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mf . run_model()
FloPy is using the following executable to run the model: C:\Program Files\GWV6\mf2085.exe
MODFLOW-28@e5
U.5. GEOLOGICAL SURVEY MODULAR FINITE-DIFFEREMCE GROUND-WATER FLOW MODEL
Version 1.11.8@ 8/8/2013
Using NAME file: javnl.nam
Run start date and time (yyyy/mm/dd hh:mm:ss): 2017/11/23 8:43:52
1 Time step: 1 Ground-Water
2 Time step: 1 Ground
2 Time step: 2 Ground -k
2 Time step: 3 Ground-h
2 Time step: 4 Ground-h
2 Time step: 5 Ground-W
2 Time step: 6 Ground
2 Time step: 7 Ground-W
2 Time step: 8 Ground-h
2 Time step: 9 Ground -

if ocflg:
hdsnam = os.path.join(ws, modelname+' .hds')
hdobj = flopy.utils.HeadFile(hdsnam)
head = hdobj.get_data()
levels = np.arange(25, 65, 1)

fig = plt.figure(figsize=(7, 7))

ax = fie.add subnlot(1. 1. 1. asnect="eaual’)
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HVAD ER SCRIPT MODELLERING?
FloPy,

Groundwater

Methods Notef

Scripting MODFLOW Model Development
Using Python and FloPy

by M. Bakker', V. Post2?, C. D. Langevin®, J. D. Hughes®, J. T. White®, J. J. Starn®, and M. N. Fienen’

1 def cf model (model, layer, row, col, base, Q):

2 model.remove package ('WEL')

3 lreQ = {1: [[layer, row, col, QI]]}

4 wel = fpm.ModflowWel (model=model, stress period data=lrcQ)
5 wel.write file() B B

6 model.run_model(Silent:True)

7 hfile = fpu.HeadFile('DG.hds', precision="double')

8 cfile = fpu.CellBudgetFile('DG.cbc', precision='double')

9 step period list = hfile.get kstpkper()

10 h = hfile.get_ts((layer, row, col))

11 cap frac = np.zeros((len(step period list)))

12 for tstep, step period in enumerate(step period list):

13 if hltstep, 1] == model.lpf.hdry:

14 capfrac[tstep] = np.nan

15 else:

16 vl = cfile.get data(kstpkper=step pericd,

17 text="DRAINS', full3D=True)

18 v2 = cfile.get data(kstpkper=step pericd,

19 text="'STREAM LEAKAGE', full3D=True)
20 v3 = cfile.get data(kstpkper=step period, text='ET',
21 full3D=True)

22 cap frac[tstep] = ((v1[0].sum() + vZ[0].sum() +

23 v3[0].sum()) - base) / (-Q)

24 return cap frac

Python function to compute capture fraction of a well in a specific cell.

a Python package to create, run, and post-process MODFLOW-based models
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Figure 5. FloPy generated map showing the computed cap-
ture fraction of water from head-dependent boundaries as a
function of well location in the Upper San Pedro Basin model
layer corresponding to the lower basin fill after 10 years of
pumpage. The maximum areal extent of the active model
domain and the location of stream boundary conditions in
all model layers are also shown.

flopy has advantages both in assisting in efficient MODFLOW model building and in scripting scenarios for rapid
evaluation. The example here shows compact open-source Python code used to generate the image of call capture



HVORFOR SCRIPT MODELLERING?

Hvorfor?

Mange arbejdsgange er generiske og gentages hver gang en ny grundvandsmodel
scettes op - disse kan | hgj grad automatiseres

| Danmark har vi en relativt unik tilgang til gratis offentlige data i databaser -
udtreekning af information til grundvandsmodeller kan i hg] grad automatiseres

Typen af modelanalyser, der kan udferes, kan udvides, da fleksibiliteten i
modelopscetningen forages

Modeller kan nemmere opdateres med ny data indsamling, da dette kan geres
semiautomatisk

Modelopbygningen og dataanalysen er dokumenteret og gennemsigtig



GENERERING AF VANDL@BSINPUT FRA DHM
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GENERERING AF VANDL@BSINPUT FRA DHM

©  Pumping wells

@ \Water level observations
::}Javngyde ID15

@ Stream flow gauging station
= Streams
2m DEM

Il 338
B 55.4
1776
Il 958
[ ]107



GENERERING AF VANDL@BSINPUT FRA DHM

J”i’o.f Do

©  Pumping wells

@ \Water level observations
o0
..}Javngyde ID15

@ Stream flow gauging station
2m DEM

Il 338
Il 55.4
1776
Bl 958
1107
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DATA MINING FRA JUPITER

Grundvandsindvinding fra Jupiter

kL
« Boringsdatabasen & | = Gatilsted Q A i omm O N
- , g Ny w1 ® 0%3%
| | mf Landsdaekkende database med geologiske |/ @ zo0m [ # Tvaerprofil J @ Udvzlg ) m?ﬂ @. 88.40
oplysninger fra over 280.000 grundvands-, é& — i © ° O

og passive anlaeg. Data kan ogsa %2

milje- og geotekniske boringer samt aktive .‘8&“-‘”3 “g‘ “‘” m m GEUS
Define inputs for extracting information: = By g

fremseges via metadata og Google Earth. b‘u a2 ®

Ved fejl i data, kontakt Borearkivet. o> wl 390 ©, 88.4240
NB! format is hardwired to: e

Brugerbetingelser BE s m 699 3
length: meters 0 g, Jal

¥ Boringer og anlaeg (2] ‘ ® 0% 551605
time: days : e 8e%®

2 Vandforsyning WOO

LS

I > @vrige kortlag

In [2]: |# name of database. Must be Jupiter database en access dEP 1 ssibs :
data_base = 'z:\\Projects\\2817_rOPEN\\WP4\\jupiter\\db % Tilfoj dine egne data (WMS) o & asgr9

# Base name for the outputs written to the disk:

area_name = 'Javngyde’ » Baggrundskort 2 o ®

# Area outlings i i ; n o 102> gonra O
coordinates — gm ny‘ o7307 .:12}:‘ °0® -

# folder where csv of pandas dataframes are stored: 34350 ] "gA\ :“‘

datadir = os.path.join("'data") o ".‘.“J" 88,631 “fg" 881

# folder where shape files are stored:

shpdir = os.path.join('shp") saje0e
# Length of each data period: "AS" -> Anwally start of year off 83,1863 ?3
period length = 'AS' vy g 4 ”6”
# star r model simulation period: e 87 87.400% | 88751 sa.1007

& ; ot
start ,? .”ST
# end model simulation period 3 ol;m b s
and = 88,1455

nﬁ 87.1089 %‘..0

# check if directories exist. If not create them: in' ‘&“"“ pa
if not os.path.exists(datadir): ﬂ‘:; angaes 629 © st

os.makedirs{datadir)
if not os.path.exists(shpdir):
os.makedirs(shpdir)



DATA MINING FRA JUPITER

Define inputs for extracting information:

NB! format is hardwired to:

length: meters

time: days

# name of database. Must be Jupiter database en access 2800 format or newer:
data_base = 'z:\\Projects\\2817_rOPEN\\WPA\\jupiter\\db\\Jupiter_javngyde x1_1.mdb"
# Base name for the outputs written to the disk:

area_name = 'Javngyde’

# Area outline: [xmin, xmax, ymin, ymax]

coordinates = [547498,554285,6218126,6222188 ]

# folder where csv of pandas dataframes are stored:

datadir = os.path.join({ 'data")

# folder where shape files are stored:

shpdir = os.path.join( 'shp")
# Length of each data period:
period length = "AS'

# start of groundwater model simulation period:

‘AS" -> Anually start of year

start = "1993-81-81"
# end of groundwater model simulation period
end = "2885-81-81°

# check if directories exist. If not create them:

if not os.path.exists(datadir):
os.makedirs({datadir)

if not os.path.exists(shpdir):
os.makedirs(shpdir)
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DATA MINING FRA JUPITER

— P U m pe rGte AMOUNT | BEcreholeRate

1993-81-81 La854.8 6.923288

t| |S kre\/et 1994-81-81 3851.0 4.179452

1595-81-81 863%.8 11.834247

Define inputs for extracting information: b : 1996-@1-81 3236.0 4.403151
Orlnqer 1597-81-61 1946.8 2.685753

NB! format is hardwired to: 1995-61-81 2621.0 3.598411
1599-81-81 8.8 . ag8e88

length: meters 2000-81-81 4891.0 5.604118
time: days 288l-91-91 2148.8 2.942466
2882-91-91 2148.8 2.942466

2883-91-91 2162.8 2.879452

In [2]: |# name of database. Must be Jupiter database en access 2800 format or newer: 004-01-81 2246.8 3.876712
data_base = 'z:\\Projects\\2817_rOPEN\\WPA\\jupiter\\db\\Jupiter_javngyde x1_1.mdb" 7805-81-81 2581.8 3.426027

# Base name for the outputs written to the disk:

area_name = 'Javngyde’ .
# Area outline: [xmin, xmax, ymin, ymax] Pumping on plant 78512
coordinates = [547498,554285,6218126,6222188 ] AMOUNT  BoreholeRate
# folder where csv of pandas dataframes are stored: 1993-61-81 25718.8 23.479452
datadir = os.path.join('data’) 1994-81-81 25946.8 23.680408
# folder where shape files are stored: 1295-81-81 18395.8 16.7006827
SR = e g AT 1006-81-01 18635.8 16.478320
# L?ngth of ear:hlt-:'a‘f'a period: ‘AS" -» Anually start of year 1057-91-81 19896.8 17433700
period length = "AS
# start of groundwater model simulation period: 1295-81-81 19786.8 17.5%e868
start = '1093-g1-81" 1899-61-81 21428.8 19.561644
# end of groundwater model simulation period 2Bea-el-e1 25225.8 23.0836538
end = '28@5-81-81° 28@1-81-81 252%2.8 23.897717
2B82-8l-81 26173.8 23.0982283
# check if directories exist. If not create them: 2083-81-81 26385.8 24822831
Bl vousierl e 2004-81-01 25805.8  23.566210
os.makedirs(datadir) 28@5-81-81 24357.8 22,243836

if not os.path.exists(shpdir):

os.makedirs(shpdir) o R
Pumping on plant 78522
AMOUNT BoreholeRate

1993-81-81 808.8 1.8953968



DATA MINING FRA JUPITER

©  Pumping wells

@ \Water level observations
o0
..}Javngyde ID15

@ Stream flow gauging station
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GENERERING AF MODEL STRUKTUR
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GENERERING AF MODEL STRUKTUR
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PROJECTION OF DATA ONTO MODEL

....
~

::}Javngyde ID15
2m DEM

Il 338
B 55.4
1776
Il o5.8
[]107
Ortofoto fordr

%0o0 2 {

500 0 500 1000 1500 2000 m
I TN TS

model_top

0
0 1000 2000 3000 4000 5000 6000

botm layer 1
4000

3000

2000

1000

0 1000 2000 3000 4000 5000 6000




PROJECTION OF DATA ONTO MODEL
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©  Pumping wells

@ Water level observations
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PROJECTION OF DATA ONTO MODEL
E— Vandlab
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©  Pumping wells

@ Water level observations
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OUTPUT EXAMPLES

Javngyde field site with streams and boreholes

!F_as 7|
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6221500 -
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6220500 - | 8. 145@ . 8" 8]
» v
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554000
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o o > 5 # '&"‘3 B
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o o L # #° P o

Eksemplet er genereret med en triviel
nedbarstidsserie, og uden struktur |
undergrunden



HVORDAN SER DET UD | PRAKSIS?

|
Jupyter javn_w_pump_tr2_1L_10m Last Checkpaint: Yesterday at 8:40 AM (autosaved) & Logon
File Edit View nsert Cel Kemel V Help Trusted |F‘_.t‘1u'3 [0}
. .
- Setting up and running
Med relativt fG cendringer kan modellen
4000
genereres for et alternativt opland
3000
2500
2000
1500 3
1000
.
500 oq
.‘o. 2
0 )
1000 2000 3000 4000 .'. rsp @
0g
.
%o
In [81]: mf.run_model() @ .0...'
FloPy is using the following executable to run the model: C:\Program Files\GWV6\mf2885.exe @ ®
MODFLOW-2885
U.5. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUMD-WATER FLOW MODEL
version 1.11.@@ 8/8/2813
Using NAME file: javnl.nam ."
Run start date and time (yyyy/mm/dd hh:mm:ss): 2817/11/23 8:43:52 H ..
3 °
9 °
Solving: Stress period: 1 Time step: 1 Ground-Water Flow Eqn. ® (3
Solving: Stress period: 2 Time step: 1 Ground-Water Flow Egn. . :
Solving: Stress period: 2 Time step: 2 Ground-Water Flow Eqn. ey :
Solving: Stress period: 2 Time step: 3 Ground-kater Flow Eqn. .
Solving: Stress period: 2 Time step: 4 Ground-Water Flow Eqn. ® :
Solving: Stress period: 2 Time step: 5 Ground-Water Flow Eqn. L)
Solving: Stress period: 2 Time step: 6 Ground-Water Flow Eqn. @
Solving: Stress period: 2 Time step: 7 Ground-Water Flow Eqn.
Solving: Stress period: 2 Time step: g Ground-Water Flow Eqn.
Solving: Stress period: 2 Time step: 9 Ground-Water Flow Eqn. -
¢ ©
In [82]: if OCflg: i ®
hdsnam = os.path.join{ws, modelname+' .hds') .
hdobj = flopy.utils.HeadFile(hdsnam)
head = hdobj.get_data()
levels = np.arange(25, 65, 1) ..
(1]
. ) o '...O‘Oooo!'. oe " _
fig = plt.figure(figsize=(7, 7)) ) 1
1 0 1 2 3 4 km

ax = fis.add subnlot@1. 1. 1. asnect="esaual')

I N 00O T 00
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KONKLUSIONER OG PERSPEKTIVER

* Hele workflowet er implementeret |
python

* Det vil vcere Open source nar rOpen
er fcerdiggjort

* Model opbygningen er hurtig og
data-dreven

« Det skal vcere fleksibelt med hensyn
til analysetyper

« Det skal vcere simpelt at opdatere
med ny data indsamling

= Innovation Fund Denmark

i




