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Status Quo

What
Investigate an innovative solution to support large-scale parameter estimation for
groundwater flow models

Clients
LHM (National Model NL, RWS) and Zeeland Model (Regional Model Prov. Zeeland)

Context
Spatial Calibration of the transient LHM- and Zeeland Model (SeaWAT).

Status
Currently available as prototype in iMOD v5.6

Applicability
Regional models might be able to be calibrated more efficiently

Information

IMOD Manual; PPTX of Modflow-and-More conference; paper (Groundwater) in prep.

... in highlights some results ...
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Challenge

Optimize

3D Groundwater Flow model
— Transient Model (171 stresses)
— 12.5 millions nodes

« Totally 2,050 parameters

— REGIS units in aquifers and aquitards

— GeoTORP lithology in “deklaag”

— Drainage- and river conductance
— Infiltration factor rivers

— Storage coefficients

 Observations
— 0.5 million time-variant observations
— 60,000 artificial observations GxG
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LMA Optimization Method

iPESTP (iMOD)
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LMA Optimization Method

iPESTP (iMOD)
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LMA Optimization Method

iPESTP (iMOD)

O

Parameters O

LMA
Zones / Org. Model
Pilot Points 9-

No Reduction Global Obj. F.

Final

Parameters
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Cycle 1

» Po

Effectiveness is caused significantly by A, try multiple A's
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LMA Optimization Method

iPESTP (iMOD)
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LMA Optimization Method

iPESTP (iMOD)
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Effectiveness is caused significantly by A
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LMA Optimization Method

iPESTP (iMOD)
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LMA Optimization Method

iPESTP (iMOD)

O

Parameters O

LMA
Zones / Org. Model
Pilot Points 9-
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Final
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Efficiency of LMA Optimization Method

360
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Simulation Time (minutes)
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Deltares

300

) >300 minutes

0 5 10

Nodes (millions)

Millions

| [SingleCPU|20CPU

Sensitivity 2050 427 days 21 days
Lambda 3 5 hours 5 hours
Totally 10 cycles ~0.5 year

It never goes right the first, second, third time ...
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computational times

Runtimes of Models
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computational times

Runtimes of Models
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computational times

Runtimes of Models
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computational times

Runtimes of Models
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Submodel Model Optimization Method (SMOM)
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Pilot Points
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Questions:

« Effects groundwater in
Groningen that of Twente,
Utrecht of Brabant?

Can sensitivities be
approximated by smaller
models?
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for parameters that do not
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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SMOM — Q-EDGE
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SMOM — Q-EDGE
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SMOM — GHB'EDGEcond:q/dh
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Submodel Model Optimization Method (SMOM)
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SMOM — GHB'EDGEcond:q/dh
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SMOM - GHB-EDGE
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SMOM — RESULTS

GHB-BOUNDARY

Q-BOUNDARY
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iteraties
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199.687

N N = T T = T Sy e
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4
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0.4894
3.65549
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4
162.829

0.4894
3.65549

9.7792
0.67596
3.46153
4.66887
0.33774
475738
0.58062

10000
4
160.951
0.538
3.025
10
0.678
3.625
7.408
0.343
5.612
0.582

4
164.933
0.629
4.524
10
0.672
3.631
9.067
0.413
7.103
0.177

5000
4
162.757
0.56
4289
5.769
0.686
3.688
6.155
0.33
517
0.591

Fil
164.939
0.823
0.165
10
0.683
3.48

10
0.382
4.686
1.673

2500
4
169.232
0.595
8.427
9.707
0.671
3.542
2.238
0.331
4.337
0.298

4
178.618
0.61
2.224
0.922
0.692
2.122
1.038
0.338
4828
0.229

1000
4
181.881
0.759
10

10
0.68
2.638
1.13
0.338
6.615
0.535

4
175.524
0.492
1.585
2.169
0.675
2.517
2.545
0.325
5.667
0.182

0

4
228.278
1.467
0.171
1
0.648
0.591
0.457
0.29
7.479
0.26

4
183.853
0.456
0.923

1

0.646
1.942
1.128
0.422
4131
0.1

full overlap

half overlap
lquar&er overlap

10000

0.98847
1.09929
0.82752
1.02258
1.00302
1.04723
1.58668
1.01557
1.17964
1.00238
sum 1.0871

1.01292
1.28523
1.23759
1.02258
0.99414
1.04896
1.94201
1.22283
1.49305
0.30485
sum 1.17236

5000

0.99956
1.14425

1.1733
0.58993
1.01486
1.06543
1.31831
0.97708
1.08673
1.01788
1.04308

1.01296
1.68163
0.04514
1.02258
1.01042
1.00534
2.14184
1.13105

0.985
2.88142
1.32271
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1.03932
1.21576

2.3053
0.99262
0.99267
1.02325
0.47934
0.98004
0.91164
0.68548
1.06512

1.09697
1.24641

0.6084
0.09428
1.02373
0.61302
0.22232
1.00077
1.01484
0.29441
0.69091

1000

1.11701
1.55086
2.73561
1.02258
1.00598
0.76209
0.24203
1.00077
1.39047
0.92143
1.18131

1.07797
1.00532
0.43359
0.2218
0.99858
0.72714
0.5451
0.96228
1.1912
0.31346
0.71094

1.40195
2.99752
0.04678
0.10226
0.95864
0.17073
0.09788
0.85865
1.57208

0.4478
0.80582

1.12912
0.93174

0.2525
0.10226
0.95568
0.56102

0.2416
1.24943
0.86833
0.17223
0.59276

fractional errors
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RESULTS
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RESULTS

Deltares
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Synthetic Example

FUNCTION=RUNFILE

PRJFILE_IN=D:\MODELS\TEST.PRJ
NAMFILE_OUT=D:\MODELS\TEST.NAM
IPESTP=1

NCPU=6

ISOLVE=1
MODFLOW=D:\IMODFLOW.EXE

NCYCLE=10

SEPMODELS=D:\MODELS\SBM.IDF
BNDSUBMODEL=3

Deltares

564 of 1118
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Synthetic Example

Deltares

Mj single_zone_sm500mtr_dmsr_dparam. TXT - Motepad

File Edit

Format View Help

SUMMARY OF SEP-MODELLING

o.eea «—— (lobal Objective Function
E} Local Objective Functions

cyclel cycle2 cycle3
] a.278 a.al5 a.eas
1 B8.a59 a.eaa a.eaa
2 a.aas a.aaa a.aaa
3 a.1laa g.aaa g.aaa
ICYCLE= 1
IPRM PT PARAM F_FINAL MEAN
1 KH AQUIFERL KH @.2938 a8.254
2 KH AQUIFERZ_KH @.979 1.152
ICYCLE= 2
IPRM PT PARAM F_FINAL MEAN
1 KH AQUIFERL KH 8.233 B.226
2 KH AQUIFERZ_KH 1.228 & . 5ea
ICYCLE= 3
IPRM PT PARAM F_FINAL MEAN
1 KH AQUIFERL_KH @8.265 a.269
2 KH AQUIFERZ_KH 1.384 a.942
Sub models

STDEW
2.114
a.683

STDEV
a.a49
a.358

STDEV
a.a43
@.36l1

F_MDL1 F_MDL2 F_MDL3
@.151 @.236 @.376
@.599 1.862 1.794

F_MDL1 F_MDL2 F_MDL3
9.281 @.186 9.211
B.396 @.996 1.008

F_MDL1 F_MDL2 F_MDL3
B.292 8.214 9.382
.538 1.231 1.858
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Performance NCPU=12
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Parameters Lateral
Zones / Org. Model Fluxes
Pilot Points o
Sensitivities
Submodel 3

No Reduction Global Obj. F.
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Performance

Parameters

Zones / Org. Model
Pilot Points

No Reduction Global Obj. F.

Final
Parameters

Deltares
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N . Liter
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Submodel 3
If N..,,, is too high

cpu
perfgrmance drops
Fo) significantly
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Submodel 4
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Final

Parameters

Deltares

QO

Sensitivities

Submodel 1

NCPU=3

CPU1

CPU2 WORKER=1
CPU3

iMOD Gebruikersdag juni 2023

41



Performance No. Computers=4  NCPU=3

4l CPUL
Sensitivities )
Submodel 1 CPU2 WORKER=1
CPU3
o CPU4

Sensitivities
Submodel 2 CPU5S  WORKER =2
Parameters .

Zones / Org. Model II‘:"I"J)G(Z' |
Pilot Points r U
Sensitivities
Submodel 3

CPU8 WORKER =3
CPU9

No Reduction Global Obj. F.

"4 CPU10

Final Sensitivities
Parameters Submodel 4 CPU11 WORKER =4

CPU12

Deltares

iMOD Gebruikersdag juni 2023



AOD, User Manual

Synthetic Example

s n
~ 1 entries exis
jocation wha ouT

o examine on 3 Dw‘umh\e EXAMINE TXT In e

o this Keyword 16 T is tsted 1 16 TE L s MOD gy,
EXAMINE- the model. _The IPI0ECC o an have the lollownd ¥ oo g EXAM ch functions

o * calol
{optional pUT_FOLDER. EX %. and Y-coordnate o "‘T “:'moozso and
\ et the X- dinate T
\ o EXAMINEXO. 500000 to denote an X e comect fow- and oM
’ +1200025.0, 750008 g location tile

| INE=1 1750000.0 For that NJJ’ s isted in e output 1 o isted
\ Y-coordwnate O nd af model entry 1% 1 the model cel 10 B
\ per will be cw‘“_; owr- and column s ot o
\ ) enter N6
\ o [)(AU\NY
| nthe output file
\
|

FUNCTION=RUNFILE

PRJFILE_IN=D:\MODELS\TEST.PRJ

NAMFILE_OUT=D:\MODELS\TEST.NAM |
IPESTP=1

0 inste,
e P -

d of 1,
CG som, e PCG
core L TVDeNCe Gue T 20 You ,,,,gf,“"‘-‘ge e
3 Specileg “m"¢35-0ﬂ5 ™ 0 huge Contra, ant 1o e
By offecy,  enever RUNFy g 080N s 4 e in CONRuctig
Enter e 7 LE OuT i :O:D‘twe Whenever
N Umber ed,
HPQOC_S > of Processor % keyworg
Wode) g, 0o POy 5 oo 10 B8 seg
| Moce detayy NRpR, D'D,CQggo,s PS " the PKS G
\ ) =1 and the py NS in py
S alel
\ ..lh:g:he:'e' esult 1,  Usea in seria)
\ PRSMERG P‘(S\l[qc[ 005 Need o e
\ Enc’g" D05 mers F0% N0 g, D80 alter g
\ Bfe, | Canbe SD«-DE (detayy o, '9® the fig, ang
NCPU=6 | R T
Se1 Onginal Ipe
ll or \SéP.O
ISOLVE=1 \ P
\ P BTl gl
— . \ s hosea
— . . l hmm Pa,,mmmg
ll —
8 the bag
| M Of the ,,.0':"(*‘7'0!1 PR
\ uw"'ﬁ,’jw s 8Cve noges p‘;"o':t: [Ter.
— | e «3, the
NCYCLE=10 | -, "
\l -
— A
SEPMODELS=D:\MODELS\SBM.IDF | B owEse
| ——
aLTYp R
BNDSUBMODEL=3 \ B s
\\ " e Crealag
NWORKERS=3 | oot o
ll Deltares
\
ll 564 of 1118

9 RON
SER G, > m"‘l Ty
XDt all m, © ksted iy
0de! inpug o
|
\

565011113




Conclusies

« Met half overlappende submodellen wordt voldoende gevoeligheid per parameter verkregen om
parameters op globale schaal aan te passen. Het effect wordt dan, gezien vanuit het meetpunt,
door het gehele model gebied door gegeven,;

» Het noodzakelijkerwijs opschalen van het model voor de kalibratie wordt hiermee voorkomen,;
« Het verspreiden van submodellen over verschillende computers vergroot de efficientie;

« Grotere spreidingslengte dwingen grotere buffers af rondom submodellen maar doordat
submodellen elkaar allemaal overlappen wordt dit verholpen,;

* Met 15 computers en 416 submodellen is het LHM niet-stationair gekalibreerd op basis van de
GxG binnen 1-2 weken.
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