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1. Background 

1.1 Current zone description in pNRP  

Figures 1 and 3 show the current boundaries and groundwater classification for the Lower 

Ruamahanga Groundwater Management zone  The zone is described in the pNRP as 

Category A to all depths – that is, groundwater is currently considered to be directly 

hydraulically connected to the Ruamahanga River. As such, all groundwater allocation is 

counted as surface water and groundwater takes are subject to minimum flow restrictions 

during times of low river flow. 

The zone is bounded by the Moiki zone to the north (upstream) and the Lake zone to the 

south (downstream). 

1.2 Expert conferencing 

Technical expert conferencing on evidence relating to the Lower Ruamahanga 

Groundwater Management Zone has been completed in accordance with Minute #15 from 

the pNRP Hearing.  

An initial Joint Witness Statement filed on 06 September 2017 identified points of 

agreement, including that a technical review of the groundwater classification in the Lower 

Ruamahanga zone was warranted.  This statement also identified further work needed to 

inform such a review.  The further work involved, primarily, the development of a 

numerical groundwater model to test various groundwater pumping scenarios.  Model 

development was undertaken by Mr Williamson and his colleague Hangjian Zhao from 

Williamson Water Advisory Ltd (WWA) with input and review from Dr Gyopari, Mr 

Hughes and Mr Thompson.  

Since 06 September the above experts have exchanged numerous emails, conducted 

teleconferences on three occasions (Friday 22 September, Friday 20 October and Tuesday 

24 October) and met in person in Wellington on two occasions (Tuesday 10 October and 

Thursday 02 November 2017). Interim witness statements have been issued on 6 September 

and 27 October 2017 to provide updates on progress and also seek time extensions to 

complete the work. 

This memo presents the final joint witness statement from experts. 

2. Modelling context 

The objective of the modelling, as agreed in the 06 September statement, was to assess the 

localised and cumulative effect of groundwater pumping from the Lower Ruamahanga 

Groundwater Management Zone on the Ruamahanga River in the vicinity of Waihenga 

Bridge. The focus on cumulative effect is necessary because a potential consequence of 

reclassifying groundwater in the Lower Ruamahanga zone is that surface water allocation 

amounts may have to be redefined and a groundwater allocation volume established (there 



is currently no groundwater allocation defined for this zone reflecting its Category A 

classification). 

The WWA model was initially set up according to an agreed range of boundary conditions 

and parameters (as listed in Appendix 1 of the 06 September statement). A memo from 

WWA is appended to this statement and describes the flow of modelling work subsequently 

undertaken and results generated from a range of scenarios.  It is noted that the modelling 

memo in its entirety, is not to be considered a matter of ‘expert agreement’ in the joint 

witness statement. This is because some scenarios were superseded as the work progressed 

and some experts placed more faith on particular scenarios than others.  Nevertheless, there 

has been general agreement on the model’s utility for this conferencing, and conclusions in 

the joint statement have been drawn from it.      

  



Joint Witness Statement 

3. Points of agreement 

In relation to the model developed during the course of conferencing, experts are in 

agreement that: 

 For the purpose of testing cumulative groundwater pumping effects, the model 

adequately represents the agreed conceptual hydrogeological environment;   

 The range of scenarios tested capture what are likely to be upper or lower bounds 

(or ‘bookends’) to a spectrum of plausible zone responses to pumping;  

 The modelling has provided a useful basis for assisting with the review of 

groundwater classification in the Lower Ruamahanga zone.  

Following analysis and interpretation of model results, experts are in agreement that: 

 The degree of hydraulic connection between groundwater and the Ruamahanga 

River progressively decreases from north to south to a greater extent than previously 

thought (as demonstrated by contrasting model depletion curve characteristics); 

 The extent of the reduction in hydraulic connection from north to south is sufficient 

to justify a change in the classification of groundwater in part of the zone; 

 Groundwater in the northern part of the zone shows river depletion characteristics 

that suggest a Category A classification is appropriate. Depletion of the river rises 

rapidly with the onset of pumping, quickly reaching a point where a large majority 

of the take is coming from the river. The depletion then reduces quickly when 

pumping ceases. This suggests that groundwater in the northern part of the zone 

should be allocated as surface water but also that there is benefit (to the river) in 

exercising groundwater pumping restrictions during times of low flow. 

 Groundwater at depth (considered to be greater than 10m below the surface) in the 

southern part of the zone shows depletion characteristics that suggest a Category B 

classification is more appropriate.  Depletion of the river increases more slowly 

with the onset of pumping, reaching a zonal average peak where up to 

approximately 40% of the take is coming from the river. The depletion then reduces 

more slowly when pumping ceases. This suggests that mitigating zone scale impacts 

can be best accounted for by assigning the river depleting portion of the 

groundwater takes to the surface water allocation budget (with the rest coming from 

groundwater storage and through flow).  Applying pumping restrictions to existing 

takes during low flow periods will be of relatively limited benefit to the river (due 

to the relatively small reduction in depletion over a considerable period of time after 

takes cease).   Jon Williamson maintains his view expressed in evidence that 

because there will be negligible benefit (to large rivers) in exercising pumping 



restrictions during low flow periods in Category B aquifers due to the time lag for 

river depletion to recede to significant levels, no restrictions related to river low 

flows should be recommended in these large river catchments. Experts for GWRC 

would like to maintain flexibility over Council’s discretion to apply restrictions due 

to the potential for any future groundwater takes in the Lower Ruamahanga not 

conforming to the hydrogeological model presented here and to maintain a 

consistent management approach across the region  

 The most reasonable interpretation of the transition between Category A and 

Category B groundwater described above is considered to be: 

 In the horizontal plane (plan view), a line that runs approximately 

perpendicular to the long axis of the zone 1.6 km west-southwest of the state 

highway Waihenga Bridge (the point of the river gauge monitoring station). 

See Figure 2. This location takes into account both model results (which 

show depletion beginning to fall below 60% in this area) as well as judgement 

based on site investigation data about where aquifer confinement becomes 

more consistent and groundwater more consistently reduced. 

 In the vertical plane, a slice at 10 m below ground surface across the whole 

zone. See Figure 4. This is based on a higher likelihood that permeable 

surficial sediments (i.e. above the more laterally consistent confining layer) 

will exhibit more direct hydraulic connections to the river irrespective of 

location within the zone. 

 In addition to the changes just described, a boundary change at the southern end of 

the Lower Ruamahanga zone is justified.  Groundwater levels decline from north to 

south through the Lower Ruamahanga zone but the gradient flattens markedly 2-3 

km before the Lake zone boundary.  Monitoring data indicate that groundwater 

heads in this bottom part of the Lower Ruamahanga zone are virtually identical  to 

those in the neighbouring Lake zone and exhibit almost identical temporal variation 

(in response to seasonal recharge and pumping effects).  This suggests the Lake 

zone boundary should be extended north to incorporate the bottom of the Lower 

Ruamahanga zone. A line depicting this recommended boundary movement is 

shown in Figures 2 and 4 and has been defined as perpendicular to the groundwater 

flow direction at the point of gradient change.    

4. Implications 

Experts are in agreement that the main implications of the findings from above are: 

 A revision of the surface water allocation status of the Ruamahanga River 

catchment management unit and Lower Ruamahanga catchment management sub-

unit (see Table 7.3 of the pNRP) is needed.  This will include removing from the 

calculations a quantum of allocation associated with groundwater takes in the new 

Category B area that has, until now, been considered river water. This quantum 



should be calculated using an appropriately representative depletion factor. The 

removal of some groundwater allocation from the river allocation will have the 

effect of both lowering the allocation limit for these zones (due to a consequential 

recalculation of natural MALF) as well as the amount being taken as a proportion of 

that limit. It is not possible to know yet whether the surface water allocation status 

for these zones will change as a result (i.e. switch from being fully allocated to 

allocation being available). 

 A new groundwater allocation amount (to enable the Category B classification in 

the Lower Ruamahanga zone) is needed. This should be calculated in a way that is 

consistent with the method used in other management zones in the Wairarapa 

Valley; i.e. based upon consideration of available zone through flow and storage, 

land surface recharge and acceptable long term river base flow depletion. Until the 

groundwater allocation amount has been determined it will not be apparent whether 

there is further groundwater allocation available (beyond existing consented use).  

 The recommended changes to groundwater classification and consequential changes 

in allocation limits will need to be more fully described in an addendum to the 2012 

GWRC report Wairarapa water resource investigation: Framework for conjunctive 

water management.  

 The changes will also need to be incorporated as revisions in the pNRP. This will 

include, as a minimum, changes to surface water allocation amounts in Table 7.3 of 

the Ruamahanga Whaitua chapter (for the ‘Ruamahanga River catchment 

management unit’ and the ‘Lower Ruamahanga catchment management sub-unit’) 

and groundwater allocation amounts in Table 7.5 (i.e. addition of a ‘Lower 

Ruamahanga’ groundwater allocation amount).   Boundary line and label 

adjustments to the maps in Figures 7.8 and 7.9 in the same chapter will also be 

needed.   

 With the recommended extension of the northern Lake zone boundary described 

above, the Lake Groundwater Management zone allocation status will also need to 

be re-calculated. This is to incorporate the additional groundwater allocation (from 

about six existing consent holders) that has, until now, been considered part of the 

Lower Ruamahanga zone allocation. The re-calculation will also need to consider 

the implications of revised estimates of groundwater throughflow from the Lower 

Ruamahanga zone to the Lake zone on groundwater allocation in the Lake Zone.  It 

is not apparent yet whether this change will lead to a significant change in the 

allocation status of the Lake zone (i.e. from allocation available to fully allocated). 

 Consideration could be given to whether the Moiki and Lower Ruamahanga 

Groundwater Management zones are amalgamated into a single zone.  With respect 

to hydraulic connectivity with the river, the existing boundary between the two 

zones (highlighted by the red arrows in Figure 2 and 4) is somewhat arbitrary and 

does not delineate a meaningful change in hydraulic behaviour. Amalgamating the 

two zones is considered a more faithful hydrogeological representation and would 



not impact the allocation revisions described above since the Moiki (in which 

groundwater is entirely Category A) and Lower Ruamahanga zones are already 

incorporated within the same surface water management unit.      

 

  



Figure 1. Existing classification 
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Figure 2. Recommended re-classification 
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Figure 3. Existing classification – vertical cross section along red dashed transect in Figure 1 

 

 

 

 

 

Figure 4. Recommended re-classification – vertical cross section along red dashed transect in Figure 2 
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Appendix 1.  

Memo from WWA describing model development and results 
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To Mike Thompson, Brydon Hughes & 
Mark Gyopari 

Date 6 November 2017 

From Hangjian Zhao & Jon Williamson Project No WWA0041 

Copy 

 

Subject Lower Ruamahanga Valley Groundwater Modelling  

1. Introduction 

Williamson Water Advisory (WWA) were commissioned by Greater Wellington Regional Council 

(GWRC) to undertake development of a conceptual groundwater flow model in the Lower 

Ruamahanga Valley.  The model was aimed at testing specific groundwater issues within the 

Lower Ruamahanga Groundwater Management Zone following Technical Expert Witness 

Conferencing on 6 September 2017 relating to the GWRC Proposed Natural Resources Plan 

change process.   

The model was constructed and simulated in accordance with a set of parameters, boundary 

conditions and scenarios agreed between and/or requested by Experts during the initial 

Conferencing and subsequent Conferencing on 10 October and 2 November 2017, 

teleconferences on 22 September, 20 October and 24 October 2017, and numerous email 

exchanges. 

This technical memo is structured in a way that reflects the workflow over the time period between 

the project initiation and the date of this memo.  No attempt has been made to condense the 

documented outputs by removing those scenarios considered to be superseded or reconfiguring 

the document so that it is more report like rather than an on-the-fly description of the work flow.  

Furthermore, there is an acknowledged inconsistency in the way model scenarios are reported, 

with the initially agreed scenario configurations and results described in Sections 3 and 4, while 

subsequent scenarios are appended in the sections thereafter.  The structure of the memo has 

been maintained in this way for the purpose of transparency on the evolution of the findings and 

Expert’s lines of enquiry. 

The memo structure is as follows: 

• Section 2 details the model layer structure and hydrological parametrisation.   

• Section 3 describes the initial simulation scenarios agreed at the initial Conferencing. 

• Section 4 presents the results of the initial simulations. 

• Section 5 presents results of scenarios that focussed on the sensitivity of throughflow rates to 

lake zone.   

• Section 6  details scenarios undertaken to provide a check on the accuracy of simulated 

groundwater level versus that measured, and subsequent model calibration to improve model 

accuracy. 

• Section 7 presents results for transect simulation and cumulative impact for two model 

scenarios considered to represent the high and low end of the spectrum of expected results. 
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2. Model Construction 

2.1 Model zonation 

The model covers an area of 54.3 km2, and is uniformly discretised by 21,754 grid cells with 

dimensions of 50x50 m.  Four sub-zones were defined for the purposes of discussing the model 

results.  These are named Moiki, Waihenga, Pukio and Lake and shown in Figure 1. 

 

 

Figure 1.  Groundwater model zonation and pumping bores. 

 

2.2 Layer Setup 

Based on the Digital Elevation Model (DEM) supplied by GWRC dated 25/09/2017 and borelog 

interpretations used in the WWA geological model, the bottom elevation of Q1 clay/silt and Q2-Q4 

gravel were geospatially interpolated using Kriging.   

The model was vertically discretised into four layers, defined as follows: 

• Layer 1 Top - The top elevation of model Layer 1 was derived from the DEM.   

• Layer 1 Bottom - The bottom elevation of model Layer 1 was constructed using half of the 

saturated thickness between the simulated water table and the Q1 bottom as the arbitrary 

subdivision.  

• Layer 2 Bottom - The interpolated bottom elevation of Q1 clay/silt was assigned as the 

bottom of model Layer 2. 
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• Layer 3 Bottom - The bottom elevation of Layer 3 was set arbitrarily 5 m above the bottom 

elevation of Q2-Q4 gravel.   

• Layer 4 Bottom - The interpolated Q2-Q4 gravel bottom surface was used to represent the 

bottom elevation of Layer 4.  

 

The model layer and geological layer setup are summarised in Table 1. 

Table 1.  Summary of model layer structure. 

Model Layer Geological Layer Bottom elevation  

Layer 1  Q1 silt Q1 clay/silt bottom elevation (mAMSL) plus half saturated thickness of 

the original layer 1 from the three-layer model 

Layer 2 Q1 silt Q1clay/ silt bottom elevation (mAMSL) 

Layer 3 Silt (Composite) Q2-Q4 gravel bottom elevation (mAMSL) plus 5 m 

Layer 4 Q2-Q4 gravel Q2-Q4 gravel bottom elevation (mAMSL) 

 

The constructed layer elevation contour and thickness for the Q1 base and Q2-Q4 base are 

shown in Figure 2. 

 

Figure 2.  Model layer elevation and thickness of base Q1 and Q2-Q4. (see attachment). 

 

2.3 Time Configuration 

The transient model has a total simulation period of 365 days and forty timesteps within two stress 

periods.  The timing of the stress periods is as follows: 

• Stress Period 1.  days 0 – 150. 

• Stress Period 2.  days 150 – 365. 

 

2.4 Hydraulic Parameters 

The hydrogeological parameters used in the base model were set as documented in Appendix 1 

of the Expert Witness Conferencing report, and are summarised in Table 2. 

The hydraulic conductivity for Layer 3 in all areas other than Moiki is a vertical composite 

representing a thin Q2 gravel unit (approx. 4 m thick where possible) and the remainder of the 

sequence being silt.  Layer 3 is a wedge that tappers to being very thin in the Waihenga zone and 

pinches out in the Moiki zone, hence Layer 3 has been assigned a value akin to the high 

permeability river gravel in the Moiki zone. 
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Table 2.  Summary of model hydraulic properties. 

Model Layer Zone 

Horizontal 

hydraulic cond. 

(m/d) 

Horizontal 

anisotropy 

(-) 

Vertical 

anisotropy 

(-) 

Specific 

storage 

(m-1) 

Specific 

yield 

(-) 

Layer 1 & 

Layer 2 

Moiki 400 1 10 1.00E-03 0.1 

Waihenga* 0.01-1.0 1 100 1.00E-03 0.02 

Pukio 0.001 1 100 1.00E-04 0.01 

Lake 0.001 1 100 1.00E-04 0.01 

Layer 3 
Moiki 400 1 10 1.00E-03 0.1 

Rest of the model domain 50 1 10 1.00E-04 0 

Layer 4 

Moiki 400 1 10 1.00E-03 0 

Waihenga 330 1 10 1.00E-03 0 

Pukio 330 1 10 1.00E-04 0 

Lake 330 1 10 1.00E-04 0 

*Depending on scenario. 

 

2.5 Boundary conditions 

The model boundary conditions in the model are summarised in Table 3, which were largely 

adopted from the existing GWRC model, and set as documented in Appendix 1 of the Expert 

Witness Conferencing report dated 06/09/2017.   

 

Table 3.  Summary of model boundary conditions. 

Boundary type Value Location 

Constant head boundary 24.5 m  Northern part of the model domain, top of the 

Moiki zone 

Constant head boundary 

or General head 

boundary (depending on 

scenario) 

3 m – 2 m Bottom of the model, 3 m and 2 m head at 

northern and southern part of the lake zone.  

The section in between was linearly 

interpolated. 

Specific flux boundary  20,000 m3/d South eastern model boundary, evenly 

distributed for the intersecting boundary cells  

River boundary* River stage elevation: DEM 

River bottom elevation: DEM-0.5 m 

As river shapefile  

*It was found that the median value of each surveyed river bed cross section profile was about 2.5 m higher than the 

DEM value at the corresponding site. 
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3. Scenario Set-up 

The groundwater abstraction consent database was supplied by GWRC (18/09/2017).  Within the 

model boundary there are 29 bores out of the 30 bores listed in the file, with a maximum annual 

total groundwater take of 12,753,573 m3.  This is equivalent to daily take of 85,025 m3/day, 

assuming 150 days of continuous pumping in each year. 

The model was simulated for 150-days with pumping and the remainder of the year with no 

pumping.  Recharge of 250 mm/yr was applied only to the unconfined Moiki zone. 

The initial scenario setups were as follows: 

1) Kh in Waihenga = 1 m/day - zone by zone activation of groundwater pumping; 

2) Kh in Waihenga = 0.1 m/day - zone by zone activation of groundwater pumping; 

3) Kh in Waihenga = 0.01 m/day - zone by zone activation of groundwater pumping; 

4) Q1 window - Assessing a 1 km2 gravel “window” in the Waihenga zone from model Layer 1 

to Layer 4; and 

5) Downstream boundary - Assessing the impact of changing the downstream constant head 

boundary to a general head boundary. 

6) Bore Chainage – assessing the stream depletion impact from a transect of bores positioned 

perpendicular to the valley and spaced 1 km apart (and sensitivity with different GHB 

conductance);   

 

The scenario configurations are detailed as follows: 

• Scenario 1-3 – see Table 4; 

• Scenarios 4-5 – see Table 5 and Table 6; and 

• Scenario 6 – see Table 7. 
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Table 4.  Model scenario setup for Scenarios 1-3. 

Scenarios 

Horizontal 

hydraulic 

conductivity Kh 

(Q1 Waihenga)  

Groundwater take 

m/d m3/d  

Scenario 1 

a 

1 

 -    No pumping  

b  2,995  Pumping in Lake zone 

c  58,299  Pumping in Lake and Pukio zones 

d  85,025  Pumping in Lake, Pukio and Waihenga zones 

e 26,726 Pumping in Waihenga zone 

f 55,304 Pumping in Pukio zone 

Scenario 2 

a 

0.1 

 -    No pumping  

b  2,995  Pumping in Lake zone 

c  58,299  Pumping in Lake and Pukio zones  

d  85,025  Pumping in Lake, Pukio and Waihenga zones 

e 26,726 Pumping in Waihenga zone 

f 55,304 Pumping in Pukio zone 

Scenario 3 

a 

0.01 

 -    No pumping  

b  2,995  Pumping in Lake zone 

c  58,299  Pumping in Lake and Pukio zones 

d  85,025  Pumping in Lake, Pukio and Waihenga zones 

e 26,726 Pumping in Waihenga zone 

f 55,304 Pumping in Pukio zone 

 

Scenario 4 comprises placement of a 1 km2 area of high permeability in the Waihenga zone and 

near the Ruamahanga river reach, as shown in Figure 3.  Across Layer 1 to Layer 3, this unit had 

the same hydraulic parameters assigned as the Layer 4 Waihenga zone within this square to 

represent a gravel “window” in the model.   

For Scenario 5, the downstream constant head boundary in the base model was changed to a 

general head boundary, with different conductance values assigned for the runs. 

For Scenario 6a and 6b, bore chainage simulations were conducted and the set-up is detailed in 

Table 7.  The location of the 15 transects are shown in Figure 3. 
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Figure 3.  Gravel unit in the Scenario 4. 

 

 

Figure 4.  Location of the transects in Scenario 6a and 6b. 

 

Q2-Q4 Gravel 
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Table 5.  Model scenario setup for Scenarios 4. 

Scenarios 

Horizontal 

hydraulic 

conductivity 

Kh (Q1 

Waihenga)  

Groundwater take 
Variation 

m/d m3/d  

Scenario 

4-1 

a 

1 

 -    No pumping  1 km2 gravel unit from the 

Layer 1 to Layer 3 in Waihenga 

zone 
d 

 85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

4-2 

a 

0.1 

 -    No pumping  

d 

 85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

4-3 

a 

0.01 

 -    No pumping  

d 

 85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

 

Table 6.  Model scenario setup for Scenarios 5. 

Scenarios 

Horizontal 

hydraulic 

conductivity 

Kh (Q1 

Waihenga) 

Groundwater take 
Variation 

m/d m3/d  

Scenario 

5-1 

a 

1 

 -    No pumping  GHB at the downstream 

location, bottom of the model 

domain, conductance 1 m/d 
d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-2 

a 

0.1 

 -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-3 

a 

0.01 

 -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

a 1  -    No pumping  
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Scenarios 

Horizontal 

hydraulic 

conductivity 

Kh (Q1 

Waihenga) 

Groundwater take 
Variation 

m/d m3/d  

Scenario 

5-4 

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

GHB at the downstream 

location, bottom of the model 

domain, conductance 0.5 m/d 

Scenario 

5-5 

a 0.1  -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-6 

a 0.01  -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-7 

a 1  -    No pumping  GHB at the downstream 

location, bottom of the model 

domain, conductance 0.1 m/d 
d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-8 

a 0.1  -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Scenario 

5-9 

a 0.01  -    No pumping  

d  85,025  Pumping in Lake, 

Pukio and 

Waihenga zones 

Table 7.  Model scenario setup for Scenarios 6. 

Scenario Horizontal hydraulic 

conductivity Kh (Q1 

Waihenga 

Groundwater 

take 

Variation 

(m/d) (m3/day) 

6a 15 transects, each 

transect has three 

bores, the transects 

pump independently 

0.01 8,640 GHB at the downstream 

location, bottom of the model 

domain, conductance 1 m/d 

6b 0.01 8,640 GHB at the downstream 

location, bottom of the model 

domain, conductance 0.1 m/d 
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4. Results 

The simulation results from the different scenarios were evaluated as follows: 

• River depletion factor: net river loss and gain and additional flow through the upstream 

constant head boundary as a percentage of pumping rate was calculated for each time step. 

• Net river gain/loss in each zone: net river loss/gain (m3/d) was summed for individual zones 

at the end of 150 days simulation time (i.e. just prior to cessation of pumping). 

• Mass balance: Flow budget (m3/d) at the end of 150 days simulations time. 

 

4.1 River Depletion Factor 

The river depletion factor was derived from the net loss and gain of the river plus additional flow 

through the upstream constant head boundary. The modelled river depletion factors from each 

scenario are shown in Figure 5 and Figure 6.  The graphs in Figure 5 present a comparison with 

different Waihenga zone Kh values, while Figure 6 presents a comparison with the pumping 

activated zone by zone. 

In Figure 5 the top graph shows the maximum permissible consenting situation with all bores 

pumping, and also demonstrates the sensitivity to modelled river depletion depending on the Kh 

value selected in the Waihenga zone (0.01-1 m/day).  The range in river depletion at 150 days is 

between 41-48%, which tends to suggest not a lot of variability in impact given a two order of 

magnitude spread in hydraulic conductivity. 

The bottom two graphs in Figure 5 demonstrate how the river depletion factor decreases as 

bores closest to the unconfined Moiki zone are deactivated. 

In Figure 6, each graph shows the effect of progressively activating the pumping bores in each 

zone.  The individual graphs represent a different Kh setting in the Waihenga zone. 
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Comparison of response with different Waihenga zone Kh values 

all bores pumping 

 

pumping in Waihenga zone only 

 

pumping in Lake and Pukio zone only 

 

pumping in Pukio zone only 

 

pumping in Lake zone only 

 

 

 

Figure 5.  Comparison of response with different Waihenga zone Kh values (Sc. 1 to 3). 
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Comparison of response with pumping deactivated zone by zone 

Kh=1 m/day 

 

Kh=0.1 m/day 

 

Kh=0.01 m/day 

 

Figure 6.  Comparison of response with pumping deactivated zone by zone (Sc. 1 to 3). 
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The net river loss and gain was also extracted for each individual zone.  The maximum and 

average river depletion factors were calculated for Scenario 1 and Scenario 3 and shown in Table 

8.  The change in horizontal hydraulic conductivity in Waihenga Q1 zone has significant impact on 

the river depletion in Moiki and Waihenga zone. 

 

Table 8.  Statistics of river depletion factors of each zone. 

Scenario Pumping Statistics 

Zone 

Whole 

model 

Volume 

take 

percentage 

(%) 

Moiki  

(%) 

Waihenga  

(%) 

Pukio 

(%) 

Lake 

(%) 

1 

(Kh=1 m/d) 

b 
Average 3.0 3.2 1.1E-02 1.6E-05 6.2 

3.5 
Max 6.3 6.8 1.9E-02 2.4E-05 13.1 

c 
Average 7.1 7.6 1.9E-02 2.2E-05 14.6 

68.6 
Max 14.1 15.4 3.3E-02 3.2E-05 29.5 

d 
Average 14.0 9.1 1.4E-02 1.6E-05 23.1 

100 
Max 29.4 19.2 2.6E-02 2.3E-05 48.7 

3 

(Kh=0.01 

m/day) 

b 
Average 5.1 0.0 1.2E-02 2.4E-05 5.2 

3.5 
Max 10.8 0.1 2.1E-02 1.6E-05 11.0 

c 
Average 12.5 0.1 2.2E-02 3.4E-05 12.6 

68.6 
Max 26.0 0.2 3.8E-02 2.3E-05 26.2 

d 
Average 20.5 0.1 1.8E-02 2.5E-05 20.7 

100 
Max 43.1 0.2 3.1E-02 1.7E-05 43.4 

 

The calculated river depletion factors for Scenario 4 is shown in Figure 7.  Compared to the top 

graph in Figure 5, the river depletion progresses faster due to the gravel window in the model 

setup, and the maximum river depletion factor for Scenario 4-1d, 4-2d, and 4-3d are all approx. 6 

% higher at 54.6%, 52.5% and 53.7%, respectively.  In summary, the magnitude of depletion is 

similar, but the rate at which stream depletion occurs progresses faster. 
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Figure 7.  River depletion factor for Scenario 4 simulations. 

 

The river depletion factors were also calculated for Scenario 5-1, 5-2, and 5-3 as shown in Figure 

8.  

 

Figure 8.  River depletion factors for Scenario 5-1, 5-2, 5-3 simulations  
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River depletion factors were also calculated for Scenario 6a and Scenario 6b, and shown in 

Figure 9 and Figure 10, respectively. 

 

 

Figure 9.  River depletion factors for Scenario 6a simulations (GHB conductance 1 m/d). 

 

 

Figure 10.  River depletion factors for Scenario 6b simulations (GHB conductance 0.1 m/d). 

 

4.2 Net River Gain/Loss  

The net river gain/loss was summed for each zone for Scenario 1, 2 and 3 under different 

pumping conditions, as shown in Figure 11.  The purpose of reporting these calculations was to 

demonstrate the relative contribution to the water budget within each zone of the model. 
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For each individual scenario, river loss increases with pumping increases for all the sub-zones in 

the model.  The river reach in the lake zone is least affected by pumping, while the river reach in 

Moiki zone is significantly affected by pumping (670 - 750 L/s).   

For the river reach in Waihenga, the overall interaction between groundwater and surface water 

changes with the pumping condition (number/proximity of bores).  With increased pumping 

induced in the system, the river shifts toward a losing condition, albeit weak with the two lowest Kh 

scenarios. 

The change in the hydraulic conductivity in Waihenga Q1 zone has a significant impact on the 

river net gain/loss condition for the river reach in Waihenga zone. 

Moiki Zone 

 

Waihenga Zone 

 

Pukio Zone 

 

Lake zone 

 

+ positive number indicates river gain  

- negative number indicates river loss 

 

Figure 11.  Net river gain/loss in each zone for Scenario 1, 2 and 3. 
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4.3 Flow Budget 

The flow budget after 150 days of pumping was extracted from the model and summarised in 

Table 9 and Table 10.  As anticipated, when groundwater pumping increases, the river leakage to 

the groundwater system and outflow from the groundwater system increase and decrease, 

respectively, which results in a net increase in river losses.  Similarly, less water leaves the 

groundwater system through downstream constant head boundary due to the increased pumping 

in the system. 

 

Table 9.  Water budget at 150 days for Scenarios 1-3 (a & d). 

Flow 

(m3/day) 

Scenario 1 Scenario 2 Scenario 3 

a d a d a d 

In
fl

o
w

 

Storage  2   2,880   2   6,255   2   3,798  

CHB-u/s  10,829  10,972  10,811  10,997   10,807  11,027 

Side flux  20,000   20,000   20,000   20,000   20,000   20,000  

River leakage  99,843   123,171   98,692   116,318   98,536   116,849  

CHB-d/s 0 22,659 0 24,073 0 24,718 

Recharge  6,119   6,119   6,119   6,119   6,119   6,119  

Total  136,793   185,801   135,624   183,762   135,464   182,512  

O
u

tf
lo

w
 

Storage  1   0  0     0  0   0    

CHB-u/s 0  0   0  0   0  0  

Well 0     85,025   0    85,025   0    85,025  

River leakage  118,680   100,777   116,177   98,737   115,840   97,487  

CHB-d/s 18,112 0 19,135 0 19,294 0 

Recharge 0     0    0    0   0  0   

Total  136,793   185,802   135,312   183,762   135,134   182,512  
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Table 10.  Water budget at 150 days for Scenario 5-1, 5-2, 5-3 simulations (Sensitivity test - 

GHB conductance 1 m/day). 

Flow 

(m3/day) 

Scenario 5-1 Scenario 5-2 Scenario 5-3 

a d a d a d 

In
fl

o
w

 

Storage  1   3,031   1   6,525   1   4,104  

CHB-u/s  10,825   10,977   10,806   11,004   10,802   11,036  

Side flux  20,000   20,000   20,000   20,000   20,000   20,000  

River leakage  99,644   124,201   98,458   117,109   98,281   117,621  

Recharge  6,119   6,119   6,119   6,119   6,119   6,119  

GHB-d/s 0  21,153  0  22,582  0  23,210  

Total 136,590 185,481  135,384  183,340 135,203 182,091 

O
u

tf
lo

w
 

Storage  102  0  504  0  512  0 

CHB-u/s 0 0 0 0 0 0 

Well 0 85025 0 85025 0 85025 

River leakage  119,534  100456  116,875  98,314  116,517  97,065 

Recharge 0 0 0 0 0 0 

GHB-d/s  16,954  0  18,006  0  18,174  0 

Total 136,590 185,481  135,384  183,340 135,203 182,091 

 

Table 11.  . Water budget at 150 days for Scenario 5-4, 5-5, 5-6 simulations (Sensitivity test 

- GHB conductance 0.5 m/day) 

Flow 

(m3/day) 

Scenario 5-4 Scenario 5-5 Scenario 5-6 

a d a d a d 

In
fl

o
w

 

Storage  1   3,169   1   6,761   1   4,381  

CHB-u/s  10,823   10,981   10,802   11,011   10,797   11,043  

Side flux  20,000   20,000   20,000   20,000   20,000   20,000  

River leakage  99,479   125,054   98,262   117,790   98,071   118,276  

Recharge  6,119   6,119   6,119   6,119   6,119   6,119  

GHB-d/s  0  19,893  0   21,320    0   21,933  

Total  136,422   185,215   135,184   183,001   134,988   181,752  

O
u

tf
lo

w
 

Storage  195  0     682    0     680    0   

CHB-u/s 0   0   0 0 0   0   

Well   0    85,025  0  85,025  0  85,025  

River leakage  120,252   100,190   117,463   97,976   117,095   96,727  

Recharge   0     0     0   0    0 0    

GHB-d/s  15,974   0   17,038   0   17,212   0  

Total  136,421   185,215   135,183   183,001   134,987   181,752  
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Table 12.  . Water budget at 150 days for Scenario 5-7, 5-8, 5-9 simulations (Sensitivity test 

- GHB conductance 0.1 m/day) 

Flow 

(m3/day) 

Scenario 5-7 Scenario 5-8 Scenario 5-9 

a d a d a d 

In
fl

o
w

 

Storage  0   4,008   0   8,241   0   6,122  

CHB-u/s  10,810   11,001   10,781   11,042   10,774   11,077  

Side flux  20,000   20,000   20,000   20,000   20,000   20,000  

River leakage  98,780   129,220   97,317   121,234   97,020   121,720  

Recharge  6,119   6,119   6,119   6,119   6,119   6,119  

 GHB-d/s 0  13,569   0      14,803   0  15,309  

Total Total  183,917   134,217   181,438   133,913   180,346  

O
u

tf
lo

w
 

Storage  823  0  1,868  0  1,784  0 

CHB-u/s 0  0   0 0  0     0 

Well 0  85,025  0     85,025  0  85,025  

River leakage  123,898   98,892   120,397   96,414   119,989   95,321  

Recharge   0     0     0   0    0 0    

 GHB-d/s  10,988   0   11,952   0   12,139   0  

Total  135,709   183,917   134,217   181,439   133,913   180,346  

 

4.3.1 Cumulative Impact 

The net loss/gain of the river including additional groundwater throughflow (upstream constant 

head boundary) were also calculated from Table 9, Table 10,  

Table 11, and Table 12 for each of the scenarios. The range in net river and constant head 

boundary impact from a combined pumping rate of 85,025 m3/day (984 L/s) is shown in Table 13, 

Table 14, Table 15, and Table 16. 

It is evident that with decreasing GHB, the level of impact on the river upstream increases.  A key 

item to reach an agreement on is an appropriate GHB conductance term, and this is discussed in 

Section 5. 

 

Table 13.  Net cumulative reduction in river flow. 

Boundary Component Scenario 1d Scenario 2d Scenario 3d 

River (m3/d) 

Increased loss  23,328   17,626   18,313  

Decreased gain -17,903  -17,440  -18,353  

Net  41,231   35,066   36,666  

CHB (m3/d) 

Increased flow  143 186  220 

Decreased flow - - - 

Net  143  186 220 

Total (m3/d) 41,374 35,252 36,886 
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Total (L/s) 479 408 427 

Table 14.  Net cumulative reduction in river flow and constant head boundary (GHB 

conductance= 1 m/day). 

Boundary Component Scenario 5-1 Scenario 5-2 Scenario 5-3 

River (m3/d) 

Increased loss 24,557 18,651 19,340 

Decreased gain -19,078 -18,560 -19,451 

Net 43,635 37,211 38,791 

CHB (m3/d) 

Increased flow 152 199 234 

Decreased flow - - - 

Net 152 199 234 

Total (m3/d) 43,787 37,410 39,025 

Total (L/s) 507 433 452 

 

Table 15.  Net cumulative reduction in river flow and constant head boundary (GHB 

conductance= 0.5 m/day) 

Boundary Component Scenario 5-1 Scenario 5-2 Scenario 5-3 

River (m3/d) 

Increased loss 25,575 19,527 20,205 

Decreased gain -20,062 -19,487 -20,367 

Net 45,637 39,015 40,572 

CHB (m3/d) 

Increased flow 158 209 246 

Decreased flow - - - 

Net 158 209 246 

Total (m3/d) 45,795 39,224 40,818 

Total (L/s) 530 454 472 

 

Table 16.  Net cumulative reduction in river flow and constant head boundary (GHB 

conductance= 0.1 m/day) 

Boundary Component Scenario 5-1 Scenario 5-2 Scenario 5-3 

River (m3/d) 

Increased loss 30,440 23,917 24,701 

Decreased gain -25,006 -23,983 -24,667 

Net 55,445 47,901 49,368 

CHB (m3/d) 

Increased flow 191 261 303 

Decreased flow - - - 

Net 191 261 303 

Total (m3/d) 55,636 48,161 49,671 

Total (L/s) 644 557 575 
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5. Throughflow to lake zone 

In an email from Mike Thompson a throughflow calculation based on Darcy Law for the 

downstream lake boundary was presented.  The calculation is show in the top section of Table 

17. 

Alternative throughflow calculations were conducted based on the model configuration for Layers 

3 and 4 (Q2-Q4 deposit) (layer thickness and hydraulic conductivity) and the measured hydraulic 

gradient in the thalweg of the valley in the lower reaches (last two bores) of the model domain1, as 

shown in Table 17.  . 

A key control on the Darcy throughflow calculations is the hydraulic gradient.  This varies 

depending on the conductance used in the model as shown below: 

• GHB conductance 1.0 m/d - 0.002277 m/m; 

• GHB conductance 0.5 m/d - 0.001587 m/m; 

• GHB conductance 0.1 m/d - 0.000818 m/m; 

The gradient steepens when the conductance value increases.  Varying the conductance is 

likened to opening or closing a tap.  With high conductance the tap is open and vice versa.  With 

the tap closed, water pressures build up on the boundary, which has the effect of flattening the 

gradient (back pressure effect up the catchment) under non-pumping conditions.  However, during 

pumping, the effect of low conductance is to cut-off the supply of water and large high relief areas 

of the model in Layer 4 become dry. 

In practice, there is no boundary at this location that would restrict flow i.e. flow should occur in 

accordance with the aquifers hydraulic conductivity and pressure gradients.  Hence, we are of the 

opinion that the low conductance GHB scenarios are not realistic because the head is too high 

and the gradient is flatter than measured.   

To reduce the throughflow volume on the downgradient boundary, there are two possible 

approaches given this model setup:  

i) reduce the conductance on the GHB (which we don’t think is physically realistic); or  

ii) increase the head elevation of the CHB or GHB (with high conductance). 

 

                                                      

1 The hydraulic gradient was taken from the piezometric contours in Figure B2 of the “Wairarapa Valley 

Groundwater Resource Investigation Framework for Conjunctive Water Management” report (Hughes & 
Gyopari, 2014). 
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Table 17.  Lake zone throughflow calculation. 

Scenario 
Observed 

gradient 

Thickness  

(Layer 3 & Layer4) 

Effective Kh  

(Layer 3 & Layer4) 
Width Flow 

(m) (m/d) (m) (m3/d) 

GWRC estimate 5.0x10-4 20 100 4,000 4,000 

Model 

parameters + 

gradient from 

Figure B2  

1.53510-3 mean 11 mean 194 5,000 16,340 

1.53510-3 geomean 9 geomean 185 5, 000 12,750 

 

6. Calibration Check 

6.1 Calibrated Model version 1 

Initially the modelling focus was on understanding the relative difference and sensitivity of the 

system to different parameter combinations, acknowledging that under the time constraints, the 

model calibration had not been checked.   

When the model was checked it was found that the simulated heads were typically 1-4 m higher 

than measured in general.  It was determined that the datum used for generation of the geological 

model was different to the datum of the river stage and groundwater level observations.  This 

accounted for approximately 0.4-0.5 m of the difference.  The second issue lay in the 

interpretation of the cell average low flow river stage elevation.  This was addressed by deferring 

to the values used in the GWRC model, which were typically 1-2 m lower than the model used in 

the previous sections.  However, even with these changes, the model while demonstrating a 

significant improvement in simulated heads upstream had negligible improvement downstream - 

still over predicting heads in the order of 1-2 m, with a root mean square error (RMSE) of 4.51 m 

across the model domain. 

A number of sensitivity tests were undertaken to improve the RMSE including: 

• Increase K in Layer 3 (Q2-Q4 silt and gravel composite) to increase throughflow out of the 

model and/or potential upward seepage, but was found to be insensitive; 

• Increase K in Layer 1-2 to promote stronger seepage to the river, but i) it was found to only 

have a minor improvement in head lowering; ii) was very insensitive in the lower reaches of 

the model, and iii) seemed contradictory to conceptual model; 

• Increase K in the Waihenga Zone (only), but this had the effect of allowing more water to be 

lost from the river, which increase groundwater pressures in the lower reaches.  

Finally, we resolved that the most likely method of reducing head in the gavel aquifer, while 

maintaining our conceptual model, was to consider increasing K in the 5 m thick Layer 4 (Q4 

gravel). 

To accomplish this, automatic parameter estimation using PEST was undertaken.  Available 

groundwater level data was assigned to the model from 6 bores.  The procedure was trialled 
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using both the zonal and pilot point2 procedure, but only the former gave satisfactory results within 

the timeframe available. 

The procedure sought to optimise the horizontal hydraulic conductivity of the gravel units where 

prevalent in the various model layers (e.g. Layers 1-4 in the Moiki zone, Layer 4 everywhere else) 

using the measured groundwater levels as the objective function. 

The calibrated model (version 1) resulted in an improved RMSE of 0.75 m (from 4.51 m), 

corresponding to a NRMSE of 6% of the 11.9 m range in measured water levels.  The calibrated 

hydraulic properties are shown in Table 18, while Table 19 presents a statistical summary of the 

composite transmissivity values for the model cells within Layers 3-4 (Q2-Q4 gravels). 

6.2 Calibrated Model version 2 

Concerns were raised that the Calibrated Model_v1 was not ideal because the river stage was 

MALF, while the groundwater level targets were median values.  To address this concerns a 

second calibration procedure was undertaken, where the MALF river stage was increased by 0.6 

m to represent median river level.  The model was recalibrated, but this time increased the scope 

of PEST parameter optimisation by reducing the lower Kh bound to 100 m/day (10-3 m/s) and 

increasing the upper Kh bound to 1,000 m/day (10-2 m/s).  The calibrated parameters are shown 

in Table 18.   

The thought process behind allowing the Kh values to be slightly lower in the upstream zones was 

that this would likely result in lower Kh values required in the lower reaches to maintain the 

hydraulic gradient across the model, and as can be seen in Table 18, the optimised Kh values in 

the upper part of the model domain reached the lower bound, while in the downstream part of the 

model they reduced significantly, but not to the same degree as in the upper part.  Table 19 

shows that the Calibrated Model_v2 has significantly lower transmissivity overall. 

The RMSE of the Calibrated Model_v2 improved from 0.75 m to 0.49 m. 

6.3 Calibrated Model version 3 

With subsequent more details appraisals of groundwater observation data in the lake zone 

boundary, it was resolved that the levels originally agreed for the model were likely to be too low 

(2-3 m) and should be changed to 4-5 m.  This change was implemented to the downstream 

constant head boundary and the PEST parameter optimisation procedure was repeated.  The 

new parameters are shown in Table 18.  The RMSE of the Calibrated Model_v3 was 0.65 m. 

 

                                                      

2 After two hour of simulation it was apparent that in the Moiki and Waihenga zones all the cell values were trending 

towards the lower bound, while in the Pukio and Lake zones all the cell values were trending towards the upper bounds. 
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Table 18.  Calibrated Models horizontal hydraulic conductivity values. 

Model 

Layer 
Zone 

Horizontal hydraulic 

cond. 

(m/d) 

Horizontal 

anisotropy 

(-) 

Vertical 

anisotropy 

(-) 

Specific 

storage 

(m-1) 

Specific 

yield 

(-) 
V1 V2 V3 

Layer 1 & 

Layer 2 

Moiki 342 100 214 1 10 1.00E-03 0.1 

Waihenga* 0.01 1 100 1.00E-03 0.02 

Pukio 0.001 1 100 1.00E-04 0.01 

Lake 0.001 1 100 1.00E-04 0.01 

Layer 3 

Moiki 342  100 214 1 10 1.00E-03 0.1 

Rest of the model 

domain 
50 1 10 1.00E-04 0 

Layer 4 

Moiki 342  100 214 1 10 1.00E-03 0 

Waihenga 330  100 100 1 10 1.00E-03 0 

Pukio 800  349 725 1 10 1.00E-04 0 

Lake 581  404 1,000 1 10 1.00E-04 0 

 

Table 19.  Calculated statistics for the Layer 3 and Layer 4 composite aquifer 

transmissivities (m2/day). 

Statistics Calibrated 

Model_v1  

Calibrated 

Model_v2 

Calibrated 

Model_v3 

Min 626 225 225 

Max 5,337 3,131 6,111 

Average 3,154 1,483 2,696 

25% 2,000 708 833 

50% 3,218 1,796 3,684 

75% 4,245 2,081 3,971 
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6.4 Analysis with Calibrated Models 

Calibrated model v2 and v3 were calibrated with a river stage of MALF plus 0.6 m, and the model 

simulations were conducted with a river stage of MALF, with upstream constant head boundary 

lowered from 24.5 m to 22.5 m. 

The same analyses as had been undertaken previously in Section 4 where repeated with the 

Calibrated Model_v1.  Figure 12 shows the calculated stream depletion factors with individual 

and combined zones pumping, while Figure 13 shows the stream depletion factor for each 

transect pumping at 100 L/s for both Calibrated Model_v1 and _v2.  Table 20 compares the 

model flow budget from Scenario 3 to the Calibrated Models for with and without pumping 

simulations, and Table 21 show the calculation of river depletion with all bores pumping for 

Scenario 3 and the Calibrated Models at 150-days. 

The difference in river inflow from Scenario 3 and the Calibrated Model in Table 20 is due to the 

change in river stage (i.e. Scenario 3 has a higher river stage than the Calibrated Model) and the 

change in hydraulic parameters. 

However, an analysis comparing river depletion was undertaken to test the sensitivity of changing 

river stage (only) using the Calibrated Model_v2 and it was found to be very insensitive (i.e. 

virtually undetectable change in stream depletion with river stage change of between MALF and 

median (+0.6 m)). 

 

Figure 12.  River depletion factor under different pumping conditions (Calibrated 

Model_v1). 
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A) Model Calibration_v1 

 

B) Model Calibration_v2 

 

Figure 13.  River depletion factor for each transect simulation (chainage x 1000 m from u/s 

boundary) for A) Model Calibration_v1 and B) Model Calibration_v2. 

 

6.4.1 Noes on Calibration Sensitivity Tests 

• All the calibrated models were calibrated using steady state condition with a pumping 

scenario representing approximately 25% of the maximum consented allocation. 

• Calibrated Model_v1 was calibrated on MALF river stage, however, Mark expressed concern 

that groundwater levels were median values, while the river was lowflow; 
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• The sensitivity of this was tested by recalibrating to median river level (MALF + 0.6 m); 

• Calibrated Model _v2 presented a lower overall transmissivity and improved RMSE value. 

• Results using the Calibrated Model_v2 indicate a reduction in overall river depletion with 

pumping.  

• It was found that the river depletion is controlled by the hydraulic parameters in the model 

instead of the river stage.   

• With lowered Kh in the Moiki and Waihenga zones, river depletion decreases compared to the 

Calibrated Model_v1 scenario.  As a result, when there is pumping, the portion of pumped 

water supplied from the downstream boundary will increase. 

• With higher Kh in the Moiki and Waihenga zone, a commensurate increase in Kh the 

downstream reaches of the model are required to main the measured hydraulic gradient (see 

Error! Reference source not found. to Figure 16). 

 

6.5 Scenario 3_v2 

To test the sensitivity of the downstream head boundary elevation, the model configuration of 

Scenario 3 was modified by changing the downstream constant head from 2-3 m to 4-5 m.  The 

mass balance at 150-days and calculated river depletion factor are shown in Table 20 and Table 

21, respectively. 
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Table 20.  Mass balance at 150 days compared with Scenario 3 results. 

Flow 

(m3/day) 

Scenario 3 Calibrated Model_v1 Calibrated Model_v2 Calibrated Model_v3 Scenario 3_v2 

a d a d a d a d a d 

In
fl

o
w

 

Storage 2 3,798 4 1,943 555 7,634 1,033 4,835 159 3,613 

CHB-u/s 10,807 11,027 14,354 14,582 4,253 4,399 9,115 9,280 15,011 15,279 

Side flux 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000 

River leakage 98,536 116,849 16,306 39,016 7,332 24,335 11,804 25,884 15,451 37,183 

CHB-d/s 0 24,718 0 26,472 0 33,922 2 37,036 2 27,030 

Recharge 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 

Total 135,464 182,512 56,783 108,131 38,259 96,409 48,073 10,3155 56,742 109,223 

O
u

tf
lo

w
 

Storage 0 0 386 0 0 0 16 5 124 3 

CHB-u/s 0 0 0 0 0 0 0 0 0 0 

Well 0 85,025 0 85,025 0 85,025 0 85,025 0 85,025 

River leakage 115,840 97,487 32,339 23,108 19,806 11,384 27,447 18,125 39,344 24,195 

CHB-d/s 19,294 0 24,057 0 18,453 0 20610 0 17,273 0 

Recharge 0 0 0 0 0 0 0 0 0 0 

Total 135,134 182,512 56,782 108,133 38,259 96,409 48,073 103,155 56,742 109,223 

 

Table 21.  River depletion at 150 days. 

Boundary Component Scenario 3 
Calibrated 

Model_v1 

Calibrated 

Model_v2 

Calibrated 

Model_v3 
Scenario 3_v2 

River (m3/d) 

Increased 

loss 
18,313 22,710 17,003 14,080 21,731 

Decreased 

gain 
18,353 9,231 8422 9,322 15,149 

Net 36,666 31,942 25,425 23,402 36,881 

CHB-u/s 

(m3/d) 

Increased 

inflow 
220 228 146 165 268 

Total (m3/d) 36,866 32,169 25,571 23,567 37,149 

Total (L/s) 427 372 296 273 430 

Overall River Depletion 

Percentage 
43% 38% 30% 28% 44% 
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Figure 14.  Simulated piezometric surface Layer 4 for 

Scenario 3.  

 

Figure 15.  Simulated piezometric surface Layer 4 for 

Calibrated Model_v1.  

  

  

Figure 16.  Simulated piezometric surface Layer 4 for 

Calibrated Model_v2.  
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7. Transect and Cumulative Effects Assessment 

Based on the configuration of Calibrated Model_v3 and Scenario 3_v2, pumping transects 6 ,7 

and 8 (Figure 4) were simulated to gain an understanding of the likely demarcation line of the 

60% stream depletion threshold.  The river depletion factor of Calibrated Model_v3 and 

Scenario3_v2 under each pumping condition mentioned above are shown in Figure 17 and 

Figure 18, respectively. 

Given the model structure and parameter configuration, river depletion is largely dependent on the 

permeability in Moiki Zone.  With a higher permeability in the Moiki Zone, the maximum river 

depletion will be greater, and vice versa.  Between Calibrated Model_v3 and Scenario3_v2, the 

maximum river depletion factor increased from 50% to 75% with pumping at transect 6 and 7. 

 

Figure 17.  River depletion factor for Calibrated Model_v3. 

 

Figure 18.  River depletion factor for Scenario3_v2. 

The cumulative impact of pumping for consented pumping bores that are located between 

transect 7 and 13 (total pumping rate of 34,740 m3/day) were simulated to assess the cumulative 

impact on the river under the same two model scenarios (Figure 19).   
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Figure 19 shows the depletion may vary from 12% to 37% of total pumping, which represents 

between 4,170 to 12,850 m3/day or 50 to 150 L/s. 

 

Figure 19.  Cumulative river depletion between Transect 7 and 13 for models: Calibrated 

Model_v3 and Scenario_v2.  
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Topography (mAMSL) [NZ 8m Digital Elevation Model (2012)]  
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Figure 2.  Model layer elevation and thickness of base Q1 and Q2-Q4. 

 

Reference: 

NZ 8m Digital Elevation Model (2012), ISO 19115/19139, Copyright 2011 Crown, Land Information New Zealand and the New Zealand Government. 


