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Modelling the ground(water)
beneath our feet

Supporting a resilient water supply for Wellington
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Modelling objectives

e Waterloo and Gear Island wellfield replacement strategy
e Source water risk management

e \Water resource management and decision making

* Monitoring system design

oo

e Yield forecasting and optimisation
e Contamination event response
e Aquifer management effect assessment tools
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Modelling framework

Database
model

p)

Predictive

scenarios
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Heretaunga Formation
Hm Taita Alluvium Member (Ht): predominantly loose gravel, sand, sit

Available information
Hydrostratigraphy (John Begg) A e

including a proximal sandy portion (PMs) and a d«sllal clayich,
seaward-thickening core (PMz)
Waiwhetu Artesian Gravel Formation

Wau indluding an Upper Waiwhetu member (Wau) of dense alluvial gravel and
\Wam sand and minor sit; Mid Waiwhetu sit member (Wam), comprising silt, san
Wal clay and peat; and a Lower Waiwhetu member (Wal) comprsing dense
% alluvial gravel and sand
Wiford Shell Bed Formation (Ws)

comprising medium dense gravelly sand, sand, silt and clay, marine
in origin, sometimes shelly

(VD]

Moera Basal Gravel Formation (Mb)

comprising dense to very dense alluvial gravel, sand, minor sit and
v day, a composite of both terrestrial and marine deposits
unconformity
Torlesse composite terrane (Tct)

Ind siltstone and
With pervasive bedding plane shear

Wellington
Harbour
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Quaternary

. MNaenae fans
Lower Moera
Lower Waiwhetu

Melling Peat

Mid Waiwhetu

. MIS6_7

. Petone Marine distal

Petone Marine lower

o
3 . Petone Marine upper
’ -Taita Alluvium
]
;i . Unknown

=4 [ Upper Waiwhetu
= [ wittord

=

Plunge +02
Azimuth 093

1000
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Main source of
recharge
Melling Peat

Hutt River

Taita Alluvium GWL
Waterloo bore
field

Rainfall recharge

Gear Island
bore field Waiwhetd GWL

V.

Hutt River

Wellington Harbour

Petone Marine

Waiwhetad
Aquifer

Submarine
Shdischarge
. =

Upper valley Central valley Lower valley Wellington Harbour
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Available information

Groundwater level monitoring

GWRC groundwater
monitoring network

Continuous monitoring

Recent multi-level
piezometers installed
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River information

Continuous gauging at Taita Gorge
Concurrent gauging
Hydraulic flood models

——28/02/2013
——2/12/2011

—8—15/03/2008|
—i—14/04/2003
—+—10/05/2001
—#—11/01/1999
—8—9/02/1999

River flow (L/sec

—+—1/12/1995
——16/11/1995
——24/11/1999

—#-29/11/1995
—4—29/11/1995
—+—16/02/1993

+- Sites

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
Chainage from Taita Gorge (m)
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Available information

Groundwater abstraction

Daily abstraction volumes
Continuous SCADA monitoring

Approximation of pumping rates
based on pump operation

- R27_4063
w— R27_4064
- R24_4056
80 { mmm R27_4065
m— R27_4057
- R27.1179
= R27_4058
- R27_1180

Abstraction - monthly rollling mean [ML/day]

= BQ32_0035
. BQ32_0034
» . 80320033

Abstraction - monthly rollling mean [ML/day]
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Model implementation

Overview

Numerical groundwater
flow model using
MODFLOW 6 from USGS

‘GUI-less’ scripting
approach to model
development in python

‘Cut once, model twice’ —
model build framework -
allows flexibility in model Mo
gridding, stress periods i
and model boundary
conditions
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Model implementation ’

Boundary conditions — Hutt River ’

Main driver of recharge into the aquifer
system

MODFLOW RIV package used

Flow driven by head differences
between the river and groundwater
domain
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River stage in each model cell based on
relationship between Taita Gorge discharge
and modelled water levels

! « Al data
® Interpolation data
—=- HAM5

Cross-section water level [mWGTN1953]
(3
[}
!
\

0 100 200 300 400 500 600 700
River discharge at Taita Gorge [m?/s]

Hydraulic model developed by DamWatch
as part of RiverLink design and will include

- - i Cell boundary
E‘lrgrpil?)clloz?esg construction bed norroscae Langevin et al., 2017 DOI: 10.3133/tm6A55

NEW ZEALAND =&
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https://doi.org/10.3133/tm6A55
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Model implementation

Boundary conditions — Waiwhett / Opahu Streams

Eastern Hutt Hydraulic Model
(Stantec, 2022) used to
understand stage-discharge
relationships

Relationship inferred between
rainfall and river stage for each
stream

x testing
« WL3/3/1210:15

-
=)

« WL4/3/12 07:20
— Bed level

Elevation [mRL]

W%m

0 2000 4000 6000 8000
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Model implementation

Boundary conditions — Rainfall recharge

Spatially variable recharge — —
using Rushton method for : “
soil moisture balance

Climate data from GWRC
climate observations

Weighted curve numbers i
based on proportion of

model grid cell covered by g s

soil type (Wellington H o/

Wa te r/Ca rd n 0, 20 1 9) ] *:— LINZ (GC-81-4.0), Eaylz Tchinolagy, OSNI conifbutors
Ml i R Al

LEGEND
Grid

day]

n.

0.0054

Active model cells
RCH mean recharge rate [m/

Wellington
Fr]

LOCATION PLAN

Welli

Recharge value multiplied
by pervious proportion of
model grid cell
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https://www.wellingtonwater.co.nz/assets/Resources/Developing/Reference-Guide-for-Design-Storm-Hydrology-April-2019.pdf
https://www.wellingtonwater.co.nz/assets/Resources/Developing/Reference-Guide-for-Design-Storm-Hydrology-April-2019.pdf

Model implementation

Boundary conditions — Wellington Harbour

Harbour springs = gy e o 0 1
Constant head boundary : B
Equivalent freshwater head 0 c
o B
A
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History-matching
The PEST of groundwater modelling https://pesthomepage.org/

Model-Independent Parameter
Estimation and Uncertainty Analysis

Introduced from Australia

Spread widely across the
groundwater modelling ecosystem
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https://commons.wikimedia.org/wiki/File:Brushtail_Possum_IMG_5005.jpg
https://pesthomepage.org/

History-matching
The PEST of groundwater modelling

Calibration implies:
Predictive certainty
Parameter uniqueness

History-matching:

Prior parameter
distribution

Posterior parameter
distributions

Minimised error
variance parameters s

Doherty, 2015

Modelling Symposium
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Minimised error variance
prediction s (i.e., ‘best’
parameter combination)

Distribution of predictions s
from parameter \
combinations that match I : ‘

historical observationsh \ Distribution of

] predictions s from all
f(sih) 4 possible parameter
Y 4 combinations

f(s)

s, model prediction of interest

water ..\
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http://docs.pesthomepage.org.s3.amazonaws.com/documents/pest_book_toc.pdf

History-matching
HAMS5 approach

o S***|0ad of model
runs

e Minimised error
variance
parameters

e Single
deterministic
‘calibrated model’

Modelling Symposium

PESTPP-IES

(Database)

.

e Fewer model runs
(with some
cheats) = more
parameters

e Uncertainty
analysis baked in

e Prior and
posterior
parameter
ensemble

e Don’t even need
to ‘calibrate’

s, model prediction of interest

PESTPP-IES

(Predictive scenarios)

e Posterior/prior
paramete
ensemble

e Predictive
uncertainty

e Prediction-specific

child models

18
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History-matching

Model parameters

Aquifer properties for each
hydrostratigraphic unit

Kx, Kz, Ss, Sy

Spatial pilot points along
waterways

Global multipliers on
constant head boundary
and well abstraction

“If it's uncertain — let it
wiggle”

Modelling Symposium TAAT Tonkin+Taylor (L) teeces
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History-matching

Calibration results to date — hydraulic head

Observed vs Modelled hydraulic head i i .
16 Y — Taitalnt (ow_r27_1117) - Upper Waiwhetu .o Somes (ow_r27_1171) - Upper Waiwhetu
PPt 10.5 —— modelled | { ™ —— modelled
141" [Mean Error: 0.08 m # —— measured —+— measured
Mean Absolute Error: 0.23 m - 10.0 {4
__ 124 |Observation Range: 12.36 m e g
3 RMSE: 0.34 m LT 4.0
=104 |Norm.RMSE: 2.7% = 9.5 1
3 Cor. Coeff.: 0.99
3 . 3.5
T 8 9.0
3
T 61 85 3.0
B
2, 60 125
4 120
2 75 1
04 1 T 1.5
0 2 a 6 8 10 12 1a 16 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020
Observed Head (m)
MitchPk (ow_r27_1116) - Moera R-BHO1 (ow_bq32_0499) - Taita Alluvium and Progradational Petone Marine B
44 —— modelled 4.5 —— modelled
6.5 —=— measured —+— measured
6.0 4.0
21 .
= 35
E . W 55
E] g 3.0
g0 ; v _
i . e, 25
= 2] i . 45 ’
2.0
4.0
—a 15 I =S
35 — — T~

0 2 4 6 8 10 12 14 16 2000 2004 2008 2012 2016 2020 2021-07 202109  2021-11 202201  2022-03  2022-05
Observed Head (m)
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Predictive scenarios

Wellfield redevelopment

Grid-based approach

Aquifer yield
optimisation

Within environmental
limits for:
Saline intrusion

Hutt river
depletion

Modelling Symposium

— L% - F T

: . 2 e
t_ /e LINZ (CC-B'-:4.0), Exgl=Tachinoluyy, OS] contributor
——— e L

"Tﬁ? Tonkin+Taylor
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=] Phase 1b

Phase 1c
Not included

= O Existing abstraction
bores

Wellington
[+ 3~

Wellj

Modelling Group
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Predictive scenarios

River morphology

Pre- and post-construction
RiverLink design floods from
DamWatch

Will history-match Database
model to pre-construction
bathymetry

RiverLink

Modelling Symposium TRAT Tonkin+Taylor (if) venseos  Water .
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Predictive scenarlos

Climate change

Sea-level rise
River flows
(volume/timing)
Rainfall
(volume/timing)
Evapotranspiration s — . — G e

Taita to Boulcott - m* /@

300 o 'i
i!
200 1
i
100 { ¥ | :
]
o &

water RA\N

NEW ZEALAND —Z&#
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Summary

Waiwhetu Aquifer is an important water
resource for Wellington

<>
E Database

model

Operational
tools
L’ : |
I

HAMS5 model development incorporates
recent investigations within rapid
model-build framework

dictive
narios
o
)
<

‘Observed vs Modelled hydraulic head

Pre
(o]

£

Automated parameter estimation using
PEST tools in groundwater modelling
achieving good fits to observations

-
History-matched model will be used for :
predictive scenario analysis, including T e
wellfield redevelopment N e
& M@ H—
L L
0 A
O Y
Ty o~
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Thank you!
Questions? Patai?

Modelling the ground(water) beneath our feet:
Supporting a resilient water supply for Wellington

water ..
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