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Why this coastal groundwater model initiative?

Coastal fresh groundwater is main water resource for ~50% of the world population in the coastal zone
Groundwater is important for drinking water, agriculture, industry, as well as ecosystems & river baseflows
Right now, fresh groundwater resources are threatened by excessive pumping, and reduced replenishments
Projected climate change impacts, inducing sea-level rise, will worsen this situation

We need quantified storylines on fresh groundwater availability under stress in data-poor coastal zones

These storylines should be linked to droughts, land subsidence, flooding, (human) health and biodiversity

Depletion
results in
subsidence

of our drinking

water is fresh g of irrigable area is

groundwater ~llalS77 irrigated with fresh
Image credit: USGS groundwater
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Applications, components and insights large-scale coastal groundwater model

 Components:
— groundwater quantity

— groundwater salinity ]I:
— subsidence (into 2024) ~n
— heat transport (later, >2024)

— groundwater quality (later, >>2024)
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Building large-scale 3D coastal groundwater models with iIMOD-WQ and global datasets

 Insights:
— into (supra) - regional coastal groundwater dynamics over time
— into understanding current and future state of transboundary fresh groundwater resources
— into identifying potential hotspots for fresh groundwater shortages



Characteristics large-scale coastal groundwater models LCGMs(1km? scale)
1.

2.

Models can cover areas >> 10.000 km?

Typically cell sizes of 1*1km?2

. Multiple model layers (to properly represent groundwater salinity and subsidence)
. Our LCGM building tool use open-source tools like Python

. Global datasets are used, providing 1s-order approximations of groundwater conditions

In data scarce regions

. High-performance computing opens up new possibilities

. Parallelization of SEAWAT (iMOD-WQ): important breakthrough in speeding up variable-

density groundwater flow and salt transport modeling

. Simulation groundwater salinity dynamics over full glacial-interglacial cycle (e.g. 125 ka).

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets



Characteristics large-scale coastal groundwater models LCGMs(1km? scale)

9. HydroBASINS global-watershed-boundaries dataset are used to delineate the boundaries

10. Offshore continental shelves are also covered (manually outlined and added to the
selected HydroBASINS).

11. Top elevation derived from a global DEM dataset (GEBCO)

12. Bottom elevation estimated by:
a. the bottom of the unconsolidated sediment formations

b. sedimentary rock formations (limited to siliclastic lithology)
13. When local hydrogeological input data is available (e.g. borelogs, groundwater salinity,

extractions), tools like GEMPY are used to improve the LCGMs

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets



Planning large-scale coastal groundwater model building tool

Phase 1. Tool development, demonstration Phase 2: Global modelling and scenarios

datasets

Key

External data

/ mining

Tool development

Products

2024 salinity

n-situ data (water
samples, airborne
EM etc)

Global 2D Salinity
profiles (Zamrsky)

Y

Global, rapid,
automated 3D
interpolation

¥
3D Salinity

concentration)

(boreholes/seismics

2024/2025: Global
geology/modelling

In-situ data lobal 2D lithology
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aquifer base)
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k4

Flexible 3D model
creation (with or
without in-situ data)

h

3D Geology
(hydraulic
properties)

h 4
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framework with
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2025/2026:
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calibration data
(from data
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regions)
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3D global
salinity models
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2025/2026: Climate scenarios & impacts

Global Sea Level is Projected to Rise

Even under the most modest scenarios®, scientists expect
sea level rise to affect Earth's coastlines significantly

in the coming centuries,
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Example storyline: Pathways to demonstrate the future Mekong delta:
linking groundwater extraction smp subsidence s increased flood risk

-10

Scenarios of future groundwater extraction pathways

. 0 Meter B Scenario'rzl_zl'
— M3
....................... M2
2018 level
M1
-??3 ~~Mitigation scenarios
o _
O
3 ~
. ©
o (%)
=2
=
o —
o
(] o
Z Also model resolution of 1*1km?

 ARERRRRSRARRERERARERRRARRRARRRRARARRARERARRRRRRARRARARARE!  RERRRARARARRRRRRRRERARARRRARRRARRRRRRARRARRNARAARAAR

2000 2025 2050 2075

Extraction scenarios

2100

Environmental Research Communications
Minderhoud et al. (2020)

4. 4 B1: Moderate

Future elevation of the delta
Extraction-induced subsidence and absolute sea-level rise
2030 2050 2100

> M3: Recovery of 2>
aroundwater levels

extraction increase

0.5 0 1

Elevation (m a.m.s.l.) A

.* g
B2
LR v "

M im-WQ and global datasets
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Among others based of this research, ‘Decree 167’ has been implemented in Vietham in the Law of Water

Resources: develop and implement zoning plans to restrict groundwater overexploitation



Example 1: 1*1km? global grondwater model

4 A"
i
9 o

Components:
* quantitative groundwater only ™\
« 278 million active cells

* two model layers

« simulating period 1958-2015
* daily time steps and monthly input X i
« 12 nodes, 384 cores g (o
» Snellius supercomputer | o
 maximum 16 hr simu time!

meter below land surface

&
3 g

Verkaik, J., Sutanudjaja, E. H., Oude Essink, G. H. P, Lin, H. X., & Bierkens, M. F. P. (2024). GLOBGM v1.0: a parallel implementation
of a 30 arcsec PCR-GLOBWB-MODFLOW global-scale groundwater model. Geoscientific Model Development, 17(275-300).
httn<s://doi ora/10 5194/amd-17-275-2024
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Example 2: parallel computing plus smart model parameters

« Split into (tens of) partitions, leading to a significant reduction in computation time
« Speed-ups of at least 10 up to 100 times, depending on cores, solver iterations and data exchange efficiencies

Three examples:

256

128 1. Sand Engine: from 1hr 47min 55sec -> 2min 40sec: 40*

-o-Measured = ~Ideal

2. NHI fresh-salt: from ~30 days to ~2days: 15*
3. Island Japan: from 5d0h36m to 5m59s: 1209*

Island Japan ...
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Example 3: Improving geology, focus sediment thickness

 we validated with ~40.000 boreholes .

« decent results in deeper sediment regions

« example Australia

(for more information: check with Daniel Zamrsky)
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Example 4: Data mining hydrogeology

Global models need data for hydrogeological
properties, validation, calibration, etc.

Without enough data, models and their projections
are highly uncertain / people do not trust them.

Recently available Python APIs for Large Language
Models (LLMSs), e.g., Open Al GPT3.5/GPT4 Vision).

Architecture designed with FAIR practices in mind
Short scripts, adaptable to different LLMs
EXxciting opportunities to apply these methods

A &G openAl

Document

GPT 3.5 quary

|

Data from text

v

I

Database

Mine
image

Images

Is it interesting
{classifier)

¥

¥

Yes

Mo (discard)

.

GPT Vision query

¥

Data from image

F

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets



Example 4. Data mining hydrogeology

Structured data from text

 LLM response is processed using a

parser and added to a structured
database

« Bing maps API turns place names in

coordinates

« Here: result from mining ~2000
documents

* Five orders faster & cheaper

* Data_Mine_V1
- title Borehole logging and seismic data from Lake Ohrid (Morth...
F (Derrved)
F (Actions)
field_1 1
title Borehole logging and seismic data from Lake Ohrid (Morth...
year 2022
country Morth Macedonia/Albania
regicn Lake Ohrid
url https://doi.org/10.1016/].quascirev.2021.107295
keywords [‘'age-depth modelling’, 'downhole methods', 'seismic inte...
data_links [
Y¥_country 41,139945980000000
#_country 20,065076829999999
Y_region 41,060115809999999
#_region 20,731 275560000000
directo ChUsers\king_je\Projects’ Text_Mininghpdfsi1-s2.0-502773...
Document R 1 (S Il LY
Stockholm
Mine Mine
text image vy atv
l l Kingdorr X Lietuva MD‘(:‘n’lJ
© _Great Britain °
° gHomburg Ben
Text Images ireg geland % ® o e Berl
Lot%m J ond ® %
'L 'L e o 8% et Gk &
- ¢ Kuvis
GPT 3.5 prompt IsEtc;;;:ﬁ:trl)ng % s
d) 3
g —_ 4 — l‘ Y Frarge OoO Magya "1‘
1 ° '"O.’.lgret ia
Data from text Yes No (discard) ° © o 8Hivatska P ®
I ® 00 F < “~Bucuresti
—_— e . Bunrapus
¢ ° Bﬁl@or‘a il C.;‘ﬂ[ll‘ ® Istanbul
GPT Vision f) . ° (o
prompt \Ac Icl)m Py
Daig ™ Antalya
t g‘z;‘[ % folu r ;8 [} ® e =
Data from image B ¥ g $ 2 8 0 C o
s V‘J'.-‘I,n ®
° : oo
o o o G4 ol
® e S
2 g)f‘lb
Database 4 -
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Example 4: Data mining hydrogeology

Example parsed JSON output from LLM for

Structured data from images one borehole interval

» Uses multimodal capabilities (GPT4 Vision) { top_ m" 0.0

"bot_m": 3.0,
o it ati ; “litho_main™: "TOPSOIL",
Quantltatlve data needs careful structurlng "litho_description": "TOPSOIL GRAVEL, rare boulders",
"X_coordinate": 1661007,

i i "y_coordinate": 5315067,
It can format and also reject incomplete or = .
ground_level": 27.0,
poorly structured data "grid_reference": "NZTM"
Document
Mi Mi
o Parsed output added to database
! }
Text Images p— p— - p—
df top m bot m litho main ... ground lewvel grid reference
| ) 8 8.0 3.0 TOPSOIL 27.0 NZITM BT28 5e8l.
GPT 3.5 promet Is tinteresting 1 3.0 6.0 GRAVEL 27.8 NZTM BT: a
(classifier) 2 6.8 9.8 GRAVEL 27.8 NZTM BT:
! v 3 9.8 12.@ GRAVEL 27.8 NZTM BT:
Do from toxt Ve No (discard) 4 12.@ 15.8 BOULDERS 27.8 NZTM BT:
5 15.@ 18.8 BOULDERS 27.0 NZITM BT:
i & 1.0 20.0 SILT 27.8 NZITM BT:
GPT Vision 7 20.0 24.9 GRAVEL 27.@ NZTM BT:
prompt 8 24.@ 27.8 BOULDERS 27.8 NZTM -
= - — ] 27.@ 38.8 BOULDERS 27.8 NZTM
I Data from imagel 18 38.e 36.8 GRAVEL 27.8 NZTM

Database

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets



Example 4: Data mining hydrogeology

(2]
=
- 3
Structured data from images o g
L @
@ >
> @
. < o)
Tested on ~500 borehole images from New z g
= o
. . . ©
c
Zealand, provided by Utrecht University : 5
= o
laaasd ;
a
Bprelog for well BT28/5001 4@ Environment Data Colours )
Grid Reference (MZTM): 1661007 mE, 5315067 mMN Canterbur - - N :
Location Accuracy 10- 50m I Y. h || "lithe_main’ within | . reindexed_boreholes_tm_fitered v =
Ground Level Altitude: 27.0 m +MSD Accuracy: =25 m Reglonal CPUHC”- [Lll||| = Colour table entries -
Driller: Texco Drilling Ltd Hauniera Taiao ki Waitaha Colour Class Count E
Drill Method: Rotary/Percussion +[= 0 -UﬂkﬂDWH pe 7
Borelog Depth: 36.0 m  Drill Date: 22-Dec-2012 = . ToPSOIL 28 o
Water Formstion = 2 [ GraveL 1673 E
Scalke(m) Level Depthim) Full Drillers Description Code .,, 3 BOULDERS 0 = E
- 3 TOPSOIL
o.20m OOOOOC GRAVEL, rare boulders 4 ST i b b
)OOOOO 5 -CLAV 1679 Q
5 SAND 681 ® g
3.00m 7 Clay & Gravel 2@ o]
GRAVEL, rare boulders, moist. s Cobbles 45 5 %
[ Gravels EESIE e
’ s reindexed_boreholes_tm_fitered Nodes 10 [ pest 5 @ <)
6.00m _
Blue/grey river wash GRAVEL,
medium-large rare boulders.
Index top_m bot_m  litho_main litho_description x_coordinate y_coordinate ground_level grid_reference
9.00m bould § 5 NZTHM
Blue/grey river wash GRAVEL,
10 medium-large rare boulders .
NZTM
12 00m GRAVEL : s . 16¢ NZTM
. Blua/grey large boulders " .
GRAVEL } 16E NZTM
14.00m
Blueigrey very large boulders / 13 g LDE 3 af v = T 7 NZTM
15
15.00m LDERS ” a NZTM
Blue/grey large boulders, some samd, = -
water at weld on.
SILT Sandy Silt 16E 3] : NZTM
18.00m i .
Sandy Sit GRAVEL Blue/grey r NZTH
20 20.00m ] ] NZTH
Blue/grey river wash gravel, water at =1
weld on
NZTM
NZTH
24.00m




Example 4: Data mining hydrogeology

Structured data from images

Handles handwritten logs (mostly), also in other languages

FORMATION LOG SHEET

Hole number

Tlies ¢ = (onsow.

: c;’;r\mju‘ # 'wrﬁi S/io N'e
2 e’ ul S € 4=

To \7; ock Type .jugsiirv:w‘ N 77“ ] ?
3 > ?_w\ (< /Ox“Lm\L .‘__»f
“ l._ 1w _wa_Lauw uLLs._., _Coonre = f&«gﬁn“y Mo \»Imﬁg L
- o & -mEM \an = o0 d u\v-u{)__ W - _ . - = . S
I j Jﬂ fhld o | [ top_m b litho_main litho_description
d c&w'exx)t) - _! P P -
g-\_ o uglkwmmmél E_Vm‘ S L H : 501l1/0rgan Coarse-fine (silty) sands, poor sorting
| | f&t‘_gg&x >..z_<.k UL‘L_@A\’\“ Lo 'l H’ c . o o -
= | A ;gae] 3 - 4 Grey 3 2ith come can Subangular to rounded fragments, poorly
— == L‘“\—‘P&LQ‘—*@\ i Grey silt with some sand consolidated (possibly some wolcanic gla
Aj?’ :’jt}%m}ﬂﬂ’“}* ~i°“:“’:j‘4;‘:;“ “"l‘*i;{;“;";@::“ Yellow/brown Sand Coarse to fine grain brown, ferroan coated,..
=, (é' \ eos w e : " 1 . :
7&_’*%)‘ o‘ \L&A ks e»\m&m_,/ W(, 2. : 51licified {Lahar White sandy matrix (poorly sorted, bimodal)..
K 3 3Q-\ HEIEEYY (A\ &( (Kd
Mo JALL L& s i . . _ . .
o i R e e i;,il : 182 { dised w L d bas Some scoriacity,
N,;fkw- A\ oowf\ J"*&&S& § ocsasn O il
P P N L IR R i L L 182 o Fresh basalt,
=1 'I\nu\ &Xﬁm*’\n ¥y \. S:L %m q_)._k_‘
| xS VI & ,’ akel)
_QL'fzfﬁi\'—%m\A&h& liﬂ“gff = 5 \ 3 Frank chlorite schist
et i -tbﬁi = A l.’ o Dgvat |
| - R h
I Bl =1
* |
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Example 4: Data mining hydrogeology

e GemPy

Using the data to construct large-scale hydrogeological models

Models can (mainly) parameterised in two
ways with data-mining:

1. Hydrogeological properties
2. Initial salinity distributions

Demonstration of 3D interpolation for
hydrogeological properties

X (km)

~ Case Mekong

—

500

600 700

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets



Example 5: some 1*1km? large-scale grondwater models

Orinoco,Venezuela

Bangladesh R Shatt_al Arab Time-29008 57 s&/ The Levant \£’ Java \d,, Oman

" gndvaer saliaiy (5 TOS1)

[ S )
CoNC 051 2 57810152025 %

Floride, USA

| T T
oMz ©0205] 2.4 6 4 WIIENN DN

MeaD 128 5 251 0 1 33 5 751035 %0 15

Coastal Vlaanderen, Belgium The Netherlands
=

background map: GLOBGM v1.0 heads, 1*1km’ (Verkaik et al, 2023)
previous models 3D VD GFST models (iMOD-WQ)
GCGM models (iMOD-WQ parallel)

models with subsidence (iMOD-WQ parallel)

Oude Essink et al., 2023, Deltares/ UU

WAD 1955 03 t 152 35 % 1035 %0

Red River Delta, Vietnam

L( Krishna, India

Time 0y N\ Jurong Island, Singapore L Mekong Delta, Vietnam ‘(

T

9503 08 1 15 5 10 Conc 83051 2 4 6 8%uMBMDSD

T
oo 051 2 45 8 W2 MBAD
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Example 5: some 1*1km? large-scale grondwater models

Dunea model area

coastal part NL

HEAD:

543210123456

coastal part NL

Java island

Tunesia

000000

000000

HEAD: -50-25-10 0 5 10 20

800!

00000000

00000000

000

North-west Germany

Chao Phraya, Thailand "

‘! g/' :

ooooo

M

HEAD: -3-2-101234568

Mohammed Alkurd

Seibert et al. WRR. 10.1029/2022WR033151




Reproducible
workflows &
(python) tools

Interpolation
techniques for
geology and
salinity

Parallel
computing

LCGMs

for fresh
groundwater
projections in
deltas and
coastal zones

Data mining
hydrogeologic
data

Airborne
salinity
mapping,
citizen
monitoring

Paleo
reconstruction
salinity

Thank for your attention

Questions?

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets
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- . : Deltares
Airborne groundwater salinity mappin
y ppM ?d ™o BGR

Combination helicopter measurements with knowledge
about subsurface and processes in fresh-saline
groundwater, and geostatistical mapping via (multiple)
25000~ 10000 indicator kriging.

1000-1500 Results:

i * Mapping of 3D groundwater salinity and clay layers

>10000 mg Cl/I

Applications:

FRESHEM Zeeland * strategic fresh groundwater users & policy makers '

BuIk resistance [Ohmm]

support ASR (COASTAR) in coastal zone
* identify brackish water potential
e improve groundwater models & monitoring
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Citizen science, using simple devices and webportals

Deltares Nitrate App
@ Map
Measurements Nitrate -
+ Login
% Documentation j +
A Disclaimer ! -
19 . @
Deltares

Enabling Delta Life ; . 4 3 V @

B F
“« > » 26/05//2018 - 26/06/2018 © Days: 31 ~F

Leafiet | ® OpenStreetMap contributors
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Paleo-reconstructions groundwater salinity

To simulate reconstructions of past hydrological conditions in (data-poor) areas, improving

understanding of present groundwater salinity.

lagoonal channel and basal
eolian dunes deposits tidel flat deposits

mixing of seawater
and freshwater

Noordzee Alkmaar  Noordhoilands  Schermer Usseimeer

North Sea peat peat T sl

saline and brackish
water intrusion

0 m Present sea It

1st aquifer
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Delsman et al., 2014, HESS
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Why now?
High-resolution global coastal groundwater salinity models are now possible:
1.

2.

Parallel groundwater salinity modelling (iMOD-WQ / SEAWAT).

Fast Airborne EM groundwater salinity mapping in 3D, (e.g., FRESHEM), citizen science “*

. . distributed no th
data COI IeCtlon at h Ig h TR L. du:»cn\m::ﬂ variable-density groundwater flow
and ransport

Paleo reconstructions of past hydrological conditions in data-poor areas, (possible due
to parallel computer), resulting in improved understanding of present groundwater salinity. -

More open hydrogeologic data available (advanced text mining, open-source webportals).

Advanced techniques for rapid 3D interpolation of coastal geology and groundwater
salinity, and hydrogeological model parameters.

Fully scripted reproducible modelling workflows, clipping & refining (e.g., IMOD-Python),
aiding regular updating and stakeholder trust in model results.

And: groundwater community initiatives, like Groundwater Model Portal (GroMoPo) (e.g.
poster EGU23-12340)

Building large-scale 3D coastal groundwater models with iMbD-WQ and

T Q
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Paleo-reconstructions groundwater salinity

Parallel computer power is utilized to simulate 3D reconstructions of past hydrological
conditions in (data-poor areas), improving understanding of present groundwater salinity.

Northwest Germany

e | o8
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0 BP
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i Information
' Extraction

Data mining hydrogeology == =

Extracting information from images.

Automated in Python using Tesseract W —_— \, —_— OpenAI

and OpenAl API tools Py MUPDF Tesseract OCR
Input image Output text (Tesseract) Extracted data (OpenAl)

Text editor - 21 User: "If there are coordinates in the
text, extract them as minimum and
maximum coordinate pairs:

] i { 98°08°W 92°38°W 98° 88"W 92°38'W 90° 88'W
i [ 38 N
}4‘}\ |;§‘ System: "Example output: X: 100, 100.
il '8 Y: 100, 100"
b., d, !
H z E% HB High connectivity

Text editor - 21

I) thin confining

Building large-scale 3D coastal groundwater models with iMOD-WQ and “‘

|| Intermediate confining

|| Thick confining




New: multi-modal GPT-4 to process
multiple types of input data, combining
image and textl information!

Data mining hydrogeology

Extracting information text.

Automated in Python using OpenAl API i > @ OpenAI

pyMuPDF

Input text Extracted data (OpenAl)

User: "Extract model parameters from
the text in tabular format:*“

Contens lists available at ScienceDirect

Advances in Water Resources

ELSEVIER jounal homepage: www.elsevier.com/locate/advwatres

System: "Example: X,Y,Z,1,2,3"

Joint estimation of groundwater salinity and hydrogeological parameters -
using variable-density groundwater flow, salt transport modelling and
airborne electromagnetic surveys

Initial Estimate | Actual Value | Predicted Value (difference actual)

Jude King a’b‘°, Tobias Mulder *, Gualbert Oude Essink *”, Marc.F.P. Bierkens b

* Utrecht University, Department of Physical Geography, Utrechs, the Netherlands
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Combining techniques for 3D groundwater salinity

* Airborne EM surveys

e Text mining for pdfs and webportals
e Rapid, automated interpolations
* Paleo reconstructions modelling

» (Citizen science salinity monitoring)

40°N
R e h |
Ve o0
Sy \
30°N Rl N R it
2= €. 5.
i QX
/ v &
/o N AN
0N Se e )
e | g Y |
¢ Ve > - 3
s g I
LR v
3

Latitude

Number of

oy _;35“ stations

: o

[ 1-100

W 100500

[ s00 - 1,000
[ 1.000 - 5,000
[ 5.000- 10,000

__| [ >10.000

“.# Thorslund et al., 2020, Sci. Data

Goundwater - 631]

)

| |
Goundwater - 333
Rivers - 39

Water type
[ Groundwater

@ river

ou
Rivers - 1,371 ]

| |Lake/Reservoirs - 5

A LakelReservoir
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<500

500 - 1000

. 1000 - 2000
. 2000 - 15,000
. >15,000

5

IO 101.')00 20(|)00 30?00 40(])00 50?00
L L L L L

w k X Horizontal Length (m)

Table S1 Hydrochemical and stable * g

Ca  Mg”

L)
Xe\
Water Posion  Site  Label  Depth(r f(

Shallow groundwater:

GOl \ 2122 1411 4334 17.65
. \(\6\06 .

0ld delta
239 7333 12727 5526

.10 67.38
182
16.1

66.4

127
110.07 8 - =
226.83 50928

7993 23234
11208 39758 30448 68607

9 4136 2615 43520 14211 59362
4 336.08 608.13 7040.85 13885 147645
2. 559.29 1725.67 25215.25 3565.6 1034.50
7.0 33758 640.08 0113.11 22082 43213

0.0 0.15 0.3 1.0 25 50 7.5 10.0 15.0g/LCI

137.00 1357.00 428.00 398.00 3.94

Salinity
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2584 830
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1987 834
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I I Tal « Oman case
Test 1 Making a regional 3D groundwater sahim‘t‘_ modgld . 523074415 cells of TLkm?
S g 7 i - Y S T Simulating groundwater
A N2lo N~ .- | salinity paleo-reconstructiah
i Ve N - | (120kyrs) and 300 yrs into2
" aid e O 2N the future including s
it . 9 TNy extractions (using PCR-  E
B Ty SR GLOBWB). o
— T e « Computation time: < ldayg
2= T < parallel on only 24 cores;
1 KR = using supercomputer
Snellius, but even on a
laptop it is doable
RCP_26_WEL_BP_00050_to_00000 Groundwaterfluxes

RCP_85_AP_00200_to_00300
0200_to_00300

groundwater salinity (g TDS/L)

CONC: 05 1 2 5 7510 15 20 25 30

Deltares

=

Building large-scale 3D |coastal groundwater models with iM

groundwater salinity (g TDS/L)

Utrecht University

CONC: 05 1 2 5 7510 15 20 25 30




I l 1Nt  Tunesia-Lybia case

Test 2 Making a regional 3D groundwater sqlmlty model e case
- s s s 2% Tunis -\ | - Simulating groundwater

ik - oo} g L salinity paleo-reconstructiorg

For now 30-20kyrs BP. S
« Testing parallel on 62-128 &

cores; using supercomputerz
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Automated STEPSIZE analysis! £
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Thank for you attention

Questions?

Gualbert Oude Essink, Daniel Zamrsky, Marc Bierkens

gualbert.oudeessink@deltares.nl

pdf on wiki freshsalt.deltares.nl

More information:

Parallel SEAWAT, imod-python and 3D viewer:
. https://oss.deltares.nl/web/imod/about-imod5

EGU23-7607 A study on the suitability and quantitative potential of
HS8.2.6 aquifer storage and recovery and brackish water
extraction in Dutch coastal areas.

EGU23-15557 Monitoring & simulation groundwater salinity due to
HS8.2.6 extractions in a coastal aquifer

EGU23-17249 Effects surface water boundary condition scaling on
HS8.2.6 modelled groundwater salinity and salt fluxes

EGU23-2859 Assessing impact of climate change and anthropogenic
HS8.2.6 factors on future salinization; a case in Northwestern
Germany)

Global Water Resources and the Limits to
Groundwater Use

And PICO Zamrskly et al.: EGU23-11444 HS8.2.6

. Verkaik, J. et al., 2021. Distributed memory parallel computing of three-dimensional variable-density groundwater flow
and salt transport. Adv. Water Resour. 154, 103976. https://doi.org/10.1016/j.advwatres.2021.103976

+  https://deltares.qgithub.io/iMOD-Documentation/python_index.html & iMOD Python
. https://deltares.qgithub.io/iMOD-Documentation/viewer_index.html 'k iIMOD Viewer

Reproducibility and transparency, Gitlab
. https://gitlab.com/deltares/imod/nhi-fresh-salt

. Delsman, J.R. et al 2023. Reproducible construction of a high-resolution national variable-density groundwater salinity
model for the Netherlands. Environ. Model. Softw. 105683. https://doi.org/10.1016/j.envsoft.2023.105683

» 3D Paleo-reconstruction groundwater salinity and iMOD-WQ

+ Seibert, S.L. et al., 2023. Paleo-hydrogeological modeling to understand present-day groundwater salinities in a low-lying
coastal groundwater system (Northwestern Germany). Water Resour. Res.

https://doi.org/https://doi.org/10.1029/2022WR033151

* Van Engelen, J., Verkalik, J., King, J., Nofal, E.R., Bierkens, M.F.P., Oude Essink, G.H.P., 2019. A three-dimensional

palaeohydrogeological reconstruction of the groundwater salinity distribution in the Nile Delta Aquifer. Hydrol. Earth Syst.

Sci. 23, 5175-5198. https://doi.org/10.5194/hess-2019-151

llja America -
van den
Heuvel et al
Thijs
Hendrikx et al

Ignacio Farias
et al

Stephan L.
Seibert et al

Marc Bierkens

= Utrecht University

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets


https://oss.deltares.nl/web/imod/about-imod5
https://doi.org/10.1016/j.advwatres.2021.103976
https://deltares.github.io/iMOD-Documentation/python_index.html
https://deltares.github.io/iMOD-Documentation/viewer_index.html
https://gitlab.com/deltares/imod/nhi-fresh-salt
https://doi.org/10.1016/j.envsoft.2023.105683
https://doi.org/https:/doi.org/10.1029/2022WR033151
https://doi.org/10.5194/hess-2019-151
mailto:gualbert.oudeessink@deltares.nl
https://meetingorganizer.copernicus.org/EGU23/session/46604
https://meetingorganizer.copernicus.org/EGU23/session/46604
https://meetingorganizer.copernicus.org/EGU23/session/46604
https://meetingorganizer.copernicus.org/EGU23/session/46604
https://meetingorganizer.copernicus.org/EGU23/session/46604

Orange Issues

e Calibration, validation, verification.

« Tekst mining: IPR of articles.
 Interferences with local hydrogeological communities, some same regional scale.
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Developments into LCGM version 1.0

Early 2023 = = = = = = - » Early2024 - - o o oo oo - » Late 2024
r - — — " r--- - = - = = =
 LCGMO.1, LCGMO.2 | LCGM 1.0 |
& [
|
| | | | !
Input Clobal Global in-situ | Global, in-situ I
data I I | | geology + salinity I geology + salinity
I . I Global salinity 2024 | | |
1 | by i
Inltlal . I aut?LTaF;:;ZEii.itial | l Interpc:-lalteldinitial 1|— Interp-:hlalteld inial <|
Concentration I concentration I I salinity I /—\ | salinity
1 |
| | | | —— Datamining | ! !
Geological || simplied, || | | I |
Complex geology Complex geology - ,
model I aui'tﬁglft;;jcﬁsggw | | (BCF. via GemPY) *'l—| | | (BCF. via GemPY) <I Data mining project
] |
| | | T "
L] ] T
| Ge::-l-ng*; + Elnpy |
I Flopy script l I Geology + Flopy l scripts running
running on scripts running | parallel on |
i l I i I Windows.
M d | l Windows parallel on Windows
oae l | | | l » Velocity 1—'
runs optimisation. I
| | | | l « Calibration.
+ Regridding. l
I l | | | » Cropping

Building large-scale 3D coastal groundwater models with iMOD-WQ and global datasets
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