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1.0 Executive	Summary	
Save Our Hills (SOH) requested that R.J. Hall & Associates Ltd (RJH) independently 
investigate whether Jacobs’ (2016) reworkings of the Pinehaven flood modelling 
corrected the future development hydrology error by SKM (2010): 

 
“[In] SKM’s modelling of future development … there was not the expected increase in flood 
volume. SKM used hydrology provided by MWH. However, MWH have not provided an 
explanation as to why there is no increase in future development flood volumes. Therefore, 
SOH’s concerns are upheld that the effects of future development on flood extent are not 
modelled correctly.” (Beca “Pinehaven Stream Flood Mapping Audit” 13 July 2015, p17)  
 
“During the audit, I noted an error in the way that future development had been modelled. This 
was subsequently corrected. … As raised by Submitter #12 [SOH], my 2015 audit noted that 
there was a discrepancy in the …  ‘future development’ scenario in the Pinehaven catchment. … 
there was no anticipated increase in flood volume. This suggested that the future hydrology … 
had not allowed for the additional runoff generated by increased impervious areas post-
development … showing a less than expected difference between existing and ‘future 
development’ flood extents provided by GWRC [RJH Figure 4 below] …. GWRC’s consultants 
(Jacobs) updated the ‘future development’ hydrology, and sent me the results for comment. This 
included an updated flood extent difference map to indicate the effects of unmitigated future 
development.  … I am satisfied that Jacobs' reworking of the future development hydrology is 
appropriate.” 

Statement of Evidence of Michael Charles Law 30 Aug 2017 paras. 40, 60, 61 -  Upper Hutt City Council 
(UHCC):  Hearing for Proposed Plan Change 42 – Mangaroa and Pinehaven Flood Hazard Extents 

 
 

RJH conclude that Jacobs (2016) has not resolved SKM’s error regarding the 
effects of future development on flood extent.  

Regarding SKM’s (2010) pre- and post-development comparison map (RJ Hall 
Figure 4 below) the Beca auditor Michael Law suggests it should show a post-
development increase in runoff volume of about 5.6% (see Appendix 4).  
Inexplicably, based on Jacob’s results published in their Table 1 (RJH Figure 8), this 
reduces to about 1% in Jacobs (2016) reworking.  
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In contrast, RJH find increases in post-development runoff volumes for the 
various Development Scenarios DS1, DS2 and DS2A in a 100-year storm to be in 
the order of about 500% (see RJH Table 4 below, where an allowance for climate 
change is included for both pre and post development), and potentially up to 
738% (see RJH Table 2 below, no climate change in the pre-development case). 

RJH find that Jacobs’ pre- and post-development flood extent comparison maps 
are materially no better than SKM’s (2010) comparison map. By back-calculating 
Jacobs’ figures (RJH Appendix 5), we find a CN value of 96 for the pre-develop-
ment hydrology, which means the existing forested hills are treated by Jacobs as 
being more or less impermeable, and the runoff characteristics between pre and 
post development are almost indistinguishable.  The effect of this is that when 
these pre and post hydrographs are applied to the hydraulic model it is to be 
expected that this error will generate almost identical pre and post flood extents. 
In essence this fundamental error by SKM persists also in Jacobs’ 2016 reworking. 

The current modelling by MWH, SKM, Beca and Jacobs grossly over-estimates the 
baseline (OS) pre-development case and grossly under-estimates the likely impact 
of the post-development case. Consequently the modelling is unreliable as a basis 
for assessing future developments for increases in peak flow and flood volume.  

Hydraulic neutrality rules in UHCC District Plan Change 42 (PC42) are dependent 
on reliable pre- and post-development assessments of unmitigated stormwater 
runoff.  They will be ineffective for controlling increased stormwater runoff from 
future Guildford development if based on the current modelling by Jacobs (2016).   

Pinehaven and Silverstream communities, instead of being protected by PC42 
rules from increases in flooding due to future Guildford development, will actually 
be exposed to significant increases in flood risk to life and property from future 
developments such as those proposed in Guildford scenarios DS1, DS2 and DS2A.  

We conclude Jacobs’ error can only be remedied by rejecting the hydrological 
and hydraulic modelling to date and doing it again using reasonable and 
representative runoff hydrographs for pre- and post-development situations. 
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2.0 Introduction	and	Background	
In 2010 SKM released a report “ Pinehaven Stream Flood Hazard Assessment ” 
compiled on behalf of the Greater Wellington Regional Council ( GWRC ) and the 
Upper Hutt City Council ( UHCC ). This report included flood maps derived for an 
100 year ARI flood on the Pinehaven Stream. These maps depicted the expected 
extent of flood in such an event with the catchment as it was at that time and also 
for a future urban development scenario in the catchment (RJH Figure 4 below).  

These maps used flood hydrographs derived from a hydrological model by MWH 
(2008 / 2009) in a combination 1D and 2D hydraulic model compiled by SKM. In 
viewing SKM’s (2010) comparison map (RJ Hall Figure 4 below), SOH noticed there 
was little difference in pre- and post- development flood extents. The community 
raised this issue with the GWRC who responded by engaging Beca in 2015 to 
undertake an independent audit of the whole plan including consideration of this 
pressing issue. The Auditor ( Michael Law ) acknowledged this irregularity but was 
unable to provide an explanation as to why it should simply be dismissed.  

This response did not lie well with the Pinehaven Community who pressured the 
GWRC to address the matter and provide the necessary explanation. For Sub-
catchment B, while the post development hydrograph peak flow exceeded that of 
the pre development hydrograph there was no obvious difference in runoff 
volume represented by the area contained within the body of the hydrograph 
(RJH Figure 5 below) notwithstanding the fact that extensive urban development 
was being considered on the Pinehaven hills in the upper catchment. 

In 2016 the GWRC engaged Jacobs (formerly SKM) to undertake a further review, 
the results of which are contained in a memo to the GWRC dated 23 June 2016 
titled “Pinehaven Developments Scenarios 1 and 2”. Jacobs in this Memo set out 
the brief given them by GWRC, in particular they were requested to “Resolve the 
Future Development item in Table 4.1 – Hydraulic Modelling in Section 4.2 of the 
report ‘Pinehaven Stream – Flood Mapping Audit’, Beca, 13 July 2015.”  
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This particular issue centres on the form of the pre and post development 
hydrographs, specifically the scale of the respective peak flows and the runoff 
volume expected in each case. In essence this is a matter relating to the 
conversion of rainfall into runoff i.e. an hydrological modelling exercise the results 
of which feed into an hydraulic model which eventually produces flood maps. 
Jacobs (2016) noted that they themselves did not produce the hydrographs which 
they used in their study, these being provided by the GWRC. They also noted that 
the hydrographs both pre and post development were for an ARI 100 year, 2 hour 
storm, without climate change applied to the rainfall and with no hydraulic 
neutrality measures being applied to the post development outflows.  

The Jacobs (2016) study examined a baseline situation with the catchment in its 
present state as at 2009 i.e. the OS Scenario, and two others, the DSI Scenario 
(1,665 new dwellings on Guildford land on the Pinehaven hills) used by SKM but in 
Jacobs’ study without the effects of climate change included, and a “lower level of 
development” DS2 scenario. Jacobs tabulated the various peak discharges and 
runoff volumes for each of 15 sub-catchments of the Pinehaven Catchment for 
each of these two scenarios, the results of which are set out in Table 1 of their 
2016 Memo to GWRC (see RJH Figure 8 below for Jacobs’ Table 1).  

What is immediately obvious from viewing this table is that there are only very 
minor differences between the runoff volumes for the various scenarios (OS, DS1 
and DS2) being examined. This result is for all intents and purposes not materially 
different to the situation derived by SKM in 2010 and which the Pinehaven 
Community were deeply concerned about.  

SOH requested that R.J. Hall & Associates Ltd independently investigate this 
matter to determine whether or not Jacobs (2016) reworkings of the flood 
modelling for the future development scenarios corrected the error that M. Laws 
acknowledged (but simply dismissed without resolving or investigating further) in 
Beca’s “Pinehaven Stream Flood Mapping Audit” (2015). 
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In order to answer that question R.J. Hall & Associates Ltd carried out their own 
assessment of pre and post development runoff for an 100 year ARI rainstorm for 
the two development scenarios DS1 and DS2 used by Jacobs ( 2016 ), and in 
addition a further development scenario, viz. DS2A. 

On the basis of our study we conclude that Jacobs ( 2016 ) have not resolved this 
issue and in point of fact, because they were using hydrographs supplied to them 
by GWRC, in effect they never actually addressed that issue at all.  The figures for 
peak flow and runoff volume are GWRC’s not Jacobs.  

Further, as will become apparent when reading through the RJ Hall report, there 
are significant increases in runoff to be expected from the various development 
scenarios DS1, DS2 and DS2A in any storm over this catchment, which contrasts 
strongly with the situation depicted by SKM (2010) and Jacobs (2016).  The reason 
significant increases in flood volume do not show in SKM’s 2010 comparison map 
of pre- and post- development flood extents (RJH Figure 4 below) is that the blue 
baseline pre-development flood extents have been grossly over-estimated, and 
the green post-development flood extents have been grossly under-estimated.  

In order for Jacobs to satisfy the requirement in their brief from GWRC to resolve 
the ‘Future Development’ hydrology [see Jacobs Memorandum 23 June 2016] it is 
opined that Jacobs should have independently developed a set of hydrographs to 
be used for generating reworked flood maps.  It is only in this way that they could 
have gauged the accuracy of the pre- and post-development hydrograph volumes.  

Instead, Jacobs simply used hydrographs supplied to them by the GWRC: 

“The hydrological modelling of scenarios and generation of the hydrographs was 
undertaken by GWRC and provided to Jacobs.”  (Jacobs Memo, 23 June 2016, p1) 
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Consequently, Jacobs’ Memorandum (2016) does not fulfil the brief to resolve the 
future development hydrology, and the future development hydrology error in 
the Pinehaven flood modelling has not been addressed or corrected by Jacobs. 

M. Law’s review (01 March 2017) of Jacobs’ reworking (23 June 2016) states: 

“I have not reviewed the modelling or raw results of the additional model runs, 
and so my comments are restricted to the memo [Jacobs, 23 June 2016] and 
accompanying maps … The revised peak flows and flood volumes provided by 
Jacobs indicate that peak flows will increase by about 3% and flood volumes by 
about 6% in the affected sub-catchments if development proceeds. The increase in 
flood volume is about the same as I estimated it would be in … the 2015 audit.” 

M. Law does not explain how a 6% increase in flood volume was calculated. 
According to Jacobs’ figures for DS2 in Table 1 of Jacobs’ memo (see RJ Hall Figure 
8 below) increases in flood volumes for affected sub-catchments B, C, E and I are 
1.4%, 1.0%, 1.2% and 1.2% respectively. As mentioned above, we find actual 
increases being in the order of about 500% to 700%, and conclude that the error 
in the Pinehaven flood modelling is significant and has not been resolved. 

This current study by RJH presents the results of an hydrological analysis of peak 
flow and runoff volumes from Sub-catchment B of the Pinehaven catchment for 
three possible development scenarios namely DS1 (the entire sub-catchment B), 
plus DS2 and DS2A (both are along and adjacent to the ridge of sub-catchment B) 
in response to an ARI 100 year 12 hour rainstorm using a nested storm pattern.  

The hydrological rainfall – runoff HEC HMS has been employed on the various 
development footprints with and without development in Sub-catchment B and 
estimates made of the likely response of adjoining Sub-catchments A, C, E and I by 
pro-rata using the respective Sub-catchment development scenario footprints 
relative to that of Sub-catchment B.  
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This work was undertaken at Save Our Hills (Upper Hutt) Incorporated (SOH) 
request by R.J. Hall and Associates Ltd. in collaboration with SOH for the purposes 
of re-evaluating previous work undertaken variously by Montgomery Watson Harza 
(MWH), Sinclair Knight Merz (SKM), Becca and Jacobs in order to determine the 
scale and nature of unmitigated runoff from future possible urban development in 
the Pinehaven catchment headwaters. 

The results of this study demonstrate: 

• That the infiltration capacity of the forest floor in this catchment has high 
infiltration rates arising from a combination of the weathered and fractured 
nature of the underlying bedrock, the presence of a thick mantle of 
weathered regolith, a good layer of forest litter and thin topsoil without the 
presence of grazing animals. It is also opined that the history of original 
native forest clearance, pine plantation establishment and harvesting and 
regeneration of forest cover over substantive areas of the catchment slopes, 
valley floor and ridges and associated disturbances have combined with 
these other characteristics to provide the high infiltration rates that are 
present and which have been quantified through field infiltration testing; 
 

• Parameters that are to be used in hydrological modelling exercises of the 
kind being employed in these various studies need to be representative of 
those actually present in the catchment and it is one role of a technical audit   
to be satisfied that that is the case; 
 

• It is opined as a result of this study that there has been a significant 
underestimation of the likely scale and form of losses (initial abstraction and 
continuing losses) during the rainfall events evaluated in these earlier 
studies.  A direct consequence of under-estimating losses in the pre-
development case means that the runoff in those cases is over-estimated. 
This has the effect of under-estimating the likely impact of the post-
development case.  For all intents and purposes the earlier studies conclude 
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that the unmitigated effects that will be generated are likely to be minor 
where in reality that will not be the case (refer section 4.0 and Figure 14); 
 

• Sub-catchments A, B, C, E and I total some 95 ha in the DS2A development 
scenario and constitute approximately 48% of what is referred to as the 
Guildford development area ( some 198 ha. in total ) located along the 
Pinehaven catchment ridgeline with the balance of that development land 
being located in hills above Silverstream, and Stokes and Whitemans 
Valleys. Given that situation and on the basis of the estimates made for Sub-
catchments A, B, C, E and I in the Pinehaven catchment it could be expected 
that the total post-development runoff for the DS2 and DS2A scenarios 
when applied to the whole Guildford development could conceivably be 
double that occurring off the DS2 or DS2A developed areas in the Pinehaven 
Stream catchment (refer Appendix 3); 
 

• The efficacy of any subsequent work which relies on the hydrological results 
derived from these earlier studies should in the light of this assessment be 
questioned and at this point cannot be relied upon.   
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Background: 
 
Guildford Timber Company (GTC), owner of about 300ha of forest on the hills 
around Pinehaven and Silverstream, published a concept for a master-planned new 
town [Figure 1 - Guildford], prepared by Boffa-Miskell and SKM (c. 2007).  

 
Figure 1 Guildford (Source. A3 flyer circulated in Pinehaven by GTC, 2007) 

In 2008, MWH published the “Pinehaven Stream Flood Hydrology” report for 
Greater Wellington Regional Council (GWRC).  This report (revised 25 Nov 2009) 
identified 15 sub-catchments of the Pinehaven Stream. Part of Guildford land is on 
sub-catchments A, B, C, E and I in the upper catchment (see Figure 2 and Figure 3). 

SKM (2010) reported the impact on flooding of a Guildford “future development 
scenario” [referred to later by Jacobs as DS1].  SKM stated that unmitigated runoff 
from 1,665 new dwellings on 750m² lots (each lot having a connected impervious 
area of 40%) on sub-catchments B, C, E and I would have only “minor” impact on 
flooding compared with the existing [OS1] ARI 100-year flood extents (Figure 4). 
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Figure 2 - Guildford Land               
(Source. SKM(2010)) 

 
 
 
 
 
 
 
Figure 3 – 15 sub-catchments, Pinehaven 
Stream (Source. MWH(2009))  

NB: SKM’s 2010 ‘future case scenario’ 
(DS1) assumed 1,665 new dwellings on 
sub-catchments B, C, E and I, each lot 
being 750m2 and each lot having a CIA 
(connected impervious area) of 40%. 
 
 [Note that the CIA increases to about 
52% when roads and footpaths are 
allowed for, and the assumed DS1 
development covers the entirety of sub-
catchments B, C, E and I.]  
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Figure 4 - Comparison of blue pre-development (OS) and green post development 
(DS1) flood extents, as assessed by SKM (Source. SKM - 2010) 
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An audit by Michael Law (Beca, 2015) provided pre- and post-development [DS1] 
hydrographs for sub-catchment B (Figure 5) and estimated the increase in post-
development [DS1] peak flow to be 18%, with the runoff volume increasing 5.6%. 

 
Figure 5 - Beca "Pinehaven Stream Flood Mapping Audit" (13 July 2015)             
Sub-catchment B Hydrographs - Existing Hydrographs (OS1, with Climate Change 
(CC) and Future (DS1, with CC)) 

In 2016, Jacobs (formerly SKM) introduced a new future development scenario on 
Guildford land - DS2 which assumes “a lower level of development” than DS1 but 
with the same parameters of 750m2 lots, each with a connected impervious area 
of 40%. In March 2016, Upper Hutt City Council (UHCC), without prior consultation 
with the public, signed a “Land Swap” proposal with GTC. In a ‘Memorandum of 
Understanding Relating to Land Exchange’ UHCC proposes to swap the Silverstream 
Spur (a 35ha public reserve), for 132ha of GTC’s steep forested hillsides.  The DS2 
development by Guildford would not include the steep hillsides but be confined to 
gentler slopes along ridges remaining in GTC ownership (Figure 6a, 6b, 6c, 7a, 7b). 
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Figure 6a - The Proposed Land Swap (Boffa Miskell - October 2015, p6) 
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Figure 6b - The Proposed Land Swap (Boffa Miskell - October 2015, p7 Fig.2) 
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Figure 6c - The Proposed Land Swap (Boffa Miskell - October 2015, p11 Fig.5) 
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Figure 7a - Guildford Development (UHCC Land Use Strategy - Sept 2016, p79) 
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Figure 7b - Guildford Development (UHCC Land Use Strategy - Sept 2016, p80) 
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Jacobs (2016) assessed the overall existing (OS) runoff volume to be 202,450m3, 
increasing overall to 206,430m3 for DS1 (2% increase), and increasing overall to 
203,610m3 for the “lower level of development” DS2 (0.5% increase) (Figure 8). 

 
 
Figure 8 - Assessment of Peak Flows and Runoff Volume for Future Development 
Scenarios DS1 and DS2 - without allowance for climate change (Jacobs (2016)) 

According to Jacobs’, the total runoff volume from sub-catchments B, C, E and I is 
67,260 m3 in the OS (existing) condition, 71,230 m3 in scenario DS1 (5.9% increase), 
and 68,130m3 in scenario DS2 (1.3% increase) (Figure 8 above - Jacobs “Table 1”). 
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Figure 9 - DS2 (shaded orange) - Approximate location and area 23.7 ha (Source: 
Save Our Hills Upper Hutt Incorporated - August 2019 – based on subtracting the 
proposed ‘Reserve’ area from sub-catchment B as described by Boffa Miskell 2015 
– see RJH Figures 6a, 6b and 6c above ) 

 
SOH, on behalf of the local community, challenge these reported “minor” increases 
in post-development runoff volumes for DS1 (extensive low density development) 
and DS2 (low density development confined to the ridges – Figure 9) and engaged 
R J Hall and Associates Ltd to investigate them. GTC’s master-planned concept 
(Figure 1) includes medium density development on the ridges, suggesting a higher 
percentage of connected impervious area than DS2. Therefore, SOH suggest that a 
third development scenario DS2A (Figure 10) should be considered, which assumes 
medium-density development on the ridges and a slightly larger development 
footprint than DS2 (suggested by ‘blobs’ in GTC 2007 and UHCC 2016) since no legal 
definition has yet been given to the boundaries of proposed “Land Swap” parcels. 
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Figure 10 - DS2A (shaded purple) - Approximate location and area 35.1 ha (Source: 
Save Our Hills Upper Hutt Inc., Aug 2019 - based on medium density for combined 
‘blobs’ in GTC 2007 and UHCC 2016 – see RJH Figures 1, 7a, 7b and Appendix 3) 

Recap: - SKM carried out an assessment for the Greater Wellington Regional 
Council ( GWRC ) in 2010 for an hypothetical future case urban development 
scenario (DS1) to consider its impact on flooding in the catchment. That study 
concluded that the unmitigated runoff from 1665 new dwellings each on 750 
square metre lots spread over sub-catchments B, C, E and I ( CIA of 40 %, rising to 
52 % when roads are included ) would have “minor” impact on flooding.  

Jacobs (2016) concluded that the unmitigated runoff from the original scenario DS1 
( CIA 52 % including roads ) would only result in about a 6 % increase in runoff 
volume for sub-catchments B, C, E and I where development was being assessed 
(e.g. Sub-catchment B, DS1 post development runoff volume 35,060 m3, pre-
development runoff, 33,080 m3 ). A similar approach was applied to peak runoff 
where it was concluded that for sub-catchment B peak flow would increase by only 
3% in the DS1 scenario (from 2.751 to 2.832 m3/s).  
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A reworking of this future case scenario in 2016 by Jacobs for GWRC assessed a 
reduced development area confined to the ridges (DS2).  For this smaller DS2 
development Jacobs reported that post-development runoff volume would be 
33,560 m3, about a 1.5% increase compared with a pre-development runoff volume 
of 33,080m3, and a peak flow increase of 0.8% (from 2.751 to 2.774 m3/s).  Jacobs 
did not assess the impact of possible medium-density development on the ridges. 

The upper parts of the Pinehaven catchment where the effects of development 
were being considered i.e. in sub-catchments B, C, E and I are presently well 
forested, a combination of pine plantations and regenerating bush and scrub. The 
upper catchment is steep, but with gentler slopes on the ridges where Jacobs’ 
(2016) Development Scenario DS2 is located. The soils comprise a thin layer of 
topsoil over regolith in the order of 1.0 to 1.5 metres in thickness which in turn has 
accumulated on heavily fractured and weathered greywacke and argillite. The 
fracturing is associated with the proximity of this bedrock to the Wellington Fault. 

The floor of the forest is clothed in a thick mantle of litter and is not grazed. 
Originally this catchment was covered in stands of native podocarp mixed 
hardwood native forest which was subsequently clear felled.  In the 1930s, pine 
plantations were established, and they were harvested in the 1970s. Currently, 
mature pines and regenerating bush cover about 80% of the catchment.  

It is evident from an inspection of road cuttings that root mats have penetrated 
through the soils overlying the bedrock and well into the bedrock itself exploiting 
fractures within that rock mass. It is considered that the combined effects of both 
removing and planting vegetation in association with decay of root systems and the 
regolith and weathered fractured bedrock would facilitate good infiltration rates 
on gentler ridge slopes during rainstorms. With that in mind, the assumptions made 
by MWH and SKM/Jacobs do not seem credible that the hydraulic characteristics 
of these forested sub-catchment surfaces would be in essence not much different 
to the low permeability surfaces widely present in a post-development state.  

This study has been undertaken to re-assess the likely effects of development on 
runoff rates and volumes independently from the assessments undertaken 
variously by MWH, SKM, Beca and Jacobs referred to above. 
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3.0 Methodology	
R. J. Hall & Associates Ltd have undertaken an assessment of the runoff ( e.g. peak 
flows, runoff volume ) that might be expected from Sub-catchment B of the 
Pinehaven Stream catchment in an ARI 100 year 12 hour rainstorm. Sub-catchment 
B is the largest sub-catchment in the upper catchment.  It is reasonable to assume 
that results from an assessment of sub-catchment B would be indicative of results 
that could be expected from sub-catchments A, C, E and I. 

In this present assessment, Sub-catchment B is considered in its existing condition 
(as at 2009 when it was assessed by MWH) and if urban development were to occur 
along and adjacent to the ridge line at the head of the catchment. Details of the 
various characteristics which have been considered in making this assessment and 
which influence runoff are set out below. Summary tables of the modelling 
parameters are presented in Appendix 1 and Appendix 2. Three development 
scenarios are evaluated, identified variously as DS1, DS2 and DS2A. The estimates 
of peak flow and runoff volume in each case are estimated at the notional 
downstream exit point for runoff from each of the three developed areas. The 
runoff generated off these development footprints with the catchment in the pre-
development condition are identified as OS1, OS2 and OS2A respectively.  

The analysis has proceeded on the basis that the OS1, OS2 and OS2A cases are 
assessed for the ARI 100 year rainfall both with and without climate change.  This 
approach has been adopted in order that the full effects of climate change in the 
types of developments considered in the DS1, DS2 and DS2A scenarios are more 
obvious. The post-development scenarios DS1, DS2 and DS2A include an allowance 
for climate change using a factor of 1.16 applied to rainfall. This enables the 
community to better understand the likely effects on themselves of each 
development with respect to climate change.   

Finally, an estimate of the gain for each scenario is made; here gain is described as 
the ratio of the post-development runoff volume over the pre-development runoff 
volume expressed as a percentage.  
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The assessment has employed the hydrological model HEC-HMS on sub-catchment 
B using ARI 100 year rainfall depth of 10, 20, 30 min, 1, 2, 6 and 12 hours obtained 
from HIRDS V4 ( Historical ) along the ridge line at the head of the catchment ( refer 
Appendix 2 ), and from this compiled a 12 hour nested storm rainfall profile of the 
form prescribed in the Cardno publication “ Reference Guide for Design Storm 
Hydrology “ prepared for Wellington Water Ltd ( Cardno, 9 April 2019 ). As noted 
in the preceding paragraph the rainfall applied to the OS1, OS2 and OS2A runs was 
carried out both with and without the effects of climate change, whereas those for 
runs DS1, DS2 and DS2A were scaled up by 16% to allow for climate change effects. 
[Excluding climate change in the OS cases aligns with Waikato Regional Council 
TR2018/02 ( p8 ) “pre-development data should not be adjusted for climate change 
while post development rainfall data should be adjusted for climate change ”]. 

The hydrological model employs the SCS method and in line with the procedure set 
out in Cardno ( 2019 ) initial abstraction is set at 0.1S.  A series of single-ring 
infiltration tests were carried out in a forested catchment area in Elmslie Road, 
Pinehaven, and also in Sub-catchment B.  The infiltration rates in the two areas 
were very similar.  In July 2019, double-ring infiltrometer tests were carried out in 
the same forested locations in Elmslie Road as the previous single-ring tests to 
provide representative infiltration rates for the forest floor in Sub-catchment B. 
Double-ring infiltration rates ranging from 516 to 912 mm / hr. and averaging 
743mm / hr. were obtained.   

A CN of 37 was adopted on the basis of these test results assuming an AMC II 
condition with the soils in good hydrological condition, well forested and not grazed 
and reference to the US Dept. of Agricultures publication Part 630 Hydrology: 
National Engineering Handbook ( 2007 ), Chapter 7 Tables 7 - 1 and 7 – 2. This 
approach is consistent with Appendix B of Cardno ( 2019 ) which recommends a CN 
value for forested areas on Soil Type A at 26, rising to 46 on Soil Type B. Applying 
this CN value to the OS1, OS2 and OS2A scenarios produced ARI 100 yr 12 hour ( no 
climate change ) peak runoff values of 2.7, 1.0 and 1.3 cumec respectively giving 
ARI 100 year specific discharges of 3.6, 3.7 and 3.7 cumecs per square kilometer. 
An independent check was then carried out on the neighboring Mangaroa River ARI 
100 year specific flood discharge at the Te Marua hydrometric site which yielded a 
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value of 3.45 cumec / square kilometer [ “ Mangaroa River Flood Hazard 
Assessment” GWRC - Mangaroa Hydraulic Modelling Report  AC04609 / Rev F, 6 
November 2015 ). Further to that, the Waikato Regional Council procedure set out 
in TR2018/02 requires an adjustment to the pre-development CN number for the 
effects of compaction on soil which is expected to occur as a consequence of 
development on the pervious area that will be present in the subdivision once 
development takes place. The effect of such compaction is accounted for by raising 
the CN number for these areas which, in combination with the associated 
impervious areas that result in the development, yields a composite CN for the post 
-development condition. A CN number of 64.5 has been adopted for the post-
development pervious areas which in conjunction with a CN number of 98 for the 
impervious areas yields composite post-development CN numbers of 82, 82 and 90 
for development scenarios DS1, DS2 and DS2A respectively.  

As noted above three future development scenarios were considered in this 
assessment, variously DS1, DS2 and DS2A. The ARI 100 year 12 hour nested storm 
runoff from these scenarios in terms of both runoff volume and peak runoff were 
compared with those for the pre-development condition on the respective 
footprints OS1, OS2 and OS2A and from that their various yields calculated, the 
results of which are set out in Table 1 to Table 4 inclusive. 
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4.0 Development	Scenarios	-	Results		

4.1 Pre	development	without	climate	change	(Table	1	and	Table	2)		

Table 1 - Results - 100 year ARI Peak Runoff from the Developed Areas 
  Peak Runoff  (m3/s) 

  

DS1 - Extensive Low 
Density  

(74.4 ha) 

DS2 - Low Density 
Along Ridge  

(23.7 ha) 

DS2A - Medium 
Density Along Ridge 

(35.1 ha) 
Sub-

catchment OS1* DS1† 
DS1 
Gain OS2* DS2† 

DS2 
Gain 

OS2A
* 

DS2A
† 

DS2A 
Gain 

A 1.7 12.1 700% 0.6 4.0 630% 0.8 6.6 792% 
B 2.7 18.9 700% 1.0 6.3 630% 1.3 10.3 792% 
C 0.9 6.6 700% 0.3 2.2 630% 0.5 3.6 792% 
E 1.4 9.9 700% 0.5 3.3 630% 0.7 5.4 792% 
I 0.5 3.6 700% 0.2 1.2 630% 0.2 2.0 792% 

* existing situation - no climate change 
† 16% added to rainfall for climate change (ARI 100yr) 

   
 

Table 2 - Results - 100 year ARI Runoff Volume from the Developed Areas 
  Runoff Volume (m3) 

  

DS1 - Extensive Low 
Density 

(74.4 ha) 

DS2 - Low Density 
Along Ridge 

(23.7 ha) 

DS2A - Medium Density 
Along Ridge 

(35.1 ha) 
Sub-

catchment OS1* DS1† 
DS1 
Gain OS2* DS2† 

DS2 
Gain OS2A* DS2A† 

DS2A 
Gain 

A 9,835 62,717 638% 3,163 20,000 632% 4,651 34,330 738% 
B 15,405 98,235 638% 4,954 31,327 632% 7,285 53,771 738% 
C 5,342 34,065 638% 1,718 10,863 632% 2,526 18,646 738% 
E 8,075 51,494 638% 2,597 16,421 632% 3,819 28,186 738% 

I 2,940 18,749 638% 946 5,979 632% 1,390 10,263 738% 
Total 41,598 265,261   13,377 84,591   19,671 145,196   

* existing situation - no climate change 
† 16% added to rainfall for climate change (ARI 100yr) 
NB: “pre-development rainfall data should not be adjusted for climate change while post-development rainfall data should 
be adjusted for climate change” refer Waikato Regional Council - 'Waikato Stormwater Runoff Modelling Guideline" 
Technical Report 2018/02, p8. 
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4.2 Pre	development	scenarios	with	climate	change	(Table	3	and	Table	4)	

Table 3 - Results - 100 year ARI Peak Runoff from the Developed Areas 
  Peak Runoff  (m3/s) 

  

DS1 - Extensive Low 
Density 

(74.4 ha) 

DS2 - Low Density 
Along Ridge 

(23.7 ha) 

DS2A - Medium 
Density Along Ridge 

(35.1 ha) 
Sub-

catchment OS1† DS1† 
DS1 
Gain OS2† DS2† 

DS2 
Gain 

OS2A
† 

DS2A
† 

DS2A 
Gain 

A 2.5 12.1 485%  0.9  4.0 450% 1.2 6.6  542% 
B 3.9 18.9 485% 1.4 6.3 450% 1.9 10.3 542% 
C 1.4 6.6 485%  0.5 2.2 450%  0.7 3.6  542% 
E 2.0 9.9 485%   0.7  3.3 450%  1.0 5.4  542% 
I 0.7  3.6 485%   0.3  1.2  450% 0.4 2.0  542% 

† 16% added to rainfall for climate change (ARI 100yr)  
    

Table 4 - Results - 100 year ARI Runoff Volume from the Developed Areas 
  Runoff Volume (m3) 

  

DS1 - Extensive Low 
Density 

(74.4 ha) 

DS2 - Low Density 
Along Ridge 

(23.7 ha) 

DS2A - Medium 
Density Along Ridge 

(35.1 ha) 
Sub-

catchment OS1† DS1† 
DS1 
Gain OS2† DS2† 

DS2 
Gain 

OS2A
† 

DS2A
† 

DS2A 
Gain 

A  14,182 62,717  442% 4,558 20,000   439% 6,716 34,330   512% 
B 22,214 98,235 442% 7,139 31,327 439% 10,503 53,771 512% 
C  7,703 34,065  442%  2,475 10,863  439%   3,642 18,646   512%  
E  11,644 51,494 442%  3,742 16,421  439%  5,506 28,186   512% 

I  4,240  18,749 442%  1,363  5,979 439%   2,005  10,263  512%  
Total 59,984 265,261  19,277 84,591  28,361 145,196  

† 16% added to rainfall for climate change (ARI 100yr)  
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Figure 11- Pre and Post Development OS1 and DS1 Hydrographs 

 
Figure 12 - Pre and Post Development OS2 and DS2 Hydrographs 
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Figure 13 - Pre and Post Development OS2A and DS2A Hydrographs 

The earlier studies by SKM, Beca and Jacobs conclude there will be only 1,160m3 
increase in flood volume in the DS2 scenario, i.e. 202,450 m3 increasing to 
203,610 m3, an increase of about 0.5% (see Figure 8 above) from unmitigated 
runoff from future Guildford development in the upper Pinehaven catchment.   

This present study finds (when the pre-development case is assessed without 
climate change) the increase in unmitigated runoff for the DS2 scenario is 71,214 
m3 (i.e. 13,377 m³ increasing to 84,591 m³, a gain of 632%), and for the DS2A 
scenario it is 125,525 m³ (i.e. 19,671 m3 increasing to 145,196 m3, a gain of 738% - 
see Table 2 above). The 0.5% increase in flood volume supposed by Beca and 
Jacobs will, in reality, be more than 600% increase in flood volume. 

When the pre-development case is assessed with an allowance for climate 
change, the increase in unmitigated runoff for the DS2 scenario is 65,313 m3 (i.e. 
19,278 m³ increasing to 84,591 m³, a gain of 438%), and for the DS2A scenario it is 
116,834 m3 (i.e. 28,362 m3 increasing to 145,196 m3, a gain of 511% - see Table 2 
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above). The 0.5% increase in flood volume supposed by Beca and Jacobs will, in 
reality, be more than 400% increase in flood volume.  

The reason these significant increases in flood volume do not show up in SKM’s 
2010 comparison map of pre- and post- development flood extents (Figure 4 
above) is that the blue baseline pre-development flood extents have been grossly 
over-estimated, and the green post-development flood extents have been grossly 
under-estimated. 

 

The significant discrepancies in the baseline modelling in the earlier studies by 
MWH, SKM, Beca and Jacobs mean that the hydraulic neutrality provisions in the 
proposed Plan Change 42 will not be effective if the current flood modelling is 
used as the baseline for assessing post-development increases in peak flow and 
flood volume. 

The flood modelling in the earlier studies by MWH, SKM, Beca and Jacobs should 
be independently examined and corrected before any reliance is placed upon it as 
the baseline modelling for assessing post-development runoff of future Guildford 
development in the upper Pinehaven catchment or any other such development 
proposal.  
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5.0 OS1	and	DS1	Hydrograph	Comparisons	(Jacobs	(2016)	and	
R.J.Hall	and	Associates	Ltd	(2019))	

 
Figure 14 - Pre and Post Development OS1 and DS1 Hydrograph Comparison 
(Jacobs, 2016 and R.J.Hall and Associates Ltd, 2019)  

6.0 Conclusion	
A reappraisal of the hydrological implications of three development scenarios in 
the Pinehaven catchment have been undertaken for an ARI 100 year 12 hour 
nested rainfall pattern applied to these three development scenarios namely DS1, 
DS2 and DS2A with runoff volumes and peak flows compared with those for 
development footprints of OS1, OS2 and OS2A in the un-developed condition. The 
purpose of this exercise was to allow a comparison to be made between previous 
work undertaken variously by MWH ( 2008, 2009 ), SKM ( 2010 ) Beca ( 2015 ) and 
Jacobs (2016) on behalf of Greater Wellington Regional Council. This earlier work 
consistently showed that the unmitigated runoff from the DS1 and DS2 scenarios 
would have relatively minor effects, a result which did not lie comfortably with the 
knowledge that the developments being considered are situated in a forested 
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catchment where post-development runoff logically could be expected to be 
significantly greater than that in a similar sized rainstorm in the pre-development 
condition. The development areas being considered in these three scenarios are 
located along the ridge line at the head of the Pinehaven Catchment referenced as 
sub-catchments A, B, C, E and I. The approach taken was to evaluate peak flow and 
runoff volumes for each of the three scenarios in the post development condition 
and again from their footprints for the pre-development condition using Sub-
catchment B as a seed.  The hydrological model HEC HMS was employed for that 
purpose and then the responses for Sub-catchments A, C, E and I derived on a pro-
rata basis using the ratio of the developed footprint for each case over that of the 
Sub-catchment B developed footprint to derive representative values for each 
situation including the existing pre-development situation. 

This present analysis shows that the post-development runoff volume and peak 
discharges for each of the development scenarios DS1, DS2 and DS2A greatly 
exceed their respective pre-development values for the design storm being 
considered.  

This result is markedly different to that derived from the earlier work by MWH ( 
2008, 2009 ), SKM ( 2010 ), Beca ( 2015 ) and Jacobs (2016) undertaken on behalf 
of Greater Wellington Regional Council. This difference is seen in a substantive 
reduction in runoff in the pre-development situation particularly evident in the 
runoff volumes and as a marked increase in runoff peak flows in the post- 
development situation. The principal reason for this result is considered to arise as 
a consequence of the application of unrepresentative initial abstraction and 
continuing losses for the soils in the sub-catchments being examined that were 
being applied in the earlier work, in effect the values selected and used in that work 
are not representative of the soils and current land use in the catchment and 
grossly underestimate the losses that can be expected from such soils and land use. 

A second reason is that, in the earlier studies, the post-development runoff has not 
been assessed at source.   

A third reason is that, in the earlier studies, the unmitigated runoff has been 
assessed for a 2hr storm. 
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Sub-catchments A, B, C, E and I are part of what is referred to as the Guildford 
development but that development although located along the Pinehaven 
catchment ridge line nevertheless extends beyond the Pinehaven catchment 
boundary (refer Appendix 3). When those parts of the Guildford development are 
included in the assessment using the results derived for the pre and post 
development situations as described above, it is provisionally estimated that the 
total increase in runoff ( peak flows and runoff volume ) in the DS2A scenario for 
example when applied over that greater area will be in the order of twice what it 
would be for the Pinehaven Sub-catchments A, B, C, E and I alone. This occurs 
because the Guildford development area is estimated to be in the order of 198 ha 
whereas the summed area for Sub-catchments A, B, C, E and I is in the order of 95 
ha. 

The results of this analysis have implications for hydrological characteristics beyond 
increases in peak runoff and volume. The high infiltration rate identified for the 
forested catchment means that substantial volumes of water during rainstorms 
percolate into the catchment soils and are steadily released over time and support 
stream flow. If development on the style and scale are undertaken in this 
catchment in the manner examined in this report then there are likely to be 
significant impacts on normal and low flow stream flow because of the loss of 
infiltration opportunity on the developed areas during rainstorms of all intensities, 
durations and recurrence intervals. 

The results of the earlier studies by MWH, SKM, Beca and Jacobs were used to 
provide and validate hydrological inputs to hydraulic models in order to 
demonstrate the likely scale of effects on the distribution and passage of flood 
water arising from an ARI 100 year rainstorm in the Pinehaven catchment.  

Given the substantive discrepancies in those earlier studies in the hydrological 
pre- and post-development runoff values for peak flow and runoff volume that 
have been revealed in this present study, no reliance should be placed on the 
efficacy of the flood mapping results that were associated with that earlier work 
by MWH, SKM, Beca and Jacobs.  
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Appendix 1 – HEC HMS Modelling Parameters 
 



 
 

 

 



 
 

Appendix 2 – HEC HMS – Pinehaven Sub-catchment B – 
Inputs 
	



 
 
	

 
 



 
 

Appendix 3 – Guildford Timber Company -  
Development Concept  
Compiled by Save Our Hills from various source information in the public realm by 
MWH, SKM, Boffa Miskell, Jacobs, Greater Wellington Regional Council (GWRC) 
and Upper Hutt City Council (UHCC). 
 

	



 
 

	
 
 

SOH (September 2017) Hearing Statement – Guildford Future Development: 

The following 4 pages are from Save Our Hills’ (SOH) hearing statement - Upper Hutt City 
Council (UHCC) – on proposed Plan Change 42: Mangaroa and Pinehaven Flood Hazard Extents, 
held at UHCC on 27th – 29th September 2017 (statement edited October 2019). 

It is an analysis by SOH (S. Pattinson, Registered Architect, B. Arch, M. Arch, ANZIA) of the 
possible number of new dwellings indicated in Guildford Timber Company’s (GTC) flyer titled “A 
Master-Planned Approach to Creating the Vision” circulated to Pinehaven residents (2007). A 
GTC Director indicated publicly in 2015 and 2016 that GTC still want to develop this vision. 

GTC’s “A Master-Planned Approach to Creating the Vision” includes a significant amount of 
medium density housing.  No official figures have been released by GTC or UHCC of the total 
number of new dwellings in GTC’s vision, but they have suggested it is 1,000 to 1,500.    

S. Pattinson is qualified to comment on the flyer about GTC’s proposed master-planned vision. 
Following 20 years professional practice experience, S. Pattinson carried out 2 years full-time 
university research from 2009 to 2011 on medium density housing, visiting over 200 medium 
density developments in Auckland, Wellington, Christchurch and Melbourne.  S. Pattinson 
estimates from information made publicly available to date by GTC and UHCC that the GTC 
development area may total 173ha to 198ha consisting of around 3,000 or more dwellings 
(including apartments and medium density housing) plus retail, shops, offices and schools.   
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Appendix 4 -  Extracts from Michael Law’s Audit and 
Statement of Evidence (relating to SKM and Jacobs 
Pinehaven ‘future development’ scenarios) 
 
In Beca’s “Pinehaven Stream Flood Mapping Audit” (2015) the auditor, Michael 
Law, acknowledged but dismissed an error in the way the effect of future 
development was modelled:  
 
“… it is prudent to assess the effects of possible future development when undertaking flood 

mapping and hazards studies. To that end, SKM ran the model with reworked hydrographs to 

represent the additional impervious area associated with the development of 1665 lots of 750 

m2 in the upper parts of the catchment. … However, there is no post-development increase in 
flood volumes. This is unexpected given the increase in impermeable area. MWH were unable 
to provide an explanation for the lack of increase in flood volume, and so the future 
development runs of SKM’s flood model are potentially compromised in this regard.” 
Beca “Pinehaven Stream Flood Mapping Audit” 2015, p9 – (emphasis by RJ Hall & Assoc. Ltd) 
 
“The Save Our Hills (SOH) group … has expressed strongly held concerns ... regarding … 
Future development … SOH noted the small differences between the existing and future 
development flood extents for the 100-year ARI including climate change event, as shown in 

Figure 19 of Volume 1 of SKM’s Pinehaven Stream Flood Hazard Assessment report [see RJH 
Figure 4] … while SKM’s modelling of future development resulted in an increase in modelled 

peak flows, there was not the expected increase in flood volume. SKM used hydrology provided 

by MWH. However, MWH have not provided an explanation as to why there is no increase in 

future development flood volumes . Therefore, SOH’s concerns are upheld that the effects of 
future development on flood extent are not modelled correctly.  However …  the flood maps 
are unlikely to be materially affected by this apparent anomaly.”   Beca “Pinehaven Stream 
Flood Mapping Audit” 2015, pp14,16,17 – (emphasis by RJ Hall & Assoc. Ltd) 

 
“Figure 8.1 [see RJH Figure 5] shows the change in flood hydrographs for existing development 

… and future development … for sub-catchment B, which is in the southwest of the catchment 

and drains to the top of Pinehaven Road. Future development increases the peak flow by 18% 

(from 3.07 m3 /s to 3.64 m3 /s), … However, the flood volume does not increase. This is 
unexpected, as increasing the impervious area of sub-catchment by 40% to reflect the 
development would be expected to reduce rainfall losses and increase runoff volume. Similar 

results were found for sub-catchment E, which drains to Wyndham Road. Assuming a 100-year 
ARI plus climate change rainfall depth of 87.1 mm for the 3-hour storm, an Initial Loss of 5mm, 
Ongoing Loss of 2mm/hr, and 40% impermeable area for the affected post-development sub-
catchments, then the effective rainfall depths would be 76.7mm (88%) for existing land use, 
80.8mm (93%) for post-development land use … only 5.6% increase in effective rainfall post-
development. …  
 



 
 

The difference between existing and post-development flood volumes would be expected to be 
a similar ratio. … The issue of no increase in post-development flood volume was raised with 

MWH, but they have not been able to provide an explanation as to why there is not an increase 

in flood volume. While this does not affect the validity of flood extents defined for current 

development, it does invalidate the post-development flood extents and reduces community 
confidence in the flood mapping process.”   Beca “Pinehaven Stream Flood Mapping Audit” 
2015, pp26,27 – (emphasis by RJ Hall & Assoc. Ltd) 
 
 
Michael Law (Beca) - Letter (01 March 2017) to Alistair Allan, Greater 
Wellington Regional Council - M. Law provides his findings of his review of 
Jacobs’ Memorandum (June 2016): 
 

“I have not reviewed the modelling or raw results of the additional model runs, and so my 

comments are restricted to the memo and accompanying maps …  
 

“The revised peak flows and flood volumes provided by Jacobs indicate that peak flows will 

increase by about 3% and flood volumes by about 6% in the affected sub-catchments if 
development proceeds. The increase in flood volume is about the same as I estimated it would 
be in … the 2015 audit.” 

 
 
In August 2017 Michael Law stated that SKM’s error in the flood modelling had 
been corrected by Jacobs: 
 
“40. During the audit, I noted an error in the way that future development had been modelled. 

This was subsequently corrected.”    
  

“60. As raised by Submitter #12 [SOH], my 2015 audit noted that there was a discrepancy in the 

way that sub-catchment flow hydrographs had been derived for a ‘future development’ scenario 

in the Pinehaven catchment. While there was an increase in peak flow, there was no anticipated 

increase in flood volume. This suggested that the future hydrology had included an allowance 

for quicker post-development runoff, but had not allowed for the additional runoff generated 
by increased impervious areas post-development … showing a less than expected difference 
between existing and ‘future development’ flood extents provided by GWRC. 

 

“61. This was acknowledged by GWRC and in March 2017, GWRC’s consultants (Jacobs) 
updated the ‘future development’ hydrology, and sent me the results for comment. This 

included an updated flood extent difference map to indicate the effects of unmitigated future 

development. Following discussion and an exchange of correspondence I am satisfied that 
Jacobs' reworking of the future development hydrology is appropriate. 
 
Statement of Evidence of Michael Charles Law 30 August 2017, paras. 40,60,61 (emphasis by RJ Hall & Associates 
Ltd) Upper Hutt City Council (UHCC) – Hearing for Proposed Plan Change 42 – Mangaroa and Pinehaven Flood 
Hazard Extents 



 
 

Appendix 5 – Back-calculation for Jacobs’ (2016) CN 
Values for Development Scenarios OS, DS1 and DS2 
(Sub-catchment B) 
 

 

R J Hall Summary (Jacobs’ CN values for Scenarios OS, DS1 and DS2 - sub-catchment B): 

Scenario OS (pre-development, 74.4ha forest and bush) = CN 96.2 

Scenario DS1 (SKM, 2010, post-development, 74.4ha with 52% impervious) = CN 97.5 

Scenario DS2 (Jacobs, 2016, post-development, 23.7ha with 51% impervious) = CN 96.7 

 

By back-calculating Jacobs’ figures RJ Hall and Associates Ltd find a CN value of 96 for the pre-
development hydrology, which means the existing forested hills are treated by Jacobs as being 
more or less impermeable, and the runoff characteristics between pre and post development 
are almost indistinguishable.  The effect of this is that when these pre and post development 
hydrographs are applied to the hydraulic model it is to be expected that this error will generate 
almost identical pre and post development flood extents. In essence this fundamental error by 
SKM 2010 persists also in Jacobs’ 2016 reworking. 



 
 

 



 
 

 



 
 

 



 
 

 


