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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 v5.5

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

 QObservations

0.5 million time-variant observations

60,000 artificial observations GxG
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LMA Optimization Method

iPESTP (iMOD)
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Final

Parameters

Deltares

iMOD International User Day 2022



LMA Optimization Method
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LMA Optimization Method

iPESTP (iMOD)

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

iPESTP (iMOD)
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LMA Optimization Method

iPESTP (iMOD)
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Runtimes of Models

120

>100 minutes
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Nodes (millions)
Deltares

__ 20 CPU

Sensitivity 2050 8 days
Lambda 3 0.25 2 minutes
Totally 3 cycles 24 days

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

so finally multiple set of 24 days to complete
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Submodel Model Optimization Method (SMOM)

Questions:

» Effects groundwater in
: : Groningen that of Twente,
IPESTP (IMOD) Utrecht of Brabant?

Parameters « Why compute Groningen
Zones / Org. Model for parameters that do not |
Pilot Points extent in that region?

« Can sensitivities be 1
approximated by smaller
models? |

No Reduction Global Obj. F.

00

Final

Parameters
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Submodel Model Optimization Method (SMOM)

QO

Sensitivities
Submodel 1

£
iPESTP (iMOD) B
Sensitivities

Submodel 2

Parameters Lateral
Zones / Org. Model Fluxes o
Pilot Points o
Sensitivities
Submodel 3

No Reduction Global Obj. F.

Oﬁ

Final Sensitivities

Parameters Submodel 4
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horizontal flux (m?3/d)

Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)

<
Sensitivities
Submodel 1

. . a
iPESTP (iMOD) B
Sensitivities
Submodel 2
Parameters Aggregate

Zones / Org. Model e Sensitivities Update
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Sensitivities
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Synthetic Example
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Synthetic Example
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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=3
SEPMODELS=D:\MODELS\SBM.IDF
OUTERUPDATE=1

SKIPMODEL=0
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Synthetic Example

BND for Submodels —,

Original Model

PEST information

after aggregation —,
Original Modelinput ——

Submodels ——

Deltares

Total Commander (x64) 9.22 - Stichting Deltares

Files Mark Commands MNet Show Configuration Start
R B R % e« BB
[new volume] 54,571,060 k of 976,629,756 k free
Release RESULTS_PCG TKI_PGD

fe um

25 B&

6 ix %

single_zone_sm500mtr_4msr_2param

w d:\IMOD-MODELS\SUBMODEL_IPEST\MODEL\MODELS\single_zone_sm300mtr_dmsr_2param\*.*

Mame Ext
W& -]
[BND]
[IPEST]
[IPEST_L#1]
[IPESTP_SEPMODELLING]
[MODELINPUT]
[SEPMODEL1]
[SEPMODEL2]
[SEPMODEL3]
™
=] single_zone_sm300mtr_dmsr_2param TAT
™T
[..] LsT
[END] S
[IPEST] 2_CYCLE3 KFJ
[IPEST_L#1] 3 CYeLEs PR
[IPESTP_SEPMODELLIMG] 1_CVCLES EE
[MODELINPUT] ™
[SEPMODEL1] Ll
[SEPMODELZ] 3 CYCLE2 PRI
2_CYCLEZ PRI
[SEPPODEL3] 1 CvOLE PRY
|=| MDLPRESEMT_CYCLES %RCJF
|=| single_zone_sm300mtr_dmsr_2par T
|=] RUMFINISHED _CYCLE3 3 CVCLET K,J
— e e 2 2_CYCLET PRI
Nw‘|:inn|= rone =m S0mtr drmer Znaram SFPRAONFLT CWCLF1 PRI

0k /857 kin 0/ 33 file(s), 0 / 8 dir(s)
IEL_IPEST\MODEL\MODELS\single_zone_sm500mtr_dmsr_2param‘SEPMODELT >

F3 View F4 Edit

— O *
Help
@ 3@
\ [new volume] 54,571,060 k of 976,629,756 k free \
version5.5 MODELS SEPMODELT
* ¥ » 4 \SUBMODEL_IPEST\MODEL\MODELS\single_zone_sm300mtr_dmsr_2param\SEPMODELTV*.* % v
Size ¥ Date Attr ﬁ ng .
<DIR=  11/17/202217:21  ---- & [.] <DIR=  11/17/202217:20  ----
<DIR>  11/06/2022 1210 ---- |l [IPEST] <DIR=  11/06/2022 1210 ----
<DIR=  11/06/2022 1211 ---- [IPEST_L#1] <DIR=  11/06/2022 12:10  ----
<DIR=  11/06/2022 1210 ---- |_"]j [IPEST_L#2] <DIR>  11/06/2022 1210  ----
<DIR>  11/06/2022 1211 ---- [IPEST_L#3] <DIR=  11/06/2022 1210 ----
<DIR>  11/17/202217:21  ---- d [IPEST_P#1] «<DIR=  11/06/2022 1210 ----
<DIR=  11/17/202217:20  ---- [IPEST_P=2] <DIR=  11/06/2022 1210  ----
<DIR> 11/17/202217:20 ---- [MODELINPUT] <DIR>  11/17/202217:20  ----
<DIR= 11/7/202217:21  ---- @ =] I_accepted_V5_5 tet 13,654 09/01/2022 15:43  -a--
31720221721 -a-- |=| MDLPRESENT_CYCLE1 TXT 11720221711 -a--
1136 11/17/2022 1721 -a-- 5 |=| MDLPRESENT_CYCLE2 TXT 1720221720 -3--
51720221721 -a-- |=| MDLPRESENT_CYCLE3 TXT 511/17/2022 1720 -a--
17,130 11/17/202217:21  -a-- RUM_L#1 BAT 239 11/17/202217:20  -a--
308 11/17/202217:21  -a-- RUM_L#2 BAT 239 11/17/202217:20  -a--
832 11/17/202217:21  -a-- RUM_L#3 BAT 239 11/17/202217:20  -a--
SNAT202217:21  -a-- RUN_P=#1 BAT 239 11A7/2022 1720 -a--
4600 11/17/202217:21  -a-- RUN_P=2 BAT 235 11/17/202217:20  -a--
4600 11/17/202217:21  -a-- |=] RUMFINISHED_CYCLE1 TAT 5111720221711 -a--
4600 11/17/202217:21  -a-- |=| RUMFINISHED_CYCLE2 TAT 511/17/202217:20  -a--
3189 11/17/2022 1721 -a-- |=| RUMFINISHED_CYCLE3 TXT 511/17/202217:20  -a--
SNAT202217:20  -a-- HSEPMODEL'I_L—.‘*'I LIST 18,297 11/17/202217:20  -a--
5 11/17/202217:20 __-a-- ’ QSEPMODEL'I_L-.‘*'I MNAM T2 11A7/202217:20 -a--
5117/202217:20  -a-- JSEPMODEL‘I_L—.‘"‘Z LIST 18,297 11/17/2022 17:20  -a--
4600 11/17/202217:20  -a-- HSEPMODEL'I_L—-‘"‘Z MNAM T2 117/2022 1720 -a--
4600 11/17/202217:20  -a-- HSEPMODEL1_L#3 LIST 18,297 11/17/202217:20  -3--
4600 11/17/202217:20  -a-- ijEPMODEU_L—.‘*B MNAM TANAT/202217:20 -a--
3,189 11/17/2022 17:20  -a-- HSEPMODEL'I_P-.‘*'I LIST 18,297 11/17/2022 17:20  -a--
5117/202217:20  -a-- NJSEPMODEL'I_P-.‘*'I MNAM 721 11/17/202217:20  -a--
51A7/2022 1720 -a-- HSEPMODEU_P:‘*E LIST 18,297 11/17/202217:20  -a--
SNAT202217:20  -a-- HSEPMODEU_P#Z MAM TANAT/202217:20 -a--
4600 11/17/202217:20  -a--
4600 11/17/202217:20  -a--
AR 11ATANIZ TN A ¥
0k /107 kin 0/ 22 file(s), 0/ 7 dir(s)
F5 Copy F& Move F7 MewFolder F8 Delete Alt+F4 Exit
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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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Synthetic Example

Mj single_zone_sm300mtr_dmsr_dparam. TXT - Motepad

File Edit

SUMMARY OF SEP-MODELLING

a
1
2
3

ICYCLE=
IPRM PT

1 KH

2 KH

ICYCLE=
IPRM PT

1 KH

2 KH

ICYCLE=
IPRM PT

1 KH

2 KH

Format View Help

a.278 8.815 8. 888
@.859 & . BEE
8., 888 & . B
. 186 & . B2
1
PARAM F_FIN&L
AQUIFERL_KH 8,298
ﬂQUIFERE_KH B.a7q
2
PARAM F_FIN&L
AQUIFERL_KH B,233
ﬂQUIFERE_KH 1.228
3
PARAM F_FIN&L
AQUIFERl_HH 8,265
ﬂQUIFERE_KH 1.384
Sub models

MEAN
@.254
1.152

Deltares

| LOG_PEST.THT - Notepad - a X
File Edit Format View Help
]
*** Lambda Cycle *** Original Model
Optimization History:
Statistics ITERBE3 ITERBB2 ITEREE1 ITERBEE
Total Obj. val. B.884 B8.869 @.278
Meag ok Val. . B. 864 B8.es9 @.278
Param Obj. Val. a.eaa 8. eaa B.aaa @.ea8
Number of Obs. 4 4 4 4
Goodness of Fit -@.554 -8.574 -@.759 -@.882
Nash Sutcliffe -5.364 -5.445 -18a.264 -394,538
Parameter ITERBE3 ITEREBZ ITEREE1 ITER@RE
AQUIFERL_KH B.2617264 @.25786l6 B.4228614 1.eeopa00
5TDE AQUIFER2 KH 1.4215247 1.3@83882 1.2033414 1.8060000
B, 114 - A e T T T T T T T e
J B.1211982 @.1889388 @.8135919
B . 68]
€xt Optimization| | LOGPESTTXT-Notepad - o X%
File Edit Format View Help
————————————————————————————————————————————— o
AQUIFERLI_KH @.5995@811E-81 @.4266653
AQUIFER2_KH @.4266653 3.376836 H
Parameter Correlation Matrix (-)
AQUIFERL_KH AQUIFER2_KH
AQUIFERL_KH 1.eeB0000 8.9483939
AQUIFER2_KH 8.9483939 1.e6800068
Parameter Variance - Standard Parameter Error (Confidence Limits ~06%)
Lower_Limit Average Upper Limit
AQUIFER1 KH 8.1619681 8.2617264
AQUIFER2 KH 8.3879879E-81 1.421525
Start [;;bda Testing___ o -
Lambda_@ (lambda number 1) pricr to the update vector @.3B88E-82
w
< >
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Performance NCPU=12

k4 CPUL CPU4 CPU7 CPUL0
Sensitivities
Submodel 1

CPU2 CPU5 CPU8S8 CPU11
CPU3 CPU6 CPU9 CPU12

<
Sensitivities
Submodel 2

Parameters Lateral
Zones / Org. Model Fluxes
Pilot Points o
Sensitivities
Submodel 3

No Reduction Global Obj. F.

| o
Final Sensitivities
Parameters Submodel 4

Deltares
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Performance

Parameters

Zones / Org. Model
Pilot Points

No Reduction Global Obj. F.

Final
Parameters

Deltares

Lateral
Fluxes

NCPU=12

el cou ceus IR RN

<
Sensitivities
Submodel 2
N _ Liter
o cpu —
Sensitivities tio

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

cpu
performance drops
Fo) significantly

Sensitivities

Submodel 4
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Performance

Boss

Parameters
Zones / Org. Model

Lateral

Pilot Points Flpes

No Reduction Global Obj. F.

Final

Parameters

Deltares

QO

Sensitivities

Submodel 1

NCPU=3
CPU1
BOSS=1
CPUZ  \MOoDEL=1
CPU3
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Performance No. Computers=4  NCPU=3

kd CPUL
OIS Sensitivities BOSS=1
"B CPU2 viopEL=1
CPU3
ol CPU4 5550
Slavel BRSNS

Submodel 2 CPUS  IMODEL=2

Parameters CPUG6

Zones / Org. Model II_:?J)e(rea;I |
Pilot Points g CPUY
Sensitivities
eyl Submodel3

BOSS=0
CPU8 IMODEL=3

CPU9

No Reduction Global Obj. F.

| "4l cPulo )
Final Sensitivities BOSS=0

Parameters Slave4= Submodel 4 CPU11 IMODEL=4
CPU12

Deltares
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Conclusions

e — 99%
: : L > efficienc
» Applying submodels in optimization o o0 4
yields high efficiencies from the [
. O a0
beginning = » 115 days
« Optimization process is able to focus and 70
restart on particular areas (submodels)
L : 60% .
» Insight in parameter adjustments per o
submodel e e e 50 10 @
. | I = E
* Two or three outer gl 2
cycles are often enough . I TP =
AmmNE y: N T 30
j‘, e y N l
R e .
> ~ i ] 20
**22_\ 3 E r‘ I
g “:r:;is: SRR a 10
= Py ukma T h,.,j‘ = 0 0.1
’ ' ‘ ’ 19 10 100 450 1000
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Contact

A www.deltares.nl ¥ @deltares in linkedin.com/company/deltares
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