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GWRC & KCDC Well Location Plan
 

6515959 Figure 1

a) GWRC Monitoring Wells Used for Calibration b) KCDC Wells Used for Pumpng Test Analyses and Locations Used for Model Calibration
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Water Level Time Series

6515959/402 Figure 2
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 Results of December 2010 Electrical Conductivity Survey 
 

6515959 Figure 3

Well Sampled for Conductivity

Sea Water



 

  
 
 
 
 
 
 
 
 
 

 

 

 

Modelled Area Showing Cell Distribution and Inactive Areas (in blue)
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Drawdown - Scenario 02 - 27.8 Years

6515959 Figure 9

Layer 3 ‐ Holcene Sand Layer 6 ‐ Parata Aquifer

Layer 9 ‐ Pleistocene Sand Layer 10 ‐Waimea Aquifer



Drawdown - Scenario 04 - 27.8 Years

6515959 Figure 10

Layer 3 Holocene Sand Layer 6 ‐ Parata Aquifer

Layer 9 ‐ Pleistocene Sand Layer 10 ‐Waimea Aquifer
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This map contains data derived in part or wholly from sources other
than Beca, and therefore, no representations or warranties are made
by Beca as to the accuracy or completeness of this information.
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 Change in River Flow and Drawdowns - Scenario 4  - 27.8 Years 

6515959 Figure 12a
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 Change in River Flow and Drawdowns - Scenario 4  - 27.8 Years 

6515959 Figure 12b

Holocene Sand - Layer 3



Effects on Wetlands of National Significance 

6515959 Figure 13
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Effects on Wetlands of District Significance 

6515959 Figure 14
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Effects on Wetlands of Limited Significance 

6515959 Figure 15
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Wetland Aquifer Drawdown  Mitigation - Coastal Injection  - 27.8 Years

6515959 Figure 16
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Wetland Aquifer Drawdown  Mitigation - Central Injection  - 27.8 Years
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Wetland Aquifer Drawdown  Mitigation - Eastern Injection  - 27.8 Years

6515959 Figure 18

Layer 3 ‐ Holocene Sand

With Injection

Layer 3 ‐ Holocene Sand

No Injection

Dr
aw

do
w
n 
(m

)



Saltwater Intrusion Mitigation

6515959 Figure 19
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Saline Intrusion Mitigation - Central Injection  - 27.8 Years
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Saline Intrusion Mitigation - Coastal Injection  - 27.8 Years
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Saline Intrusion Mitigation - Central Injection  - 27.8 Years
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Saline Intrusion Mitigation - Eastern Injection  - 27.8 Years
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Saline Intrusion Proposed Monitoring Locations 

6515959 Figure 23
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Geological Cross Sections 
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Kapiti Coast Water Supply

Cross Section A

Figure A-26515959

Section A - A' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section B

Figure A-36515959

Section B - B' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section C

Figure A-46515959

Section C - C' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section D

Figure A-56515959

Section D - D' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section E

Figure A-66515959

Section E - E' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section F

Figure A-76515959

Section F - F' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section G

Figure A-86515959

Section G - G' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section H

Figure A-96515959

Section H - H' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section I

Figure A-106515959

Section I - I' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section J

Figure A-116515959

Section J - J' 
Vertical Exaggeration : 5
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Kapiti Coast Water Supply

Cross Section K

Figure A-126515959

Section K - K' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section L

Figure A-136515959

Section L - L' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section M

Figure A-146515959

Section M - M' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section N

Figure A-156515959

Section N - N' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section O

Figure A-166515959

Section O - O' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section P

Figure A-176515959

Section P - P' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section Q

Figure A-186515959

Section Q - Q' 
Vertical Exaggeration : 10
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Kapiti Coast Water Supply

Cross Section New KCDC Wells

Figure A-196515959

Section New KCDC Wells 
Vertical Exaggeration : 10

Cr
os

sS
ec

tio
n 

D

Cr
os

sS
ec

tio
n 

 B

Cr
os

sS
ec

tio
n 

O

Cr
os

sS
ec

tio
n 

 O

Cr
os

sS
ec

tio
n 

F

N S

Cr
os

sS
ec

tio
n 

C

Cr
os

sS
ec

tio
n 

G





 

 

Appendix B 

Pumping Test Data 





Well Hydrogeology and Construction Details B1

Depth Depth Depth Depth Depth 

Unit
Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Holocene Peat/Alluvium/fill - - - - - - - - - 7.67 4.31 0 - - -
Holocene Sand 11.97 6.7 0 12.01 17.59 0 6.48 2.12 0 3.36 2.86 4.31 4.72 10 0
Pleistocene Sand (upper) 5.27 17.6 6.7 -5.58 6.47 17.59 4.36 2.14 2.12 0.5 13.38 7.17 -5.28 10.45 10
Pleistocene Silt - 0 - - 0 - - 0 - - 0 - - 0 -
Parata -12.3 24.8 24.3 -12.1 24.9 24.06 2.22 40.83 4.26 -12.9 39.27 20.55 -15.7 26.05 20.45
Pleistocene Silt -37.1 15.4 49.1 -37 22.06 48.96 -38.61 19.69 45.09 -52.2 15.28 59.82 -41.8 8.7 46.5
Pleistocene Sand (lower) -52.5 9.67 64.5 -59 15.77 71.02 -58.3 2.86 64.78 -67.4 21.45 75.1 -50.5 7.1 55.2
Pleistocene Silt -62.2 74.17 - 0 - - 0 - - 0 - - 0 -
Waimea -74.8 28.27 86.79 -61.16 24.58 67.64 -88.9 14.79 96.55 -57.6 4 62.3
Bottom (projected) of Waimea -103 115.06 -104 -61.6 66.3
Deep Silt
Lower Aquifer
Greywacke -85.74 92.22

Well Screen (Pumping Well)
Top -55.7 67.7 -58.77 65.25 -69.6 77.26 -59.5 64.25
Length 5 8.55 21 2.03
Bottom -60.7 72.7 -67.32 73.8 -90.6 98.26 -61.6 66.28

Well Screen (Shallow Obs)
Top 2.01 10 -4.64 8
Length 2 4
Bottom 0.01 12 -8.64 12

Well Screen (Deep obs)
Top -66 78
Length 4
Bottom -70 82

Well Coordinates
Easting
Northing

Well K4 K4 obs Kb4 K5
Elevation Elevation Elevation Elevation Elevation 

K6

5474628 5473591 5473591 5475127 5475373
1772811 1772137 1772137 1772982 1773142



Well Hydrogeology and Construction Details B2

Depth Depth Depth Depth Depth 

Unit
Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Holocene Peat/Alluvium/fill - - - 3.74 1 0 2.56 0.9 0 13.15 0.2 0 8.84 0.5 0
Holocene Sand 7.78 18.81 0 2.74 2.5 1 2.56 - - 12.95 11.8 0.2 8.34 9.5 0.5
Pleistocene Sand (upper) -11 0.56 18.81 0.24 14.6 3.5 7.48 24.9 0.9 1.15 5 12 -1.16 4.9 10
Pleistocene Silt - 0 - - 0 - - - - - 0 - - 0 -
Parata -11.6 32.47 19.37 -14.4 24.8 18.1 -2.29 24.2 25.8 -3.85 28.28 17 -6.06 14.55 14.9
Pleistocene Silt -44.1 19.02 51.84 -39.2 18.4 42.9 -9.26 19.8 50 -32.1 10.72 45.28 -20.6 15.55 29.45
Pleistocene Sand (lower) -63.1 9.47 70.86 -57.6 36.9 61.3 -15.74 7.2 69.8 -42.9 15 56 -36.2 11 45
Pleistocene Silt - 0 - - 0 - - - - 0 - -47.2 2 56
Waimea -72.6 22.45 80.33 -94.5 24.8 98.2 46 77 -64 7 71 -64 13 58
Bottom (projected) of Waimea -95 102.78 -119 123 123 -77 78 -77
Deep Silt
Lower Aquifer
Greywacke

Well Screen (Pumping Well)
Top -65 72.8 -71.4 75.1 -71.04 73.6 -45.3 53.6
Length 9 24 4 5
Bottom -74 81.8 -95.4 99.1 -75.04 77.6 -50.3 58.6

Well Screen (Shallow Obs)
Top -49.2 57 -7.26 10 -7.44 10 -1.85 14.8
Length 1.5 2 2 9
Bottom -50.7 58.5 -9.26 12 -9.44 12 -10.9 23.8

Well Screen (Deep obs)
Top -62.2 70 -77.3 80 -67.44 70 -42.1 55
Length 3 5 4 9
Bottom -65.2 73 -82.3 85 -71.44 74 -51.1 64

Well Coordinates
Easting
Northing

Well
Elevation Elevation Elevation Elevation Elevation 

Kb7 K10 K13 N1 N2 PW

1773584 1771429 1770966 1774635 1774723
5475489 5473876 5474329 5475457 5476384



Well Hydrogeology and Construction Details B3

Depth Depth Depth Depth Depth 

Unit
Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Holocene Peat/Alluvium/fill 7.07 3.85 0 8 3 0 10.14 3 0 7.64 3 0 - - -
Holocene Sand 3.22 6.15 3.85 5 7 3 - - - 4.64 3.85 3 15.5 6 0
Pleistocene Sand (upper) -2.93 4.9 10 -2 5 10 7.14 15.25 3 0.79 3.85 6.85 9.5 5.4 6
Pleistocene Silt - 0 - - 0 -8.11 9.15 18.25 - 0 - - - -
Parata -7.83 14.95 14.9 -7 15 15 -17.26 22.6 27.4 -3.06 9.4 10.7 4.1 8.6 11.4
Pleistocene Silt -22.8 21.45 29.85 -22 21 30 -39.86 11.8 50 -12.5 15.9 20.1 -4.5 1.4 20
Pleistocene Sand (lower) -44.2 8.65 51.3 -43 9 51 -51.66 10.1 61.8 -28.4 30.35 36 -5.9 31.45 21.4
Pleistocene Silt - 0 - - 0 - 0 - - 0 - -
Waimea -52.9 24.12 59.95 -52 16 60 -61.76 18.7 71.9 -58.7 6.45 66.35 -37.4 24.35 52.85
Bottom (projected) of Waimea -77 -77 76 -80.46 90.6 - - - - -
Deep Silt -65.2 10.65 72.8 - -
Lower Aquifer -75.8 6.55 83.45 - -
Greywacke -82.4 90 -61.7 77.2

Well Screen (Pumping Well)
Top
Length
Bottom

Well Screen (Shallow Obs)
Top -19.4 26.5 -24 32 -51.46 61.6 -12.4 17 -17 32.5
Length 3 1 8.8 3 6.3
Bottom -22.4 29.5 -25 33 -60.26 70.4 -15.4 20 -23.3 38.8

Well Screen (Deep obs)
Top -44.4 51.5 -63.06 73.2 -52.8 57.4 -46.4 61.9
Length 8 6.3 9 4.2
Bottom -52.4 59.5 -69.36 79.5 -61.8 66.4 -50.8 66.3

Well coordinates
Easting 
Northing

(Depths & elevation estimated based 
on N2 obs, rounded to nearest m)

Elevation Elevation Elevation Elevation Elevation 
Well N2 Obs Brown domestic N3 S1 S2

5476372 5475837 5476737 5471839 5472157
1774741 1775482 1775124 1771150 1771550



Well Hydrogeology and Construction Details B4

Depth Depth Depth Depth Depth 

Unit
Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Top 
(mRL)

Thickness 
(m)

Top 
(mBGL)

Holocene Peat/Alluvium/fill 5.13 5.04 0 - - - 5.05 0.2 0 - - - - - -
Holocene Sand 0.09 2.47 - - - 4.85 2.82 0.2 - - - 4.68 5.0 0
Pleistocene Sand (upper) -2.38 22.24 7.51 3.41 26.01 0 2.03 24.72 3.02 4.91 2 0 -0.32 24.5 5
Pleistocene Silt - 0 - - 0 - - 0 - - 0 - - 0.0 -
Parata -24.6 16.78 29.75 -22.6 22.27 26.01 -22.69 12.1 27.74 2.91 13.06 2 -24.8 25.5 29.5
Pleistocene Silt -41.4 16.06 46.53 -44.9 10.9 48.28 -34.79 21.27 39.84 -10.2 19.82 15.06 -50.3 4.0 55
Pleistocene Sand (lower) -57.5 4.41 62.59 -55.8 20.93 59.18 -56.06 49.3 61.11 -30 15.16 34.88 -54.3 23.0 59
Pleistocene Silt -61.9 10 67 - 0 - - 0 - - 0 - - 0.0 -
Waimea -71.9 45.52 77 -76.7 45.3 80.11 -105.4 17.64 110.41 -45.1 41.85 50.04 -77.3 9.0 82
Bottom (projected) of Waimea -117 122.52 -122 125.41 -123 128.05 -87 91.89 -86.3 91
Deep Silt
Lower Aquifer
Greywacke

Well Screen (Pumping Well)
Top -27.3 32
Length 6
Bottom -33.3 38

Well Screen (Shallow Obs)
Top -105 110.5 -76.6 80 -74.95 80
Length 12 38 22
Bottom -117 122.5 -115 118 -96.95 102

Well Screen (Deep obs)
Top
Length
Bottom

Well coordinates
Easting 
Northing

Well

1772004 1772082 1772473 1772224

Elevation Elevation Elevation Elevation 
Sentinel 1 Sentinel 2 Sentinel 3

5475388 5475385 5475869 5472454 5474243
1770573

Elevation 
TW1 TW2
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Pumping Test Analyses 





Observation well: N2 shallow Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: N2 Shallow Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: N2 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: N2 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: N2 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: N1 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: N1 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: N1 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: N3 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: N3 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: N3 Deep Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: 25 Kensington Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: 25 Kensington Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: 25 Kensington Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: Brown Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: N1 Shallow Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
 Pumping rate: 32.2 l/s

 

 

 

Observation well: N3 Shallow Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

 

Observation well: N3 Shallow Test period: 23/04/2012  9:00:00 to 30/04/2012  13:15:00 
Pumping rate: 32.2 l/s

N2 Pumping Test 
AQTESOLV Analysis
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Observation well: K4 Test period: 6/05/2010  10:00:00 to 18/05/2010  9:00:00
 Pumping rate: 70 l/s

 

 

 

Observation well: K4 Test period: 6/05/2010  10:00:00 to 18/05/2010  9:00:00
Pumping rate: 70 l/s

 

Observation well: K5 Test period: 6/05/2010  10:00:00 to 18/05/2010  9:00:00
Pumping rate: 70 l/s

K4 Pumping Test 
AQTESOLV Analysis
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Observation well: K10 Test period: 6/05/2010  10:00:00 to 18/05/2010  9:00:00
 Pumping rate: 70 l/s

 

 

 

K4 Pumping Test 
AQTESOLV Analysis
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Observation well: K5 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

 

 

Observation well: K5 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

Observation well: Sentinel 3 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

K5 Pumping Test 
AQTESOLV Analysis
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Observation well: Sentinel 3 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

 

 

Observation well: Sentinel 1 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

Observation well: Sentinel 1 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

K5 Pumping Test 
AQTESOLV Analysis
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Observation well: Sentinel 3 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

 

 

Observation well: Sentinel 1 Test period: 25/01/2012  11:52:00 to 1/02/2012  10:19:00
 Pumping rate: 34.9 l/s

 

K5 Pumping Test 
AQTESOLV Analysis
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Observation well: K6 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s

 

 

 

Observation well: K6 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s

 

Observation well: K6 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s

K6 Pumping Test 
AQTESOLV Analysis
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Observation well: K5 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s
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 Pumping rate: 57.8 l/s

 

Observation well: K5 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s
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Observation well: K10 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s

 

 

 

Observation well: K10 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s

 

Observation well: K10 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s
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Observation well: Sentinel 3 Test period: 31/03/2010  8:44:00 to 9/04/2010  9:58:49
 Pumping rate: 57.8 l/s
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Observation well: K10 Test period: 10/01/2012  10:32:00 to 16/01/2012  16:15:00
 Pumping rate: 15 l/s
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Observation well: K5 Test period: 16/04/2010  13:22:00 to 28/04/2010  14:00:00
 Pumping rate: 35 l/s

 

 

 

Observation well: K5 Test period: 16/04/2010  13:22:00 to 28/04/2010  14:00:00
 Pumping rate: 35 l/s

 

Observation well: K5 Test period: 16/04/2010  13:22:00 to 28/04/2010  14:00:00
 Pumping rate: 35 l/s

Kb4 Pumping Test 
AQTESOLV Analysis

6515959/402 Appendix C

KCDC

10. 100. 1000. 1.0E+4 1.0E+5

0.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.

Time (min)

D
ra

w
do

w
n 

(m
)

Obs. Wells
K5

Aquifer Model
Confined

Solution
Cooper-Jacob

Parameters
T = 1217.9 m2/day
S = 0.0002288

KCDC

10. 100. 1000. 1.0E+4 1.0E+5

0.01

0.1

1.

Time (min)

D
ra

w
do

w
n 

(m
)

Obs. Wells
K5

Aquifer Model
Confined

Solution
Theis

Parameters
T  = 993. m2/day
S  = 0.0003882
Kz/Kr = 0.1
b  = 28. m

KCDC

1. 10. 100. 1000.
0.

0.2

0.4

0.6

0.8

1.

Time, t/t'

R
es

id
ua

l D
ra

w
do

w
n 

(m
)

Obs. Wells
K5

Aquifer Model
Confined

Solution
Theis (Recovery)

Parameters
T  = 1345.5 m2/day
S/S' = 0.5472



Observation well: K6 Test period: 16/04/2010  13:22:00 to 28/04/2010  14:00:00
 Pumping rate: 35 l/s
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Observation well: Kb4 Test period: 16/04/2010  13:22:00 to 28/04/2010  14:00:00
 Pumping rate: 35 l/s
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Observation well:S1 Shallow Test date: 18/05/2011       Pumping duration: 6 hours
 Pumping rate: 1.04 to 1.4 l/s
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Observation well:S1 Deep Test date: 22/09/2011       Pumping duration: 9 hours
 Pumping rate: 1.1 to 1.8 l/s
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Observation well:S2 (27.5-31.5)m Test date:28/01/2012       Pumping duration: 8 hours
 Pumping rate: 1.8 to 1.9 l/s
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Observation well:S2 (33.0 to 39.0)m Test date:09/02/2012       Pumping duration: 8 hours
 Pumping rate: 2.9 l/s
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Observation well:N3 (60.0 to 69.0)m Test date:18/11/2011       Pumping duration: 7 hours
 Pumping rate: 3.7 l/s
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Observation well:N3 (73.2 to 79.5)m Test date:13/12/2011       Pumping duration: 6 hours
 Pumping rate: 2.8 l/s
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Observation well:N2 (50.8 to 53.8)m Test date:06/07/2011       Pumping duration: 4 hours
 Pumping rate: 4 l/s
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Observation well:N2 (67.3 to 70.3m) Test date:26/07/2011       Pumping duration: 5 hours
 Pumping rate: 2.0 l/s
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Set-Up of Groundwater Model 
Numerical Code 

Three-dimensional groundwater modelling was undertaken using the computer software Visual 
MODFLOW Pro 2010 (Schlumberger).  Visual MODFLOW is a user interface for the 3D finite difference 
model Modflow 2000 and Modpath developed by the United States Geological Survey (Harbaugh et al, 
2000). 

MODFLOW is a three-dimensional finite-difference groundwater model originally developed in 1984; 
and is currently the world wide “standard” for numerical groundwater modelling.  It is the most widely 
used model in the world for this type of 3-dimensional problem (also used by GWRC) and is able to 
address the scale and complexity of the aquifer system at the Kapiti Coast.  

The groundwater flow equation is solved using the finite-difference approximation.  The flow region is 
subdivided into blocks in which the material properties are assumed to be uniform.  In plan-view the 
blocks are made from a grid of mutually perpendicular lines that may be variably spaced, and the water 
level in each block is calculated. 

For the purposes of this project, the Preconditioned Conjugate-Gradient Package (PCG2) was used, 
whereby convergence of the solver is determined using both head change and residual criteria.  The 
PCG2 package is described in detail in Hill (1990). 

Numerical Model Set-Up 

Surface 

The surface layer of the model has been imported from recent LIDAR data at 10 m resolution 
commissioned by KCDC.  In areas where no LIDAR data is available the surface has been contoured 
from existing topographical data.  

Model Grid 

The model domain covers an area of 15.5 km x 11.5 km (178 km2), and the grid is aligned to the 
coastline in order to allow the general groundwater flow direction to be from right to left in the model.  
The model extends into the Tararua foothills to the East.  The northern boundary is located just north of 
Peka Peka Road and the southern boundary is located at Raumati South.   

The model extends from approximately 300 m above sea level to 130 m below sea level, and comprises 
12 layers, each 147 rows by 373 columns. A cell size of 40 m by 40 m was used in the areas around 
immediately surrounding the production wells coarsening outwards (200 m x 200 m at the edge of the 
model) resulting in cell sizes ranging between 1,600 m2 and 40,000 m2.  

Model Boundaries 

There are a number of surface water bodies (streams, wetlands and the sea) which dissect the model 
area.  Because of the regional nature of the model and coarse cell size, only the main surface water 
bodies have been considered.  

The Waikanae River and Waimeha Stream have been modelled using the River Package function that 
simulates surface water / groundwater interaction via a seepage layer which separates the surface 
water body from the groundwater body.  Depending on the hydraulic gradient between the two systems, 
the rivers can act as recharge or discharge zones.  



 

 

The Mazengarb Drain is modelled using the Drain Package Function. 

The coastal boundary has been modelled using the Constant Head function on the surficial layers 
cropping out into marine waters within 1.5 km of the coast. This boundary simulates sea level at 0 m 
head.  This boundary condition is discussed further below in Saline Intrusion.  

No flow boundaries have been assigned north of Peka Peka Road and south of Raumati South.  The 
eastern boundary has been assigned as a no flow boundary where the greywacke is outcropping at the 
foothills of the Tararua Ranges. 

Surface water – groundwater interactions 

A number of surface water bodies located in the model area interact with the groundwater system.  The 
Waikanae River is the largest contributor but also the spring fed Waimeha Stream and Mazengarb drain 
interacts with the underlying sand and gravel layers.  

The Waikanae River loses a considerable portion of the flow to groundwater in the reach from State 
Highway 1 road bridge to Jim Cooke Memorial Park (JCMP), whereas the river gains from groundwater 
from JCMP to the mouth of the river19.  

Table D1 – River and Drain Conductances       

Surface Water Unit Initial Conductance (m/day) Final Conductance (m/day) 

Waikanae River 5,000 40,000 

Waimeha Stream 50,000 50,000 

Ngarara Stream 50,000 50,000 

Mazengarb Drain 1,000 1,500 

Local Agricultural Drains 50,000 50,000 

The river bed conductance values for the streams and rivers in the modelled area derived by Jones and 
Gyopari (2005) were initially applied to this model. They were then adjusted to replicate the river losses 
to the groundwater system above Jim Cooke Memorial Park and gains below. 

Hydrogeological Units 

The 3-dimensional distribution of hydrogeological units was set up using existing well data records 
(GWRC), investigations carried out as part of this project, site-specific investigations undertaken as part 
of the M2PP project, the computer programme Hydro GeoAnalyst (HGA) and the URS (2005) ground 
model. Model layers created in HGA were exported into text files, gridded in Surfer 9.0 and then 
imported into Visual Modflow as layer elevations. 

Initially, the hydrogeological parameters were assigned based on the results of pumping testing and 
previous groundwater models for this area.  The hydraulic boundaries from Jones and Gyopari (2005)20 
have been applied to the surface water bodies and the shallow unconfined aquifer in this project.  The 
parameters were then altered as calibration (see following section) was undertaken. 

                                                      

20The objectives of the report by Jones and Gyopari, 2005: Investigating the Sustainable Use of Shallow 

Groundwater on the Kapiti Coast included a characterisation and conceptualisation of the shallow hydrogeological 

environment, an assessment of the hydraulic properties of shallow geological units and an evaluation of the water 

balance for the shallow groundwater system including flows between surface water and groundwater.  



 

 

Table D2 - Adopted Hydrogeological Properties 

Hydrogeological Unit Horizon Hydrogeological Parameters 

 

Layer    Hydraulic 
Role 

Kh 

(m/day) 

Kv/Kh  

 

Ss 

 

Sy 

 

Holocene Peat 1-2 Aquitard 3.63 0.02 0.05 0.50 

Waikanae River 
Gravel/Alluvium 

1-5 Unconfined 
Aquifer 

260 – 
1296  

0 - 0.01 0.03 0.30 

Holocene Sand 1-3 Unconfined 
Aquifer 

65 0 0.005 0.15 

Pleistocene Sands 4 Unconfined 
Aquifer 

22.5 0.36 0.0025 0.10 

Pleistocene Silts 5,7,11 Leaky Aquitard 0.017 0.1 3.66e-5 0.05 

Parata Terrestrial Gravel 6,8 Aquifer 0.17 0.1 2.46e-5 0.25 

Pleistocene Sands deep 9,12 Aquifer 26 0.06 3.15e-6 NA 

Waimea Terrestrial Gravel 10 Aquifer 0.60 0.12 5e-6 NA 

Greywacke Bedrock - No-flow 
boundary 

0 0 0 0 

Groundwater Recharge 

Rainfall as measured at the Paraparaumu airport over the period 2003-2011 averages 1311 mm/year.  
The proportion of that rainfall that recharges to the groundwater varies with land use (urban vs non-
urban) and soil type (peat vs sand vs gravel) and this has been considered through the establishment of 
different recharge zones as outlined in Table D3.  

Table D3 - Recharge Factors 

Soil and Land 
Use type 

Soil Recharge Factor Land Use Recharge Factor Total Recharge Factor 

Urban sand 0.4 0.15 0.06 

Non-urban sand 0.4 1.0 0.40 

Urban peat 0.35 0.15 0.05 

Non-urban peat 0.35 1.0 0.35 

Urban Parata 0.5 0.15 0.08 

Non-urban Parata 0.5 1.0 0.50 

Where a factor of 1.0 indicates that 100 % of rainfall is available for recharge e.g. 40 % of all rainfall that falls on sand is available 
for recharge however in the urban area, up to 85 % of that rainfall will be captured by drainage and stormwater so only 6 % of total 
rainfall is actually available for recharge 

The calculated recharge factors have been applied to the rainfall series on a fortnightly basis.   

Saline intrusion 

Modelling the potential for the intrusion of saline water was approached by using Modflow to calculate 
heads and using these heads to indicate the potential for intrusion to occur. Because of the density 
difference between fresh water (density of ~1.00 kg/L) and sea water (density ~1.025 kg/L), fresh water 
within an aquifer tends to “float” on top of any sea water intruding the aquifer. Based on the 
conservative Ghyben-Herzberg assumption, the head above mean sea level (amsl) indicates the depth 
(~40 x the head above 0 amsl) where fresh water within an aquifer “seals” out sea water from intruding 
the aquifer at that point. Where the bottom of the aquifer is shallower than this depth saline intrusion is 
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Transient Model 

The objective of the transient calibration was to develop a model that can simulate the groundwater 
system under seasonal changes in the boundaries and replicates constant-rate pumping tests.  This 
was achieved by applying a recharge time series (8 years of data from March 2004 to March 2012) and 
matching the associated water level records to modelled water level heads.  The next step was to 
calibrate to results of the N2 and Kb4 the pumping test. These tests were selected to allow calibration in 
the northern (N2 test) and central (Kb4 test) of the modelled area. (No long-term, constant-rate tests 
have been conducted using production wells in the southern portion of the modelled area.) The 
calibration plots from the time series are provided in Figure D2-a through D2-E with the pumping tests 
shown in Figure D3.   

The transient calibration has involved assigning hydraulic conductivities and storage properties to the 12 
model layers and adjusting these parameters in an iterative process to obtain a match to groundwater 
water levels. 

Simulated Water Balance 

Under steady state conditions calculated inflows to the model are 310,000 m3/day21, with inflows 
resulting from rainfall recharge and river leakage.  This water budget assumes no inflow from the 
eastern greywacke boundary or the bottom greywacke boundary as these boundaries were modelled as 
“no-flow.” This assumption is therefore conservative as in reality there are fractures that will be 
contributing some unknown amount of water to the groundwater flow system (but not the model). 

Modelling Scenarios 

Once a suitable calibrated groundwater model had been achieved, four 36-year model scenarios were 
tested: 

 Scenario 1: A constant population equal to that at 2049, under an assumption of moderate growth. 
Under this scenario the maximum combined pumping rate22, averaged over the peak week was 
23,500 m3/day from a total of up to eight wells, all of which are existing or under construction 

 Scenario 2: A constant population equal to that at 2049, under an assumption of high population 
growth. Under this scenario the maximum combined pumping rate, averaged over the peak week 
was 28,000 m3/day from a total of up to ten wells, eight of which are existing or under construction 
with two additional wells planned for future construction 

 Scenario 3: A constant population equal to that at 2060, under an assumption of moderate population 
growth. Under this scenario the maximum combined pumping rate, averaged over the peak week 
was 24,000 m3/day from a total of up to eight wells, all of which are existing or under construction; 
and 

 Scenario 4: A constant population equal to that at 2060, under an assumption of high population 
growth. Under this scenario the maximum combined pumping rate, averaged over the peak week 
was 29,700 m3/day from a total of up to eleven wells, eight of which are existing or under 
construction with three additional wells planned for future construction.  

Wells used in each simulation were selected following a hierarchy based on three main factors: 

 Water quality and compatibility with river water (primarily an issue of phosphorous concentration) 

                                                      

21 The model calculates to 8 significant figures. We present the results to two to better indicate model accuracy. 

22 Total daily pumping rates are rounded to the nearest hundred m3/day. 



 

 

 Proximity to other wells (to limit interference and spread drawdown and avoid concentration of 
drawdown where sea water intrusion might occur); and  

 Overall pumping and delivery costs (to avoid wasteful energy use and unnecessary costs to KCDC).  

In each scenario the well at hierarchy level 1 was pumped (simulated in the model) first at its anticipated 
long-term sustainable pumping rate. When more water was needed than could be supplied by this one 
well, the well with hierarchy level 2 was then pumped alongside with the first well as long as needed. In 
total up to 11 wells are anticipated to fulfil the minimum river flow with hierarchy level 1 (KCDC Kb4) 
used regularly and hierarchy level 1 (K13) used only occasionally. The planned well-use hierarchy, peak 
weekly pumping rates for each well during for scenario are included in Table D4. 

Table D4 – Well Hierarchy and Pumping Rates in Four Modelled Scenarios 

Scenario  
 

Max Weekly Q  
(l/s)/ 

(m3/day) 

Kb4 
1 
 

N2 
2 
 

K4 
3 
 

K6 
4 
 

Kb7 
5 
 

K10 
6 
 

K12 
7 
 

K5 
8 
 

N3 
9 
 

S1 
10 
 

S2 
11 

Peak Pumping Rate (l/s) 

1: 2049 Population -      
Mod Growth                

272/ 23,500 45 25 80 58 10 17 8 29 0 0 0 

2: 2049 Population -      
High Growth                

324/ 28,000 45 25 80 58 10 17 8 46 25 10 0 

3: 2060 Population -      
Mod Growth              

278/ 24,000 45 25 80 58 10 17 8 35 0 0 0 

4: 2060 Population -      
High Growth               

344/ 29,700 45 25 80 58 10 17 8 46 25 25 5 

The amounts and timing for the simulated pumping of each well was derived from an analysis of river 
flows. This analysis used 36 years of historical river flow data 1975 - 2011 to define possible river flow 
during a simulation from Year 0 through Year 35 scenarios. This 36-year period of river flow includes 
periods of both high water and drought. All four scenarios used this 36-year period data as if it were to 
be repeated starting at Year 0 (planned for 2014). These historical flows allow for a representative 
simulation indicating when and by how much, river flows would needed to be augmented with pumped 
water from the KCDC wells.  

Mitigation Scenarios 

Three scenarios were modelled to explore the potential for injection of groundwater to mitigate reduced 
water levels (drawdowns) caused by pumping of the KCDC wells. The scenarios were not modelled to 
develop a mitigation procedure that optimises injection rates, timing and locations. Rather, the scenarios 
were modelled to indicate whether injection has the potential to mitigate deleterious environmental 
effects. If modelled drawdown is reduced through one or more of the injection scenarios, then it 
indicates that injection should be considered as an option if monitoring indicates that adaptive 
management is needed. At that point (or before) a number of injection scenarios could be modelled to 
develop an optimised mitigation strategy. 

The potential mitigation scenarios were modelled based on the planning assumption that river water 
would be available during the wetter months of winter and early spring for injection at the rate of 10,000 
m3/day (about 115 L/s). All three mitigation scenarios modelled a four year period beginning with year 
27 that included the 50-year drought with its associated highest demand (pumping withdrawal rates) of 
Scenario 4. In these mitigation scenarios, water was injected during the winter/early spring for 150 days 
starting with the first week of July of each year. A total injection rate of 10,000 m3/day was distributed to 
a different set of injection wells in each of the mitigation scenarios to assess the feasibility of injection to 
reduce drawdowns in the Holocene Sand Aquifer and the Lower Pleistocene Sand and Waimea 
aquifers. Any reduction of drawdown resulting from the mitigation scenarios in these aquifers would 
result in a reduction of:  



 

 

 Potential for saline water intrusion,  

 Drawdown effects in the aquifers underlying the wetlands,  

 Drawdown effects on existing wells, and 

 Reductions in flow in the Waikanae River and various streams in the area. 

The three sets of injection wells and the injection rates used are shown in Table D5. 

Table D5 – Mitigation Scenario Wells and Injection Rates 

Mitigation 
Injection 
Scenario 

Injection Well  
/rate 
 [m3/day- L/s] 

Injection Well  
/rate 
 [m3/day- L/s] 

Injection Well  
/rate 
 [m3/day- L/s] 

I Injection 
Well  /rate 
 [m3/day- L/s] 

Injection Well  
/rate 
 [m3/day- L/s] 

Coastal 
C1 C2 C3 

 
3,335 - 38.6 3,335 - 38.6 3,335 - 38.6 

Central 
K4 K6 K10 

4,000 - 46.3 4,000 - 46.3  2,000 - 23.1 

Eastern 
N3 N2 Kb4 S1 S2 

1,771 - 20.5 2,160 - 25.0 3,193 - 37.0 2,160 - 25.0 1,418 - 16.4 

Results of Numerical Modelling 
Drawdown Interference 

Contour maps of simulated drawdowns in the shallow aquifer (Holocene sand), Parata, lower 
Pleistocene sand and Waimea aquifers for Scenarios 2 and 4 (as described above) for the worst-case 
simulated drawdowns are given in Figures D4 to D11. 

The predicted drawdown indicates that the interference effects between the KCDC production wells will 
be about 15+ m in the Upper Pleistocene and Waimea aquifers under Scenario 4 and 10 to 15 m under 
Scenario 2. Drawdowns under the lower pumping rates of Scenarios 1 and 3 are less. Drawdowns in 
the Parata Aquifer under Scenario 4 are predicted to be about 5+ m.  Modelling suggests that during the 
50-year drought at Year 27.8 of Scenario 4 abstraction would have a drawdown effect on privately 
owned wells screened in the shallow unconfined aquifer of less than 0.5 m.  

Effects on Wetlands and Surface Water Bodies 

The drawdown contour maps also indicate the potential effects on wetlands and surface water bodies. 
Figure D8, the drawdown contour map for Scenario 4 (the highest and longest pumping period) after the 
longest and most severe drought illustrate the worst-case conditions of water level changes caused by 
the pumping of KCDC wells on the shallowest aquifers and therefor wetlands and surface water bodies. 
The figure shows the effects to shallow groundwater as indicated by the drawdowns in the Holocene 
Sand Aquifer beneath key identified wetlands could be as much as 170 mm. The changes are less than 
the normal variations in water levels of 1 to 2 m observed in wells completed in the shallow aquifers as 
shown in Figure 2 of the main body of the report. 



 

 

Marine Water (Saline) Intrusion 

Contour maps of simulated drawdowns in the shallow aquifer (Holocene sand), Parata, lower 
Pleistocene sand and Waimea aquifers for Scenarios 1 through 4 (as described above) are given in 
Figures D4 to D11. The predicted water level drawdown contours indicate that saline water intrusion 
caused by pumping the KCDC production wells may move inland as indicated by drawdowns of 4+ m 
under Scenario 2 and 5+ m under Scenario 4.  Modelling suggests that during the 50-year drought 
period of Scenario 4, abstraction would have had a drawdown effect on privately owned wells screened 
in the shallow unconfined aquifer of less than 0.5 m. 

Water Budget 

The total volume of groundwater entering and leaving the modelled aquifer system under natural steady 
state conditions (i.e. no pumping) based on 2003 to 2012 rainfall is predicted to be in the order of 
310,000 m3/day, as shown in Table D6.  Supporting figures D12 and D13 present the assigned zone 
budgets and output tables. 

Table D6 - Modelled Steady State Water Budget 

 Steady-State 

INFLOWS [m3/day] 

Recharge 70,300 

River Leakage 152,000 

Storage 0 

TOTAL 222,300 

OUTFLOWS [m3/day] 

Domestic Abstraction/ET 6,400 

River leakage 169,300 

Flow Offshore 41,900 

Drains 8,000 

Storage 0 

TOTAL 225,600 

INFLOWS – OUTFLOWS  

(% discrepancy) 

-3300 

(-0.01%) 

Waikanae River gauging indicates a flow loss of approximately 300 L/s to the underlying aquifer 
between State Highway 1 and Jim Cooke Memorial Park and a 300 L/s gain to the river down gradient 
(Jones and Gyopari, 2005).  River discharge rates are presented below in Table D7. 

   Table D7 - Modelled flow in Rivers 

 Steady-State Scenario 2 Scenario 4 

Waikanae River  

(SH1 – James Cook) 

-240 -178 -176 

Waikanae River  

(below James Cook) 

360 205 224 



 

 

 

Potential Mitigation Options 

Drawdown maps of the Holocene Sand Aquifer for year 27.8 with mitigation injection are shown for the 
coastal injection mitigation option (Figures D-14), the central injection mitigation option (Figures D-15) 
and the eastern injection option (D-16). The drawdown maps show that injection has the potential to 
mitigate drawdown effects in the Holocene Sand Aquifer underlying the wetlands in the project area. 
Figure D-8 shows that without injection, drawdowns in the Holocene Sand Aquifer beneath the 
nationally ranked wetlands within the modelled area are about 140-170 mm in the worst cases (the 
Harakeke and Nga Manu wetlands) to just a few millimetres in the best cases (Waikanae saltmarsh and 
the Raumati South wetland).  

Under the coastal injection scenario (D-14), drawdown in the Holocene Sand Aquifer reduces to about 
70 mm beneath Te Harakeke wetland, about 110 mm beneath the Nga Manu wetland, and a few tens of 
millimetres in the shallow aquifer beneath the other wetlands of National significance. Under the eastern 
injection scenario (D-16), the drawdown reductions are even greater. With injection, the largest 
drawdown is reduced to about 70 mm beneath the Nga Manu wetland. Figure D-15 (central injection) 
shows that drawdowns beneath wetlands are also reduced through injection. Injection to reduce 
drawdowns beneath wetlands of limited significance is most effective when injection occurs in the 
eastern locations, most likely because the low-value wetlands are mostly located in the eastern portion 
of the project area. Comparison of the potential reductions of drawdowns under the three scenarios, 
indicates that the eastern injection scenario appears to be the most promising for future mitigation of 
drawdown effects on wetlands. 

Additional modelling could be used to refine and optimize such mitigations by finding the optimal 
locations, rates and timing to reduce water level changes to acceptable levels.  

Potential to Mitigate Saline Intrusion 

Figures D-17, D-18 and D-19 show the modelled changes in water levels in the Holocene Sand, and 
Lower Pleistocene Sand /Waimea aquifers resulting from the injection at three imaginary wells followed 
by withdrawal from the KCDC production wells over their highest demand period (year 27 that includes 
the 50-year drought). Comparison of these drawdowns with those of the same time period (year 27.8) 
indicate that the differences with and without injection are small. There is, however, a relatively small 
improvement in reduction of water levels in the Lower Pleistocene Sand Aquifer following the eastern 
over the coastal injection and central injection scenarios. 

The modelling indicates that the injection appears to have begun and ended too early in the season to 
be efficient and effective as mitigation for salt water intrusion. Injection is a method used at many 
international locations to manage saline intrusion. We believe that further exploration through modelling 
to better optimise injection scenarios would better assess the potential for injection to mitigate saline 
intrusion. 

Model Boundary Edge Effects 

A number of the drawdown figures generated using the model show drawdowns extending to the 
northern boundaries of the figures. The northern edge of the figures lies about 800 m from the model’s 
northern boundary. Ideally, a model is constructed such that pumping effects do not extend to the 
model’s boundaries because the boundary can affect heads (water levels) near the boundary. The type 
and magnitude of the effect is controlled in part by the type of boundary. In the case of the KCDC 
model, the northern boundary consists of “inactive model cells.” These operate as “no-flow” boundaries, 
neither contributing flow into or out of the model (as would constant head or general head boundaries), 
nor holding the head at a constant value and drawdown at “0” (as would a constant head boundary). 
Because the no-flow boundary does not allow the effect of the drawdown to spread out further than the 



 

 

model boundary, drawdowns are over-calculated by the model. Therefore, the model-predicted 
drawdowns in the vicinity of the model boundaries are greater than those that would actually occur were 
the boundary moved several kilometres to the north of that used. Unfortunately there is limited data from 
the area north of the boundary. KCDC has drilled no investigation or production wells and conducted no 
pumping tests in this area. For this reason the model boundary used in the original KCDC model has 
been retained.  

Sensitivity Analysis 

Sensitivity analyses have been carried out by systematically multiplying the calibrated hydraulic 
conductivity in turn by factors of 0.1, 0.5, 5, and 10 in the steady state model using the calibration target 
wells (GWRC and KCDC).  The sensitivity of the model to these changes is presented in Figure D-20 
which shows the changes in RMS (Root Mean Squared) error in metres caused by multiplying the 
indicated hydraulic conductivity by the four values (0.1, 0.5, 5, and 10).  The “Change in RMS” on each 
graph is the difference between the RMS error in the final model and the same model when the 
hydraulic conductivity multiplied by the indicated value. A large change in the modelled heads (as 
expressed by a larger “change in RMS”) caused by minor changes in the parameter value indicates that 
the model is sensitive to that parameter. Figure D-20 shows that the model in general, is relatively 
insensitive to changes in hydraulic conductivity in the aquifers.  The indicated highest sensitivities are 
to: increased hydraulic conductivity in the Holocene sands and river gravels/ river conductances, and 
decreased hydraulic conductivities in the Lower Pleistocene sands and Waimea gravels.  

The sensitivity to changes in storativity and specific yield shown in Figure D-21, has been assessed 
using the Scenario 4 transient model. In these sensitivity analyses we have changed the storage 
parameter values using similar multipliers (0.1, 0.5, 5, and 10) with the exception that a specific yield 
multiplied by 10 would generate values that are not physically possible. Instead, we used an upper-end 
multiplier of 5. (These specific yield multipliers only apply when the aquifer is unconfined, in this case, 
the Holocene sand and where shallow enough to be unconfined, the upper Pleistocene sands and 
Parata gravels.) Because they are often in direct hydraulic continuity, we adjusted the storativity of the 
Waimea and lower Pleistocene sand aquifers together in the same storativity sensitivity analyses. In a 
similar manner, we combined the Holocene and upper Pleistocene sands in our sensitivity to storativity 
and specific yield changes. These analyses indicate that the model is generally insensitive to small 
changes in storativity. However, the model is moderately sensitive to changes in the storativity of the 
Pleistocene silts that separate the major aquifers at some locations. 

These results support the conclusion that a robust calibration has been achieved. 

Model Limitations 
Model Calibration 

A reasonable-to-good “steady-state” calibration to average recharge and average water levels was 
achieved.  The model was calibrated to the water level data from the GWRC monitoring wells and 
selected non-pumping water levels observed at the beginning of the constant rate pumping tests carried 
out at K4, K6, Kb4, in March and April 2010, and K5, K10 and N2 carried out in Jan – May 2012. 
Although the combination of data from these various time periods does not represent true steady state 
conditions, they provided a good starting point for the calibration to transient conditions. 

A reasonable-to-good long-term transient calibration to recharge and water level time series from March 
2004 to March 2012 (8 years) was achieved.  The calibration enables the model to generally simulate 
the seasonal peaks and troughs while generally maintaining the overall observed trend in water levels.  
We note that the individual model layers have been assumed to be homogeneous which in some cases 



 

 

results in deviations between calculated and observed water levels of up to 2 m.  Investigation wells and 
pumping tests did not provide sufficient detail to justify sub-division of the aquifer into separate zones 
with different properties. An exception was the lowering of hydraulic conductivity where the software 
package HydroGeoAnalyst artificially increased the thickness of the aquifers beyond the areas where 
well data were input into the programme.  In these areas zonation was used to allow the best-estimates 
of transmissivity to be consistent with those of tested areas. The increased detailed analyses of geology 
coupled with pumping tests results did allow for an increase in the number of layers to 11 from 5 in the 
original CH2M Beca model. The additional layering was based on better recognition of the various 
aquifer and aquitard units in the project area.     

A reasonable-to-good calibration to drawdowns monitored in observation wells during aquifer tests was 
achieved. This calibration allows the model to replicate the pumping scenarios proposed for the KCDC 
wells to supplement river flow during periods of high surface water demands and low river flows. 

Therefore we consider the calibration to be appropriate for assessing the long term effects from the well 
field.    

Limitations and Appropriate Use of Modelling Results 

All models have limitations and this model, although robust and well supported by field data, is no 
exception. This model and its simulation gives a prediction of water level changes that are likely under 
the assumptions of future hydrologic conditions and the assumptions made to reduce the variability of 
the natural world into defined units with defined properties. None of these assumptions are (or can be) 
exact and therefore the actual response to future hydrologic activities (such as pumping the KCDC 
wells) will differ to some extent from those predicted by the model. The model does, however, give our 
best prediction of what is likely to occur based on these assumptions. 

Because some deviation from predicted and future hydraulic responses will occur, we recommend 
monitoring to both verify model predictions and to provide information for future updates to the model. 
Any conditions required as part of a consent should be based on such monitoring. If the response of the 
system differs from that predicted, the model can and should be used to investigate why the system is 
behaving as it is. A model is an appropriate tool to better understand a hydraulic system by allowing 
investigation into the sensitivity to variations in values of various parameters. By identifying the 
parameters values to which the model is sensitive, the appropriate data can be collected in the future 
with less attention paid to less significant parameter values to which the model is not sensitive. 

Another limitation of the model is its focus on certain areas (primarily the areas of concern such as near 
KCDC wells and near the Waikanae River) and less on areas further afield or with sparse data. In such 
areas where geological information and water level observations are limited, the model will likely be less 
accurate and its predictions should be considered with this understanding in mind. 
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Transient 'long term' Calibration
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Transient 'long term' Calibration
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Transient 'long term' Calibration
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Transient 'long term' Calibration
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Scenario 02 - Drawdown - Holocene Sand - 27.8 Years
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Scenario 02 - Drawdown - Parata Aquifer - 27.8 Years
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Layer 6 ‐ Parata Aquifer



Scenario 02 - Drawdown - Lower Pleistocene Sand - 27.8 Years
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Scenario 02 - Drawdown - Waimea Aquifer - 27.8 Years
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Scenario 04 - Drawdown - Holocene Sand - 27.8 yrs
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Scenario 04 - Drawdown - Parata Aquifer - 27.8 yrs
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Scenario 04 - Drawdown - Pleistocene Sand - 27.8 yrs
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Layer 9 ‐ Lower Pleistocene Sand



Scenario 04 - Drawdown - Waimea Aquifer - 27.8 yrs
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Water Budget
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Wetland Aquifer Drawdown  Mitigation - Coastal Injection  - 27.8 Years
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Wetland Aquifer Drawdown  Mitigation - Central Injection  - 27.8 Years

6515959 D15

Layer 3 - Holocene Sand
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Wetland Aquifer Drawdown  Mitigation - Eastern Injection  - 27.8 Years
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Saline Intrusion Mitigation - Coastal Injection  - 27.8 Years

6515959 D17

Layer 9 - Lower Pleistocene Sand

With Injection



Saline Intrusion Mitigation - Central Injection  - 27.8 Years
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Layer 9 - Lower Pleistocene Sand
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Saline Intrusion Mitigation - Eastern Injection  - 27.8 Years
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Sensitivity Analysis
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Sensitivity Analysis

6515959/402 Figure D21
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Appendix E 

Peer Review Comments and 
Resolution 

 





 

 

The following peer review recommendations were made after GNS Science reviewed the original 
conceptual 3D model in November 2010.  The original conceptual model was then refined in 
accordance with these recommendations for development of the first-iteration model. The updated 
model presented in this report addresses all of the points raised by GNS, listed below, along with 
Beca’s resolution to these comments. 

Recommendation Description Resolution 

1  Representation of 
Geology 

The model should be constructed in a 
manner that reflects what is known 
about site geology; a model of uniform 
thickness in four layers does not 
accomplish this 

Available borehole logs from 
GWRC records, KCDC well 
details, the M2PP project and 
investigation bores drilled as part 
of this project were used to 
develop 3D geological profile 
(using program HGA), taken into 
MODFLOW model 

2  Grid Orientation 
and Resolution 

The grid should be oriented roughly 
parallel to the coast and line up with the 
direction of groundwater flow cell. 
Resolution of the grid in the vicinity of 
the Waikanae River and operating 
production wells should be in the order 
of 10 m or less on each side. The 
vertical resolution of layers may vary 
from 5 m to 10 m. 

Grid oriented parallel to the coast 
with flow from the hills to the sea. 
Resolution of grid varies 20 m x 
20 m in area of interest to 200 m 
x 200 m at model edge. Modflow 
allows a maximum of 500 x 500 
cells per layer; this means the 20 
m x 20 m cells are the minimum 
cell size for this problem. 

3  Coastal Margin The constant head boundary cells at 
the coast should be implemented in 
each layer with adjustments to the 
depth of saltwater 

Other methods of coastal margin 
modelling were researched. The 
sub-surface materials beneath 
the coast were extended off 
shore for several kilometres and 
constant head boundaries were 
applied to the surface as 
modelled based on bathymetry 
data. 

4  Eastern Boundary No flow boundaries should be assigned 
in all four layers 

Greywacke hills were input as 
no-flow boundaries along the 
eastern margins and base of the 
model. 

5  Weekly Rainfall 
Recharge 

Rainfall recharge of groundwater in 
transient simulation should reflect 
temporal variations based on available 
data from the nearby Paraparaumu 
airport weather station 

Rainfall recharge data from 
Paraparaumu Airport for the 
period July 1975 to June 2011 
has been used. This data 
includes the 2003 drought.  
Recharge is modelled using 
weekly data from this period 

6  River Gauging The Waikanae River should be better 
defined in the model and calibrated 
against gauging data. The four smaller 
streams and drains should be included 
in the model. Routine gauging of the 
Waikanae River at several points 
(upstream, middle, and downstream) 
would be useful in providing data for 
incorporation into the model, and for 
checking model calibration 

Limited gauging data is available. 
The river has been modelled as 
per the Jones and Gyopari 2005 
model which reported the loss 
and gain effect of volume in the 
river downstream. 



 

 

Recommendation Description Resolution 

7  Zones of K and S The model should adequately reflect 
the hydrogeology of the area of interest 
and variation in aquifer hydraulic 
properties. The use of uniform K and S 
values, particularly with respect to the 
Waimea aquifer where data on variation 
are available, does not do so. 

K and S values used have been 
evaluated from long duration 
pumping tests in the existing 
wells. This variation is better 
addressed by sensitivity analysis 
using the expected and an upper 
and lower bound value.  K and S 
values obtained from various 
tests in aquifers will always vary 
and this is particularly so in a 
coastal alluvial aquifer system. 

8  Lidar Data The placement of wells in the model 
should be consistent with their actual 
construction 

Updated Lidar data has been 
used to form the surface of the 
model. 

9  Sensitivity 
Analyses 

A sensitivity analysis should be 
conducted and presented in the 
groundwater report. Groundwater 
recharge, aquifer and aquiclude K and 
S values, and the flow and riverbed 
conductance of the Waikanae River are 
important variables 

Sensitivity analyses have been 
carried out assuming upper and 
lower bound values of K, storage 
values (Ss and Sy) and varying 
river conductance. Refer 
Appendix D – Sensitivity Analysis 
section. 

10  Particle Tracking There is potential for seawater 
intrusion. This should be carefully 
considered by review of groundwater 
flow vectors and Modpath particle 
tracking 

Modpath tracking has been 
applied to compare with 
indications from flow vectors.  
The results were reported in 
sections 5.1.1 and 5.2.1 in the 
2011 report. 

11  Monitoring Well 
Network 

An appropriate network of wells for 
monitoring water levels in each aquifer 
(shallow sand, Parata and Waimea) 
should be established. This would be 
useful in model calibration, monitoring 
for seawater intrusion and tracking 
aquifer status over time 

Additional well construction and 
monitoring is proposed for early 
2013. 

12  Reporting A detailed model report consistent with 
guidelines recommended by PDP 
(2002) should be prepared to document 
the model 

Reporting has been undertaken 
accordance with the Beca 
groundwater reporting standard, 
which is based on the guidelines 
outlined Anderson & Woessner 
(2002) Applied Groundwater 
Modelling: Simulation of Flow 
and Advective Transport and 
recommended by USGS.  

The MfE Groundwater Model 
Audit Guidelines referred to by 
GNS cover flow modelling in 
general, including contaminated 
sites. The Beca report covers off 
the sections that the Guidelines 
suggest could be included in a 
groundwater modelling report. 
The Guidelines also reference 
Anderson & Woessner (2002). 



 

 

 

 

 

 

Appendix F 

Results of the Well Owner 
Survey 

 

  





Well number Depth m 
(According to 
Boreholes-Rates 
sheet)

Q1 - Do you have a bore?
If no - no bore, disconnected?

Q3 - Is it in use? What for? (E.g. 
domestic, irrigation, stock water, etc.)

Q4 - What kind of pump do you have? 
(E.g. surface pump, line shaft turbine, 
no pump, etc.)

Q5 - How much does your well 
pump? (l/s, m3/day, etc.)

Q6 - Does your well reliable produce 
all the water you need? When do you 
have problems? (E.g. dry periods)

Q7 - Does your well ever go dry, suck 
air or shut down due to insufficient 
water?

Q8 - Do you have any details on how 
deep your bore is? (Screened and at 
what depth? Depth of pump? Inlet to 
riser pipe? Etc.)

R26/6258 12.31
No, the bore is on the neighbours 
property (11a)

R26/6258 12.31
Yes Very rarely. Used to water fruit 

trees about once a season. 
Surface pump. Don't know Yes No 12 m. Think its 12m

R26/6740 54.26

Yes. Have two bores Irrigation for nursery plants.  Not 
potable. 

Submersible. At bottom of bore. Don't know. Don't use a lot. Not big 
facility. Only source of water on 
property other than natural rainfall. 
Second bore is simply a backup. 

Yes No Not deep. Unsure. Very high water 
table (less than 1m below surface). 

R26/6624 10.2 Yes Garden irrigation in summer Surface pump No Yes No 12 or 16m

R26/6129 0

No. They do, however, have a 
pump from the stream which 
stopped working years ago. 

R26/5106 0 No answer 28.08 am
R26/5106 0 See other entry for this address

R26/6706 15

Yes No, not in use. Have only been at 
property since April. Bore is only 
hooked up to external fittings for 
the garden

Don't know No N/A Don't know No 

R26/6158 0 No bore on property

R26/5126 1.5

Yes Watering the garden. Electric pump. On the surface. Not in use at the moment. Typically 
over dryer periods. 

Yes No  1.5 m. Approximately 1.5m. Large 
section concrete pipe which has 
been excavated in the centre. 
Stream water runs into bottom. 

R26/6701 0 Yes Domestic. Water troughs. Potable Submersible No Yes No 30 m
R26/6607 38.1 No bore present on property. 

R26/7137 50

Yes Domestic. Garden watering. Yes, surface pump. Franklin 
electric. Pump Iowara 1gs06,75KW 
single phase pump.  

Only use it in summer. Not  
measured. Just 10 pop-up 
irrigators. Typically used for half an 
hour each. 

Yes No Very  deep. 

R26/6180 0 No, never had bore.

R26/5215 0

Yes Watering garden in summer. Surface pump No. Very little. Only leave it on 
enough to wet the ground then turn 
it off. 

Yes No 6 m About 

R26/6168 0 No. Have a tank off roof. 

R26/6702 9

Yes Toilet in sleep out uses bore water. 
Stock water. Historically used for 
irrigation.

Surface pump Don't know Yes No Shallow. Don't know

R26/7207 18
Overseas. Call back after 26th of 
September. Left message on 23.8

R26/6181 0

No, has a spring but no bore (or 
pump). 

Just runs down the road in winter 
but is used on the garden in 
summer. Not potable. 

No pump Don't know Yes No 0m

R26/6073 0

Yes Intermittent. Only used for watering 
the garden

2.5 horsepower pump. Surface 
pump

Only used in summer. Less than 
daily. 

No. Not taped into a heavy supply 
of water. Takes a while for the area 
around the base of the bore to 
replenish itself. Capable of 
pumping less tan 12L/minute. 
Barely enough to power a sprinkler. 

Yes, due to insufficient water. 
Occurs regularly. 

11 -12m

R26/6171 0 No bore

R26/6793 17.5

Yes Water gardens and irrigate field. Don't know. Pumps at the bottom of 
the bore (underground)

Only used in summer for the field. 
Limited al year roud use for 
gardens

Yes No 18 m deep

R26/6960 33

Yes Water troughs around farm and for 
farm buildings. Potable (but has a 
bit of iron in it)

Submersible. 27m down hole. Big 
pump just put in recently. 

No. Permit allows 40,000L/day 
perhaps. Check council permit to 
confirm. Doesn't use anywhere 
near that. Probably less than 
1000L/day. 

Yes No 63 m

R26/6612 34.4 No bore

R26/6612 34.4

Yes for Nursery at 12 Uta Street Irrigation for plants in nursery Submerged down in well Don't know. Varies widely. Summer 
every night for 2 months. In winter 
it's hardly used at all. 

Yes No. 33 m



Well number Depth m 
(According to 
Boreholes-Rates 
sheet)

Q1 - Do you have a bore?
If no - no bore, disconnected?

Q3 - Is it in use? What for? (E.g. 
domestic, irrigation, stock water, etc.)

Q4 - What kind of pump do you have? 
(E.g. surface pump, line shaft turbine, 
no pump, etc.)

Q5 - How much does your well 
pump? (l/s, m3/day, etc.)

Q6 - Does your well reliable produce 
all the water you need? When do you 
have problems? (E.g. dry periods)

Q7 - Does your well ever go dry, suck 
air or shut down due to insufficient 
water?

Q8 - Do you have any details on how 
deep your bore is? (Screened and at 
what depth? Depth of pump? Inlet to 
riser pipe? Etc.)

R26/6727 0
Yes Stock water, house water. Buried in ground. Been there for 30 

years
Don't know Yes No No. 

R26/6704 10
Yes Watering the garden. Small. Electric. On the surface Don't know Yes No 11 m. Had it for 14 years. 

Approximately 11m. Sand trap. 

R26/5127 11.6
Yes Domestic use. Don't know. Campbell's installed it. Don't know. Have had it for 8 years. Yes No No

R26/6289 78.2 No bore on property

R26/6200 0

Yes Domestic and garden. Down the shaft. Submersible. 
Campbell's water service it. 

Don't know. Depends on water use. Yes No 34 m deep approximately.

R26/6201 0 No bore at this property

R26/6185 0
Yes, but it hasn't worked for 15 
years.

Don't know Don't know

R26/6165 0 No, never had bore. 

R26/6203 0

No bore that they know of. They 
rent the house and have done for 4 
years.

R26/6202 0 Wrong number

R26/7060 0
Yes Under repair at the moment. 

Watering the garden. 
Surface pump No. very little.  Yes No 34 m, but not sure. 

R26/7212 19

Yes Used to irrigate garden.  Plastic dog-box size up over bore. 
Think is submerged. Fitted 4-5 
years ago

Used to irrigate garden in summer 
by sprinkler systems which is 
controlled by timer. Comes on at 
3am and runs for half an hour. 
Approximately 15 heads.  

Yes No No

R26/6703 4
Yes Stock water. Not potable. Used to 

water garden and wash car etc. 
Surface pump. No. No stock currently on property. 

Infrequently used.
Yes No 4 m

R26/6202 0 No bore on property. 
R26/6199 0 Yes Domestic, livestock and garden Don't know. Don't know.  Yes No 36 m
R26/6626 15.8 Talk to Phil Stroud
R26/7201 45 Yes Stock water supply Submersible pump 1200 gallons/hour Yes No 36 m

R26/6135 0

Yes Irrigation, domestic (not potable) Don't know. Just in summer. One hour three 
times a week. Residential sized 
garden.

Yes No No

R26/6643 49
Yes Domestic purposed. Potable water Surface pump. Small. Self priming 

pump
No Yes No 50 -something metres. On record 

on GWRC database. 
R26/6158 0 No bore
R26/6778 80 No. On city supply. 

R26/6747 69.51
Yes Domestic water. Potable Submersible. Three phase electric 

pump. 
Approximately 1500L/week Yes, but at times in can become 

quite salty when in high use. 
No 4.2 m

R26/6150 0 No bore on property
R26/6121 0 No bore at this address. 
R26/6150 0 No. On city supply. 
R26/6750 43.2 We monitored this bore N3

R26/6780 80

Yes Stock water Submersible pump Not a lot. Lightly stocked land. Low 
usage

Yes No Held at Wellington Regional 
Council as part of consent 
application. 

R26/6708 0
Yes Household water. Some irrigation. 

Potable water. 
Surface pump Not really. Only two people most of 

the time. Not high use. 
Yes No 30 m About 

R26/7113 12
Yes Irrigation for garden Put in by previous owner. Surface 

pump beside garage. 
Don't know. On automatic timer. 
Used mainly in summer. 

Yes No 6 m. Approximately 

R26/6734 42.15

Left message on 23.08 pm
No answer 27.08. Straight to 
answerphone every time. 

R26/6114 0

Yes Usually, but pump is currently 
broken. Going to fix soon. Usually 
used for irrigation. Household 
garden. 

Submersible No. Comes on every second day 
for 20 minutes. On in summer. No 
on during wet summers. 

Yes No 17-18 m at a guess. 

R26/6174 0 We don't have number

R26/6164 0
Yes Watering gardens in summer 

months
Underground pump. In the bore 
itself

No. Give annual beds a deep 
watering once a week in summer. 

Yes No 40 m. 150 diameter. 



Well number Depth m 
(According to 
Boreholes-Rates 
sheet)

Q1 - Do you have a bore?
If no - no bore, disconnected?

Q3 - Is it in use? What for? (E.g. 
domestic, irrigation, stock water, etc.)

Q4 - What kind of pump do you have? 
(E.g. surface pump, line shaft turbine, 
no pump, etc.)

Q5 - How much does your well 
pump? (l/s, m3/day, etc.)

Q6 - Does your well reliable produce 
all the water you need? When do you 
have problems? (E.g. dry periods)

Q7 - Does your well ever go dry, suck 
air or shut down due to insufficient 
water?

Q8 - Do you have any details on how 
deep your bore is? (Screened and at 
what depth? Depth of pump? Inlet to 
riser pipe? Etc.)

R26/6067 0
Yes Domestic. To water lawns and 

plants. 
Don't know Only in summer. Very little. Only on 

orchard area. Not used daily. 
Yes No No

R26/6395 4

No. Got a permit 3-4 years ago for 
a shallow bore. Withdrew formally 
from application process after 
finding no water. Historically there 
may have been another bore at 
one stage, however it is not in use 
now and they don't know where it 
is.

R26/6321 8
Yes Stock and irrigation. Sometimes 

house water. 
Deep well injector pipe. On the 
surface. 

Don't know Yes Can take time to start up during 
drought. 

No.

R26/7196 5.5 Wrong number

R26/6134 0
No bore. Serviced by town water 
supply.

R26/6163 0 No bore on the property.

R26/6759 43
Yes Irrigation, washing cars and outside 

use
Surface pump in garage. All year round. More so in dry 

periods
Yes No 45 m

R26/6109 0 No bore.  
R26/6099 0 No bore. 
R26/6659 15.2 No bore on property.

R26/6980 50

Yes Limited use. Goes to a storage tank 
and then used for outdoor taps. 
Includes troughs for livestock

Submersible 30L / day at a guess Yes No 58 m

R26/6572 0
Yes Irrigation Deep bore pump. Berried in 

ground.
Mainly in summer. Yes No 27 m approximately

R26/6619 33.9 Yes Used for cleaning Surface pump. Grundfos? Don't know Yes No 20 m. Approximately 
R26/6352 6 See other record for this address

R26/6352 6

Yes Summer for garden Surface pump No. Never running for long periods. 
Half an hour on soaker hoses. 

Yes No 6 m approximately

R26/6177 0
No, Uses bore water, but bore is 
not on this property

R26/6761 12

Yes Domestic. Stock drinking water. 
Garden irrigation. Potable. Goes 
into holding tank, through filter and 
then into house. 

New one just put in. Surface pump. Don't know. Perhaps 200L/day for 
cows. Definitely under 500l/day 
total. Varies. 

Yes. Original pump was pumping 
too fast. Slower pump now allows 
replenishment of water. 

Did before smaller pump was 
installed. 

40 m approximately

R26/6377 118.12
No bore. Have permit for water take 
from stream. 

R26/6621 18.59 See other record for this address

R26/6621 18.59
Yes Unsure. Think for farm purposes. 

May have had three bores.
Don't know Don't know Yes No No

R26/6627 0
No bore in their property. It is on 3 
Greenhill Road. Call Bill Collins

R26/6762 0 Wrong number

R26/6735 0
Yes Domestic water and animal troughs Surface pump 10,000L/week approximately. Yes Has occurred once in last two 

years. Self rectified. 
6 -8 m. Approximately  

R26/6101 0
Yes Gardening. Not sure if its potable. Submersible grunfos. Not used in winter much. Mainly in 

summer. Hobby growing roses. 
Yes Pressure is not great. Otherwise 

no. It has not ever gone dry. 
18 m approximately. 

R26/6876 49.01

Yes Domestic. It’s the sole water supply 
for the property. 

Pump at the foot of the bore pipe Don't know Yes No No

R26/6151 0 Yes Domestic. Garden watering Pump is underground Don't know Yes No 12 m Perhaps 12m.
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Analysis of July 2012 
Pumping Test of N2 PW 

 

 

 





 

 

 

 

6515959 G1

-6.5

-5.5

-4.5

-3.5

-2.5

-1.5

-0.5

0.5

1.52.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N2 Production

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date:  20 July  ‐ 7 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]

0.2

0.4

0.6

0.8

1.0

1.2

2.0

2.2

2.4

2.6

2.8

3.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

Sentinnel #1

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August  2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]



 

 

 

 

6515959 G2

0.2

0.4

0.6

0.8

1.0

1.2

5.0

5.2

5.4

5.6

5.8

6.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N1 Observation Shallow

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 july  ‐ 20 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N1 Observation Deep

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]



 

 

 

 

6515959 G3

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N2 Observation Deep

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August  2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N2 Observation Shallow

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]



 

 

 

 

6515959 G4

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

N3 Observation Shallow

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]

0.0

0.5

1.0

1.5

2.0

2.5

3.03.0

3.5

4.0

4.5

5.0

5.5

6.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date 2012

N3 Observation Deep

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August  2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]



 

 

 

 

6515959 G5

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

25 Kensington Drive

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

9.0

9.5

10.0

10.5

11.0

11.5

12.0

01/07 08/07 15/07 22/07 29/07 05/08 12/08 19/08 26/08

Date in 2012

21 Kensington Drive

Baro-corrected DTW (m BGL) Trend-corrected Pre-Pumping WL
Trend Corrected Test Data Trend and BE Corrected Water Level (m)
Pump ON Pump OFF
 Baro   (m H2O)

Observation Well Water Levels and Barometric Pressure
Date: 2 July ‐ 20 August 2012

D
ep

th
 to

 W
at
er
 B
G
L [
m
]

Ba
ro
m
et
ric

 P
re
ss
ue

 [m
 o
f H

2O
]



1. 10. 100. 1000. 1.0E+4 1.0E+5

0.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Time (min)

D
ra

w
do

w
n 

(m
)

WELL TEST ANALYSIS

Data Set:  P:\...\N2_PW_CJ_CRJuly2012.aqt
Date:  09/07/12 Time:  14:37:50

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N2 1774723 5476384

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 600. m2/day S = 0.00258

jb4
Text Box
G6
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WELL TEST ANALYSIS

Data Set:  P:\...\N2_PW_Rec_CRJuly2012.aqt
Date:  09/07/12 Time:  14:39:23

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N2 1774723 5476384

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 500. m2/day S/S' = 0.9661
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WELL TEST ANALYSIS

Data Set:  P:\...\Brown N2_NW_CRJuly2012.aqt
Date:  09/07/12 Time:  14:24:01

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  20. m Aquitard Thickness (b"):  20. m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N2 Deep 1774262 5476589
Brown 1774196.41 5472692.4

SOLUTION

Aquifer Model:  Leaky Solution Method:  Neuman-Witherspoon

T  = 500. m2/day S  = 5.4E-6
1/B = 4.646E-5 m-1 ß/r  = 3.289E-6 m-1
T2  = 15.06 m2/day S2  = 2.0E-6
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WELL TEST ANALYSIS

Data Set:  P:\...\N2_deep_Theis_CRJuly2012.aqt
Date:  09/07/12 Time:  14:36:21

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N2 Deep 1774262 5476589
Brown 1774196.41 5472692.4

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 440. m2/day S  = 1.437E-8
Kz/Kr = 0.1 b  = 15. m
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WELL TEST ANALYSIS

Data Set:  P:\...\N2_deep_Recs_CRJuly2012.aqt
Date:  09/07/12 Time:  14:34:59

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N2 Deep 1774262 5476589
Brown 1774196.41 5472692.4

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 440. m2/day S/S' = 1.
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WELL TEST ANALYSIS

Data Set:  P:\...\N1Deep Theis_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:33:14

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N1 Deep 1774634.78 5475457.04
N1 Shallow 1774634.78 5475457.04

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 460. m2/day S  = 0.00028
Kz/Kr = 0.1 b  = 15. m
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WELL TEST ANALYSIS

Data Set:  P:\...\N1Deep CJ_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:27:32

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N1 Deep 1774634.78 5475457.04
N1 Shallow 1774634.78 5475457.04

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 470. m2/day S = 0.0002
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WELL TEST ANALYSIS

Data Set:  P:\...\N1Deep Rec_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:29:18

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N1 Deep 1774634.78 5475457.04
N1 Shallow 1774634.78 5475457.04

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 370. m2/day S/S' = 2.707
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WELL TEST ANALYSIS

Data Set:  P:\...\N1Deep Shallow NW_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:31:33

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  6.5 m Aquitard Thickness (b"):  10. m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N1 Deep 1774634.78 5475457.04
N1 Shallow 1774634.78 5475457.04

SOLUTION

Aquifer Model:  Leaky Solution Method:  Neuman-Witherspoon

T  = 410. m2/day S  = 0.00025
1/B = 0.0001625 m-1 ß/r  = 2.576E-6 m-1
T2  = 130. m2/day S2  = 0.001122

jb4
Text Box
G14



1. 10. 100. 1000. 1.0E+4 1.0E+5

0.001

0.01

0.1

1.

10.

100.

Time (min)

D
ra

w
do

w
n 

(m
)

WELL TEST ANALYSIS

Data Set:  P:\...\N3 S and D Theis_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:44:50

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N3 Deep 1775124 5476737
N3 Shallow 1775124 5476737

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 400. m2/day S  = 0.0004
Kz/Kr = 0.1 b  = 30. m
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WELL TEST ANALYSIS

Data Set:  P:\...\N3 S and D CJ_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:41:06

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

AQUIFER DATA

Saturated Thickness:  30. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N3 Deep 1775124 5476737
N3 Shallow 1775124 5476737

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 370. m2/day S = 0.0004
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WELL TEST ANALYSIS

Data Set:  P:\...\N3 S and D Rec_N2 CRJuly2012.aqt
Date:  09/07/12 Time:  14:42:48

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August  2012

AQUIFER DATA

Saturated Thickness:  30. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

N3 Deep 1775124 5476737
N3 Shallow 1775124 5476737

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 300. m2/day S/S' = 2.664
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WELL TEST ANALYSIS

Data Set:  P:\...\25 Kensington CJ N2 CRJulyr2012.aqt
Date:  09/07/12 Time:  14:12:12

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012-N2
Test Date:  20July-4 August  2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

25 Kensington 1775122.1 5477085.2

SOLUTION

Aquifer Model:  Confined Solution Method:  Cooper-Jacob

T = 400. m2/day S = 0.00043
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WELL TEST ANALYSIS

Data Set:  P:\...\25 Kensington Theis N2 CRJulyr2012.aqt
Date:  09/07/12 Time:  14:17:40

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

25 Kensington 1775122.1 5477085.2

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis

T  = 420. m2/day S  = 0.0005
Kz/Kr = 0.1 b  = 15. m
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WELL TEST ANALYSIS

Data Set:  P:\...\25 Kensington Rec N2 CRJulyr2012.aqt
Date:  09/07/12 Time:  14:15:21

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

25 Kensington 1775122.1 5477085.2

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 330. m2/day S/S' = 2.659
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WELL TEST ANALYSIS

Data Set:  P:\...\Kensingtons_NW_N2 CRJulyr2012.aqt
Date:  09/07/12 Time:  14:25:55

PROJECT INFORMATION

Company:  Beca
Client:  KCDC
Project:  6515959
Location:  Waikanae
Test Well:  KCDC 2012 N2
Test Date:  20 July-4 August 2012

AQUIFER DATA

Saturated Thickness:  15. m Anisotropy Ratio (Kz/Kr):  0.1
Aquitard Thickness (b'):  6.5 m Aquitard Thickness (b"):  10. m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
N2 1774723 5476384

Observation Wells
Well Name X (m) Y (m)

21 Kensington 1775345.1 5476827.2
25 Kensington 1775122.1 5477085.2

SOLUTION

Aquifer Model:  Leaky Solution Method:  Neuman-Witherspoon

T  = 300. m2/day S  = 0.0004
1/B = 0.000369 m-1 ß/r  = 2.864E-5 m-1
T2  = 280. m2/day S2  = 0.00033

jb4
Text Box
G21


	Figures.pdf
	Figure 1 Well Location Plan
	Figure 2 Water Level Time Series
	Figure 3 Electrical Conductivity Dec 2010
	Figure 4 Model Area 2011
	Figure 5 REVISED_Scenario02_histogram_figures
	Figure 6 REVISED_Scenario02_histogram_figures
	Figure 7 REVISED_Scenario04_histogram_figures
	Figure 8_REVISED_Scenario04_histogram_figures
	Figure 9 Scenario 2 Maximum DD at 27-8 Years
	Figure 10 Scenario 4 Maximum DD at 27-8 Years
	Figure 11 REVISED Affected Wells by Aquifer 
	Figure 12A REVISED River and Stream Drawdowns and Waikanae River Zone Budget Graph
	Figure 12B REVISED River and Stream Drawdowns and Waikanae River Zone Budget Graph
	Figure 13 National Signif Potential Mitigation Wetlands and SWI
	Figure 14 District Signif Potential Mitigation Wetlands and SWI
	Figure 15 Limited Signif Potential Mitigation Wetlands and SWI
	Figure 16 Coastal Injection Mitigation final
	Figure 17 Central Injection Mitigation final
	Figure 18 Eastern Injection Mitigation final
	Figure 19 Potential Mitigation Wetlands and SWI
	Figure 20 Central Injection Mitigation final
	Figure 20 Saline Intrusion Coastal Injection
	Figure 21 Saline Intrusion Central Injection
	Figure 22 Saline Intrusion Eastern Injection
	Figure 23 Saline Intrusion Monitoring Locations

	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Appendix D figs.pdf
	Figure D1
	Figure D2A-E
	Figure D3
	Figure D4
	Figure D5
	Figure D6
	Figure D7
	Figure D8
	Figure D9
	Figure D10
	Figure D11
	Figure D12
	Figure D13
	Figure D14
	Figure D15
	Figure D16
	Figure D17
	Figure D18
	Figure D19
	Figure D20
	Figure D21

	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page

