GMS 10.3 Tutorial

MODFLOW - PEST Transient Pump Test Calibration

Tools for calibrating transient MODFLOW models
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Learn how to setup a transient simulation, import transient observation data, and use PEST to ¢
the model.
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MODFLOW - PEST Transient Pump Test Calibration
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1 Introduction

Pump test data is a common type of transient data available to groundwater model

developersThis tutorial will take an existing steady state MODFLOW model and update

the model to simulate a pump test.

Themodel n t hi s tutori
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t u fThe studg dregs shownin plan viewin Figurel. In the previous

tutorial, he production well near the center of the study areapuanping during the

pump test. The other two production wells were not pumping during the test. A few head

measurements were taken at these wells during the test. One monitoring well was
sampled frequently during the pump test. Other monitoring wellsruedé less frequent

measurements.
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Figure 1

Study area for ground water model
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MODFLOW — PEST Transient Pump Test Calibration

11

There are two main aquifers in the gras.shown in the cross sectiorFigure2. The
lowerconfined aquifer (red) is overlain by an upper unconfined aquifer (green). The
lower aquifer is where the pumping well and main observation well are located. In some
areas, there is an aquitard (yellow) that overlays portions of the lower aquifer.

Figure 2  Cross section through the study area

Transient observation data at multiple observation wells will be imported. The model has
already been parameterized into different zones of hydraulic conductivity (HK)fispeci
yield (SY), and specific storage (SS) for the upper and lower aquifers; there is also a
parameter for estimating recharge. The model will be run with the current parameter
values to see how well the model matches the pump test. Then PEST will opttienize
parameter values. Finally, pilot points will be plotted with the parameters to see if it is
possible to improve the match between the simulated andolaerved values.

This tutorialwill demonstrate and discuss
1 Operinga MODFLOW model and solution
1 Settingup MODFLOW stress periods
1 Imporing transient observation data and cregplots.
1

Running PEST to calibrate the transient model.

Getting Started

Do the following toget started
1. If necessary, launch GMS.

2. If GMS is already running, seleEtle | Newto ensure that the program settings
are restored to their default state.
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2 Importing the Project

2.1

First,importthe project:
1. Click Openk3 to bring up theDpendialog

2. Sel ect “Proj ect Hddsofgpadrgpdowrgpr ) ”

from

3. Browse tathe Tutorials\MODFLOWtrans_pest_pumptestirectoryand select

“start.gpr’”

4. Click Opento import the project and exit ti@pendialog

A MODFLOW model with a solution and a setroapcoveragesvill appearFigure3).

Head
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- 119.0
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43.0

— 24.0

— 5.0
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Figure 3

Steady state MODFLOW model

Save the Project with a New Name

Before contining, save the project with a new name.
1. SelectFile | Save A€ to bring up theSave Aslialog
2. Sel ect “Project Savelstypdragpdovg pr ) ”
3. Enterfipumptesgpr’ as theFile name

4. Click Saveto save the file under the new name and clos&#ve Aslialog

from

Page 4 of 16

© Aquaveo 2017

t

t

he

h e



GMS Tutorials MODFLOW - PEST Transient Pump Test Calibration

It is recommendetb savethe projectperiodically.

3 Setting up the Transient MODFLOW Model

Thepump test occurred over a tweeek period Data was collected at tineain
observation well during the first three days while the well was pumaimdjthen more
sporadically over the next ten days while the well wasSaff.upthetransient
MODFLOW model to havat leastwo stress periods: orstress period with the well on
for 3 days and one stress period with the well off for 10 days.

1. SelectMODFLOW |Global Optionsé to open theiODFLOW Global/Basic
Packagedialog

2. IntheModel typesection, selectransient

3. Click onStress Periodé to bringup theStress Perioddialog

3.1 Entering MODFLOW Stress Period Data

In the Stress Perioddialog it is possible teet the number of stress periods, how long
each period will beand the number of time steps in each period.

1. Increase th&lumber of stress pedsto “3”.

2.1 n the spreads hstatcolumreom tow(this‘isGthe 8etond n t h e
stress period)The Lengthof the first stress period will begpdatedautomatically
t0 0.0.

3. Enter“3.0° in the Startcolumn of row3. The Lengthof thesecondstress period
will be updatedautomaticallyto “3.0’.

4. Ent er “ 1 Stafcolimn bf theEhdmog. The Lengthof thethird stress
period will be updatedutomaticallyto “10.0'.

5. Enter“10’ in theNum. Time Stepsolumn for rows2 and3.
6. Ent er thelMulBplier dolamn for rows2 and3.

This increases the number of time steps at the beginning of the stress period so that the
effect of the change in stressms be seemore accuratelyWhen finishedthe dialog
shouldappear similar t&-igure4.

7. Click OK to exit theStress Perioddialog.

8. Click OK at the promptThe first stress period has a length of zero because it is
a steady state stress period.

9. Click OK to exit theMODFLOW Global/Basic Packag#alog.
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3.2

-

(=) Stress Periods @
Mumber of stress periods: 3 = Use dates/times Total time: 3.0 d)
| Start | Length | Mum Time Steps | Muttiplier  Steady state
100 0.0 1 1.0 v
2|00 30 10 15 B
b 330 00 |10 15
End 130 B
| Help... | | Initialize... | e 3w [ 0K 1 | Cancel

Figure 4  Stress Periods dialog

Regarding Initial Conditions

With a transient modeit is important to have an initial condition that is consistent with

the model inputs. If the initial condition is not consistent with model param#tersthe

model response in the early time steps will reflect not only the model stresses but also

the adjustment of computed head values to offset the lack of correspondence between the
model inputs and the initial head valdes.

In this casethe first ¢ress periodhas been se&b be steady state. This will prevent any

lack of correspondence between model inputs and the initial heads for the transient stress
periods. This is impoantwhen calibrating a transient model. Whatlowing a tool like

PEST tochange the model inpyti is necessarto make sure that theitral heads

correspond to the new inputs that PEST has chosen. The easiest way to do this is to have
the first stress period of the model be steady state.

4 Entering Pumping Data

It is necessarto updatehewell data so thathewell will have the appropriate pumping
rate for the first stress period and 0.0 for the second stress gegibthe well data in
the WEL Package.

1. SelectMODFLOW | Optional PackagesNEL i Wellé to open the
MODFLOWWell Packagelialog

This dialog contains a spreadsheet listing all of the pumping wells in the model.
Currently, all of the wells have a flow rate“@.0’.

! Anderson, Mary P. and Woessner, William W. (1p%pplied Ground Water Modeling
Academic Presa/Valtham, Massachuset{s199
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2. Ent er théeSiréss penodield.

3. UncheckUse previouso the right ofStress period

»

(row 2 of the spreadsheet)
Ent er theSréss penndield.
UncheckUse previous

Ent er "tReQQldwXfir3ld)c ol umn f or t Rles"wel |

© N o o

SelectOK to exit theMODFLOW Well Packagealialog.

Importing Transient Observation Data

Enter“-130000.0 in theQ (flow)(ft*3/d)c o | umn f or t Rle5 "we |l

Now to import the transient fieltheasured head values. This type of data can be

imported using th&ext Import Wizardlialog TheText Import Wizardlialogcan import

transient data in multiple forats, including date/timand relative timeln this example
problem,relative timeis being usedyhere the beginning dhe simulation is time' 0.0’
andtheunitsaredays.The format for thikind of datais shown inFigureb5.

Mame Time Head
my - 3 0.0 10.25
my - 3 0.5 10.3
wW-38 15.0 4.6

Figure 5  Transient observation data file using relative time

5.1 Adjusting the Coverage Set Up

Before importing the transient observation datake sure thahe coverage withthe
observation points is set up correctly.

1. Fully expandthe“@MapDatd f ol der in t.he Project

nan

named

E X

2. Doubleclick on the"&€® Obs coveragas n d e &9 MODELOW conc e ptual

model to bring up th€overage Setugialog
3. In theObservation Pointsolumn,turn onTrans. Head.

4. Click OK to exit theCoveage Setuglialog.

5.2 Importing Transient Data Text File

It is now possibléo import the transient observation data.

1. Click Opemﬁ to bring up thedpendialog
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2. Sel ect “Text

Fi | eRles pftypatroptiowrf . csv) ”

3. Select'obs_wells_transsV' and click Opento exit theOpendialog and bring
up theStep 1 of Dage of thél'ext Import Wizardlialog (Figure6).

Thiswizard is used to import text data into a GMS project.

r

Text Import Wizard - Step 1 of 2

B

File import options
Set the column delimiters:

[ Space [Tab
Comma D Cther:

@ Delimited

_) Fixed Width

Start import at row: 1

[] Treat consecutive delimiters as one

[ Semicolon
Text qualfier: | h

[] Skip leading delimiters

File preview
1 5 ine (day: -
2 m« - 3 [0.000B%44449 |1 n.n5
3 mw - 3 |0.00138888% (2 mn.ng
4 mw - 3 |D.0020B3IIII (3 m.nz
IT] m« - 3 I0.00RIFIITE |4 .ol -
4 3
Help < Back [ Mext = ] I Cancel
Figure 6  Text Import Wizard with Heading row checked

4. In the section below thile import optionssection, tirn onHeading row

5. Click Nextto go to theStep 2 of Dage of thel'ext Import Wizardlialog.

6. Sel ect

“Tr ans i enomtheGhlS data typeltopdown dat a

The dialogshould appear similar eigure?.

r 5
Text Import Wizard - Step 2 of 2 @
GMS data type:
ITmnsient observation data v]
[ Mo data flag  |-959.0 MName: |obs_wells_trans
File preview
| | | | -
Type Mame j Time j <Mot Mapp... j Obs. Trans.... j
Header |name Time (days) Time {min) Head ffeet) L
mw - 3 0.000694444 1 10.05 1
mw -3 0.001383889 2 10.04
mw - 3 0.002083333 3 1002
mw -3 0.00277777 4 1001
mw - 3 0.003472222 3 10
mw -3 0.006344444 10 945
mw - 3 0.0104 16667 15 99 =
First 20 lines displayed.
Help [ <Back | Fnsh | [ Cancel
Figure 7  Step 2 of the Text Import Wizard
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Notice that theName Time andHeadcolumns were automatically recognized by GMS.
There are two timeolumns, one in units of days and one in units of minJtess.
example will only use the data in tiene (daysgolumn. TheTime (min)column will

be ignored for this example, and is therefore not mapp#te Typerow. The dialog is
already set un thedesiredway.

7.

8.

Click Finish to close théT'ext Import Wizardlialog

Using theSelect Object§ tool, doubleclickont he -“3miw wel | near
center of he model to bring up thattribute Tabledialog.

View the imported time series data click'rﬂr@\:l buttonin the Obs. Trans
Headcolumnto bring up theXY Sries Editordialog (Figure8).

10. When done reviewing the data, cliClancelto exit theXY Series Editodialog.

11. Click Cancelto exit theAttribute Tabledialog.

[(@ v Series Editor =)

Time (d) Obs. Trans. Head -
0.000694444 | 10.05 10,07
0.001388883 |10.04
0.002083333 |10.02
0.002777778 |10.01
0.003472222 |10.0
0.006944444 |5.95
0.010416667 |59
0.013883883 |5.84
0.017361111 |98
0.020833333 |5.75 9.0+
0.027777778 |5.68
12 |0.034722222 | 961
13 | 0.041666667 957
— 8.5-|||:|||:|||||||:||||||||||

14 |0.0625 946 4 i T 1
0 2 4 5 8 10 12

Time

=

m

9.8

9.6

9.4

9.2

Obs. Trans. Head

|_‘|D

8.8

Use dates/times

Help... | Import.... ‘| Export... | QK ]| Cancel

Figure 8  Time series data for well fimw - 30

6 Saving and Running MODFLOW

To save the model and launch MODFLOW:

1.
2.

Savel=d the project
Click Run MODFLOW P to bring up thdMODFLOWmodel wrapper dialag

Once MODFLOW has finishedyrn onRead solution on exéndTurn on
contours (if not on aeady).

Click Closeto close thevlODFLOWmodel wrapper dialag
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The contours should chan@e@gure9). The current view showthe top layer of therid.
The pumping well and some of thbservation wells are in layer 5.

5. Use theMini Grid Toolbarl 2= 1= [1o change tdayer 5

6. Expan&@tbheGri d Data” folder 4%

the Proje
pumptest (MODFLOW) solution is visible and expanded

7. Select the'Za Head dataseto make it active

8. Use theTime Stepwindow below the Project Exploreo cycle through the
different time steps of the solutido see the effect of the pump test.

Head : 0.0

— 135.0

118.0

100.0

1.0

b

4
— B2.0

|
jhuth
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— 240
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— 0o

T
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e

T
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1
iy
1

s

i
< -‘--l-“;“‘

L.

Figure 9  The contours changed slightly after running MODFLOW

7 Creating a Time Series Plot

One of the useful tools for working with transient calibration data is the tires sdot.
This plot allowsseéng how wellthe simulated heads matthefield measurements.
Click Plot Wizard i to bring up theStep 1 of Dage of thd°lot Wizarddialog

InthePlot Types ect i on, select “Time. Series” frc

1.
2.
3. Click Nextto go b theStep 2 of Dage of thé”lot Wizarddialog
4.

In the bottom section, turn d@alibration TargetandObserved Values
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5. Below those optionsheck the box in th&howcolumn ont h e -“3 rinaw.
6. Click Finish to close thePlot Wizarddialog and generatbe plot

A plot similar toFigure10will appear Themodelsimulated heads arirrentlya little
low at this particular wellUse PEST to help calibrate the transient model.

Time Series
Trans. Head

11.04

10.5

10.04

9.54

Yalue

9.0+

8.5+

8.0+

7.5

Figure 10  Time series plot
To view other observation wells in the model, do the following:

1. Rightclick on the plot and selecttiel ot  [Doabting ép theData Options
dialog.

2. In the bottom section on thdot Wizard- Step 2 of 2ab, uncheck th&howbox
next t3” “anwd SHowboxkexttditlee desired poitwell).

3. Click OK to close théata Optiongdialog.
4. Repeat steps-B to view a plot for any of the other wells.

5. When done reviewing the other wells, change the plot back to displaying the data
for wh3well.m

The plot will change according to which point is selected irDi# Optiongdialog.
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8 Running PEST

Changethe MODFLOW simulation so that PES$ usedo estimate the values of HK
(hydraulic conductivity) SY (specific yield) and SSspecificstorage)pf theupper and
lower aquifer Allow PEST to estimate the valueregicharge (RCH).

1. SelectMODFLOW |Global Optionsé to open theWlODFLOW Global/Basic
Packagedialog

2. IntheRun optionsection selectParameter Estimatian
3. Click OK to exit theMODFLOW Global/Basic Packagdialog.

At this point the modelwould normallybe parameterizé. Model parameterization is
explained in thé MODFLOW — Automated Parameter Estimatiatutorial. This model

has already been parameterizemit is now possibléo run PESTThis model uses

material zones to assign properties to the aquifers. The HK, SY, and SS parameter key
values have been entered in Materials dialog.

4. If wantingto view the material propertieglsctEdit | Material sé¢ to see the
materials prperties.

While this next step can be completed without Parallel RES\I take significantly
longer to complete.

5. SelectMODFLOW |Parameter Estimationé to open thd®ESTdialog
6. In theParellel PESTsection, turn otuse Parallel FEST
7. In theSVD optios section, turn otJse SVDoptions
8. Click OK to exit thePESTdialog.
It is now possibléo run Parallel PEST.
9. SelectFile | Save A€ to bring up theSave Aglialog
10.Sel ect “Project Savelstydrgpdowrgpr )” from t he
11. Enter*pumptest_pest.gpas theFile name
12. Click Saveto save the project under the new name and closgabe Aslialog.
13. Click Run MODFLOW b= to bring up theMODFLOWmodel wrapper dialag

Depending on the speedtbie computerbeing usedParallel PEST will takseveral
minutesto run this problemwWhen the run finishesnotice tlat PEST complete?
iterations and had a final model erroradiout697.

14. When MODFLOW is finished, turn oRead solution on ex&ndTurn on
contours (if not on already)

15. Click Closeto exit theMODFLOWmMmodel wrapper dialag
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Thecontours and time series plot should upd&tgure11). Notice theminor
improvement irthe matchby usingthe field-observed values.

Time Series
Trans. Head

10.5+

9.5

Value

9.0+

PRI PSR P P L

8.5

8.0

7.54

(=]
[pS]
=y
(2]
co
-
(=]
2

Time

Figure 11  Time series plot after PEST run

It is desirableto improve the fit between the simulated and the observed HHad<an

be done by @jusing some of the PEST input parameters to allow PEST to run more with
this mode] or by using pilot points witlthe parameterdn thistutorial, pilot pointswill

be usedo try to get a better fit at all of the wells.

9 Pilot Points

Now import pilot pint data. For more informatiamn pilot points refer tothe
“MODFLOW — Pest Pilot Pointstutorial.

1. Click Opemﬁ to bring up thedpendialog
2. Select "“Text Fil eHlesf(ftypadroptdowri.. csv)” from -

3. Select‘pp.txt’ and clickOpento exit theOpendialog and bring up th8tep 1 of
2 page of thél'ext Import Wizardlialog

4. In the section below thigile import optionssection, tirn onHeading row
5. Click Nextto go to theStep 2 of Dage of thel'ext Import Wizardlialog
6. Change th&sMS data typelropd own menu t o be “2D scatte
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7. Click Finish to import the pilot point data and close thext Import Wizard
dialog

9.1 Using Pilot Points with the Parameters

It is necessarjo changehe MODFLOW parameterto use thamportedpilot points.
1. SelectMODFLOW |Parameters to bring up theParameterdialog

2. Inthe spreadsheet in tiRarameterssection, click on the dregownl=1 button
intheValuec ol umn o n t handSeldd<PibtpbdintsF.o w

The interpolation options associated with the pilot points carihbieged by clicking on
the=1 button above the dregownl=l buttonin theValuecolumn.

3. Click on the=a button in thevValuecolumnon the*HK_15" row to bring up the
2D Interpolation Optionglialog

In this dialog, slectthe scatter point set and ds¢hused withhe parameter as well as
the interpolation scheme.

4. Inthelnterpolatingfroms e ct i on, s el eheDatasetdrépddwa ” f r om
5. Click OK to exit the2D Interpolation Optionglialog

6. Repeatstep2-5 f or the “HK_30" and‘HKB@H_300" r
andiARCH_300 (respectively)n step 4

7. When finishedselectOK to exit theParameterglialog.

10 Running PEST with SVD-Assist

Now run Parallel PEST again. Howevdris timeuse the SVEAssst option. Currently
there are24 pilot points for each parameter. This means that for each PEST iteration,
PEST will run MODFLOW once for eadaxistingpilot point. For thismodel that would
be a total of72 MODFLOW runsin addition to runs for the other 3 parametéising
SVD-Assist PEST can decrease the number of necessary MODFLOW runs for each
PEST iteration.

SelectMODFLOW |Parameter Estimationé to open thd?ESTdialog

In the SVD optionsection, turn otse SVBAssist

Click OK to exit thePESTdialog.

SelectFile | Save A€ to bring up theSave Aslialog.

Select “Project Savelastywdrgpdowrgpr )” from t he

o g > w N oRE

Enter“pumptest_pest_pp.dpas theFile name
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7. Click Saveto save the project under the new name and closgabe Aslialog
8. Click Run MODFLOW »=to bring up theMODFLOWmodel wrapper dialag

Depending on the speedtbe computerbeing usedParallel PESTaytakeseveral
minutesto run this problem. \Wen finished, PESWill have completedive iterations
andwill have a final model error of about9.6

9. When PEST finishes, turn dtead solution on exgndTurn on contours (if not
on already)

10. Click Closeto import the solution and close tN®ODFLOWmModel wrapper
dialog

Thecontours and time series plot should updatel hetime series curve for the
observation well shouldppear similar téigure12. The match betweethefield values
andthemodel simulated valudsave sigificantly improved

Time Series
Trans. Head
11.0
10.5
10.0
_A?—'—"I_'_A._‘
/ﬂ
9.5
g i
®
= by
sl
9.0+ bl Tt —1—1
85
g0l
7| | | | | | | | | | | | | | | | | | | | | | | | | | |
2 4 6 8 10 12
Time

Figure 12  Time series Plot after PEST Calibration
To see the final hydraulic conductivity and recharge arrays

1. Fully expand the -4 pumptest_pest_pp (MODFLOWSolution in theProject
Explorer.

2. Select‘=a HK Parameter30,-15".

This dataetdisplays thdinal hydraulic conductivity array computed from the pilot
points. The recharge is also availafilee model should appear similarRgure13.
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Figure 13  Final appearance of the model

Conclusion

Thisconcludes he “ MODPEGW Tr ansi ent Puumpal.Test

The following key concepts were discussed and demonstrated

1
T

Imporing transient observation data with thextlmportWizard.

UsingPEST to calirate transient MODFLOW models

It is important to havéhefirst stress period as steady state when calibrating a

Cal

transient model so that the computed heads for the first transient stress period are

consistent with the model input parameters.

Viewing thefinal array values from parameters that usetgbints by selecting
the dataet under the MODFLOW solution.

Page 16 of 16 © Aquaveo 2017



