tue 24/12/13

22 ZONE 2B, AGGREGATES AVAILABLE 0 days Tue 24/12/13 Tue 24/12/13

23 ESTABLISH BATCH PLANT 104 days Fri 18/10/13 Mon 17/02/14

24 CONCRETE AVAILABLE 0 days Mon 17/02/14 Mon 17/02/14

25 DIVERSION WORKS 291 days Fri 1/11/13 Tue 7/10/14

26 DELIVER TUNNEL EQUIPMENT 30 days Fri 1/11/13 Fri 6/12/13

27 EXCAVATION OUTLET CHANNEL 60 days Fri 1/11/13 Fri 10/01/14

28 EXCAVATION INLET INCLUDE TOWER
BASE

130 days Fri 1/11/13 Wed 2/04/14

29 EXCAVATE DIVERSION TUNNEL 90 days Fri 10/01/14 Fri 25/04/14

30 INTAKE TOWER BASE 100 days Mon 17/02/14 Fri 13/06/14

31 GROUT CURTAIN FROM WITHIN TUNNEL 41 days Fri 25/04/14 Thu 12/06/14

32 600 DIA. BYPASS PIPE 16 days Fri 25/04/14 Wed 14/05/14

33 CONCRETE LINING DIVERSION TUNNEL 90 days Wed 14/05/14 Wed 27/08/14

34 TUNNEL AVAILABLE FOR DIVERSION 0 days Wed 27/08/14 Wed 27/08/14

35 TEMP. U/S COFFER DAM 2 days Wed 27/08/14 Fri 29/08/14

36 TEMP. D/S COFFER DAM 2 days Wed 27/08/14 Fri 29/08/14

37 U/S COFFER DAM EXCAVATION 14 days Wed 27/08/14 Fri 12/09/14

38 CONSTRUCT U/S COFFER DAM 21 days Fri 12/09/14 Tue 7/10/14

39 SPILLWAY 523 days Mon 30/06/14 Tue 1/03/16

40 CLEAR SPILLWAY 28 days Mon 30/06/14 Fri 1/08/14

41 EXCAVATE UPPER SPILLWAY 150 days Fri 1/08/14 Fri 23/01/15

42 EXCAVATE LOWER SPILLWAY 400 days Thu 20/11/14 Tue 1/03/16

43 CONCRETE TO UPPER SPILLWAY 150 days Fri 23/01/15 Fri 17/07/15

44 EXCAVATE SECONDARY SPILLWAY 35 days Sat 21/03/15 Fri 1/05/15

45 EMBANKMENT EXCAVATION 463.67 days Fri 1/11/13 Sun 26/04/15

46 RIGHT ABUTMENT EXCAVATION ABOVE
RL 440

28 days Fri 1/11/13 Wed 4/12/13

47 LEFT ABUTMENT EXCAVATION ABOVE
RL 440

40 days Wed 4/12/13 Sun 26/04/15

48 EXCAVATION / FOUND. FOR R ABUT U/S
TOE SLAB ABOVE RL 410

56 days Fri 1/11/13 Mon 6/01/14

49 EXCAVATION / FOUND. FOR L ABUT U/S
TOE SLAB ABOVE RL 410

90 days Mon 6/01/14 Mon 21/04/14

50 FOUNDATION TREATMENT FOR R ABUT
FAULT

30 days Wed 4/12/13 Wed 8/01/14

51 FOUNDATION TREATMENT FOR L ABUT
Fault

60 days Mon 6/01/14 Mon 17/03/14

52 EXCAVATION / FOUND. FOR U/S TOE
SLAB BELOW RL 410

60 days Fri 29/08/14 Fri 7/11/14

53 EXCAVATION / FOUND. FOR D/S TOE SLAB 20 days Fri 29/08/14 Mon 22/09/14

54 EMBANKMENT CONSTRUCTION 1125 days Mon 25/11/13 Thu 29/06/17

55 ROCKFILL EX DIVERSION WORKS TO R
ABUT EMBANKMENT

55 days Mon 25/11/13 Tue 28/01/14

56 CONSTRUCT R ABUT U/S TOE SLAB ABOVE RL 430100 days Mon 6/01/14 Fri 2/05/14

57 CONSTRUCT L ABUT U/S TOE SLAB
ABOVE RL 430

100 days Fri 21/08/15 Wed 16/12/15

58 CONSTRUCT U/S TOE SLAB BELOW RL
410

70 days Wed 19/11/14 Mon 9/02/15

59 CONSTRUCT D/S TOE SLAB 35 days Mon 22/09/14 Sat 1/11/14

60 ROCKFILL TO D/S STAGE TO RL 425 100 days Sat 1/11/14 Thu 26/02/15

61 ROCKFILL TO DAM TO RL 425 150 days Fri 27/02/15 Fri 21/08/15

62 STAGED COMPLETION TO RL 433 40 days Fri 21/08/15 Wed 7/10/15

63 ROCKFILL TO DAM RL 433 to RL 471.7 140 days Wed 7/10/15 Fri 18/03/16

64 GROUT CURTAIN FOR DAM 365 days Fri 2/05/14 Thu 2/07/15

65 CONCRETE FACE SLAB 235 days Fri 18/03/16 Sat 17/12/16

66 PARAPET WALL 92 days Sat 17/12/16 Tue 4/04/17

67 COMPLETE ROCKFILL TO DAM 30 days Tue 4/04/17 Tue 9/05/17

68 CONSTRUCT FINAL ROADWORKS 44 days Tue 9/05/17 Thu 29/06/17

69 OUTLET WORKS & POWERHOUSE 1085 days Fri 13/06/14 Thu 30/11/17

70 COMPLETE INTAKE TOWER 136 days Fri 13/06/14 Wed 19/11/14

71 CONSTRUCT BRIDGE PIERS &
ABUTMENT

136 days Fri 13/06/14 Wed 19/11/14

72 INSTALL BRIDGE BEAMS 14 days Wed 19/11/14 Fri 5/12/14

73 INSTALL CLOSURE BAULKS &
STOPLOGS

8 days Sat 17/12/16 Tue 27/12/16

74 PONDAGE COMMENCED 0 days Tue 27/12/16 Tue 27/12/16

75 INSTALL TUNNEL PENSTOCK 30 days Tue 27/12/16 Tue 31/01/17

76 CONCRETE SURROUND 38 days Tue 31/01/17 Thu 16/03/17

77 INTERFACE GROUTING 37 days Thu 16/03/17 Fri 28/04/17

78 CONSTRUCT VALVE BLOCK 63 days Fri 28/04/17 Tue 11/07/17

79 CONSTRUCT POWERHOUSE & INSTAL TURBINES200 days Tue 27/12/16 Thu 17/08/17

80 INSTALL & COMMISSION PIPEWORK,
VALVES. HEPS

90 days Thu 17/08/17 Thu 30/11/17

81 PROJECT COMPLETE 0 days Thu 30/11/17 Thu 30/11/17

82

83

84 6 days? Mon 19/12/16 Sun 25/12/16
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1 CATCHMENT AREA 

The A7 catchment has an area of 111 km2 and is shown below in Figure 1, with the PMP depth 
contours for 24 hours/25km2 and the reservoir footprint overlain. The catchment boundaries and 
PMP isohyets are shown in more detail in Figure 2. 

 

 

Figure 1, Catchment location and reservoir footprint with PMP contours for 24 hours/25km2  
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Figure 2, Overlay of catchment boundaries on the PMP contours for 24 hours/25km2 catchment 

 

 

2 DETERMINE 24 HOUR INDEX PMP 

 

To obtain the PMP first use the PMP contours for duration of 24 hours - see Figure 2. 

The areal precipitation is calculated as  

 







ni

i

ii PMPA
A

PMP
1

1
 

 

Where Ai is the area between isohyets i and i+1,  

PMPi is the representative precipitation for that area, typically found as the mean between the 
two isohyetal values. 
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 Area values obtained through GlobalMapper are shown below;   

Isohyets  Average Precip Ai (Ai/A) x (PMPi)  

(mm) (mm) (km2) (mm) 

        

650-700 675 4.4 27 

700-750 725 11.9 78 

750-800 775 15.2 106 

800-850 825 17.7 132 

850-900 875 41.4 326 

900-950 925 17.6 147 

950-1000 975 2.8 25 

        

    Areal PMP (mm) 840 

 

Weighted average 24 hour 25km2 PMP for the dam catchment is approximately 840 mm. 

 

3 ADJUSTMENT FOR ELEVATION 

This is the effective height of any barrier impeding the flow of moisture into the catchment. The 
effective height of the barrier is less than the actual barrier height and is taken as being the 
elevation 5- 10 km on the windward side of the divide.  

In terms of PMP, the dam catchment will experience a reduced moisture potential in relation to 
the barrier height in the direction of the dominant weather. This reduction is applied as a factor; 

)0002.0( x

v eR       (where x is the height in metres) 

 

The New Zealand Meteorological Service publication “The Climate and Weather of the Hawke’s 
Bay Region”, 1987, states: “Major flooding in Hawke’s Bay usually occurs when a depression, 
having formed in the Tasman Sea or tropics, passes over northern New Zealand. In these 
conditions, the strong moist easterlies on the southern side of the depression are forced by the 
ranges in the west of the region to ascend. Subsequently, high intensity rainfalls, especially at 
higher elevations, are produced.” 

Further, when analysing meteorological systems bringing rain to Hawke’s Bay, it notes that 
“Most rain fell when the winds were easterly, resulting from orographic enhancement.” 

Thus, we will look at barrier heights for the two probable directions of rain-bearing weather,  

 Northerly    

o 5 km on windward side of the barrier   1300m 

o 10 km on windward side of the barrier   1000m 

 Easterly 

o No significant barrier, but hill slopes present  450m 
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Figure 3, Dominant direction of heavy rain bearing weather  

   

There appears to be much room for interpretation of the effective barrier height as the Ruahine 
Range represents great variation in heights encountered by heavy rain bearing winds passing 
over the catchment.   

However, due to most rain bearing weather entering the Makaroro valley from the east as noted 
above, and the fact that adopting the elevations immediately north of the catchment as effective 
barrier height would lead to potential underestimation of the PMP, the most representative 
catchment-wide barrier height is 450m.  

Rv (450m)  = 0.914  

  

4 DETERMINE AREA-DEPTH REDUCTION FACTOR 

 

The PMP value obtained in part 2 is for a 25km2 catchment. To make this appropriate for the dam 
catchment, an areal reduction factor must be applied. 

Interpolation of the tabulated values given in Ref 3 for the North Island gives an areal reduction 
factor of 95.0% for the dam catchment (111 km2). 
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5 COMPUTATION OF AVERAGE 24 HOUR PMP FOR DAM 

CATCHMENT 

 

)__(225/24
reductionareadepthRPMPPMP vkmhrcorrected   

For the dam catchment, PMPcorrected = 840 x 0.914 x 0.95 = 729mm 

 

 

6 COMPUTATION OF CATCHMENT PMP FOR RANGE OF 
DURATIONS 

 

Estimates of PMP can be extended from 24 hour index values to other durations through the 
analysis and application of depth-duration relations. Depth-duration relationships over a range 
of return periods have been developed from an analysis of historical precipitation events 
recorded at the Parks Peak (967310) and Glenwood (968225) automatic rain gauges.  

 

This analysis gives an appropriate spatial variation of the 12 hour to 24 hour depth-duration 
precipitation ratio of 64% for the dam catchment, an appropriate spatial variation of the 48 hour 
to 24 hour depth-duration precipitation ratio of 144% for the dam catchment, and an appropriate 
spatial variation of the 72 hour to 24 hour depth-duration precipitation ratio of 165% for the dam 
catchment. 

 

A summary of the rainfall depth frequency analysis and associated depth duration ratio 
calculations is shown in the tables below; 

 

 

  Rainfall Depth Estimates from Frequency Analysis 

    (mm) (mm) (mm) (mm) 

968225 Glenwood  12hr 24hr 48hr 72hr 

10yr ARI   116 176 245 284 

20yr ARI   130 198 278 322 

50yr ARI   147 227 321 371 

100yr ARI   160 249 353 408 

            

967310 Parks Peak 12hr 24hr 48hr 72hr 

10yr ARI   182 294 426 486 

20yr ARI   206 332 485 553 

50yr ARI   237 382 561 640 

100yr ARI   261 419 618 705 
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      Average Duration Ratios 

          

968225 Glenwood  12/24hr 48/24hr 72/24hr 

10yr ARI   0.66 1.39 1.61 

20yr ARI   0.66 1.40 1.63 

50yr ARI   0.65 1.41 1.63 

100yr ARI   0.64 1.42 1.64 

  Avg 0.65 1.41 1.63 

967310 Parks Peak 12/24hr 48/24hr 72/24hr 

10yr ARI   0.62 1.45 1.65 

20yr ARI   0.62 1.46 1.67 

50yr ARI   0.62 1.47 1.68 

100yr ARI   0.62 1.47 1.68 

  Avg 0.62 1.46 1.67 

Catchment Average 0.64 1.44 1.65 

          

 

7 TEMPORAL DISTRIBUTION OF PMP  

The way precipitation within a storm event is temporally distributed for the North Island is 
indicated in Table 4 of Ref 3. Applying this data to the PMP’s computed earlier for 12, 24, 48 and 
72 hour durations gives the cumulative precipitation curves shown in the graph below;   
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From the above plot, the corresponding intensity data may be computed as the slope of the 
cumulative precipitation curve for each storm duration.  The intensity data is plotted in the graph 
below.  
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1 Distribution selection process

1.1 Overview of options considered
The purpose of the distribution system is to take the released flow from the reservoir and supply 
the scheme area with the design flowrates required at the farm gate. These distribution works do 
not include the on farm component necessary to irrigate the full land area of each farm.   

The distribution system comprises of a single intake on the Waipawa River to collect flow released 
from the proposed dam, approximately 35 – 50 km of headrace, and 109 – 125 km of secondary 
distribution pipes to service a total area of approximately 22,000 ha. The headrace is intended to 
provide driving pressure for the secondary distribution works, and maximise the area that can be 
supplied by gravity. 

Maximising the gravity supplied area of the scheme requires a high alignment for the headrace. 
The headrace alignment is constrained by the geography of the area (e.g. the foothills of the 
Ruahine Range) and the elevation of the intake site (which acts as a control for the maximum 
elevation of the canal). A higher alignment has cost implications due to increased headrace length 
(due to the topography of the foothills), and hence several alignment options have been assessed 
to provide an indication of the cost implications of maximising the area that may be fed by 
gravity.   

We understand that HBRC require consideration of various alignment and conveyance options in 
order to meet the key resource management act (RMA) requirement of demonstrating the 
process of determining the preferred headrace alignment and due consideration of alternatives. 
The alternatives considered in this report are a selected number of technically viable options, 
which have been progressed for relative costing to assess the most cost effective option. 

Three main conveyance options have been considered for this report. These options are a 
trapezoidal open channel, a rectangular open channel/aqueduct, and a pipeline. The constraints 
on each of these conveyance options differ (refer below) resulting in five different optimised 
alignments (two for the trapezoidal channel and aqueduct, and one for the pipeline which is not 
as sensitive to topography) (refer Distribution Works Feasibility Figures in Appendix B of the Initial 
Project Description - IPD report). 

1.2 Design criteria and assumptions
Refer to Section 6 of the main report for further details on the selected distribution system design 
criteria and assumptions. Selected criteria used in the conveyance and alignment options 
assessment are presented in Table F1 below. 

Table F1 Design criteria used for distribution options assessment

Alignment Options 

Methodology Alignment options considered for this study were: 
Higher level alignment to maximise potential for supply by 
gravity (starting at RL 250 m). 
Lower level alignment to follow base of foothills (dropping to RL 
220 m at Ongaonga) for follow favourable topography.  
Alignments set to minimise the total volume of earthworks, and 
maximise the most economic balance of cut and fill. 

Conveyance Options 
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Headrace type - Conventional trapezoidal canal with dimensions to suit 
optimum construction and operational requirements.  

- Rectangular channel aqueduct with reduced 
excavation and landuse requirements compared to 
trapezoidal canal. 

- Buried pressurised pipeline  

Open Channel Headrace - Canal Option 

Potential Impact Category (PIC) Assumed to be Low in accordance with the NZSOLD New 
Zealand Dam Safety Guidelines and the Building (Dam Safety) 
Regulations for feasibility study assessment purposes. 

Canal gradient along invert 10,000(H):1(V) or 0.0001 m/m 

Surface roughness (Manning’s)  0.033 m1/6 for earth liner 

Canal side slopes 3(H):1(V) within channel 
2(H):1(V) cut and fill batters beyond channel 

Freeboard 0.3 m.  Canal transients or waves not specifically considered for 
feasibility assessments. 

Canal crest level Varies to suit canal gradient (i.e. no provision to maintain a 
minimum parked water level). Provision for a minimum parked 
water level needs consideration during detailed design should 
earth lining be selected.   

Canal permeability/lining When in cut, minimum of 0.4 m thick layer of compacted red 
metals (moderately weathered gravel) imported from older 
high level terraces. Alternative is to use geosynthetic liner. 
Filter if section is completely in fill, no filter if channel is in cut. 
Under drainage/filter where section in fill. 
Cut/fill interface not to cross canal below NTWL except at 
transition zones. 

Canal embankment fill zoning and/or 
internal drainage 

No zoning aside from liner as above. Bulkfill is expected to 
predominantly comprise unweathered to slightly weathered 
gravels and hence inclusion of internal zoning and specific 
drainage is not likely to be required if seepage gradients can fill 
heights modest. This needs to be confirmed during detailed 
design.  

Crest width 3.8 m wide (plan width) on true left which allows for a 3 m wide 
access road, and 3.2 m wide (plan width) on true right for a 
grassed access track. Both canal crests slope at 25(H):1(V) (4 %) 
towards the canal in cut situations. Fill crest level. 

Crest road access Gravel one side to key structures (intake and gates/screens), 
otherwise grassed. 

Canal level control Vertical/radial gates at end of Zones B and C to provide level 
control if variable draw off including for stock water low flows. 

Zone B canal drop structures Baffled reinforced concrete chute for lower alignment options 
with provision for upstream level control. 

Mangamuku Stream side spill capacity 3.92 m3/s at north end of Zone A 

Tukituki River side spill capacity 3.96 m3/s at south end of Zone B 

Makaretu River side spill capacity 3.21 m3/s at south end of Zone C 
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Awanui Stream side spill capacity 1.38 m3/s at south end of Zone D 

Canal dewatering provisions Assumed to be by secondary pipelines. 

Open Channel Headrace – Aqueduct 

Channel gradient along invert 10,000(H):1(V) or 0.0001 m/m 

Surface roughness (Manning’s) 0.016  m1/6 for liner in place (allowing for wrinkles etc). 

Freeboard 0.3 m. Transients or waves not specifically considered for 
feasibility assessments. 

Timber structures Treated to H4 or H5. 

Maximum water depth  1 m (for emergency exit issues with synthetic liner and 
maximum water pressure on timber structures). 

Liner restraint Batten fixed to top of timber structure. 

Liner design life Maximum of 40 years for synthetic material based on material 
supplier advice. 

Emergency egress Based on limited flow depth as above. 

Piped Primary Distributions System 

Pipe material Spiral welded steel pipe for 1400 – 2700 mm diameters. 
High density polyethylene for 315 – 1300 mm diameters. 

Pipe horizontal and vertical alignment Up to 3° bend allowed at steel joints in steel pipe. Bend 
diameter not to exceed 50 x pipe diameter for polyethylene 
pipes. Special fittings required for larger bends.  

Pipe roughness 0.011 m1/6 for polyethylene pipe, in accordance with the New 
Zealand Building Code. 0.013 m1/6 for steel pipe. 

Pipe jointing Welded (hemispherical slip joints for steel pipe, butt welds for 
polyethylene pipe) 

Pipe bedding To AS/NZS 2566.  Top of bedding minimum of 0.6 m below 
existing ground level.  In situ material used for bedding. 

Pipe scour Provision of scour points at low positions in the alignment 
where the primary pipeline cannot be drained by secondary 
pipelines. 

Pipe line access  Sealed manholes at maximum 2 km centres for pipe diameters 
greater than 1.0 m. 
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2 Waipawa River intake

2.1 Intake site
The Waipawa River intake site is located near the 260 m RL contour (Hawke’s Bay datum) as 
shown on Figure 100 attached in Appendix B. This intake site was initially selected from the 
approximate reach of the river that could potentially provide the required water level (at least 
250 m RL) to maximise the area of the scheme that could be fed by gravity. The location of the 
intake was selected based on the expected river morphology, site topography and a presence of a 
favourable rock outcrop at the outside bend of the current river channel.  

Other suitable intake sites were not found on the Waipawa River within the required elevation 
range.  

2.2 Fish exclusion
Fish exclusion requirements were considered based on the NIWA Guidelines, which we 
understand are applicable for the Waipawa River. We are aware of several recent intake projects 
based on the NIWA Guidelines, and we note that these guidelines appear to have been widely 
adopted. This suggests that deviation from these guidelines may be difficult to consent on the 
basis of the established precedents.  

We note that these guideline requirements would add significantly to capital and ongoing 
operating costs as well as impose a significant performance risk if a complicated mechanical 
arrangement is adopted.   

Fish screens often also require significant maintenance and cleaning due to build-up of floating 
debris (wood, weeds and like). An option for reducing the operational requirement is to use a rock 
bund to filter the flows to the distribution system.  A rock fill infiltration bund with internal gallery 
screen is an example of this arrangement. We are aware of existing intakes with this arrangement 
that are reportedly working well.   

2.3 Coarse and fine sediment management
We expect that the active management of coarse sediment will be required at proposed intake 
location. Hence, we have considered several design solutions to minimise the effects of coarse 
sediment on intake function.  

2.4 Intake concept options considered
The following five intake options were considered for this study: 

a Gallery consisting of buried conduit in river bed. This arrangement would require a large 
and expensive gallery to meet the design flowrate and could be problematic from an 
operation and maintenance perspective. 

b Mechanical floating boat type intake that rises with the river level and thereby excludes 
coarse sediment. This intake arrangement has performance risks and based on observed 
performance of similar intake arrangements elsewhere, the ongoing operational costs of 
this option are expected to significant for this scheme. 

c Intake channel with inlet gate control to settling pond with rock bund infiltration screen at 
headrace inlet and bywash and fish pass channel (PREFERRED OPTION). This option is likely 
to be the most cost effective and have the lowest operational costs and performance risks. 
Locating the screen away from the river reduces the risk of flood damage to screen. We 
understand that a similar intake arrangement on another scheme works well. 



9 

Ruataniwha Water Storage Project  Technical Feasibility Study Appendix F  T&T Ref. 27690.100 
Hawke's Bay Regional Council July 2012  
 

d Side channel intake with gravel level control bund. This option is expected to be difficult 
(expensive) to operate and maintain due to the river geomorphology. 

e Intake channel to settling ponds with a mechanical screen at headrace inlet and fish pass or 
flap gate arrangement. This option is likely to be expensive and have high operation cost 
due to the mechanical screen (i.e. construction cost and ongoing screen cleaning).  

2.5 Selected general arrangement
The selected intake concept is shown in Appendix B. The intake arrangement is intended to 
address two key considerations/constraints that are: 

1. Management of coarse and fine sediment inflows into the intake. Need to account for 
potential for major coarse sediment deposition at the intake because of the high 
proportion of flow taken from river. 

2. Flood damage to the intake, especially expensive screens and gates. 

Accordingly, the preferred arrangement endeavours to address these major risks based on 
successful recent precedents in similar river environments.  

2.6 Variant options
Variations on the proposed intake concept have been considered and are discussed below. The 
most suitable intake arrangement will be determined from more detailed intake investigation and 
analyses at the detailed design phase. Options considered include: 

 Move the intake screen right up against the river – This enables exclusion of coarse 
sediment at the source. Given the anticipated relatively high proportion of flow taken over 
summer months (versus the flow left in the river), coarse sediment accumulation at or near 
the intake requires more detailed consideration. The main disadvantages of locating the 
intake screen closer to the river is the increased risk of flood damage, and clogging of the 
screen may also be an issue at this location. 

 Hydraulic sediment removal from the settling pond by including provision to route large 
flushing flows through the settling pond and back into the river via an outlet structure. 
However, topography does not suit this feature in this instance.  

 Move settling pond to a location on a higher terrace (likely need to be south of Caldwell 
Road) and incorporate sand trap structure to flush fine sediment back to river (would 
require more detailed consideration at next design stage). 

 Inclusion of a channel between intake gate and fine sediment settling pond for manual 
removal of coarse sediment. 
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3 Headrace Conveyance Options

3.1 Introduction
The three headrace conveyance options considered were a trapezoidal open channel, a synthetic-
lined rectangular aqueduct, and a buried pressure pipeline. The headrace conveyance has been 
designed to pass 85% of the maximum peak application flow rates, based on the assumption that 
the peak design flows will not be required throughout the full system at the same time. 

3.2 Trapezoidal Open Channel
The trapezoidal channel had 3(H):1(V) side slopes, with varying base widths and water depths 
across the zones (refer Table F2 below) to meet the design flow and freeboard criteria. A 
minimum freeboard of 0.3 m was adopted to allow for wave action and other channel transients. 

Table F2 Earth lined trapezoidal channel dimensions (excluding access)

Zone Water depth (m) (1) Base width (m) Top Width (m) 

A 1.6 2.0 13.4 

B 2.1 3.0 17.4 

C 1.7 2.0 14.0 

D 1.1 1.5 9.9 
Note 1: Assuming normal flow and based on earth liner 

Based on our understanding of the geology across the headrace alignments, we expect that 
substantial sections of the trapezoidal channel will require a liner to minimise leakage from the 
channel. Initial testing of local materials as part of the previous dam site investigations indicate 
that a suitable liner could be obtained from the local red metals, which are a mix of moderately 
weathered gravel and silts with an expected placed permeability of 10-6 to 10-7 m/s. 

Alternative liner arrangements such as HPDE and geosynthetic liners (GSL) were also considered. 
These materials are more expensive and less durable than the proposed earth liner, with HDPE 
approximately 1.5 times and the GSL approximately 3 times more expensive. HDPE and 
geosynthetic liners do typically provide lower leakage losses due to lower permeabilities. 

However, HDPE or GSL may be used in specific locations along the channel alignment (e.g. where 
the potential risk of leakage induced failure justifies the increased cost). Note that the canal liner 
is a big cost item and the current estimates for the earth liner are based on assumptions that 
need to be tested and proven (availability of liner material locally along the route, ability to 
achieve permeability requirements being the key factors).  Synthetic linear options also provide a 
more robust liner and less seepage risks if significant variability is identified in materials to be 
used for construction of the earth liner.  

3.3 Aqueduct Open Channel
A rectangular channel aqueduct was considered, and the concept comprises driven timber poles 
with timber lagging, over which a low density polyethylene (LLDPE) liner is attached with a batten 
(refer Drawing 27690-DN-06 in IPD report).  A barbed wire is attached to the outside of the timber 
posts to act as a deterrent to stock and people. The aqueduct also incorporates subsoil 
longitudinal drains in the base of the aqueduct beneath the LLDPE liner to ensure that the 
subbase material for the liner is suitably drained and able to function effectively. 
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A maximum water depth of 1.0 m was selected for the aqueduct, primarily for safety reasons, 
given that plastic lined channels can be difficult to escape from in the event of a person falling in. 
This height was selected on the basis that children would be able to reach over the sides and pull 
themselves out in the event of them getting into the aqueduct. The indicative cost estimates also 
include provision for a farm fence either side of the aqueduct (and trapezoidal channel).  

A maximum depth of 0.5 m between the base of the aqueduct and external ground level was 
adopted to limit the effects of active earth pressure on the timber posts for the case when the 
aqueduct is empty. 

The aqueduct widths for each zone (refer Table F3) were determined to maintain a normal flow 
water level of 1 m or less within the aqueduct. A freeboard of 0.3 m is proposed to allow for wave 
action within the aqueduct.   

Table F3 Rectangular aqueduct dimensions (excluding access)

Zone Water depth (m) (1) Total depth (m) Width (m) 

A 1.0 1.3 6.4 

B 1.0 1.3 12.8 

C 1.0 1.3 7.4 

D 1.0 1.3 2.7 
Note 1: Assuming normal flow and based on LLDPE liner 

The amount of excavation required to construct the aqueduct is considerably lower than for the 
trapezoidal channel (approximately 70 - 80% of the trapezoidal excavation). However, the lineal 
metre cost of lining the aqueduct (with LLDPE) is more expensive than an earth lined trapezoidal 
channel. 

The aqueduct option has the following identified constructability and durability issues: 

 The majority of the foundation materials along the headrace alignment are understood to 
be terrace gravels. Driving or augering posts in gravels can be problematic and expensive. 

 Durability of the LLDPE liner – LLDPE degrades over time with exposure to ultra violet light. 
While the strength of the LLDPE may not be a key requirement for this application, it is 
nevertheless an issue that should be considered in more detail. A cover layer (i.e. fill 
material) or sacrificial LLDPE layer is commonly used to mitigate the effect of UV on dams 
and landfills.  

 Constructability of LLDPE – LLDPE presents several construction issues that require careful 
consideration and management. These potential issues include tearing, stress cracking at 
the connection to timber lagging, wind lifting the liner, and quality and water tightness of 
the welded liner joins.  

 Durability of timber - While H4 or H5 treated timber is generally accepted as meeting 
building code provisions for 50 year design life, it often does not last as long as this. 
Connection failures can be common after structures have been in service for an extended 
period. This can be due to cuts into the timber exposing untreated timber and enabling the 
timber to degrade (especially where the preservative has not fully penetrated the full 
section of the timber). 

These constructability and durability issues are significant in respect of cost and risk, and are not 
well reflected in the relative costings previously presented (refer IPD report), due to uncertainties 
in site conditions and durability. Also, we are not aware of successful precedents for comparable 
arrangements of a similar nature or size. We expect the whole life cost of the aqueduct option will 
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be substantially greater than the trapezoidal open channel, and carry significant operational risks 
(i.e. long shutdown periods for repair/replacement of aqueduct sections), and on this basis we 
recommend that the aqueduct option is not considered further. 

3.4 Pipeline
A pressurized pipeline was also considered for the headrace.  Based on the advised design flows 
and to maximise the area of the scheme supplied by gravity, the required pipe diameters are 
between 1000 and 2700 mm. 

Pipe materials were primarily selected based on the lowest estimated costs. The most cost 
effective material varies with the pipe diameter (i.e. for smaller diameter pipes HDPE has the 
lowest cost, and for larger diameter pipes steel has the lowest cost). The four materials that were 
initially considered are high density polyethylene (HDPE), reinforced concrete, steel, and glass 
reinforced plastic (GRP).  

GRP was excluded on the basis of relative cost and advised installation requirements (e.g. strict 
bedding control) and requirements for anchor blocks and the life. We also understand that there 
is no precedent for use of GRP for similar applications in New Zealand. 

We understand that HDPE is readily available up to approximately 1600 mm diameter in New 
Zealand.  A maximum flow of approximately 2.2 m3/s was determined to be acceptable through a 
1600 mm diameter HDPE pipe based on velocity and headloss aspects. For flows greater than 2.2 
m3/s, duplicate HDPE pipes or concrete or steel pipes were considered, and the most cost 
effective option selected.   

HDPE pipe has been costed on the basis of an extrusion machine being shipped to the site to 
produce the HDPE pipe onsite, which is expected to be more cost effective than purchasing and 
shipping pipes to the site.   

Humes advise1 that they can construct steel or concrete pipe up to 2700 mm.  However concrete 
pipe has not been selected, given that the pressure requirements for the pipeline exceed the 
maximum allowable pressure of 20 m in concrete pipe (due to capacity of the joints). Hence, only 
single steel pipe was considered for flows above 2.2 m3/s for comparison with duplicate HDPE 
pipes.   

The static design pressure ratings on the headrace pipeline are between PN4 (40 m head) and 
PN6.3 (63 m head), with maximum static pressures of 51 m for the assumed pipeline alignment. 
Pressure relieve valves may be required at key locations to mitigate the effects of transient loads. 
The effects of hydraulic transients (e.g. water hammer) will require specific consideration during 
detailed design.  At this stage selected pipe classes make some nominal provision for over 
pressures.  

A buried pressurised pipeline minimises the length of headrace required (compared to the 
channel options considered) and is the most flexible option in terms of chosen alignment. The 
land purchase/access requirements for a pipeline are substantially less than the channel headrace 
options also. Visual impacts would also be reduced for a buried pipeline. Large diameter steel 
pipelines located above ground are also a possibility and may be cheaper than buried pipelines in 
some cases.  However, visual amenity and landuse interruption issues arise that would lessen the 
apparent attractiveness of this variant. 

                                                             
1 Pers.comm., Email from Peter Liu (Humes) to Pieter Vanderpoel (T&T) dated 31 October 2011. 
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4 Alignment options

4.1 Open Channels
Four open channel alignments have been considered within the constraints described in this 
report.  These channel alignments have been offset by approximately 250m each side of the 
centreline to show a possible broad alignment corridor for the headrace to allow some flexibility 
in optimising the alignment during detailed design.  The final alignment will be designed in 
consultation with landowners and Council to avoid buildings, roads and other infrastructure as far 
as practicable.  

The alignment of the headrace is constrained by the topography of the area.  The elevation of the 
intake site acts as a control for the maximum elevation of the canal. Based on a site walkover, and 
river cross-section and level information provided by HBRC, the initial headrace water elevation 
(hydraulic grade) assumed for determining indicative headrace alignments was 250 m RL (Hawke’s 
Bay datum). 

Based on an initial hydraulic grade level of 250 m RL at the start of the headrace, alignments for 
maintaining the highest canal elevation were determined to suit the topography of the foothills 
(of the Ruahine Range) around the 240 m to 250 m RL elevations. This higher alignment results in 
a longer headrace (approximately 10%) but increases the area of the scheme that can be supplied 
by gravity (an additional 10% of the total scheme area). 

The headrace alignments have been determined on the basis of minimising the total volume of 
earthworks, and achieving an economic balance of cut and fills. The cut batter slope and fill 
embankment heights have been restricted to a maximum of 15 m as an initial criteria to reduce 
the likelihood of slope stability issues. Slope stability will be highly dependent on location, and 
specific slope stability analysis will be required during the detailed design phase.  

Provision for stormwater under the headrace is required where the headrace is in fill (i.e. in the 
hill gullies and valleys). This would likely comprise of culverts under the headrace with a capacity 
to safely route flows up 1% AEP. Specific consideration of stormwater is required at the detailed 
feasibility design phase. 

The open channel headrace comprises of two reaches: 

 The northern reach, which supplies Zone A via a siphon under the Waipawa River and 
follows the 240 m RL contour north of Tikokino finishing at the Manganouku River. 

 The southern reach, which supplies Zones B, C & D via a headrace south past Ongaonga and 
through several siphons under the Tukituki, Tukipo, and Makaretu Rivers and finishing near 
Takapau. 

4.1.1 Northern Reach

Zone A consists of steep foothills in the west and a river plain that falls from northwest to south 
east. The direction of fall on the river plain constrains the channel alignment options.   

One alignment option has been considered for the northern reach based around the highest 
practical alignment (between the 245 and 250 m RL contours). Maintaining the highest elevation 
possible enables the headrace alignment to run north of Tikokino and maximises the area that can 
be fed via gravity. Lower alignments would require drop structures or steeper channel gradients, 
only slightly reduce the channel length, need to run east of Tikokino and hence require 
significantly more pumping to supply the advised scheme area.  
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4.1.2 Southern Reach

The southern reach of the headrace is constrained by the geography in Zone B which consists of 
steep foothills in the northwest. The two alignment options considered for the southern reach are 
the highest practical alignment (to maximise gravity fed area) through the Ruahine foothills, and a 
lower alignment to avoid the foothills and run just north of Ongaonga. 

The higher southern alignment follows the 250 m RL contour south west of the intake to the 
terrace at Wakarara Rd and into the foothills above Ongaonga until siphoning under the state 
highway near the Tukituki River bridge, under the Tukituki River and following the 245 m RL 
contour to finish at Takapau. This alignment requires two significant river siphons under the 
tributaries of Tukipo River, as opposed to the lower southern alignment which requires one 
shorter siphon under the Tukipo River near 220 m RL. The higher alignment enables all of Zone D 
to be supplied by gravity and avoids a crossing of the Vector gas pipeline. The higher alignment 
adds approximately 4 km length to the headrace compared with the lower alignment. 

We note that sections of the proposed higher alignment are likely to intersect localised areas of 
lower permeability red metals (located in the higher terraces in the foothills above Zone B). This is 
beneficial for the trapezoidal channel option as this potentially reduces the lining requirements 
for these higher sections of channel, and the channel cut material can be used to line other 
sections of the channel. The suitability of the material along the proposed higher alignment would 
require confirmation as part of detailed design. 

The lower southern alignment requires a series of drop structures between the intake and 
Ongaonga to drop the channel to the 220 m RL contour at the base of the foothills. Three drop 
structures have been identified as being required for this alignment option based on the 
topography of the area. These drop structures are one approximately 4 m drop near the 
intersection of Wakarara and Caldwell Rds, and two 10 m drops near the Cottesmore Farm. 
Consideration should be given to whether micro-hydro installations at these drop structures are 
viable to utilise the energy. 

The lower alignment requires siphons under the following: 

 Ongaonga Stream in two places  
 Ngaruru and Pettit Valley Rds 
 State highway south of the golfcourse 
 Tukituki River 
 Tukipo River 
 Gas pipeline 
 Makaretu River 
 Porangahau Stream 

The lower alignment headrace ends at the railway line east of Takapau. Supply to the areas east 
and south of the headrace is provided by the secondary distribution works which are required to 
cross the railway line to supply the southern area of Zone D.  

4.2 Pipeline
A pipeline headrace has advantages over the open channel options, given that it can be aligned at 
lower elevations to suit access requirements and still supply a similar scheme area by gravity due 
to pressurisation of the pipeline. The required land area for the headrace is also substantially 
reduced. We have assumed a buried pipeline for relative costings on the basis of technical and 
cost aspects. A buried pipeline reduces the visual impact of the headrace on the landscape.  
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The headrace pipeline has been aligned through the centre of the scheme, with secondary 
pipelines branching to both sides, to minimise the required diameters of the secondary pipelines 
and minimise the overall cost. 

4.3 Alignment summary
Table F4 below summarises the key characteristics of the alignment options considered for this 
study.   

Table F4 Summary of headrace alignment options considered

Conveyance option Alignment Length of 
race (km) 

Length of 
siphons (km) 

Area supplied by 
gravity (% of total) 

Pipeline - 33.5 km 85% 

Trapezoidal Canal High level (240 m RL) 43.5 2.5 90% 

Rectangular Aqueduct 44.2 2.5 

Trapezoidal Canal Low level (220 m RL) 40.2 2.0 80% 

Rectangular Aqueduct 39.4 2.4 

 

4.4 Secondary Distribution Works

4.4.1 Pumping

Pumping was considered for the secondary distribution works to areas within the advised scheme 
area that were determined as not being able to be supplied by gravity. Approximate pumping 
costs were estimated to enable comparison of the alignment options, based on the required 
design pump head and flows.  

The area that cannot be supplied by gravity varies depending on the conveyance option chosen 
for the headrace.  In general, the 240 m RL open channel options can supply the largest area 
without pumping (approximately 90% of the advised scheme area), followed by the piped and 
220 m RL open channel options (which can supply approximately 80% and 85% of the advised 
scheme area via gravity). 
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5 Relative Cost of Options
Indicative relative costs were estimated for the five headrace options that were assessed.  All 
headrace options assumed pressurized buried pipeline for the secondary distribution works, with 
pumping as required to enable supply to the entire advised scheme area. The extent of the 
secondary works varies slightly to suit the headrace alignments. The indicative relative costs for 
the five headrace options considered at the IPD stage are presented in Table F5 below. 

Table F5 Indicative relative distribution works costs of headrace options

Headrace conveyance option Relative cost (1) 

1. Trapezoidal canal (220 m RL) Low (89%) 

2. Trapezoidal canal (240 m RL) Medium (100%) 

3. Rectangular aqueduct (220 m RL) Medium (99%) 

4. Rectangular aqueduct (240 m RL) High (109%) 

5. Buried pipeline Very high (118%) 
Note 1:  Option 2 has been selected as the benchmark cost 

Note that these cost estimates do not include any allowance for land purchase or easements. 
When land costs are included, the relative difference between the pipeline option and the 
channel options is expected to reduce. The headrace options considered have not been optimised 
in sufficient detail for confirming the construction costs of each option. However, the costs are of 
sufficient detail to enable comparison between the options and for identifying the preferred 
design option to progress to the next stage.    

At the IPD stage (refer above), no combination of conveyance options had been considered for 
costing purposes. However, further assessment at the FPD stage included consideration of 
conveyance combination options (i.e. pipes and canals for the primary system) and the preferred 
option includes a combination of trapezoidal canals and buried pipelines to minimise costs.  
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6 Multi-criteria analysis workshop
The IPD work identified that of the options considered, the 220 m RL head race option involved 
the lowest capital cost 

A multi-criteria analysis workshop was held after the IPD stage to determine the preferred 
distribution alignment and conveyance option to take to the next phase of the project. The 
various IPD stage distribution system options were considered and ranked in a multidisciplinary 
workshop process2 to determine the preferred distribution alignment and conveyance option 
from those presented in the IPD report. This multidisciplinary process included consideration of 
the technical feasibility, design issues, construction risk, environmental impacts, landscape 
amenity, disruption to landowners, and to a certain extent, the estimated cost of options.   

Evaluation of options at the IPD stage also identified that a hybrid primary system required 
further consideration.  This hybrid system utilises pipelines for smaller primary system flow rates 
and canals for the larger flow rates to achieve a lower overall cost for the distribution works. 

The workshop process identified that aside from cost, the preferred option based on non cost 
criteria was the fully piped headrace option. However, following discussions between T&T and 
HBRC regarding the project affordability and construction cost estimates, HBRC selected the 
trapezoidal canal at 220m RL as the preferred alignment option to take forward to the FPD stage.  
HBRC also requested that the FPD stage work included an optimisation exercise to assess the 
relative length of the head race canal and primary system pipe work for a hybrid option within the 
constraints imposed by the selected corridor3.   

A 220 m RL canal pipe hybrid option was therefore adopted to take forward for refinement at the 
FPD stage. 

 

                                                             
2 Workshop undertaken at Tonkin & Taylor Christchurch Offices on 13 December 2012 
3 Pers. Comm., Graeme Hansen/Mark Taylor, 7 February 2012.  
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against formwork

Upper Gallery

20 m Road Bridge

GERCC on foundation interface

Lower Gallery
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Additional 2m below hard rock surface
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Dear Mark, 
 

 

1.0 INTRODUCTION 

 
This report presents the results of a peer review of a technical feasibility study undertaken 
by Tonkin & Taylor Ltd (T&T) of the A7 water storage dam associated with the 
Ruataniwha Water Storage Project located in Hawkes Bay.  The Technical Feasibility 
Study is documented in a report titled ‘Ruataniwha Water Storage Project Technical 
Feasibility Study Feasibility Report’ (T&T Ref. 27690.100, July 2012).  This report builds 
on the Advanced Pre-Feasibility Study completed by T&T in February 2011 (T&T Ref 
27195) and the Initial Project Description completed by T&T in November 2011 (T&T Ref 
27690.100). In addition, other technical studies and memos associated with the feasibility 
study of the A7 Dam have also been provided and considered in the review.  They include: 
 

 Tonkin & Taylor (March 2012), Ruataniwha Plains Water Storage Project Report 
of Engineering Geological Investigations A7 Site, ref 27195.200 

 Tonkin & Taylor, Memo on Materials for Makaroro Embankment, 8 January 
2012 

 Tonkin & Taylor, Memo on Ruataniwha Outlet Works, 18 January 2012 
 Tonkin & Taylor, Memo on Changes for Final Project Description, 22 March 

2012 
 Langridge, R.M; McVerry, G.H; Cabeza, M. (2011).  A7 Makaroro River dam 

site – Phase 1B:Updated active fault and surface rupture displacement hazard 
assessment and acceleration response spectra reassessment, GNS Science 
Consultancy Report 2011/300 

 Langridge, R.M; Villamor, (2011).  The A7 Makaroro River dam site.  Phase 1: 
Initial site evaluation for active deformation, GNS Science Consultancy Report 
2011/117. 
 

In addition we attended a workshop on the design of the A7 Dam held on 7 December 
2011 and a  risk and opportunity workshop held on the 26 March 2012. 
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The A7 Dam site is located on the Makaroro River and is the preferred site for constructing 
a dam for the Ruataniwha Water Storage Project.  The proposed dam is a concrete faced 
rockfill dam (CRFD), 83m high with a storage volume of 90Mm3.  It was selected 
following a pre-feasibility study that considered a number of other sites. 
 
We have previously undertaken a peer review of the proposed A7 water storage dam, as 
presented in the Initial Project Description report (November 2011).  The review also took 
into account the results of additional geotechnical investigations reported in March 2012, 
fault hazard studies by GNS and proposed amendments to the A7 dam design that were 
discussed at the workshop held on 7 December 2011.  Our previous peer review is 
presented in EGL letter report (Ref 7069, 13 March 2012).  This report should be read in 
conjunction with this previous peer review report. 
 

2.0 DESIGN CHANGES SINCE PREVIOUS PEER REVIEW 

 
T&T have made some amendments to the final project description since the November 
2011 draft as a result of further geotechnical investigations, advancement in design 
concepts and details and consideration of previous peer review comments.  They were 
detailed in a memorandum titled ‘Changes for Final Project Description’ (T&T 
Ref.27690.350, 22 March 2012) and included: 
 

 provision of 0.5m camber on the embankment crest to allow for settlement 
 crest width increased from 6m to 8m for robustness during seismic events 
 modification to Zone 3C to have same lift height and compaction standards as Zone 

3B, and the adoption of a larger 12t compactor 
 special details around treatment of the SZ1 Shear Zone  
 additional water stops 
 more detailed consideration of the liquefaction potential of river and terrace gravels 
 changes to diversion and spillway arrangements associated with updated routing 

exercise for latest inflow hydrographs and storage elevation curve 
 lowering of dam crest by 200mm following detailed calculations for wind wave 

run-up 
 replacement of flip bucket energy dissipater with hydraulic jump dissipater due to 

concerns about the scour potential of the greywacke rock mass 
 modifications to spillway cut to provide more fill for larger dam 
 changes to intake tower  
 expanded description of embankment materials 
 expanded construction methodology 
 re-evaluation of materials with the key outcome being that Zone 2B material to be 

sourced from a cliff top terrace near the head of the reservoir.  The advantage is that 
this material is unlikely to require expensive processing, unlike local materials 

 material overlying greywacke (river and terrace gravels) considered to be 
inappropriate for use in the main rockfill zones (Zones 3A, 3B and 3C).  As a result 
there is an additional 700,000 cu.m more spoil disposal and the spillway and outlet 
excavations have been re-arranged to provide additional greywacke rockfill 

 additional option for spoil disposal has been added on relatively flat ground south 
of the dam on the right bank of the Makaroro River to avoid potential 
environmental and drainage issues associated with in-river and gully disposal 

 alternative option for access to the site off Wakarara Road has been added for 
consideration. 
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3.0 COMMENTS ON DESIGN CHANGES 

 
T&T have made a number of amendments to the proposed design of the A7 Dam since the 
November 2011 draft of the Final Project Description, as summarised above.  It is normal 
for a project such as the A7 Dam design to evolve with time as additional information from 
on-going geotechnical investigations is obtained, design concepts are advanced and refined 
and review comments are considered.  We endorse all the proposed amendments. 
 

4.0 SEISMIC DESIGN FOR POTENTIAL FAULT MOVEMENT 

 
A significant design issue for the A7 Dam is the potential for secondary fault displacement 
on the SZ1 shear zone (as a result of primary movement on the Mohaka Fault).  There is no 
precedent for the construction of a CRFD at a site where fault displacement is considered a 
possibility.  Nonetheless, the possibility has been considered by other dam design experts 
and is considered feasible provided appropriate measures are incorporated in the design 
(e.g. Weiland M, Bozovic, A and Brenner, R; Dam Design – the effects of active faults, 
International Water Power and Dam Construction, August 2008).  They recommend that: 
 

 in the fault vicinity of the fault the plinth width should be more than four times the 
horizontal displacement and the plinth thickness should be more than four times the 
expected vertical fault displacement to facilitate repair 

 the grout curtain should be widened in the area of the fault 
 the dam zoning must prevent the loss of fines.  This implies that all zones are fully 

compatible and that they are everywhere thick enough that they are not disrupted 
by the fault movement.  Thickness requirements specified by M. Weiland for earth 
core rockfill dams would be applicable (refer to paper by Weiland, CRFD’s in 
highly seismic regions, Int, Journal Water Power and Dam Construction, 14 April 
2010) 

 rockfill zones should be free draining so that excess pore pressures cannot develop. 
 
The current design of the A7 Dam acknowledges that the plinth width will be substantially 
larger where it crosses the SZ1 Zone and that a wider than normal grout curtain will also 
be required at the SZ1 Zone.  The embankment design has also acknowledged the 
requirement for more rigorous filter compatibility.  We recommend that special attention 
be given to the above recommendations at the detailed design stage. 
 

5.0 FURTHER WORK FOR DETAILED DESIGN  

 
The main design concepts of the A7 Dam are now well established and sufficient work has 
been undertaken to confirm that the proposed design is technically feasible.  However, 
additional geotechnical investigations and design analyses will be required at the detailed 
design stage.  They are summarised in the following sections. 

5.1. Geotechnical Investigations 

T&T have recommended additional geotechnical investigations at the detailed design 
stage.  They are summarised in Section 7.1 of the Report on Engineering Geological 
Investigations and are summarised below: 

 
 detailed engineering geological mapping of the critical sections of the dam 

footprint (e.g. the core section of an earth embankment dam or the plinth of a 
concrete faces rockfill dam). Such analysis would  include the locations, attitudes, 
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widths and persistence of the exposed sheared zones and a commentary on the 
general rock mass condition and will require sub-excavation to expose the rock 
head across the full width of dam in either the core trench for an embankment 
dam or along the plinth of a concrete faced rockfill dam 

 Lugeon testing of the rock mass in critical sections of the dam footprint down to 
diversion tunnel level in the central dam section 

 Drilling and Lugeon testing of the rock mass at the new right abutment and along 
the proposed spillway 

 Excavation, compaction and permeability trials of the rock mass near the dam 
footprint to determine suitability as use for rock fill in dam construction and the 
need for specific internal drainage zones 

 Laboratory testing on the local greywacke rock such as weathering quality index 
and clay index tests to determine the breakdown and swelling properties 

 Quantification of the volume, grading, clast strength and permeability of the 
gravel available beneath the terraces 40 to 45m above the present river of the dam 
site if this is considered to be a potential construction material 

 Further investigations of the landslide upstream from the dam to determine the 
most appropriate methods of stabilisation 

 Quantification of the volume and properties of siltstone resource if this is 
considered to be a potential construction material. 

 
We agree with the recommended scope of additional investigations, but also 
recommend additional investigation to assess: 
 
 the suitability of the proposed new source of Zone 2B material from the cliff top 

terrace north of Markaroro base camp 
 the suitability of special filter materials, especially their durability and grading, for 

Zones 2A, 2B, 2B Filter and 3A. 

5.2. Design Details 

 
The design has been advanced considerably from that first presented.  However, a 
number of design details will need to be finalised at the detailed design stage.  They 
include: 
 
 defensive measures to accommodate the effects of strong earthquake ground 

motions and fault displacement 
 further analysis is necessary of the potential for remobilisation of the landslide 

located on the right bank of the reservoir, 0.5km upstream of the dam.  The 
assessment to date is that stabilisation will be necessary and works could be 
significant, but this is based on limited geotechnical information and analysis 

 rockfill for the embankment is to be derived from greywacke which has extensive 
micro-fracturing.  Significant breakdown is expected during construction and the 
rockfill will have a relatively fine grading and low permeability.  This has been 
acknowledged and  may require an internal drainage zone within the embankment 

 further testing of the proposed rockfill and/or trials of rockfill material during the 
next stage of investigations have been proposed. We consider that field trials will 
be essential to determine the likely breakdown of the rockfill and the need for 
internal drainage, and it will be an issue that will require particular attention 
during construction, especially where it is heavily trafficked during construction 

 confirmation of optimal diversion arrangement (includes cofferdam location and 
height) 
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 combining of the primary and auxiliary spillways, so that the current auxiliary 
spillway can be deleted.  

6.0 CONCLUSIONS 

 
T&T have been diligent and have worked methodically to advance the design of the A7 
Dam from that presented in the Initial Project Description report completed in November 
2011.  The design has been amended to take into account the results of additional 
geotechnical investigations, to incorporate advancements and refinements to design 
concepts and review comments.  Particular effort has been given to obtaining a better 
understanding of the site geology, material characteristics and earthquake faulting hazard.  
The design of the dam has been amended to take into account this information.  The main 
design concepts of the A7 Dam are now well established and sufficient work has been 
undertaken to confirm that the proposed design is technically feasible.  Additional 
geotechnical investigations and design analyses will be required at the detailed design 
stage. 
 
 

Yours faithfully 
ENGINEERING GEOLOGY LTD  
 
 
 
 
T Matuschka, CPEng 
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Dear Mark, 
 

 

1.0 INTRODUCTION 

 
This report summarises a review undertaken by Engineering Geology Ltd (EGL) of a 
technical feasibility study undertaken by Tonkin & Taylor Ltd (T&T) for the A7 water 
storage dam associated with the Ruataniwha Water Storage Project in Hawkes Bay.  The 
A7 Dam site is located on the Makororo River and is the preferred dam for storing water 
for the Ruataniwha Water Storage Project.  The proposed dam is a concrete faced rockfill 
dam (CFRD), 83m high with a storage volume of 90Mm3.  It was selected following a 
feasibility study that considered a number of other sites.  The feasibility level design of the 
A7 Dam is documented in a report prepared by T&T titled ‘Ruataniwha Water Storage 
Project Feasibility Study Initial Project Description’ (T&T Ref.27690.100, November 
2011).  Other technical studies and memo’s associated with the feasibility study of the A7 
Dam have also been provided and considered in the review.  They include: 
 

 Report on Engineering Geological Investigations at A7 Site by Tonkin & Taylor 
(T&T Ref. Version 3, November 2011) 

 Makororo River Dam Site A7-Phase 1B: Revised Site Evaluation Spectra and 
Active Fault Hazard (GNS Consultancy draft Report 2011/300, November 2011) 

 Materials for Makororo Embankment (T&T Memo, 8 January 2012) 
 Report on Petrography of Sediments (Core Samples and River Gravels) (Philippa 

Black, 10 December 2011). 
 
In addition to the above information, we attended a half day workshop at the T&T offices 
held on the 7 December 2011 at which the design of the dam, associated studies and risks 
that need to be addressed were presented and discussed. 
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13 March 2012 

Attention: Mark Taylor 

Tonkin & Taylor Ltd 
P O Box 5271 
Wellesley Street 
AUCKLAND 1141 
 

RE: RUATANIWHA WATER STORAGE PROJECT 
Technical Feasibility Study Initial Project Description 

Peer Review of A7 Dam 
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2.0 DESIGN REVIEW COMMENTS 

2.1. General 

The Ruataniwha Water Storage Project is located in a geologically challenging 
environment.  There are limited options for dams that meet the project storage 
requirements, accepted design criteria and that are economically viable.  The 
selection of the A7 Dam as the preferred location has followed a robust procedure.  
The feasibility design of the dam has progressed in a systematic way, with areas of 
risk being identified and either subject to additional study or further study deferred 
until detailed design in the case where the risks have only a small bearing on 
feasibility. The feasibility design process has involved workshops involving T&T 
staff, reviewer and owner to discuss the design and associated risks and to confirm 
the appropriate scope of work necessary to address various issues.  The following 
sections of this report cover specific issues related to the design of the dam. 

2.2. Design Team 

The T&T design team working on this project includes personnel in key technical 
roles (engineering geology, hydrology and dam design) with considerable and 
appropriate experience covering dam design, construction and operating experience 
that would meet the requirements of the NZSOLD Guidelines.  The site is located in 
an area of high seismic hazard, with both ground shaking and fault displacement 
hazards.  The Institute of Geological and Nuclear Sciences has been engaged to 
provide specialist advice in this area which is appropriate.   

2.3. Site Selection 

There are no ideal dam sites in the project area.  Prefeasibility studies identified a 
number of potential dam sites which were then reduced to two potential sites (D5 and 
A7) in an advanced prefeasibility study.  The first step in the feasibility study was to 
select a preferred site.  This was Site A7 and the justification was outlined in a letter 
from T&T dated 10 August 2011. The selection of Site A7 as the preferred site was 
straightforward as Site D5 was assessed as having significant foundation issues. The 
location of the A7 Dam was moved approximately 150m upstream from that first 
identified in the prefeasibility study to avoid unfavourable geologic condition on the 
left abutment.  We believe the process for indentifying and selecting potential dam 
sites and for selection of the currently preferred site has been robust.  Furthermore, 
we believe the current location of the A7 Dam represents the best option and has the 
lowest potential risk. 

2.4. Design Criteria 

The proposed dam design criteria for the dam are based on NZSOLD Dam Safety 
Guidelines (2000).  Where NZSOLD Guidelines do not cover specific details the 
design is to be based on appropriate international guidelines and practice documents.  
In the NZSOLD Dam safety Guidelines the design criteria are dependent on the 
Potential Impact Classification (PIC).  A high PIC has been assumed.  This is likely 
to be the correct classification given the proposed storage volume (90Mm3), and in 
the absence of dam break analyses is conservative. 

2.5. Seismic Hazard 

The most notable design factor for the proposed A7 Dam is its location in an area of 
high seismic hazard.  The Mohaka Fault is located some 700 to 800m west of the 
dam.  This fault is capable of magnitude Mw7.5 earthquakes with an average 
recurrence interval of 1,300 years.  It is capable of generating very strong earthquake 
ground motions at the site and the potential also exists for sympathetic deformation 
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on shear zones at the dam site.  GNS have provided estimates of earthquake ground 
motion at the site using accepted probabilistic and deterministic procedures.  The 
inputs to these analyses were the GNS Science 2010 Natural Seismic Hazard Model, 
that incorporated the current knowledge of active faults in the region, and the 
McVerry et al (2006) attenuation model.  These assumptions are considered ‘state of 
the art’ in New Zealand, although we note that shortly an updated attenuation model 
will be published.  We recommend that estimates of seismic hazard be updated at the 
detailed design stage with the new model. 
 
GNS have undertaken an in-depth study including on-site inspection of fault 
exposures to assess the risks of active and secondary faulting at the site.  They 
conclude it is unlikely that primary faulting will occur at the A7 Dam, but it is likely 
that secondary faulting will occur with a single-event displacement estimated to be in 
the range of 0.1 - 0.3m, with an absolute maximum of 0.5m.  GNS provide 
recommendations for further studies to refine estimates of fault displacement and 
earthquake magnitudes and recurrence intervals associated with the Mohaka and  
Wakarara Faults and to assess the presence of secondary faulting at the dam site.  It 
is not obvious that further refinements to current estimates will make a large 
difference to the design or feasibility of the proposed dam. 
 
The Mohaka Fault crosses the upper end of the reservoir and fault movement could 
generate a seiche (i.e. seismic induced waves) and this needs to be considered in 
setting an appropriate level of freeboard.  In addition ruptures associated with the 
Mohaka Fault could result in uplift of some parts of the reservoir floor, resulting in a 
reduction in freeboard. 

2.6. Geotechnical Investigations 

The results of geotechnical investigations are presented in a ‘Report on Engineering 
Geological Investigations A7 Site’ by T&T.  The results of the investigations 
confirm the site is suitable for construction of Dam A7, although there are number of 
geotechnical issues to deal with.  The site has generally sound foundations of low 
permeability and suitable construction materials are available nearby. Geotechnical 
investigations have been ongoing during the feasibility study with the scope of work 
being adapted as a result of conditions encountered.  The principal geotechnical 
issues are summarised below: 
 

 the close proximity of the Mohaka Fault with the potential to produce large 
earthquakes with very high ground motions at the dam site and fault 
displacement at the upper end of the reservoir.  Fault displacement has the 
potential to result in a loss of freeboard due to uplift of the reservoir relative 
to the dam and also due to waves generated in the reservoir.  There is also 
potential for secondary displacement on shear zones at the dam site 

 the presence of a landslide immediately upstream of the dam on the true-right 
hand side of the reservoir.  There is potential for the landslide to move when 
subjected to strong earthquake shaking and this would result in a loss of 
freeboard due to displacement of water in the reservoir and also due to 
generation of waves.  This requires further investigation and analysis and 
remediation measures are likely to be required 

 high earthquake ground motions associated with active faults in near vicinity 
of the site, particularly the Mohaka Fault.  This will result in very high loads 
on appurtenant structures and on the concrete face panels 

 presence of a narrow bedding parallel zone of sheared and contorted, thinly 
interbedded sandstone/mudstone dipping at a moderate angle to the south-east 
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located on the left abutment (referred to in T&T Geological Investigation 
Report as Zone SZ1.  There is potential for ground movement on SZ1, and 
therefore displacement of the dam foundation, during a major nearby seismic 
event.  There may also be potential for some sympathetic movement on other 
shear zones in the dam foundations 

 presence of an unstable block of dilatant rock on the left abutment.  As  a 
result the dam was relocated 150m upstream of its initial location to avoid 
this feature 

 micro-fracturing and the presence of laumontite minerals associated with 
greywacke rock at the site.  The concern was raised that this could result in a 
rockfill with an excessive quantity of fines and lower than desirable 
permeability.  XRD analysis by Philipa Black (University of Auckland) noted 
that the laumontite is less than 5% weight and is concentrated in veins.  She 
concluded that she does not think there is sufficient laumontite in the matrix 
to create significant contraction of the sediment as a whole but it would be 
wise to test the durability of these sediments. This recommendation is 
endorsed. 

 presence of low angle shears in the dam foundation. We understand they are 
of limited length and randomly orientated.  It is postulated that they may be 
associated with stress relief as a result of tectonic formation.  T&T consider 
they are unlikely to have any significance in terms of global stability.  
However, they could have implications for stability of the plinth (toe slab) 
which is highly loaded.  They are not considered to affect the feasibility of 
the dam, but appropriate strategies for identifying and remediating if 
necessary will need to be developed at the detailed design stage.  We 
understand that trenching of the plinth line will be recommended for the 
detailed design stage and we endorse this 

 presence of gravels on the right abutment terrace and in the present Makaroro 
river channel.  Such materials can be susceptible to liquefaction if saturated 
and when subjected to strong earthquake ground motion.  Test pits indicate 
gravels are not very thick (less than 5m) and tend to be coarser immediately 
overlying bedrock.  With appropriate subsoil drainage they should largely be 
drained and therefore not susceptible to liquefaction. 
 

The extent of geotechnical investigations undertaken to date is considered sufficient 
to confirm the feasibility of Dam A7.  There are a number of issues that will require 
further investigation at the detailed design stage.  They include: 
 

 further investigations of the landslide upstream of the dam to enable 
assessment of stabilisation requirements 

 trenching of the plinth line to improve the understanding of geological 
conditions 

 trial quarrying and compaction trials to confirm the degree of breakdown of 
the greywacke rock and the need for specific internal drainage zones 

 weathering quality index and clay index tests to determine breakdown and 
swelling capacity of local greywacke rock. 

2.7. Selection of Dam Type 

The proposed A7 Dam will be a concrete faced rockfill dam (CFRD).  It will be 
about 75m high, with a storage volume of 90Mm3.  There are two small examples of 
CFRD’s in New Zealand (Falls Dam at the head of the Manuherikia River and 
Loganburn Dam on the Taieri River) but there are many throughout the world.  The 
largest exceed 200m in height.  By international standards the proposed A7 dam is 
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not large.  Many CFRD’s are located in regions of high seismic hazard and some 
have been subjected to very high levels of earthquake ground motion (e.g. Zipingpu 
Dam in China which is 156m high and was located approximately 17km from the 
Mw8 Wenchuan earthquake in 2008).  Although the Zipingpu Dam survived the 
Wenchuan earthquake it sustained considerable damage to the concrete face and 
waterproofing system and provided some valuable lessons that are summarised in a 
paper by Martin Wieland (Ref.1).  Nonetheless there appears no reason why a CFRD 
cannot be adopted in regions of high seismic hazard provided appropriate 
consideration is given to the increased loading and deformation associated with 
earthquake loading.  A CFRD has the advantage that even if the concrete face slab is 
damaged the embankment should not fail if it is designed and constructed in 
accordance with modern design standards.  A CFRD located in a highly seismic 
region should be able to be dewatered and the rockfill should be sufficiently 
permeable to maintain the embankment in a drained condition in the event of 
cracking or buckling of the concrete face slab.  The other economic alternative is an 
earth core rockfill dam (ECRD).  However, the only core material available near the 
site is low plasticity, brittle and erodible silt and this is not favoured for a dam that 
needs to accommodate foundation displacement. We consider that the decision to 
adopt a CFRD is appropriate taking into account the seismic hazard and shortage of 
suitable soils for an ECRD. 

2.8. Design Details 

Design assumptions and details are provided in the Technical Feasibility Study Initial 
Project Description Report.  They follow normally accepted criteria for CFRD’s but 
with special consideration given to the earthquake hazards at the site. Comments on 
specific design assumptions and details as they relate to the feasibility of Dam A7 
follow. 

2.8.1. Faulting Hazards 

There are various consequences associated with movement on the Mohaka 
Fault and secondary displacement on the SZ1 shear zone and possibly other 
shear zones.  The effect of movement on the Mohaka Fault is to require 
additional freeboard due to possible uplift of the reservoir and waves.  This 
has already been considered in evaluating freeboard at the feasibility stage 
and found not to be critical (about 1.4m less than required for maximum 
design flood).  This should be reviewed again at the detailed design stage 
taking into account any further advice on the likely movements associated 
with the Mohaka Fault. 
 
Secondary displacement on shear zones at the site is estimated by GNS to be 
100-300mm with an upper absolute limit of 0.5m.  A number of defensive 
measures are proposed to minimise the potential effects of this amount of 
displacement.  If such displacement did occur it is highly likely that some 
damage to the plinth (toe slab) and concrete face slab would occur locally.  
However, this is not expected to result in a dam failure scenario.  Fill 
overlying the slab and appropriately designed filters immediately 
downstream of the concrete face and overlying shear zones upstream and 
downstream should ensure that displacements of up to 0.5m will not have 
serious consequences on the performance of the dam. 
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2.8.2. Earthquake Ground Motions 

The potential exists for very high earthquake ground motions.  Consequently 
we recommend dynamic analyses to assess the stresses and deformations in 
the embankment at the detailed design stage.  Amplification of ground 
motions will occur and the possibility exists for extremely high accelerations 
at the embankment crest.  This will need to be considered in the design of the 
parapet wall and in assessing the crest width and the need for any 
reinforcement of the embankment fill at high elevations to limit 
deformations. 

2.8.3. Landslide within Reservoir 

Preliminary analyses indicate the landslide upstream of the dam will be 
unstable when subjected to the maximum design earthquake.  Further 
investigation and analysis of the stability of the landslide is proposed at the 
detailed design stage and this is endorsed.  Allowance would be made for 
remedial works in estimating capital costs for the project.  

2.8.4. Materials for Embankment Construction 

Materials are available locally for construction of the dam.  There was a 
concern with the presence of laumontite in the locally available greywacke 
(Waioeka petrofacies rock).  XRD analysis by Philippa Black has allayed 
major concerns, although she has recommended weathering quality and clay 
index tests.  If these indicate potential concern with breakdown of the local 
greywacke then drainage zones will be required to be installed in the lower 
sections of the dam.  This will have some cost implications. 
 

2.8.5. Freeboard 

The feasibility study has included a comprehensive assessment of freeboard 
requirements for a range of scenarios (various flood and wind combinations 
and earthquake).  Allowance has been made for earthquake related effects 
(uplift of reservoir, seiches, vertical displacement on shear zones in dam 
foundation, embankment settlement).   It is assumed that the landslide 
upstream of the dam will be stabilised and will have no impact.  The 
assumptions and methodologies adopted are considered reasonable.  The 
critical scenario is the maximum design flood (MDF).  It requires 6.17m 
freeboard which is about 1.4m greater than that required for the earthquake 
case and 1m greater than required for the post earthquake case.  We note that 
the assumption adopted for embankment settlement of 2.4m (3 x best 
estimate of settlement) seems quite conservative.  A well compacted rockfill 
embankment should settle less than 1% of height. Compaction standards for 
the rockfill will need to be to a high standard, particularly at higher 
elevations where seismic loadings will be greater.   

2.8.6. Liquefaction of Gravel Foundations 

Gravels exist in the Makaroro River and on the river terrace.  Gravels 
normally have a lower susceptibility to liquefaction than sand or silt 
deposits.  Gravel deposits at the site are not extensive.  Particle size analyses 
indicate the quantity of sand and silt varies and in some cases maybe 
sufficient to affect the response.  However, river terrace deposits do not 
appear to be deep and should not be saturated following construction of the 
dam.  We note the spillway will be excavated down through them and this 
will provide some drainage.  To ensure they remain unsaturated some subsoil 
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drainage may be required.  This should be relatively straight forward.  River 
deposits are unlikely to be extensive. The nature and extent of river gravels 
is probably best investigated during construction, following river diversion.  
Decisions on whether they need removal, drainage or can be left as is can be 
made at this time.  A nominal allowance for this should be made in capital 
cost estimates. 

2.8.7. Embankment Zoning 

The proposed embankment design and zoning follows the convention of 
CFRDs except special attention is given to the design of Zones 1A, 1B, 2A, 
2B and 3B due to potential earthquake effects.  It is proposed to increase the 
height of Zones 1A and 1B to cover the toe slab over the terraces and the 
SZ1 zone.  Zones 2A and 2B are particularly important in the design of Dam 
A7 due to the likelihood of damage to the concrete facing in the event of 
foundation displacement associated with rupture of the Mohaka Fault.   
Special consideration has been given to identifying sources of material for 
these zones and to the grading to ensure they meet design requirements with 
respect to filtering and permeability, and segregation where necessary.  Zone 
2A is proposed to be concrete sand that satisfies all modern filter design 
requirements and will be extended to cover shear zones.  This is appropriate.  
 
Zone 2B needs to be filter compatible with Zone 1A silty sand.  The 
proposed modified ICOLD Bulletin 141 grading meets filter compatibility 
and permeability criteria but does not meet filter segregation criteria.   
Laboratory testing is proposed at the detailed design stage to check the 
performance of Zone 2B.  We consider that a conservative approach must be 
adopted for Zone 2B given the likelihood of cracking of the concrete face, 
particularly near shear zones like SZ1, and endorse the proposed testing.  
One concern is the relative high proportion of fines proposed (2-10%).  It 
will be important that any fines are non-cohesive and the implication of 
movement of fines and their effect on the performance of the filter should be 
part of the proposed laboratory testing.   
 
The proposed Zone 3A material is filter compatible with Zone 2B and we 
note that the width is increased from the conventional 3m to 4.5m.   We 
agree with this. 
 
Zones 3B and 3C are the bulk of the embankment fill.  Investigations 
indicate that locally quarried greywacke rock will be satisfactory, but will 
likely break down to fine gravel sizes.  The amount of fines is not known 
with certainty and further work is required to assess this.  The only practical 
way this can be assessed is by conducting compaction trials on typical 
sources of rockfill.  It is possible that special drainage zones may need to be 
incorporated if there are too many fines in the rockfill.  
 
Given the high levels of earthquake loading we note that it maybe desirable 
to place the fill at higher elevations in the embankment to a higher standard 
of compaction than for conventional CFRDs.  This would require placement 
of fill in smaller lifts (e.g. 600mm rather than 1m as currently proposed in 
Zone 3C).  Dynamic analyses undertaken at detailed design should provide 
some guidance on the need for and extent of higher strength zones of fill in 
the embankment.  We note that Wieland (Ref 1) suggests the provision of 
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geogrids in the downstream slope of the crest region to improve 
performance. 
 
The current embankment design has a conventional crest width of 6m.  
Given the high seismic environment consideration should be given to 
widening this.  Dynamic analyses at the detailed design stage should assist in 
confirming a suitable crest width.   

2.8.8. Foundation Excavation and Treatment  

Foundation excavation and treatment is relatively straightforward for the 
proposed dam.  Particular attention will need to be paid to the plinth (toe 
slab).  Foundation grouting consisting of both blanket and curtain grouting is 
proposed.  The foundations for the dam are low permeability and so just a 
single row grout curtain is envisaged except in the SZ1 zone where 
additional rows of grouting will be provided.  The proposed extent of 
grouting is considered reasonable. 

2.8.9. Toe Slab and Face Slab 

The proposed toe and face slab designs follow conventional practice for 
CFRDs.  The toe slab width is dependent on an acceptable hydraulic gradient 
which in turn is dependent on the assessed quality of the foundations.  A 
design hydraulic gradient of 15 has been adopted.  The toe slab width will be 
increased where it crosses shear zones.   
 
The concrete face slab can be expected to be subjected to very high in-plane 
stresses.  Wieland (Ref.1) recommends the following features be adopted in 
areas of high seismic loading. 

 concrete panels with smaller width to account for non-uniform 
deformations of the concrete face 

 arrangement of reinforcement of the face slab to improve load 
bearing behaviour in-plane and out-of-plane and ductility 

 arrangement of proper joint system including horizontal joints and 
selection of the joint width to account for the reversible nature of the 
seismic response 

 water-proofing system of the face slab and the plinth joint to account 
for static and seismic joint movement 
 

The feasibility design does not include all the above features.  Consideration 
should be given to the recommendations proposed by Wieland at the 
detailed design stage and some allowance should be provided in the capital 
cost estimate for these features. 
 

2.8.10. Diversion and Construction Staging 

The initial diversion works involve excavation of an open channel leading to 
a 4m diameter tunnel and a small upstream cofferdam.  The initial dam 
construction will comprise construction of the downstream section of the 
embankment to part height sufficient to allow the tunnel alone to provide 
adequate protection to the works.  The rockfill will be steel reinforced so that 
it can easily safely pass a 1 in 1000 AEP peak in flow discharge.    The 
diversion works and construction staging have been considered in sufficient 
detail for the feasibility stage.  Further refinement will be necessary at the 
detailed design stage. 



Our Ref: 7069 13 March 2012 Page 9 

File: 7069 Peer Review A7 Dam 13 March 2012.docx 

2.8.11. Spillways 

Two spillways are proposed, a primary spillway capable of passing the 
Operational Basis Flood (1 in 200 AEP flood) and an auxiliary spillway 
which in conjunction with the primary spillway can pass the Maximum 
Design Flood (PMF).  The primary spillway is concrete lined with a 25m 
wide long arc-crested ogee weir that contracts to a 15m wide chute.  A flip 
bucket at the outlet was initially considered but due to concerns with 
laumontite in the greywacke rock it is now proposed to adopt a hydraulic 
jump dissipator.  It discharges downstream of the potentially unstable dilated 
rock on the left abutment which is desirable. The auxiliary spillway is a 50m 
wide unlined excavation in rock on the far left abutment.  It discharges into a 
heavily treed gully that would be expected to suffer considerable damage in 
the event of a PMF event.  The design concepts are considered sound and the 
level of detail is considered appropriate for the feasibility level.  

2.8.12. Outlet Works 

The outlet works consist of a free standing wet intake tower located at the 
upstream portal of the diversion tunnel.  The outlet is a 2.1m diameter steel 
pipe located within the diversion tunnel.  The outlet has been sized to 
dewater the reservoir within 3 months.  This is important because there is 
always the possibility that the reservoir may require lowering following a 
major earthquake event.  There is also a 0.6m diameter bypass pipe to 
provide maintenance flow outlets during construction and a low discharge 
outlet during normal operation. 
 
The design concepts are considered appropriate.  The detailed design of the 
tower and access bridge (if provided) should ensure that the operation of the 
outlet pipe is not compromised even in the event of the MDE as it could be 
required to dewater the reservoir. 
 

Yours faithfully 
ENGINEERING GEOLOGY LTD  
 
 
 
 
 
T Matuschka, CPEng 
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       HEILER CONSULTING 

       107 Bells Rd 

       Christchurch 7671 

       3 August 2012-08-03 

 

Dear Mark 

Peer review of Fully Piped Distribution System and Response to Earlier Peer 

Review of the Open Channel/Piped Distribution System 

Earlier Peer Review of Open Channel/Piped Distribution System 

 The Heiler Consulting document Reviewer Comments on Distribution Aspects – Ruataniwha 

Irrigation Project – Hawkes bay Regional Council, dated 11 April 2012 was responded to by Tonkin 

and Taylor (the Client) in a letter report dated 13 July 2012.  The issues raised in the Review Report 

have been studied and satisfactorily addressed in the Client response.  It is noted that some issues 

raised in this earlier review will be dealt with in the final design stage of the Project.  

Scope of this Review 

Subsequent to the issue of the Client Final Design Report (FDR), the HBRC requested an additional 

feasibility concept design cost estimate for a fully piped distribution option.  This has been included 

as Chapter 7 in the Technical Feasibility Study -- Feasibility Report1, to be issued in August 2012.  The 

comments that follow are based on Chapter 7 of the Feasibility Report and the relevant drawings 

related to the fully piped option.  The reviewer has not examined the detailed hydraulic design of 

pipelines, pump stations, bill of quantities, unit rates or final estimates of costi.  These review 

comments are therefore restricted to the pipeline location, layout adopted, design assumptions, 

specifications and suggestions for further work. 

Pipeline Location 

In general terms the decision to locate the primary pipeline in the middle of the area using road 

reserves where feasible, and secondary pipelines perpendicular to contours and in road reserves 

where feasible, is supported.  It is noted that the secondary pipeline locations are uncertain because 

the location of farm supply points is not known.  Basing the layout so that the secondary system is 

within 2 km of any farm boundary is reasonable and is supported.  It is noted that cost estimates for 

any alternative secondary pipe layout should be similar to those included in the Feasibility Report, 

based on experience elsewhere.  In general, the pipe layout adopted is suitable for the purpose of 

developing feasibility level costs for a fully piped option. 

 

                                                           
1
 T&T Ref: 27690.100 



 

Design Assumptions 

Table 7.1 of the Feasibility Report details the design parameters and specifications for the fully piped 

distribution option.  These are identical to the parameters used to design the open channel/piped 

option as reviewed earlier and deemed acceptable, except for lower flow rates in the primary 

system resulting from zero leakage losses. Whilst not relevant to the efficacy of the design, it is 

noted that the adoption of a fully piped distribution system reduces volumetric system losses 

overall, and will therefore allow either more land to be irrigated from the same regulating storage, 

or will improve the reliability of supply to the assumed supply area.  This may be an issue to address 

in the final design.   

It is noted in Table 7.1 that above ground installation of HDPE pipe may be considered (under pipe 

bedding).  Experience with large diameter  HDPE pipes left empty for any period is that dimensional 

integrity may be  compromised, and that the pipe is exposed to possible damage, intentional or not, 

that could compromise its pressure rating. 

Concluding Remarks 

It is unlikely that design refinement will alter estimated capital costs dramatically if design 

parameters and density of secondary pipes remain unchanged. 

Increases in irrigated area possible when seepage losses are eliminated should be estimated at some 

stage to complete the picture – this will require a changed demand pattern to be used in the storage 

simulation model. 

It is recommended that all HDPE pipes be buried, or if not, design life reductions be assessed.   

The suggestions for further work (section 7.3) are reasonable.  Presumably final design would 

include detailed consideration of transients under a range of possible operating conditions. 

 

                                                           
i
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 Reviewer Comments on Distribution System Aspects 

Ruataniwha Irrigation Project – Hawkes Bay Regional Council 

Terry Heiler, 11th April 2012, External Peer Reviewer (Demand and Distribution System Aspects) 

Basis of Comments 

This review of the T&T (2012) FPD report, April 2012, is based on that report, discussions with T&T 
staff and earlier review and comments on the T&T (2011) IPD report – however, the earlier review 
comments are not reproduced here.   The comments have not been informed by any reports of the 
client-consultant meeting in early April 2012 where the aforementioned 2012 report was discussed.  
As a consequence, some of the issues raised here may have already been discussed and where 
appropriate, agreed actions signalled.  It is noted that the comments made here have not benefitted 
from field inspections, or earlier assessments of alternative supply scenarios.  

Review of T&T (2012) FPD report – Chapter 6: Distribution System Design – 
T&T Ref: 27690.10 

The comments which follow are tracked according to the numbering system in the FPD report.  A 
summary of main findings based on the material presented is provided at the end of the review.  

6.1 Overview 

It is noted that the locations of the farm delivery points are unknown, and that the secondary supply 
network has been based on providing a secondary piped conduit within 2 km of most areas within 
the zones.  This is a reasonable approach, recognising that additional piped systems will be needed 
to reach farm supply points – this will have implications for final costing as the secondary supply 
network is likely to be more intensive than that adopted.  At this stage of knowledge of the actual 
farm supply points, this is an acceptable approach.. 

Farm supply points at a lower elevation than the HGL of the primary system will receive water at a 
positive pressure, but less than that needed to operate most on-farm irrigation systems.  Most of 
these farms will need to pressurise the supplied flow using farmer-provided pumping units, assumed 
to be an on-farm cost to the farmers in this category. 

Farm supply points at a higher elevation than the HGL of the primary system will be supplied by 
scheme-provided pumping stations.  It is not clear if the design of these scheme pumps has been 
based on providing the same level of on-farm pressure as for the lower level farms, or if it is 
proposed to ensure on-farm delivery pressures sufficient to operate the on-farm irrigation systems 
without on-farm pumping.  From the design pumping heads given in the FPD, it is assumed that they 
have not been based on meeting operating pressure requirements at each farm supply point.  
Meeting this requirement may need to be investigated as to cost implications to both the scheme 
supply entity and the farmers concerned; and to assess the equity considerations that may arise. 

 

 



6.2 Preferred Option Selection and 6.3 Key components 

It is noted that the section 2.4 of the FPD report -- Distribution Design – seems to understate the 
likely extent and need for on-farm pumping1.  It also refers to the three options investigated and 
reported in the 2011 IPD, rather than the two options detailed in Chapter 6 of the FPD report – the 
earthen lined trapezoidal channel/piped option, and  the HPDE lined earthen channel/piped option.  

The FPD includes provision of primary system piping: 5.6 km Zone A, 7.9 km Zone C (a total of 13.5 
km) and all of Zone D. However, the further description of key components notes a total of 14.8 km 
of primary system piping in all three zones A, C and D – inferring only 1.3 km of primary system 
piping in Zone D.  This less than is shown on relevant plans of Zone D. 

6.4 Distribution system concept and assumptions including Table 6.1 

Design Flow Rates. The flow rates used in distribution system design are reasonable and in line 
with current understandings of the anticipated up take across the zones.  They are based on 
irrigated pasture water needs and are therefore likely to be conservative, as is appropriate at this 
stage. 

Waipawa Intake. The proposed general arrangement of the Waipawa River intake is 
supported, based on current understandings of river morphology post-dam and knowledge of 
groundwater conditions. Provision needs to be made in estimates of O&M costs for the annual costs 
involved for river management to ensure continuity of supply and resilience under extreme river 
flow conditions.   

It is agreed that the intake arrangements will require on-going attention to ensure that adequate 
flows can be maintained adjacent to the infiltration bund – this has been the experience of a number 
of braided and high bed load rivers in NZ.  Use of mechanical screens as proposed under the NIWA 
Guidelines is clearly impracticable under the site conditions.   Similar assessments have led to use of 
gravel bund infiltration solutions in a number of SI intake situations. 

Proposals for sediment control and removal at the intake are sensible, but it will be useful to 
consider any changes in gravel supply and build up at and below the intake site, as estimated by the 
projected T&T study into post-dam river behaviour.   

Primary System Canal. Maintaining the primary headrace/pipe at a high elevation across the zones 
has several consequences:  it increases the area below the primary system that can be supplied at 
the farm gate under positive pressure; and it minimises the area above the primary system that has 
to be supplied by scheme pumps.  One of the consequences of this approach is that canal gradients 
have to be flatter than needed to satisfy other hydraulic criteria (1 in 10,000) and waterway areas 
are consequently larger.  Gradient could be considered to be a variable in seeking the optimal 
solution. It is understood that the client has commissioned an investigation into a fully piped primary 
system.  Given that there are different off-farm costs and on-farm costs associated with each design 
solution, and given that ultimately all costs will rest with water users whether off-or on-farm, cost 
comparisons need to be holistic.  

                                                             
1 “...although some areas may require pumping...” 



The use of 3:1 side slopes on the water prism in cut and fill sections is based on use of an earthen 
liner.  Steeper side slope batters (2:1)  will clearly reduce earthworks and would be more usual for 
open channels of this type.  HDPE and other impermeable liners can be used on these slopes.  It is 
suggested that the experience of Morven Glenavy Irrigation Scheme and NOIC use of HDPE be 
investigated before the section dimensions are finalised.  Hydraulic design roughness for HDPE lining 
needs careful consideration; and may be situation specific.  It is suggested that information be 
gathered to justify selection of the roughness value used in design.   

Freeboard. The adequacy of a 0.3 m provision for freeboard needs to be justified – it is on the 
low side of freeboard allowances in earthen canals.  Freeboard provision is important in providing a 
margin against uncertainty in design assumptions.  It is also related to the final configuration for 
system control.  Final choice of freeboard should be based on a simulation of canal water levels 
along the open channel system under a range of possible operational situations. 

Canal Control System. Given that the HBRC has directed that the design approach should be to 
assume all water demands are met from releases from storage – i.e. ignoring the catchment 
contributions below the dam – losses within the distribution system need to be minimised.  
Assumptions have been made in the design as to conveyance losses due to leakage, and these need 
to be confirmed, but experience has also shown that operational losses can also be significant.  
Emergency spillways have been provided to protect the canal if flow rates exceed hydraulic capacity, 
for whatever reason.  It should be the design target to avoid use of these emergency spills under a 
range of operating scenarios. 

To this end, a SCADA based operating system should be included in the next level of design – this 
may have an influence on the water control structures included thus far, and should be based on 
simulating a range of operational situations. 

Piped Primary and Secondary System. Given the low positive operating pressure under design 
conditions, and the vulnerability of large diameter HDPE pipes to negative operating pressures, this 
aspect needs investigation under a range of operational situations. 

6.5  Waipawa River Intake 

Intake Location.  It is assumed that the decision to use the Waipawa river as part of 
the distribution system and to locate the intake close to the command area has been justified on 
cost and engineering considerations at the pre-feasibility level.  Given this, and based on the 
discussion in the FPD report, the choice of the intake location seems sound – exploiting the hard 
point in gravel- bed rivers is a well-established diversion strategy.  The proposal also exploits the site 
conditions to provide flood protection to the intake infrastructure.  Proposals should be reviewed 
after site conditions are better understood and when assessments have been made as to changes in 
river behaviour under the altered flow regimes post dam. 

Screening and Fish Exclusion and Sediment management. The choice of a rock fill infiltration 
bund with  internal gallery pipework  is supported in principle.  Similar installations in the SI have 
experienced problems with didymo and fine sediment clogging.  These aspects need careful 
consideration in the next stage and SI experiences should be investigated.  The consequences of fine 



sediment reducing the flow into the gallery, may be of more concern than coping with fine sediment 
removal from the intake area/settling pond. 

Design calculations of the operation of the proposed system around the intake have not been seen, 
but the general arrangement indicates that required flow diversions should be achievable with 
suitable filter design.   

6.6  Primary system canal 

Alignment. The factors used to determine alignment are reasonable.  Two comments:  cost of 
land purchase may be an issue; and whether the avoidance of sidling fills has added significant cost. 

Experience with Project Aqua, CPW and Trustpower’s Wairau project -- in regard to large open 
channels -- has shown that land acquisition costs and compensation payments for enterprise 
disruption, can be significant issues.  In addition, CPW experience is that consenting issues also 
become more difficult with open channel systems than buried pipe alternatives. There is clearly an 
emerging community preference for buried pipeline distribution systems if they are affordable. 

Impact Category. The FPD assessment of the impact category in regard to system failure id 
agreed.  However, the major consequence of a system failure that results in disruption to water 
supply at key agronomic points in the growing season, may be the economic cost of lost production.  
Such costs are liable to exceed damage to infrastructure and associated facilities by orders of 
magnitude.  Hence there is justification for adequate investment in canal control systems and other 
measures that reduce the risk of supply failure.  

Canal cross sections and liner. The choice of the conveyance system – open channel, hybrid or 
piped – is not resolved.  Many factors will affect final choice.  The assumptions made in the 
investigations thus far are discussed sensibly in the FPD report.  It must be remembered that 
significant conveyance losses through leakage or operational spills are basically unacceptable in a 
project that relies on costly dam storage. 

Reliable cost comparisons for conveyance options are difficult because of the limited geotechnical 
information that will influence both canal options – cost estimates are less uncertain for piped 
sections. 

HDPE canal liner. There is considerable local experience with HDPE liners available – MGIS, 
NOIC ( a T&T project) for example.  Given the uncertainty about accessing earthen lining material 
and its performance, and the need to avoid seepage losses, the HDPE option warrants close scrutiny 
in the next stage. 

Other Options.  There is a general acceptance in the SI that on-site production of HDPE pipes 
and innovative trenching technology can create considerable cost savings compared to off-site 
production and conventional installation methods.  This needs to be followed up. 

Canal Control.   As mentioned earlier, a well-designed canal control system has the potential 
to reduce operational losses and to contribute to the safety of the canal infrastructure.  The detailed 
feasibility design should explore options around system automation, and downstream control 
options compared with the current proposals.  Whatever systems are considered will have to reflect 



how the system will be managed and by whom.  From a pragmatic viewpoint, consideration will 
need to be given to how routine and extraordinary maintenance will be conducted during operation 
and close down – canal control structures will have a useful function in this regard.  

6.7  Primary system pipeline 

Comments about the Canterbury developments about on-site extrusion apply in this discussion.  The 
discussion covers relevant issues.   On-going investigations about 100% piping are pro- tem and 
further comment needs to consider that.  Observations about community acceptability apply.  A key 
advantage of piped distribution is to give greater freedom of alignment compared to open channel 
systems. 

6.8  Secondary system pipeline 

Reticulation. The description of the reticulation system fairly reflects the level of information 
about actual supply points.  The detail given reflects an earnest attempt to incorporate likely 
demand patterns. There are good reasons to align secondary pipelines along roads that cut contours 
and this has been done.  How much further the designer can go is a function of how much certainty 
can be developed for the uptake scenario. 

Pressure a farm gate. Sufficient comment has been made about this aspect.  One viewpoint may 
be that energy is dissipated in the route from the dam to the farm supply points and then energy is 
needed to supply the same points.  Presumably, the technical issues in utilising the elevation of the 
dam as a positive feature have been examined, but an (uninformed) high level observation might 
raise this issue.  Presumably the work has been done to address this. 

Maximum booster pumping head. It would seem that that the scheme pumping has not been 
designed to examine the option of supplying water at pressures sufficient to operate on-farm 
systems.   This needs to be examined. 

6.8  Further Work 

The identification of further work focuses on engineering issues and is comprehensive enough.  The 
only additional comment is that the project eventually needs willing payers and at this stage suffers 
from a focus on engineering matters – important as they may be, there needs to be a close linkage 
to the wateri users in terms of design, build and operate issues.  The role of HBRC is applauded but 
the eventual water users ( and the source of the revenue stream) have to have “skin in the game” 
early on.   

Summary of Main Findings 

Supply Pressures. There needs to be more clarity in terms of how the water will supplied to 
farm supply points above and below the primary system; and to assess the equity considerations 
that may arise. Given that there are different off-farm costs and on-farm costs associated with each 
design solution, and given that ultimately all costs will rest with water users whether off-or on-farm, 
cost comparisons need to be holistic.  



Supply Flow Rates. The flow rates used in distribution system design are reasonable and in line 
with current understandings of the anticipated up take across the zones.   

Intake Design. The arrangement proposed are sound, with the main risk the reduction in flow into 
the piped gallery from fine sediment clogging. 

Intake Operation. Provision needs to be made in estimates of O&M costs for the annual costs 
involved for river management to ensure adequacy and continuity of supply and resilience under 
extreme river flow conditions.   

Freeboard. The choice of freeboard allowance needs to be reviewed based on the simulation of 
canal water levels along the open channel system under a range of possible operational situations. 
To this end, a SCADA based operating system should be included in the next level of design – this 
may have an influence on the water control structures included thus far.  

Use of Piped Distribution. The vulnerability of large diameter HDPE pipes to negative operating 
pressures may require investigation under a range of operational situations. 

Consequences of System Failure. The main financial risk of system failure is loss of 
production.  The next stage of design should interrogate design features to minimise this risk.  
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EXECUTIVE SUMMARY 
 

This review has examined certain water resources and hydrology aspects of the Initial Project Description 
[IPD] and related documents for the Ruataniwha Water Storage Project: Technical Feasibility Study.  In particular, 
the following were reviewed at the client’s request: the long‐term [synthetic] flow record for the Makaroro River 
at Burnt Bridge; the storage modelling and drawdown; flood frequency and design flood hydrographs for dam 
design.  More generally, water resource investigations [apart from irrigation demand aspects] and engineering 
hydrology have been considered, but only those aspects where information has been supplied in the IPD or 
related documents. 

Conclusions [15] have been drawn and recommendations [17] made related to: reservoir inflows [mainly 
Section 3.3 in the IPD]; flood hydrology [mainly Section 3.4]; reservoir storage modelling [mainly Sections 4.2 and 
4.3]; dam design hydrology [mainly Section 5.2]; and Waipawa River Distribution [mainly Section 6.3]. 

The review has neither been requested nor enabled [by provision of information] to cover some aspects of 
water resources and engineering hydrology not fully described in the IPD.  These include low‐flow hydrology and 
aquatic ecology in the Makaroro River catchment, hydrology and hydraulics of the Waipawa River augmented 
flow from the Makaroro River dam and any aspects in to and from the intake on the Waipawa River, and from the 
intake on downstream.  Likewise, the review has not been requested to consider hydraulics of dam flows, 
including spillway flows; some comments are made in passing. 

The three summary conclusions of the review are: that those aspects of the water resources, hydrology and 
storage behaviour fully described in the IPD have been comprehensively considered; there are technical 
corrections which should be made prior to a Final Project Description; and, there is insufficient information 
provided related to variation, uncertainty and sensitivity around chosen values, alternatives and 
recommendations.  

 
ADDENDUM June 2012 

 
Following a telephoned response from David Leong, Tonkin and Taylor, on 4 May 2012 to the draft peer 

review report CP5D1‐12, some minor changes to the text were agreed.  There had been a change of intention – no 
Final Project Description would be produced with that title.  Instead, there would be a ‘Project Feasibility Report’ 
in which changes resulting from the peer review report would be incorporated among other changes.  This 
‘Project Feasibility Report’ would also include information on climate change effects, which had not been in the 
Initial Project Description reviewed. 

This report is unchanged from the 23 March 2012 draft peer review report CP5D1‐12, except: 
1. Minor changes to the text as agreed 4 May 2012 have been made. 
2. An ‘Epilogue’ has been added [p. 21] to comment on changes made between the Initial Project 

Description and Draft Sections 3 and 4 of the ‘Project Feasibility Report’ which relate to comments 
and recommendations in the draft peer review report. 

3. Minor changes have been made reflecting the status change of this report from draft to final. 
No information has been supplied [15 June 2012] on Section 5 Dam Design, nor on climate change effects, 

so no comment on those is included in the Epilogue. 
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1.0 Introduction 

Tonkin and Taylor Ltd [T&T], as primary consultants to Hawkes Bay Regional Council [HBRC] for the 
Ruataniwha Water Storage Project, part of the proposed Ruataniwha Irrigation Scheme, have advanced work to 
the stage of an Initial Project Description1 [IPD] issued in November 2011.  This report by David Painter Consulting 
Ltd [DPC] is part of an internal peer review commissioned2 by T&T to examine these aspects of the IPD and related 
documents: 

 
• The long term [synthetic] flow record for the Makaroro River at Burnt Bridge 
• The storage modelling and drawdown 
• Flood frequency and design flood hydrographs for dam design 

 
More generally, the original scope specified3 that the peer review should cover: 
 

• Water resource investigations [apart from irrigation demand aspects] 
• Engineering hydrology 

 
The review has neither been requested nor enabled [by provision of information] to cover some aspects of 

water resources and engineering hydrology not fully described in the IPD.  These include low‐flow hydrology and 
aquatic ecology in the Makaroro River catchment, hydrology and hydraulics of the Waipawa River augmented 
flow from the Makaroro River dam and any aspects in to and from the intake on the Waipawa River, and from the 
intake on downstream, including any aspects of irrigation water demand.  Likewise, the review has not been 
requested to consider hydraulics of dam flows, including spillway flows; some comments are made in passing. 

This report has been prepared in accord with the IPENZ Practice Note on Peer Reviewing (IPENZ 2003).  The 
scope of the report is primarily as in the first set of bullet points above, but with some related matters as in the 
second set of bullet points above.  The purpose of the report is to examine and review aspects of the IPD and 
related documents within the scope, for the benefit of T&T and, through them, HBRC.  The report is confidential to 
T&T and HBRC and intended for the purpose just stated.  The disclaimer on p. iii states that it is not intended for 
any other use, nor by any other person, without the prior agreement of David Painter Consulting Ltd.  The report 
relies in part on information provided by T&T in the IPD, additional documents, hydrological data including some 
from the National Institute for Water and Atmospheric Research [NIWA] and HBRC and information sought from 
T&T and other parties.  The author has not made on‐site inspections of the locations referred to in the report. 

The most important function of the peer review is to highlight any problems, errors, missing information 
and opportunities for improvement.  For that reason, very little space is devoted to aspects of the project and IPD 
which are judged to be without obvious such problems and opportunities; that should not be taken to imply that 
those aspects have not been considered. 

                                                 
1 Ruataniwha Water Storage Project: Technical Feasibility Study INITIAL PROJECT DESCRIPTION, prepared by Tonkin & 
Taylor Ltd for Hawkes Bay Regional Council, November 2011. 
2 This scope is based on email correspondence between David Painter [22 November 2011] and David Leong [24 November 
2011]; confirmed by a Letter of Engagement received 20 March 2012. 
3 In a letter from David Leong to Graeme Hansen 19 July 2011. 
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2.0 Proposed Scheme 

The proposed Ruataniwha Water Storage Project is fully described in the Scheme Overview, Section 2 of the 
IPD.  The water resource and hydrology aspects reviewed are associated with: 

• Water resource availability 
• An in‐river dam and reservoir on the Makaroro River in SW Hawkes Bay 
• A supply catchment above the reservoir East of the Ruahine Range 
• A possible small hydro generation plant 
• Use of the Makaroro and Waipawa Rivers to convey stored water to the Scheme distribution 
infrastructure. 

3.0 Layout of Report 

The report follows a similar sequence to the IPD, passing over aspects of the IPD which are not in the 
review scope.  There is a certain logic of dependency. The irrigated area and land use require certain annual 
volumes of water; the available water resources need to be able to provide those volumes while recognising 
ecosystem health; storage is required for a certain reliability of supply; that requires a reservoir and dam; dam 
and downstream safety require flood management; stored water must be conveyed to the irrigated area.  The 
report therefore contains this sequence of sections: 

 
Section 4:  Reservoir Inflows [mainly Section 3.3 in IPD] 
Section 5:  Flood Hydrology [mainly Section 3.4 in IPD] 
Section 6:  Reservoir Storage Modelling [mainly Sections 4.2 and 4.3 in IPD] 
Section 7:  Dam Design Hydrology [mainly Section 5.2 in IPD] 
Section 8:  Waipawa River Distribution [mainly Section 6.3 in IPD] 
Section 9:  Conclusions and Recommendations 
References, Acknowledgements and Appendices are at the end 
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4.0 Reservoir Inflows 

4.1 Hydrometric Data 

Section 3.3.1 of the IPD provides information on hydrometric data.  Table 3.4 “summarises the available 
water level and flow records for the Tukituki River catchment.”  Choice of 23218 Makaroro at Burnt Bridge as the 
representative flow record for the dam site is appropriate.  It is not as obvious why some other level recorder sites 
[e.g. 23219, 23252, 1233220] in the NIWA site index do not appear in IPD Table 3.4.  It is also unclear why sites 
were restricted to those in the Tukituki catchment; for some purposes nearby sites in adjacent catchments might 
have been useful, even across the Range in the Rangitikei catchment [e.g. 32708, 32763]. 

IPD Table 3.5 contains at least one error: the MAF for 23201 Tukituki at Red Bridge is more likely to be 
about 1400 m3/s than the 140 m3/s shown4; this latter would be nearer the 95%ile flow.  It is notable that here 
23235 Waipawa at RDS is included in the statement [p. 31]: “Flow records for Tukituki at Waipukurau, Tukituki at 
Ashcott Bridge, Waipawa at RDS and Tukituki at Shag Rock records occur in the period as other records considered 
more suitable in terms of catchment size, catchment similarity and the reliability of the record.”  In response to 
my question5, T&T explained that the 23235 “dataset’s usability was only ‘marginal’, and that it contained 
significant errors …”.  Yet in IPD Section 3.4, 23235 Waipawa at RDS is the record relied on for dam site flood 
estimation.  

4.2 Synthetic Flow Record 

The eventual choice [in Section 3.3.2] of 23201 Tukituki at Red Bridge to fill gaps in the 23218 Makaroro at 
Burnt Bridge record and extend it back to 1 January 1972, and of 23207 Tukituki at Tapairu Rd to fill gaps and 
extend it forward to 31 December 2010, is partially justified by the “reasonable comparison” between their 
vector‐transformed synthetic flow records and the Makaroro record shown in IPD Figure 3.7.  It is unclear how 
representative the excerpt shown is of the 1975‐1990 rated Makaroro record6.  The period of three‐record 
overlap is May 1987 to April 1991.  Figure 4.1 gives a [blurry!] indication that 4‐year comparison might show a 
more accurate [and less favourable] picture than the 7‐month comparison in Figure 3.7. As there is no ‘split‐
record’ [part for calibration, part for validation] validation available, and no direct comparison of synthetic and 
measured flows for the rated period7, it is unclear how representative the derived record 2321801 Synthetic 
Makaroro at Burnt Bridge is of what the ‘true’ flow at Burnt Bridge was over the 1972‐2010 period. 

The vector transformation method was preferred over rainfall runoff modelling, multiple linear regression 
and [undefined] stochastic methods.  Without other methods being tried or reviewed there is no evidence to 
support this preference.  Because the two donor data records chosen are from recording sites downstream of the 
recipient site, lagged correlation would be expected.  For this reason, and because other records available might 
have been well‐correlated, lagged multiple regression and ARMA modelling were worth trying.  It is a presentation 
deficiency that the vector transformation method is not described in the IPD, but in a half‐page appendix to a T&T 
memorandum, without citing any reference.  Although it is presented differently, the method is identical in effect 
to one presented in Wisler & Brater (1959), which is further cited in the Handbook of Applied Hydrology (Chow 
1964), but not in the later handbook of Hydrology (Maidment 1993).  The method does have the advantage 
claimed in the IPD that “it allows the factors and relationships to vary according to the magnitude of the flow” [p. 
31].  The lack of clarity about validation does not allow firm conclusions about use of the method.   

                                                 
4 The data passed to me shows MAF for complete years 1969-2010 is 1388 m3/s.  T&T response to my Q4 in Appendix 11.2 
states it should be 1400 m3/s. 
5 See Q5 in Appendix 11.2. 
6 See the T&T answer to my Q3 in Appendix 11.2. 
7 See the T&T answer to my Q2 in Appendix 11.2. 
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Figure 4.1. (a) As for IPD Figure 3.7, June to December 1987 comparison of 23218 with 

 transformed 23201 [blue] and transformed 23207 [green]   (b) all of 1988   (c) all of 1989. 
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IPD Figure 3.8 appears to be incorrectly labelled: the period of the 23218 curve shown should end 30 April 
1991.  Considered in that light, and given the way the 2321801 record was constructed, the claim that the “plot 
shows excellent agreement in the flow range where approximately 75 percent of the time the flows are extremely 
well represented (low to mid‐range flows), with a reasonably good agreement for the remaining flow spectrum 
(flows greater than the 25% exceedance).” is hardly surprising but does not make clear how representative the 
derived record 2321801 Synthetic Makaroro at Burnt Bridge is of what the ‘true’ flow at Burnt Bridge was over the 
1972‐2010 period. 

4.3 Rainfall Data 

The discrepancy between rainfall data for the Kaumatua at Parks Peak raingauge in the Makaroro River 
headwaters and the NIWA VCSN estimate [IPD p.33] is a valid observation.  Using 1941‐1970 rainfall normals to 
correct the VCSN values for elevation might not be valid.  There is an assumption that post‐1970s rainfall normals 
are the same as 1941‐1970 normals.  In some parts of New Zealand pre‐ and post‐1970s rainfall equivalence is 
known to be invalid (Griffiths 2006; Salinger et al. 2001), an effect also known for floods and low flows (McKerchar 
& Henderson 2003; Griffiths et al. 2009).  I understand the VCSN contains information from 1951‐1980 normals 
and that 1971‐2000 normals are available; these might be more appropriate for providing corrections if they are 
required8.  As a more general point, a forthcoming journal paper (Tait et al. 2012) indicates small positive and 
negative differences between VCSN values and regional council raingauge data for areas of the Ruahine Ranges.  
The Makaroro River headwaters appear to be in an area where the VCSN slightly over‐estimates compared to 
regional council raingauges9. 

On IPD p. 34 it is stated that “There is a general inverse relationship between the annual rainfall loss and 
mean annual rainfall. This relationship is clear when comparing the WRENZ rainfall and mean runoff estimates.”  
The general statement is not my expectation and what WRENZ estimates are being referred to is unclear10.  I am 
unable to see how the Adjusted annual rainfall loss of 557 mm at the dam site is obtained in Table 3.7.  I am also 
unable to detect where the assessed mean flow for the catchment between the dam site and Burnt Bridge of 320 
l/s is derived. Table 3.7 appears to contain minor numerical errors e.g. Mean Annual Runoff for ‘Makaroro 
between dam site and Burnt Bridge’ is given as 964 mm, which does not tally with the other values in the row.    

                                                 
8 In a personal communication 21 February 2012, Dr Andrew Tait of NIWA indicated an intention to apply a ‘bias correction’ 
to the VCSN, based on regional council raingauge data not used in deriving VCSN values. 
9 Although there is a response to my Q6 in Appendix 11.2, it merely reproduces text from IPD p. 33 and does not address the 
issues raised in this paragraph. 
10 See the T&T response to my Q7 in Appendix 11.2.  It is still unclear just what WRENZ data are relied upon.  Without doing 
any detailed data gathering, I have points for the supplied graph from Maimai and Big Bush catchments [South Island] which 
are well off the line of fit and reversed in gradient. 
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5.0 Flood Hydrology 

The flow record for 23235 Waipawa at RDS [beginning in April 1988, not 1989 as on IPD p. 38] and its 
correlation with 23218 Makaroro at Burnt bridge have been relied on to provide design flood estimation at the 
Makaroro River dam site11.  The three approaches are appropriate: conventional flood frequency analysis; flow‐
based design flood hydrographs; and PMP‐PMF with a calibrated rainfall‐runoff model. 

5.1 Conventional Flood Frequency Analysis 

It is reasonable to extrapolate the annual maxima for 23218 Makaroro at Burnt Bridge using a fitted EV1 
distribution, as in IPD Figure 3.10.  The less good fit of the Rank 2 and especially Rank 1 points is expected.  Exactly 
how the EV1 distribution is fitted to the data makes a difference to the low‐AEP flood peak estimates, as 
illustrated in Figure 5.1 [cf IPD Figure 3.10].  Whereas the 0.0001 AEP estimate in IPD Figure 3.10 and Table 3.1012 
is 474 m3/s, the value in Figure 5.1, acknowledging that the Rank 1 plotting position is uncertain, is 423 m3/s.  This 
comment is made not to suggest that one estimate is better than the other, but to point out that there is 
uncertainty around this kind of extrapolation, and therefore the derived values, which should be acknowledged. 

 

IPD Figure 3.10 Linear Regression
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  Figure 5.1. Comparison of different fits to IPD Figure 3.10 Makaroro at Burnt Bridge data. 
The 23235 Waipawa at RDS record is an appropriate choice from the records available to provide flood 

estimates at the dam site over a longer period of record than is available for the Makaroro River13.  It is not made 
clear in presenting Tables 3.10 and 3.11 that many of the other sites for which flood estimates out to 0.0001 AEP 
are tabulated are not well fitted by EV1.  The fit of the Table 3.10 values for 23201 Tukituki at Red Bridge and 
23220 Tukipo at SH50 plotted in Figure 5.2 are just two examples suggesting that the low‐AEP values for these 
sites included in Table 3.10 are not reliable.  Other sites have not been checked, but this is not important in view 
of only the 23235 Waipawa at RDS record being used.  [The ordinate in Figure 3.11 is incorrectly labelled as 
“Annual Maximum Daily Flow”; the graph title has it correctly as “Instantaneous”.] 

 

                                                 
11 But note the non-use of this record in IPD Section 3.3, referred to on p. 3 above. 
12 The T&T response to my Q8 in Appendix 11.2 indicates that a PWM fit is illustrated [but not indicated on the diagram or in 
the table].  This is appropriate, but the point I make remains. 
13 But see Footnote 5 and the text it refers to on p.3. 
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IPD Table 3.11: Examples of Fit to Data
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   Figure 5.2. Examples of fit of IPD Table 3.11 data by EV1. 
 
The 23218 record is of nearly 17 years, starting in July 1975; the 23235 record is of nearly 25 years, starting 

in 1988.  The 23201 Tukituki at Red Bridge record of nearly 45 years indicates major floods [>2000 m3/s] in April 
1971, June 1974 and March 1988 [Cyclone Bola], prior to the 23235 record beginning.  Although 25 years [23235 
record] is a suitable length of record for at‐site flood frequency analysis, the record start date in April 1988 and 
the importance as a source of flood estimates for the dam site suggest that an examination of pre‐record floods in 
nearby gauged catchments would be useful14. 

The use of (catchment area)0.8 (McKerchar & Pearson 1989) to scale flood peaks from various catchments to 
23218 Makaroro at Burnt Bridge is appropriate.  However, this is another example of the need to acknowledge 
uncertainty around such estimates.  McKerchar and Pearson (1989) themselves state: “This is a very crude 
predictor …”.  Griffiths and McKerchar (2008) show that there is some theoretical basis for expecting an exponent 
on area of 0.75.  The claim on IPD p.41 that “best fit values of 0.835 and 0.798 for the catchment area exponent in 
the Q2.33 and Q100 equations … provide independent confirmation of the appropriateness of using the default 
value of 0.8” is only partly correct.  The variation around the best‐fit values15 is also of importance when the 
intention is to use the best‐fit value for a particular catchment‐to‐catchment transposition.  Presentation of the 
individual catchment values from which the best‐fit values are derived would be one way of conveying the 
variability, and therefore the confidence in flood peak discharges at 23218 Makaroro at Burnt Bridge scaled from 
23235 Waipawa at RDS16. 

5.2 Flow‐based Design Flood Hydrographs 
This is stated to be “a relatively new flow‐based method” [IPD p. 38].  As with the vector transformation 

method [see p. 2 above], very little information and no references are given in the IPD for the method.  It is also 
stated to be “analogous to the ‘Chicago Method’ used to construct a design rain storm from intensity‐frequency‐
duration data.”  The ‘Chicago Method’ goes back to 1957, if not earlier (Keifer and Chu 1957).  An example of the 
method’s application to synthetic design hydrographs is Maione et al. (2001).  It might well be “potentially the 
most reliable and definitive of any design flood estimation method available.” [IPD p. 42]  However, it is not well‐
explained in the IPD and leads to unusual‐looking synthetic design hydrographs which do not appear to me to 
reflect well the historic event hydrographs. 

                                                 
14 The T&T response to my Q23 in Appendix 11.2 indicates that the FPD will have a revised at-site flood frequency estimate 
for Makaroro at Burnt Bridge and revised synthetic design flood hydrographs as a result of incorporating a slope-area flood 
estimate in the catchment from Cyclone Alison in 1975.  According to Grant (1982), water level AEP was only 0.13 [i.e. not 
an infrequent event] for Cyclone Alison in the Waipawa River at Fletchers Crossing. 
15 Relevant information has been supplied in response to my Q9 in Appendix 11.2.  Only a few selected values from those 
analysed are included in derivation of the stated exponents and standard errors.  Variability/uncertainty still needs to be clear. 
16 But see footnote 5 and the text it refers to on p. 3. 
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I have no quarrel with the preliminary data analysis17 in IPD sections 3.4.2.1 and 3.4.2.2.  It seems that the 
“Design Flood Hydrographs at Waipawa RDS” in Figure 3.17 have been prepared by, for each AEP: 

• ensuring “that, within the hydrograph, the maximum flood volume over any particular duration matches 
the volume from the volume–duration curve for that return period” 
• estimating a time‐to‐peak:duration ratio of 0.37518 
• truncating the hydrograph at 48 hours19 
• setting the starting flow to 4% of peak flow 
• using a numerical procedure to construct a hydrograph symmetrical about the peak, invoking the equal‐
volume requirement above 
• numerically ‘adjusting’ the symmetrical hydrograph to accommodate the three numerical parameters 
above 

I am not convinced that this procedure preserves the hydrograph shape information of the historical record, 
avoids mutually‐exclusive requirements of parameters, or provides the most appropriate synthetic design 
hydrographs for the purpose. 

More constructively, there is a simpler alternative procedure, by: 
• using the equal‐volume requirement to derive one formula for each limb of the hydrograph, in terms of 

the historic flood volume and duration information, and a hydrograph shape parameter 
• using the historic hydrograph geometry to provide the hydrograph shape parameter 

Although I have not had the historic record information [nor the time!] to apply this procedure to the IPD case, I 
have illustrated it in a two‐page memorandum to T&T, reproduced as Appendix 11.1, and in Figure 5.320. 
 

 
  Figure 5.3. IPD Figure 3.17 showing Appendix 11.1 versions for AEP=0.01 
     and constant time‐to‐peak ratio 0.375 dashed, 0.125 dotted. 
 

                                                 
17 A minor text correction is to include “10 minutes” in the durations listed in the second paragraph of Section 3.4.2.1. 
18 The T&T response to my Q10 in Appendix 11.2 confirms “35% to 40%”, independent of duration.  I am in no position to 
challenge the analysis of historic data. 
19 The response to my Q11 in Appendix 11.2 refers to rainfall duration, but hydrograph duration is longer and the longer-
duration data are needed to define synthetic hydrograph shape, as e.g. in IPD Figure 5.5. 
20 The added SDHs are NOT recommended for use; they only illustrate the technique and the different shape from IPD SDHs. 



 

__________________________________________________________________________________ 
... Ruataniwha Water Storage ...  CP5-12 

9

 “In the current study, the flood hydrographs shown in Figure 3.18 and summarised in Table 3.13 are the 
definitive (final) flood estimates for return periods up to 10,000 years.” [IPD p.46]  I am left with a concern21 that 
the process comprising: 

• use of one donor flow record [23235 Waipawa at RDS] 
• extrapolation from 22 years of data to AEP of 0.0001 
• a numerical synthetic hydrograph derivation procedure which has arbitrary elements included 
• transposition by (catchment area)0.8 

has not made clear either the inherent variability around presented values nor the uncertainty involved in the 
estimates. 

5.3 PMP‐PMF with a Calibrated Rainfall‐runoff Model  

The procedure and model adopted in IPD Section 3.4.3 are appropriate.  It would be helpful to have the 
dam catchment boundary marked on Figure 3.19.  The calibration run22 [‘Bola’, IPD Figure 3.22] looks better than 
most of the validation runs [IPD Appendix G], as is not unusual.  Although it is not necessary to know the details of 
modelling parameters23, statement of the loss rate and baseflow techniques specified in the HEC‐HMS runs would 
also be helpful24.  Likewise, although three HBRC raingauge sites are listed [IPD Table 3.14] and example depth‐
duration‐frequency information is presented for one of them [Figures 3.20, 3.21], which raingauges were used to 
generate the “significant storms” used for calibration is not made clear.  

The ‘bumpy’ hyetographs in Appendix F [IPD p. 231] derived from ‘smooth’ cumulative data deserve an 
explanatory comment25.  The ‘elbowed’ PMF hydrographs [IPD p. 51] likewise need explanation26.  A presentation 
issue is that placing the PMF hydrographs on a figure including the relevant synthetic design hydrographs, e.g. for 
AEP=0.01, 0.001, 0.0001, would save the IPD readers doing that.  

Echoing the comment at the end of Section 5.2 above, I am left with a concern that the process comprising: 
• Unclear choice of rainfall data 
• Unstated calibration rainstorm properties and time profiles 
• Unstated loss rate and baseflow techniques 
• Unexplained irregularities in hyetograph and hydrograph shapes  

has not made clear either the inherent variability around presented values nor the uncertainty involved in the 
estimates. 

                                                 
21 As will be concluded in Section 9, this is a major contributor to my more general concern about variability and uncertainty. 
22 As confirmed in response to my Q12 in Appendix 11.2. 
23 I have assumed that parameters and techniques set using the calibration run were then preserved for all validation runs. 
24 See the T&T response to my Q13 in Appendix 11.2.  Why these techniques were chosen is not clear. 
25 The T&T response to my Q15 in Appendix 11.2 indicates that a corrected intensity plot will be in the Final Project 
Description. 
26 The T&T response to my Q16 in Appendix 11.2 indicates that “the baseflow assumptions lead to the elbows present in 
Figure 3.23.” 
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6.0 Reservoir Storage Modelling 

The total reservoir storage volume requirement of 90 MCM resulted from a decision “made on 17 October 
2011 by the HBRC Core Project Team” [IPD p. 54].  Given the complex factors and uncertainty about some key 
demand and supply parameters involved, it is not surprising that the volume was set by an external decision, 
rather than by any kind of technical optimisation.  It is worth noting that in many projects of this kind reservoir 
volume would be a key parameter to vary in seeking an optimal project configuration. 

The storage modelling appears to be appropriate in technique and to make appropriate use of the data 
derived for it.  I was neither asked nor enabled to check the details of the spreadsheet calculations.  Because there 
is uncertainty about what the ‘true’ flow at Burnt Bridge was over the 1972‐2010 period [Section 4.2] , there is 
consequential uncertainty about details of what the ‘real’ reservoir storage behaviour would be. 

Two minor presentation issues are that line style and colour codes make it impossible to distinguish years in 
IPD Figure 4.14 ‘spaghetti curves’; and that Figures 4.15,16,17 are incorrectly captioned 14,15,16.  In Appendix A, 
Scenario 16 [17 700 ha, 90th %ile cap] shows a 100 MCM data point at T=68, but gross storage is 90 MCM. 

7.0 Dam Design Hydrology 

7.1 Flood Hydrology 

Reservoir and spillway water levels during floods depend on the flood peaks, volumes and hydrograph 
shapes presented in the IPD; on various code and protocol requirements; and on dam and reservoir design 
parameters intended to satisfy those requirements.  Climate change is “currently allowed for as 10% increase in 
flows pending advice from NIWA” [IPD p. 89], and has not been further examined in this review. 

Given the explanation in IPD Section 5.1 of why some aspects of Section 5.2.3 are not in harmony with 
preceding and following sections, I have taken it that the “changes in flood hydrology estimates“ referred to in IPD 
Section 5.2.3.6 [p. 97] are now correctly incorporated27 in to the IPD presentation. 

IPD Figure 5.4 [p. 116] and the paragraph that refers to it [p. 115] should clarify what period of record they 
refer to. There are far fewer floods > 45 m3/s shown than I see in the record28.  It is appropriate to consider 
seasonal floods as in IPD Section 5.2.5.1; it begs the question of why was a seasonal flood frequency analysis not 
carried out? [e.g. Painter (2002)] The IPD Figure 5.5 inflow hydrograph has been extended past 48 hours [172800 
s], but how [the synthetic design hydrograph ends at 48 h] is not explained29.  “The combined spillways are 
designed to handle the 760 m3/s outflow discharge30 from the Maximum Design Flood (MDF) …” [IPD p. 119], but 
the MDF is everywhere else 794 or 795 m3/s. 

7.2 Low‐flow Hydrology 

The relevant aspects of low‐flow hydrology in the IPD are the environmental flows and flushing flows.  
These are not treated in any depth in the IPD [Section 4.2.6], the reason stated [p. 55] being that “in‐stream 
studies are under way”.  The limited analysis of 7‐day Mean Annual Low Flow [IPD p. 56] presents no obvious 
problems from a hydrological point of view, but this is not an expression of opinion about the ecological 
appropriateness of using 90% of 7‐day MALF.  The associated aquatic ecology questions are not part of the brief 
for this peer review. 

                                                 
27 But see Footnote 14 and the T&T response to my Q23 in Appendix 11.2. 
28 See T&T response to my Q18 in Appendix 11.2. 
29 See T&T response to my Q19 in Appendix 11.2.  See also Footnote 17.  There is considerable uncertainty here, not made 
clear. 
30 This is clarified by the T&T answer to my Q20 and needs clarifying in the FPD. 
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7.3 Spillway Hydraulics 

During consideration of dam flood hydrology I noticed points which I mention in case they prove useful31: 
• IPD p. 121 states that the “primary spillway has a fan shaped contraction controlled by a 25 m long arc‐
crested concrete ogee weir … . The chute contracts from the 25 m wide crest to a 15 m wide chute … .”  But 
on p. 95 and in the drawings of Appendix C it is a 20 m wide chute32. 
• There seem to be very conservative overall discharge coefficients applied to the spillway flows.  The top of 
the parapet wall has RL 475.7 m, which I take to be 459.5 + 4.81 + 1.36 m.  4.81 is high for the discharge. 

8.0 Waipawa River Distribution 

This is not part of the review brief and has not been considered in any detail.  There do not appear to be 
any obvious problems with the IPD treatment of the topic, particularly in Section 4.2.2.  There is no discussion of 
the lag time between change in release flow from the reservoir and detectable change in flow at the intake site.  
This could arise as an unanswered question in relation to consent conditions on the take. 

9.0 Conclusions and Recommendations 

9.1 Conclusions 

These conclusions summarise those drawn in the body of the report [at page numbers indicated]: 
1. From the river flow data available, the choice of 23218 Makaroro at Burnt Bridge as the representative 
flow record for the A7 dam site is appropriate [p. 3]. 
2. As there is no ‘split‐record’ validation available, and no direct comparison of the synthetic and measured 
flows for the rated period, it is unclear how representative the derived record 2321801 Synthetic Makaroro at 
Burnt Bridge is of what the ‘true’ flow at Burnt Bridge was over the 1972‐2010 period [p. 3]. 
3. The lack of clarity about validation [2 above] of the vector transformation method does not allow a firm 
conclusion about the results of its use.  I am therefore unable to conclude whether the 2321801 Synthetic 
Makaroro at Burnt Bridge is fully fit for purpose for reservoir volume simulation or flood estimation [p. 3]. 
4. Given 2 and 3 above, the flow duration curves for 2321801 Synthetic Makaroro at Burnt Bridge and 23218 
Makaroro at Burnt Bridge shown in IPD Figure 3.8 do not make clear how representative the derived record for 
the former is of the ‘true’ record for the latter over the period 1972‐2010 [p. 5]. 
5. The three approaches used to provide design flood estimation at the Makaroro River dam site: 
conventional flood frequency analysis; flow‐based design flood hydrographs; and PMP‐PMF with a calibrated 
rainfall‐runoff model, are appropriate [p. 6]. 
6. It is reasonable to extrapolate annual flood maxima for 23218 Makaroro at Burnt Bridge to estimates of 
floods with lower AEP than the data using a fitted EV1 distribution, but exactly how the fitting is carried out 
influences the actual low‐AEP estimates [p. 6]. 
7. The 23235 Waipawa at RDS record is an appropriate choice from the records available to provide flood 
estimates at the dam site over a longer period of record than is available for the Makaroro River [p. 6].  
However, there is doubt about the accuracy of this record, which might be “less than satisfactory”. 
8. The use of (catchment area)0.8 to scale flood peaks from various catchments to 23218 Makaroro at Burnt 
Bridge is appropriate but there is a need to acknowledge uncertainty around such estimates [p. 7].   
9. The flow‐based method used to derive design flood hydrographs is appropriate, but is not well‐explained, 
employs arbitrary elements in the procedure and the results might not be as accurate as they should be [p. 8]. 
10. The preliminary data analysis in IPD Sections 3.4.2.1 and 3.4.2.2 is appropriate, but should have included 
information about any variation of asymmetry of the hydrographs as a function of duration [p. 8]. 
11. Derivation of the final synthetic design flood hydrographs has not made clear either the inherent 
variability around the presented values nor the uncertainty involved in the estimates [p. 9]. 

                                                 
31 This topic is not part of the review brief.  See the T&T response to my Q22 in Appendix 11.2. 
32 See the T&T response to my Q21 in Appendix 11.2. 
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12. The procedures used for PMP and PMF derivation, and the choice of rainfall‐runoff model, are 
appropriate [p. 9].  
13. The storage modelling appears to be33 appropriate in technique and to make appropriate use of the data 
derived for it [p. 10]. 
14. The limited analysis of 7‐day Mean Annual Low Flow presents no obvious problems from a hydrological 
point of view [p. 10]. 
15. There do not appear to be any obvious problems with hydrological aspects of the Waipawa River 
distribution [p. 11].  [But see Recommendation 16] 

9.2 Recommendations 

Recommendations 1 to 16 summarise those made in the body of the report; Recommendation 17 notes 
minor presentation matters for clarification or correction [at page numbers indicated]: 

1. The project description should clarify why some water level recorder sites in the NIWA site index which 
appear to be as appropriate as those in IPD Table 3.4 are not included and why only sites in the Tukituki 
catchment were considered [p. 3]. 
2. The project description should clarify why the 23235 Waipawa at RDS record was dropped from 
consideration as a candidate to extend the 23218 Makaroro at Burnt Bridge record yet later is the record relied 
on for dam site flood estimation, in spite of doubts about its accuracy [p. 3]. 
3. The project description should clarify how representative is the excerpt shown in IPD Figure 3.7 of the 
1975‐1990 period of the rated Makaroro River record [p. 3]. 
4. Either lagged multiple regression and some form of ARMA modelling should be tried in comparison to the 
vector transformation method or it should be explained why they were not considered suitable [p. 3]. 
5. The need for elevation corrections to VCSN rainfall estimates should be re‐examined in the light of recent 
NIWA information.  If such correction is necessary, either 1971‐2000 rainfall normals should be used or the 
reasons for using 1941‐1970 normals explained [p. 5]. 
6. The statements about “a general inverse relationship between the annual rainfall loss and mean annual 
rainfall” [IPD p. 34] and reference to “WRENZ estimates” should be better explained.  How the values in IPD 
Table 3.7 of 557 mm adjusted annual rainfall loss at the dam site, and 320 l/s assessed mean flow for the 
catchment between the dam and Burnt Bridge are obtained should be better explained [p. 5]. 
7. The uncertainty around extrapolation of a fitted distribution to AEP values much lower than the data, as 
in IPD Figure 3.10, should be made clear and the potential effect on derived values should be acknowledged. 
[p. 6] 
8. There is a need to consider whether the flood estimates included in IPD Table 3.10 are all useful for the 
project description.  If they are, the values presented should be re‐examined [p. 6]. 
9. The uncertainty around estimates of flood peak flows scaled from one catchment to another should be 
clarified and the effect on flood peak estimates for 23218 Makaroro at Burnt Bridge scaled from other 
catchments should be acknowledged [p. 7]. 
10. The basis and procedure for deriving flow‐based synthetic design hydrographs should be reconsidered 
and the synthetic design hydrographs presented replaced if required [p. 8]. 
11. The inherent variability around values of flood estimates presented and the uncertainty involved in their 
estimation should be made clear [p. 9]. 
12. How ‘smooth’ cumulative rainfall information gives rise to ‘bumpy’ hyetographs [in IPD Appendix F] and 
‘elbowed’ PMF hydrographs [IPD p. 51] should be explained.  Placing the PMF hydrographs alongside the 
relevant low‐AEP synthetic design hydrographs on a single figure should be considered [p. 9]. 
13. The inherent variability around PMF hydrographs presented and the uncertainty involved in their 
estimation should be made clear [p. 9]. 
14. Either a seasonal flood frequency analysis should be carried out on the 23218 Makaroro at Burnt Bridge 
for its rated period or an explanation provided of why this is not appropriate [p. 10]. 
15. The spillway discharges and the overall discharge coefficients used should be checked [p. 11]. 

                                                 
33 I was neither asked nor enabled to check the details of the spreadsheet calculations. 
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16. The lag time between change in release flow from the reservoir and detectable change in flow at the 
Waipawa River intake site should be considered in advance of discussion of consent conditions related to the 
water take [p. 11]. 
17. The following minor points of clarification and correction in the IPD should be attended to: 

a. Check the value of 140 m3/s in IPD Table 3.5 of MAF for 23201 Tukituki at Red Bridge in 
particular34 and for any other errors in the table [p. 3]. 

b. Provide a reference [or references] for the vector transformation method [p. 3]. 
c. Correct the period for the 23218 curve on IPD Figure 3.8 [p. 5]. 
d. Check for numerical errors in Table 3.7, e.g. 964 mm for Mean Annual Runoff for Makaroro 

between dam site and Burnt Bridge [p. 5]. 
e. Correct the ordinate label [not “Daily”] on IPD Figure 3.11 [p. 6]. 
f. Provide a reference [or references] for the flow‐based design flood hydrograph method [p. 7]. 
g. Include “10 minutes” in the durations listed in the second paragraph of Section 3.4.2.1 [p. 8]. 
h. State which loss rate and baseflow techniques have been used in HEC‐HMS and which raingauge 

data were used to generate storms [p. 9]. 
i. Reconsider the presentation and coding of Figure 4.14 and correct the captions of Figures 

4.15,16,17 [p. 10]. 
j. Clarify on Figure 5.4 and in the paragraph that refers to it what period of record is involved [p. 

10]. 
k. Explain the value of reservoir outflow discharge35 given as 760 m3/s on IPD p. 119 [p. 10]. 
l. Explain the values given for weir width as 25 m on IPD p. 121, but 20 m on p. 95 and in Appendix C 

drawings36 [p. 11]. 
 

9.3 Summary Review Conclusion 

This review was commissioned [see Introduction] to examine these aspects of the IPD and related 
documents: 

 
• The long term [synthetic] flow record for the Makaroro River at Burnt Bridge 
• The storage modelling and drawdown 
• Flood frequency and design floods for dam design 

 
More generally, the original scope specified that the peer review should cover: 
 

• Water resource investigations [apart from irrigation demand aspects] 
• Engineering hydrology 

 
The three summary conclusions of the review are: that those aspects of the water resources, hydrology and 

storage behaviour fully described in the IPD have been comprehensively considered; there are technical 
corrections which should be made prior to a Final Project Description; and, there is insufficient  information 
provided related to variation, uncertainty and sensitivity around chosen values, alternatives and 
recommendations.  

                                                 
34 This was an error; see Footnote 4. 
35 See the T&T response to my Q20 in Appendix 11.2. 
36 See the T&T response to my Q21 in Appendix 11.2. 
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11.0 Appendices 
 

Appendix 11.1  
    

 
 

 

Derivation of Synthetic Design Hydrograph directly from Historic Flow Record  

On the basis of my review of the brief description in Section 3.4.2 of the IPD I pointed out that: 
"The design hydrographs in Figure 3.17 of the IPD don’ 't preserve the shapes of the actual hydrographs 
in Waipawa RDS. The recession limbs don’ 't even look typical of any hydrograph shapes." 
 
In an emailed response, David Leong has stated: 
"- The IPD provides a brief description of the approach to compute these hydrographs. I attach some 
powerpoint slides which hopefully provide you with a more detailed explanation of the process 
- We are aware of the slight volume imbalances –  the symmetrical hydrographs shown in Step3 has 
perfect agreement with the volume-duration-frequency relationships. The problem is when we depress 
the initial flow in the rising limb of the hydrograph. We have an internal check table that looks at the 
volume-duration mismatches, and these are generally within a few percent, not anywhere near 100% as 
you claim. I will get Rowan to send you that table. Also, where there is a discrepancy, the synthetic 
hydrograph volume is larger, which is conservative." 
 
I have now reviewed the "more detailed examination", particularly Steps 2 to 4. 
I am in agreement with the procedure until Slide 13 [#7 of those supplied]. Most of the information on 
Slide 14 [Step 2] is appropriate, but I caution that the problem might be 'over-specified' if a technique 
analagous to the 'Chicago method' for design hyetographs is to be followed. Missing from the initial 
parameters is information on how hydrograph shape varies with duration. 
The Slide 15 calculations are OK, but can be done more expeditiously. The Slide 16 preliminary SDH has 
preserved shape information from the Slide 14 information [but without shape variation with duration, as 
noted].  It is the way that the SDH is recalculated in Step 4 [Slide 17] that I find unnecessary, clumsy and 
possibly incorrect. 
 
Consider the following analysis, which is based on the 'Chicago method', but including the possibility that 
shape varies with duration.  Even if it does not, or is assumed constant as a simplification, this approach 
does preserve the historic information on shape, while ensuring that the mean flow for each duration 
matches that derived from historic Flow Duration Frequency information. 
 
With slightly modified IPD teminology, consider the AEP = 0.01 case of IPD Figure 3.15: 
 
QD  Max. mean discharge for each D 

D   Duration 
tp  Time to peak [possibly a function of D, but not taken so in the IPD] 

rD  ratio of time prior to peak to duration. [a constant in the 'Chicago method' for rainfall, but       possibly 

rD(D) in the historic record] 

Q(t)  is the SDH ordinate,  -rDD< t < (1-rD)D 

 
 
The SDH is determined by making the QD(D) coincide with the Figure 3.15 value for both the rising and 
recession limbs i.e. 
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So Q(t) for each limb is determined by differentiating each of the above.  To apply this in a  
rigorous manner information is needed on rD(D) and its differential wrt D.  If rD is constant  

[from the historic data averages, or by choice], differentiation yields, for each limb: 

 

Q t( ) QD D
QD

d
d

+⋅=Q  

Because the curve in Figure 3.15 has been approximated by a quartic equation, it can be readily 
differentiated to provide the required differential as a continuous function. 
So far, this procedure yields a 'correct' version of the preliminary SDH [comparable to Slide 16] 
but does not allow or require an arbitrary adjustment as in Step 4 to force Q(0) to be 4% of Qp. 

Not knowing the actual historic relationship of rD to D, I found I could choose a constant value 

which approximately reproduced the IPD Figure 3.17 rising limb, matched the required Q(0) and 
preserved the historic volumes and shapes.  However, it had a different falling limb from that in 
Figure 3.17 -- one which seems to more accurately reflect the shapes in the historic record. 
 
My tentative conclusion is that the IPD procedure is unnecessarily arbitrary and clumsy and the 
'adjustments' it contains could be introducing errors which distort the shapes of the SDH.  The 
shapes differ most at high Q near Qp. These high flows are maintained for relatively short 

durations.  This might be why the "volume-duration mismatches"  "are generally within a few 
percent" [David Leong email 29 Feb. 2012].  
 
David Painter 
1 March 2012 



 

__________________________________________________________________________________ 
... Ruataniwha Water Storage ...  CP5-12 

17

Appendix 11.2 Review Questions and Answers 
All dates 2012.  All responses except Q1 are from David Leong, 22 March 2012 
30 Jan 1 What happened in the 23218 record between September and November 1980? [I don’t have a 

Comments file.] 
  I found the explanation for the October 1980 [pre‐1991] change in datum in the spreadsheet: 

“RECORDER AND STAFF GAUGE ZERO RAISED BY 8.0 METRES ON 801017 141500”. (David Painter, 8 Feb) 

1 Mar 2 What makes up the hydrograph for 2321801 Synthetic Makaroro@Burnt Bridge in the period 2 July 1975 
to 30 April 1991?  It appears to be identical to 23218 Makaroro@Burnt Bridge, except the former has 
gaps filled. 

  Site 2321801 includes both the actual record and synthetic extensions, and where credible 
actual data exists, it is included in the record for this site.  Your observation is correct.   

1 Mar 3 How representative of the period in Q2 is the excerpt shown in Figure 3.7? If I could be supplied with the 
1823201 and 1823207 Tideda files I could answer this for myself. 

  TIDEDA file with requested sites 1823201 and 1823207 attached to this response 
1 Mar 4 Why was 23207 Tukituki at Tapairu Road preferred over 23235 Waipawa at RDS to extend the Makaroro 

at Burnt Bridge record forward? 
  Our primary objective of extending the Makaroro River flow record is to provide a longer and 

statistically more robust reservoir inflow record to assess the storage behaviour and evaluate 
storage requirement – irrigation demand – drought security relationships.  Providing an 
assessment of the flow regime changes at Waipawa @ RDS and further downstream was not 
one of our objectives.     
As explained in our memo dated 14 November 2011 titled “Development of a Synthetically 
Extended Makaroro at Burnt Bridge Flow Record”, the Tukituki @ Tapairu Rd record was 
preferred over the Waipawa @ RDS.  The key factor is that we had doubts over the accuracy of 
the RDS record in the low to medium flow range while the Tupairu Rd data appeared 
significantly more credible in this flow range.  The confidential draft audit of the RDS record by 
Hydronet (Marianne Watson) in June 2011 also confirmed the less than satisfactory nature of 
that record. Hydronet noted that the dataset’s usability was only “marginal”, and that it 
contained significant errors except for the period July 1998 to February 2000 and July 2006 to 
July 2009 which could be used with care.   
 

1 Mar 5 Is the Mean Annual Flood in Table 3.5 for 23201 a typo? The 95%ile might be about 140 m3/s, but the 
MAF would be more like 1400! 

  Yes, the Mean Annual Flood should read 1400 m3/s. 
1 Mar 6 Why use 1941‐70 rainfall information to adjust VCSN estimates, which are near‐real‐time daily, 1960‐

present?   
  The NZ Meteorological Service’s published map of 1941 – 1970 rainfall normals at 1:250,000 

scale confirm that NIWA’s VCSN data significantly underestimates rainfall at higher elevations 
where fewer rain gauges are available. NIWA’s own assessment of the network’s (i.e. VCSN) skill 
indicates greater uncertainty in the mountainous areas. Indeed, analysis of historical rainfall 
data for the Kaumatua at Parks Peak raingauge in the Ruahine Ranges near the headwaters of 
the Makaroro River indicates a mean annual rainfall of around 2800 mm. This is significantly 
higher than the 2100 mm shown in the rainfall map generated from VCSN for the raingauge 
location, and is higher than the highest contour value in the map of 2300 mm p.a. Therefore, 
the rainfall contours from the VCSN based rainfall maps were compared with the 1941 – 1970 
rainfall map and appropriate adjustments were made where the catchment rainfall would be 
significantly affected by the underestimation. 

1 Mar 7 What are the data supporting the contentions on IPD p. 34 that “There is a general inverse relationship 
between the annual rainfall loss and mean annual rainfall.” and “This relationship is clear when 
comparing the WRENZ rainfall and mean runoff estimates.”? The first is counter‐intuitive for me. 
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  The data in Table 3.7 is summarised from a working spreadsheet, which includes the plot shown 
below37. This is where the statement that “This relationship is clear when comparing the WRENZ 
rainfall and mean runoff estimates” comes from. We have also seen this sort of relationship in 
water resource studies for other regions in New Zealand, especially where there is a steep 
rainfall gradient from orographic rainfall. However, there is usually a reasonable scatter and the 
regression coefficient is not close to unity. The possible explanation is twofold: (1) where 
rainfall is not limiting, evapo‐transpiration (which is the main rainfall loss component) in higher 
altitude areas is expected to be less than for lowlands because of lower temperature and 
vapour pressure; these higher altitude areas also have higher rainfall from the orographic 
effect; (2) rainfall in higher altitude areas are typically underestimated (as noted in Answer 6 
above), and the computation of the rainfall loss, being the difference between incident rainfall 
and measured runoff or flow, probably compensates for any residual underestimation in the 
incident rainfall to an extent, i.e. losses are  lower than they ought to be because of 
underestimated rainfall.   
 

1 Mar 8 What technique has been used to provide a ‘best‐fit’ line to EV1 data as in Figures 3.10 and 3.11? It 
makes a difference for cases like Figure 3.10 

  The technique used is a Probability Weighted Moments (PWM) as recommended by McKerchar 
and Pearson in “Flood Frequency in New Zealand”, Publication No. 20 of the Hydrology Centre, 
1989.  Refer to Greenwood, J.A., Landwehr, J.M., Matalas, N.C. and Wallis, J.R. (1979). 
Probability weighted moments: definition and relation to parameters of several distributions 
expressable in inverse form. Water Resources Research 15(5): 1049‐1054, and also to Hosking, 
J.R.M., Wallis, J.R. and Wood, E.F. (1985). Estimation of the General Extreme Value by the 
method of probability weighted moments. Technometrics 27(3): 251‐261.      

1 Mar 9 What was the variation around “best fit values of 0.835 and 0.798 for the catchment area exponent in 
the Q2.33 and Q100 equations respectively”? p. 41.  The result only “provides independent confirmation 
of the appropriateness of using the default value of 0.8 as recommended by McKerchar and Pearson” if 
the variation is small, as it is intended for use to relate two particular sites. 

  Each best fit value of the exponent was derived from minimizing the residual differences from a 
mean flood estimate* for a catchment with an area of the same size as the Makaroro at Burnt 
Bridge (122 km2) based on transposing flood estimates from other recording sites in the 
Tukituki catchment.  There is some variation, not large, in the transposed flood estimates, viz. 
standard error of 10.4% for the Q2.33 and 8.1% for the Q100. The spreadsheet is attached for 
reference. (*A more precise/iterative calculation using a target mean flood estimate based on 
the fitted exponent rather than an exponent of 0.8, gives slightly different best fit values of 
0.855 and 0.797 for the Q2.33 and Q100 respectively). 

1 Mar 10 As on IPD p. 45, “the peak flow typically occurs at between 35% and 40% of the hydrograph duration”.  
But does time‐to‐peak vary systematically with duration? 

  Not from inspection of significant flood events on historic record. Both at Burnt Bridge and 
Waipawa RDS, peak usually occurs between 35% and 40% of total duration. 

1 Mar 11 By truncating design flood hydrographs at 48 hours and fixing a time‐to‐peak ratio at 37.5% all 
hydrographs peak at 18 hours.  Is this realistic given the historic record and the known effect of time of 
effective rainfall? 
 

  Inspection of annual rainfall maxima at Parks Peak and Glenwood show that on average 89% of 
72hr maxima falls in the first 48 hours. This also supports the methodology used in synthetic 
design hydrograph (SDH) extension, see Q19.  

1 Mar 12 The ‘Bola’ run is the best fit of those shown in Appendix G. Is this because it is the ‘calibration’ run and 
parameters so fixed are used in all the other runs? 

  Yes 
1 Mar 13 What loss rate and baseflow techniques were chosen for use in HEC‐HMS?  The baseflows are odd. 

                                                 
37 See graph at end of table. 
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  SCS CN = 42. Baseflow method is Ratio to Peak = 0.34 with recession constant of 0.6. 
1 Mar 14 In the PMP analysis, N & E winds prevail.  E wind to rising ground drops more rain upwind, i.e. there is a 

downwind barrier.  Why is Rv < 1? 
  Reduction factor is applied as a multiplier, and given the form of the equation (Rv = e(‐0.0002x) 

where x = height of barrier in metres), should always be less than one.  Please refer to the 
reference document for the procedure Tomlinson, A.I. and Thompson, C.S. Probable Maximum 
Precipitation in New Zealand. New Zealand Meteorological Service May 1992. 

1 Mar 15 The cumulative precipitation curves in Appendix F are smooth while the derived intensity curves are 
bumpy – especially 72‐hr. Why?   

  Incorrect intensity plot was shown, has now been corrected, and will feature in the FPD 
1 Mar 16 Does the answer to Q15, or does the strange baseflow, explain the elbows in the PMF hydrographs in IPD 

Figure 3.23? 
  The PMP flood hydrographs were produced by applying the PMP rainfall to the HEC‐HMS 

catchment model so the baseflow assumptions lead to the elbows present in Figure 3.23. 
2 Mar 17 Is there any rationale for sometimes using mean flow ratio, and sometimes using (area ratio)0.8 to scale 

between two catchment areas? It makes a small difference to such things as 7‐d MALFs, flushing flows 
etc. 

  The area ratio raised to power of 0.8 is only used to scale floods. From more recent 
correspondence, you concern with this issue seems to have dissipated. 

2 Mar 18 Why does IPD Figure 5.4 show far fewer floods > 45 m3/s than I see in the record? 
  <Response being discussed internally in T&T> 
2 Mar 19 In IPD Figure 5.5, how has the SDH beyond 48 h [172800 s] been determined? 
  The SDH recession has been extended by applying the relevant growth factor (from Waipawa 

RDS volume duration analysis) to the 48hr event to calculate the total event volume required 
and then adding this volume to the tail of the 48hr event while maintaining the shape of the 
recession curve.  

2 Mar 20 On IPD p. 119 “The combined spillways are designed to handle the 760 m3/s outflow discharge from the 
Maximum Design Flood (MDF) with the primary spillway taking 545m3/s and the auxiliary spillway taking 
215 m3/s.” Why 760 when it is elsewhere 794 or 795? 

  The peak inflow is 795 m3/s.  However, the peak outflow after routing (allowing for storage 
routing) is 541 m3/s over the primary spillway and 213 m3/s over the auxiliary spillway.  These 
last two numbers have been rounded up to the nearest 5 m3/s commensurate with accuracy at 
the current level of design. 

2 Mar 21 Is the primary spillway 20 m or 25 m wide [both are given]? 
  The intake ogee weir is 25m wide and tapers via a fan shaped contraction to a 20m wide chute.  

Note that the dam arrangements adopted for the Dam Type Options Assessment (Section 5.2.3 
of IPD) are different from the arrangement for the selected dam type, which was developed to 
a higher level of design. 

2 Mar 22 Who is reviewing or checking the relationship between spillway flows and reservoir levels?  It doesn’t 
appear to be part of my brief but it is significant for dam design and safety.  [A quick check seems to 
indicate very conservative overall discharge coefficients.] 

  <Response being discussed internally in T&T> 
2 Mar 23 In an email 8 Feb. 2012 David Leong stated: “A recent development in terms of the water resources work 

is the discrepancy between T&T’s flood peak estimates and HBRC’s historical flood estimates dating back 
to 1985.  This area is currently being discussed and hopefully resolved by end of next week. “ Was it 
resolved and what do I need to know about that? 

  This issue concerns the flood estimates for the Makaroro River and dam site. HBRC’s own 
design estimate of the Q100 for the Makaroro River above its confluence with the Waipawa 
River is 650 m3/s, which is more than double our estimate of the Q100 for the same location i.e. 
291 m3/s from at‐site frequency analysis of the Burnt Bridge record or 300 m3/s based on the 
transposed Waipawa at RDS flood frequency estimate. HBRC’s estimate derives from work by 
the former Hawke’s Bay Catchment Board’s which is outlined in the Upper Tukituki Catchment 
Control Scheme Report (1985).  
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After several discussions and a meeting on 2 February 2012, it was resolved that T&T’s flood 
frequency based estimates for the Makaroro River would take into account Cyclone Alison in 
1975, which preceded the period of continuous records at Burnt Bridge, and which generated 
the largest flood believed to have occurred in the Makaroro catchment to date (from 1975 at 
least). This flood was estimated to have peaked at 406 m3/s ± 40 m3/s from approximate slope 
area measurements.  It was also recognised that HBRC and the former Catchment Board’s flood 
estimates were purposely conservative for their intended use (i.e. design of flood protection 
scheme). 
The FPD will have a revised at‐site flood frequency estimate for Makaroro at Burnt Bridge and 
revised synthetic design flood hydrographs as a result.  The revised Q100 at Burnt Bridge is 359 
m3/s, and at the dam site, the Q100 is now 340 m3/s (previously 291 m3/s and 280 m3/s 
respectively). The required transposition exponent to scale the Waipawa RDS Q100 to the dam 
site Q100 is 0.701. 
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EPILOGUE 
 
This ‘Epilogue’ has been added [See Addendum p. iv] to comment on those changes made between the 

Initial Project Description which was reviewed in the Draft Peer Review Report and Draft Sections 3 and 4 of the 
‘Project Feasibility Report’. Changes which relate to recommendations made in the Draft Peer Review Report are 
commented on here. 

Of the 14 relevant, substantive38 recommendations in the Draft Peer Review Report, 9 have resulted in clear 
changes in the Draft Sections 3 and 4 of the Draft Feasibility Report.  This is commendable.  On the five 
recommendations not showing such responses, I comment as follows: 

 
Recommendations 4 and 14 

These recommended either further work on lagged multiple regression and ARMA modelling in comparison 
to the vector transformation method – Recommendation 4; and on seasonal flood frequency analysis of the 
Makaroro at Burnt Bridge record – Recommendation 14, or explanations of why such work was not appropriate.  
There were probably good logistical reasons why further work was deemed inappropriate.  The lack of 
explanations of why such work was not done earlier is apparently a judgement call by those preparing the Draft 
Feasibility Report that the explanations are unnecessary. 

 
Recommendation 10 

This recommended that the “basis and procedure for deriving flow‐based synthetic design hydrographs 
should be reconsidered and the synthetic design hydrographs presented replaced if required.”  From discussion 
between David Leong and myself I understand that the basis and procedure were reconsidered and it was decided 
that replacement was not required.  With two reservations, I concur with this decision.  I do so because I consider 
that the hydrograph peaks and volumes presented are sufficiently appropriate for their purpose.  My two 
reservations are not so significant as to change this concurrence; they are: 

1. The procedure used to derive the synthetic design hydrographs does not preserve well the shape of 
historic flood events in the record. 

2. Two arbitrary parts of the procedure39 could have been carried out in a better way, probably 
leading to closer approximation to the shape of historic flood hydrographs. 

 
Recommendations 11 and 13 

These recommended providing greater clarity about the variability and uncertainty involved in estimates of 
flood peak flows [11] and PMF hydrographs [13].  That this has not been done apparently indicates a judgement 
call by those preparing the Draft Feasibility Report that such clarity is not called for.  

 
{Report ends} 

                                                 
38 Recommendations 15 & 16 related to IPD Sections 5 & 6, not provided to me for the Draft Feasibility Report; 
Recommendation 17 noted minor points of clarification and correction. 
39 Concerned with starting flow and ‘adjustment’ of the symmetrical hydrograph. 




