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Abstract

In the summer of 2001 a tracer test was conducted at the Boise Hydrogeophysical
Research Site (BHRS), Boise, Idaho using separate injection and pumping wells and a
multi-well, packer-port sampling array. A known amount of potassium bromide (KBr)
was injected into the ground water and the movement of the plume was monitored via
direct water sampling, as well as time-lapse radar tomograms. This report provides a
step-by-step tutorial for the set-up and execution of a groundwater flow model and tracer
transport model associated with the test. The model incorporates GMS, MODFLOW
2000, and SEAWAT 2000 as well as a set of MATLAB scripts. The results of this model
run are compared to the observed data in an effort to correctly identify the hydrogeologic
properties of the BHRS shallow aquifer.
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I: Introduction

Methodology for developing a flow and transport model for the Boise
Hydrogeophysical Research Site Tracer/Time-Lapse Imaging Test (TTLT)

The Boise Hydrogeophysical Research Site (BHRS) is located on a gravel bar
along the Boise River approximately 10 miles east of Boise, ID (Figure 1). The site
consists of 18 wells emplaced between 1997 and 1998. The wells fully penetrate a
shallow sand-gravel aquifer to a depth of approximately 20 m. The aquifer material
consists mostly of coarse, cobble-and-sand, fluvial deposits which overlie a red clay layer
at approximately 20 m depth throughout the site. Nearby local road cuts in similar
material provide insight into the heterogeneity and geometry of the different units within
the BHRS.

Several studies have been conducted at the BHRS including single-well, cross-
well, multi-well, radar and seismic geophysical, and tracer experiments. This paper
focuses on modeling the results of a tracer/time-lapse radar tomographic imaging test that
was executed during the summer of 2001 (Barrash et al. 2002). Two tracers, bromide
(KBr) and uranine, were injected as an “instantaneous” pulse into a single well (B3) and
pumping for tracer removal occurred at a separate well (B6). Throughout the movement
of the tracers, multilevel sampling was done using a packer-port system emplaced at
specified intervals within the observation wells located throughout the well field (Figure
2). The main movement of the tracer was due to a combination of natural gradient
between wells B3 and B6 and forced gradient produced by the pumping well located ~7
m down gradient from the injection well. Approximately 1000 gallons of tracer solution
(bromide and uranine) of known concentration were injected over a 4 m depth interval at
~29.5 gal/min. Pumping was initiated ~35 minutes after the injection had stopped and
proceeded for the duration of the experiment (~16 days). The inner seven wells were
pumped at low rates (~5 mL/min) using peristaltic pumps to obtain time-lapse samples.
Upon completion of the tracer test, the data were organized into time-concentration plots
for analysis (Hausrath et al., 2002).

This report describes the step-by-step set-up and execution for modeling the
movement of the bromide tracer through the subsurface for the duration of the test. The
model incorporates MODFLOW 2000, MT3DMS, and SEAWAT 2000 and strives to
produce an accurate model of the subsurface heterogeneity as shown by the migration of
the tracer plume (Nelson, 2007). This report will also serve as a basic tutorial for set-up
and initiation of further modeling of the tracer test and of future tests to be conducted at
the site.



Figure 1: Photograph showing the location of the BHRS
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Figure 2: A) Map view of the well array at the BHRS, B) Well schematic showing inner
wells, injection and pumping wells, and radar tomography transects.
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Major steps

1. Gravel Bar Model
O The Gravel Bar Model (GBM) is run in MODFLOW 2000 to output heads
for use as general head, and constant head boundaries of the smaller flow
and transport model (discussed below). This model was primarily
developed using Groundwater Modeling Systems 5.0 (GMS5).

2. Flow and Transport Model

O A refined flow model of the GBM developed using GMS, Excel, text
editors, and MATLAB scripts. The flow model is developed as if it were
a MODFLOW 2000 / MT3DMS flow and transport model, but is run
using SEAWAT 2000. This can be accomplished because SEAWAT
2000 is a combination of MODFLOW 2000 and MT3DMS with the added
capability of handling variable density flow. This model uses the heads
generated by the GBM for general head and constant head boundaries;
river stage values are also applied. Flow is modeled using the
Hydrogeologic Unit Flow (HUF) package or the Layer Property Flow
(LPF) package where the modeling domain can be divided into distinct
hydrogeologic units, and each unit can be assigned physical properties
such as hydraulic conductivity, specific storage and anisotropy. Transport
properties are also incorporated through the various MT3DMS packages:
advection, dispersion, sources/sinks and mixing, etc.
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I1: Development of Gravel Bar Model (GBM)

Section I: Steady State

The majority of development of the Gravel Bar Model (GBM) was done using
GMS 5.0. It involves intensive use of the map module to draw out boundaries, set up
initial head values, and set up the modeling grid. The purpose of this model is to produce
head data for use in boundaries of the smaller flow and transport model. The GBM is set
up and then run in two sequential steps: first as a steady state model, and then upon
successful calibration, as a transient model to generate heads for the transport model.

GMS
Open GMS

From the main toolbar, select ‘Edit” — “units’

This opens the “Units’ dialog box

Select ‘length’ in meters (m), “time’ in seconds(s) (Figure 3)
Click ‘OK’

Units Ff?]

Length: | m -
Tirne: |_ =

M azs: mg -

Force: b -
Concentration: m
Help... | ]9 Cancel |

Figure 3: Units dialog box

Importing TIFF file

To form the initial boundaries for the GBM, an aerial photo of the BHRS is
imported into GMS as a TIFF image file. Importing this image will allow the boundaries
to be drawn in manually around the extent of the gravel bar and along the boundary of the
river. The size and shape of the GBM was chosen to represent the entire extent of the
gravel bar where the site is located.
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Select ‘Map’ module +

From the main toolbar select ‘File’ — “‘open’
Change ‘files of type’ to ‘JPEG-TIFF Files’
Locate and select ‘BHRS.tif’ (Figure 4)

Click ‘Open’
7%
Look ir: |j BHRS Modeling j = lcj( -
| ==
f J;
My Recent
Documents
Dezktop
ku Documents
My Computer
by Metwork, File: name: |BHF|S.tif LJ Open |
Places
Files of type: |JF'EG-Tiff Files [*jpa;". jpe; tif:™ tiff] L{ Cancel

Figure 4: Dialog box for opening the base image for the GBM

Picture Transformation

For the purposes of the tutorial, a local coordinate system will be used; thus it is
necessary to transform the image to this coordinate system.

Right click on the image ‘BHRS’ in the directory tree (Figure 5)

Select “Transform’ to open the *‘Coordinate Transformation — Step 1’ dialog box
(Figure 6)

Select ‘Translate, rotate, scale’
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=[] Map Data
=[] Images
(mI IEHRS
Delete

Reqgister Image. ..
Crop Zollar
Export Warld File. ..
Zoom To Imagels) Extents

Figure 5: Transform option within the directory tree

Coordinate Transformation - Step 1

WARMIMNG: Uszing this wizard will affect the position of pour data.

" Geoographic system bansformation
Use thiz option if you are dealing with known geographic coordinate systems. Examples:

- Conwerting from Latitute/Longitude to UTM

- Cornwerting fram UTH to State Plane

- Converting from MADZT to MADE3

- Converting from MAVD 27 meters to MAWD 88 fest

& Translate, rotate, scale
Use thiz option if you are not dealing with geographic coordinate zystems or simply want to move pour data. Examples:
- Tranzlating data from a global coordinate system [like State Plane] to a local model coardinate spstem.

- Tranzlating data from a local model coordinate system to a global coordinate system [like State Plane).
- Applying & rotation or scale factor,

Help... Hack | Mext > | Cancel

Figure 6: Coordinate Transformation - Step 1 dialog box.

Click “Next’ to continue to ‘Coordinate Transformation — Step 2’ dialog box (Figure 7)

Input values for X and Y as shown in Figure 7
Click ‘Finish’
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Coordinate Transformation - Step 2

+ Translate i PRotate " Scale
R 0 (g o [
vfsemss | @ % Flalation Pairt vflo
zn m wpr zie
¥ T —
Help... < Back W‘ Cancel |

Figure 7: Dialog box showing the appropriate values for coordinate transformation of
the image ‘BHRS.TIF’.

NOTE:

It may be necessary to re-frame the image =, and to adjust the transparency;
Right click on “‘Images’ Folder, select ‘“Transparency’ and adjust the slider as
desired, (30% is suggested)

Creating the Conceptual Model

In “Map’ module, Right click on ‘Map Data’ — select ’"New Conceptual Model’
This opens the *Conceptual Model Properties’ dialog box (Figure 8)
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B Conceptual Model Properties

Mame: |GEM

Model:  [MODFLOW =

Flow package | LFF j
Tranzport 1]
Transport model | MT30MS

RT30 reaction | Mo reaction [fracer transport]

Species

Parameters

Help... k. | Cancel

Figure 8: Conceptual Model Properties dialog box for basic setup properties of the

conceptual model

Supply a name for the model: “GBM.”
Click ‘OK’

Creating the Boundary Coverage

In “‘Map’ module;
Right click the *GBM’ conceptual model

Select ‘new coverage’ to bring up the ‘Coverage Setup’ dialog box (Figure 9)

Supply the name “Boundaries”
Set ‘Default layer range’ to “1-40”

Check the box “Use to define model boundary (active area)’

Set ‘default elevation’ to “18.5’
Click ‘OK’
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I Coverage Setup

Coverage Mame: |l

¥ Use ta define model boundary [active area)

30 gnd layer option for obz. ps.: |E_I,I z location __:!

Prezet; IEUSt':"T' j Coverage hpe; | ;‘
Sources/Sinks/BC= Areal Properties Obzervation Points
| | Source/Sink/BC Tupe S | Property
| I Al [ Al
I~ I__a_l,l_er range & L_ager_re_mge ;
_|__ Cwlells = T 'Recharge rate
|__ | Hefir_'le points ‘ |_ Harizantal K
[ Speciied Head [ WertiealK
| Specified Flow [ Horizantal anis.
_|__ ;.Eeneral Head [ .‘».-’ertiu;aluanis.
|__ : Dirain |_ S!:nec:ifin:: starage
[ River ¥ | Specific vield
Default layer range: |1 ko i#[l Default elevation: 185

ak I Cancel |

-

Figure 9: Coverage Setup dialog box for the ‘Boundaries’ conceptual model.

-18 -



Drawing Model Boundaries

Select ‘Create arc’

Draw boundary arc as shown in Figure 10.
This boundary is set up around the extent of the gravel bar that will have a direct
influence on the BHRS well field. It is bounded by the river to the southwest and
the base of a terrace to the east. The upstream and downstream boundaries are
where it is surmised that river water enters and exits the site. Flow is to the
northwest.

Select ‘Feature Objects’ — “‘Build polygons’

Figure 10: Image of the ‘Boundaries’ coverage arcs which will define the model
boundary

NOTE:
When drawing arcs, it is not necessary to reproduce exactly what is seen in the
images, but precision must be taken with different arcs, i.e. the river arc must
mimic the boundary arc so appropriate cell types are assigned.

-19 -



Creating River Coverage

Right click ‘GBM’ conceptual model — select “New coverage’ to open the ‘Coverage

Setup’ dialog box (Figure 11)

Supply name: “River”

Check “River’ option in Coverage Setup dialog box under ‘Source/Sink/BC Type’
Set “‘Default layer range’ to “1-1”
Uncheck ‘Use to define model boundary (active area)’
Click ‘OK’

B Coverage Setup

Coverage Marme: |[EEE

Preset: |':U3t':""" Lj Coverage bype: | J

Sources/Sinks/BCz Areal Properties Ohzervation Paoints
| Source!Sink/BC Type | L | Property | e | Obz. Data |

[ al [ al [ al

[ Layer range [ Layer range [ | Colar

[ wells [ Recharge rate [ Head

[ Refine points [ Horizontal K. [ Trans. Head

| Specified Head [ Wertical K,

= Specified Flow [ Horizontal anis.

[ | General Head [ Wertical anis.

[ Drain | Specific storage

[  River ¥ | Specific vield ¥t

¥ Default laver range: |'I to |'I Default elevation: 1185

[ Use to define model boundary [active area)

30 grid laver option for obs, pts.; |E_I,I z location

=

=]

Cancel ‘

Figure 11: Coverage Setup dialog box for the ‘River’ coverage

Creating the River Arcs

Make sure ‘River’ coverage is active

Click ‘Create arc’

Create river arcs as seen in Figure 12: roughly down the center of the river, over the

western edge of the boundaries coverage

Click “Select vertices’ #

Select the vertices to be used as nodes (See note below)
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NOTE:
It may not be necessary to select all the vertices of the river to be used as nodes,
GMS will interpolate values for the arc based on the upper and lower nodes, so it
may only be necessary to use the start and end nodes, depending on the number of
river stage measurement locations. For this example, only the start and end
nodes are used.

With vertices selected, from the main toolbar - Select ‘Feature Objects’ - “Vertices <->
Nodes’ (if necessary)

Figure 12: Location of the “River’ arc (arc types already assigned)

Assigning Properties to Boundaries

Transient Constant Head values (head values that remain constant within a stress
period, but vary by specified amounts between stress periods) are assigned to the nodes
along the gravel bar boundary surrounding the GBM. Transient River Stage values are
assigned to the nodes along the river arc to simulate the transient stage levels seen during
the TTLT, and constant head values (CHB) are assigned to the upstream and downstream
sides of the model (Figure 10). The development of each of these boundaries is discussed
separately in the following paragraphs.
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Assigning River Conductance

Riverbed conductance is believed to be very high due to the lack of fines (silt and
clay particles) in the riverbed. The BHRS is located approximately 4 km downstream of
the Lucky Peak Dam, and 0.6 km downstream from a diversion dam. These dams
effectively remove the fines from the river leaving the river bed clean and of high
permeability. River stage data are input at each node. Stage values are imported from an
Excel spreadsheet containing estimates of river stage fluctuations corresponding to the
time steps of the tracer test (RS.xls, located on the CD). River stage values are estimated
from data taken from a transducer placed in the river during the test. GMS interpolates
values of river stage for cells located along the arcs between the nodes. River stage
values as well as values for the constant head boundary (CHB) are set as transient, which
allows for the values to change from stress period to stress period based on preset data.

Assigning River Values

Arcs
In “Map’ module click ‘select arcs’ IE

Select the river arcs, and click “properties’
Assign all *Type’ as ‘river’, and input conductance values of “10” (m?/s/m) for all arcs
(see Figure 13).

NOTE:
In this example there is only one arc representing the river.

Click ‘OK’

M Properties

Feature type: l.ﬁ.rcs "I Show: ISeIected TI BE type: I.-’-'-.NWNEINE vI

I Show point coordinates

Cond.
Dl Teee | me2espim)
e | TR

Help... Edd Foint [elete Foint | k. I Cancel

2
Figure 13: Properties dialog box for assigning conductance values to the river arcs
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Nodes

Click “Select nodes’ M

Select the river nodes

Click ‘properties’
In the “Properties’ dialog box, assign head stage as ‘transient’
Assign transient river stage values for each node based on information found in the
‘RS.xIs’ spreadsheet™ (see Figures 14 and 15)
Assign bottom elevations*

Click ‘OK’

*NOTE:

Independently determine initial river stage at each river node. The bottom
elevation may also vary. For this test, the authors chose the bottom elevation to
be about 1.5 m below the initial river stage. The river stage values for the
upstream and downstream nodes, for each stress period, were calculated by
assigning an initial river stage value in RS.xls (highlighted) and calculating the
fluctuation from the initial value. The values to copy would be the ‘Time’ column
and the ‘Upstream’ and ‘Downstream’ column. Also note that these values are
distinct to this test, and make sure that the ““downstream’” column is copied to the
downstream node and similarly for the upstream node.

E3 Microsoft Excel - RS.xls

@‘:l File  Edit MWew Insert Format Tools Data  Window Help

Dedam GA¥ &8 o B = -2l 5l e - (3, A -0 - B I U S==8 $°
H45 T fi
A B G D E F H i K E M N [5] P Q

1

2

4

4 The tracer test began at time: 00000 seconds

5 Time: Change in River Initial River Stage at Mode

[ [seconds]  |Stage [m] Upstream Dovwenstream

7 0 0 181575 18.05816

8 500000 a 181575 15.05816 Change in River Stage [m]

3 500000 -0.00417932| 15.15332068] 1805398068

10 | 502000 -0.00417932| 15.15332065 18.05395068

11 502000 000634593 | 1815115401 18 05181401 oms

12 504080 -0.00634599 | 15.15115401 | 18.05181401 Lr

13 504080 0.00299614 | 18.16043614] 1606115614 0.01

14 | 575000 0.00299614 | 15.16045614] 18.06115614

15 575000 0.00317173| 18.16067173| 1606133173 0005

16 10257580 0.00317173| 15.16067173| 1806133173 ——r

17 1025780 0.00406274 | 18.16156274| 1606222774

18 1026500 0.00406274 | 15.16156274| 1806222274 o= 0

15 TR 000391409 | 16 16141408 | 16 DE207409 E 200000 400000 | 600000 500000 1000000 1200000 1400000 1500000] 1800000 2009000

20 1049000 0.00391409] 15.16141409] 1806207409 g 0005

b 1048000 0.00556274 | 18.16306274| 16 06372274 &

22| 1045420 0.00556274 | 15.16306274| 1806372274 ¢ 001

23 1048420 0.01213557 | 18.16963557 | 16 07029557 z

2 1271600 0.01213557 | 15.16963557 | 1807029557 = it

5 1271600 0.01107068 | 1816857068 16 06923058

6 | 1305500 0.01107065 | 15.16857065| 1606923065

7 1305500 0.01213557 | 18.16963557 | 16 07029557 -0.02

28 1520600 0.01213557 | 15.16963557 | 1807029557

29 1520600 0.01213557 | 18.16963557 | 16 07029557 0025

30 | 1544300 0.01213557 | 15.16963557 | 1807029557

k1] 1544300 0.01213557 | 18.16963557 | 16 07029557 i

32 1692500 0.01213557 | 15.16963557 | 1807029557 -

33 1692600 -0.02574754| 1813175246 18.03241246 Time {s)

3 | 1715000 -0.02574754] 1813175246 18.03241246

35 1718000 -0.02574754| 1813175246 18.03241246

3 1890500 -0.02574754] 1813175246 18.03241246

37 Bottom elevation 16.6575 16.55516)

38

Figure 14: RS.xls spreadsheet showing river stage values
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SGMS 5.0 - [BHRS.gpr *]

EF\IP. Edit Display Feature Cbiecks CAD MODAEM  Window Help

|

b2 ] ™ properties
i We= Rl
W. Featue ype, | Nodes | Show [Selected v @rype |iiver =l
™ Show point conrdinates
> W% : ;
'i' Q . D | Type Hea?n:?]lage Bultr:llev.
& 5| [a 00 0 =
e A [z e [eansiens = 1655018 =
Ji BRI |3 lrver  cransients 166575 <
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ol A
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ives B XY Scri 4
o ::‘09 XY Series Editor
i = 18.070F
1|00 LT S E
. 010000 1a.0%e18 | 18.085-F
[ M| 50000.0 1005106060 ) E
4 [s000 10O qapenf
T 020001 LA E
6 |504080.0 e.05161401 18.055F
7 |soaenn | E
3 5750000 1 18.050F
LI 750001, Bty | E
10 |10287E00 1B.0613N73 G
1 1025780.0 16.06222274 | F
12 |wese00  teseez AT
13 |1026800.0 1806207408 | E
L S T SR 18.035-F
14 |10430000 1806207403 | E
15 1049000.0 18.06372274 L] Bl ity by i i
i 1 i 1 i 1 1 1
[ Use datesftimes == = mT\‘me == (e
Help... |

¥i-197954.6  [Z:7 Fi? D: 7 =]

Wi 71693, 1
Number selected: 2

Figure 15: This figure shows the transient river stage values as well as the bottom
elevations taken from the ‘RS.xls’ spreadsheet

Creating Constant Head Boundaries

Transient Constant Head Boundary (CHB)

Values for the Transient Constant Head boundary are set up in a manner similar to
those for the River Stage boundary, where initial head values are known and fluctuations
in those values are of the same magnitude as fluctuations in the river stage. From the
available spreadsheet (RS.xlIs), values for the nodes making up the CHB are copied into
GMS. The magnitude of the change in the CHB values can be taken as the same as the
upstream and downstream river stage changes. Head values for each stress period are
assigned to each node, and again GMS interpolates values along the arcs.
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Creating the CHB coverage

Right-click ‘Boundaries’ coverage and select ‘duplicate’

Supply name “CHB”

Double-click newly formed ‘CHB’ coverage to bring up the ‘Coverage Setup’ dialog
box

Select “‘Source/Sink/BC Type’ as “specified head’

Uncheck ‘Use to define model boundary (active area)’

Leave ‘Default layer range’ and ‘Default elevation” unchanged (Figure 16).

Click ‘OK’

B Coverage Setup @

Coverage Mame: |[Bgl
Preset; JEUSt':"T' LJ Coverage type; | _]
Sourcez/Sinkz/BCz Areal Propertiez Obzervation Pointz

| Sources/Sink/BC Type | . | Property | # J Obs. Data
[ Al [ Al [ Al
[ Layer range [ Laver rangs [ Color
[ wiells [ Recharge rate [ Head
[ Refine points [ | Harizantal K, : [ | Trans. Head
¥ Specified Head [ Wertical K
[ Specified Flow [ Horizontal anis.
[ General Head [ Wertical anis.
[ Drain [ Specific storage
[ River ¥ I Specific vield b
Default layer range: |1 {a] 140 Default elevation: 1185
[ Use to define model boundany [active area)
30 agnd layer option for obz. pts.: |E_I,I z location LJ

] | Cancel

Figure 16: Coverage Setup dialog box for the creation of the ‘Constant Head Boundary’
coverage

Assigning CHB values

Click ‘select vertices’ 7
Select the vertices along the boundary to define constant head arcs as shown in red in
Figure 17.
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NOTE:
These arcs represent the upstream and downstream river interaction of the model.
The entire upstream side is selected and the part of the downstream side that is
covered by the river is selected.

Select ‘Feature Objects’ and select ‘Vertices<->Nodes’
Click ‘select arcs’
Select the CHB arcs as shown in Figure 17

Figure 17: Vertices and arcs to be selected as specified head arcs

Click ‘Properties’
Assign type for all arcs as “specified head’ (Figure 18).
Click ‘OK’
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M Properties

Feature type: | Arcs ;I S how: |Selected ;I BC type: Ispec. head vI

[T Show point coordinates

1] Type

zpec. head

gpec. head =

Help. | AddPoint | Delete ot | ok | Cancel |
e
Figure 18: Properties dialog box for specified head arcs selected in Figure 17

Click *Select nodes’

Select the CHB nodes bounding the CHB arcs

Click ‘Properties’

Change head stage to ‘transient’ for all

Assign transient head stage values (assumed to be the same as transient river stage
changes) from RS.xls for upstream and downstream nodes, assuming there is no gradient
perpendicular to the river (Figure 19)

Click ‘OK’
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B Properties

LI Show: I Selected

LI BE type: | spec. head LI

Feature ype: I Modes

I Show point coordinates

D e Hea?r-r?]tage

All oo
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E |spec head | <hansient: =

Help... Add Port [elete Fomt I 0K Cancel

Ml XY Series Editor

1 00 18.05816

2 |5000000 16.05816

3 |soo0o00 1805398068 E

ER T A 12000 £

5 |s0zom0 1805181401 E

B [memnd  1a0menn 18085+

7 |5m40800 1806115614 E

[ 5750000 1806115614 18.050F

3 |smomo 1606130173 | E

0 |0esen0 180813 e

1 |1025780.0 1806222274 E

12 [1n2saonn 1806222274 180

13| 10260000 1006207409 | iasek

14| 10430000 1806207409 | F

15 1D4ded_0 1é705§%227747 iii :I:I\II:IHI:I\H:IHI:II\I:III\:II\;‘F’I\
I Use datestimes D SR oy Ti:m B SRS

Help. | Impaort. Export Cancel

Figure 19: Head stage values for the Constant Head Boundary arcs, as taken from
RS.xls

Creating Layer Coverages

Creating L1 Coverage

Right-click ‘Boundaries’ coverage - select ‘Duplicate’
Rename “L1”

Double-click coverage ‘L1’ to open ‘Coverage Setup’ dialog box (Figure 20)
Unselect ‘Use to define model boundary (active area)’
Set *Default layer range’ to “1-1”

From the ‘Areal Properties’ list, select the following:
‘Horizontal K’

‘Horizontal anis.’

‘Vertical anis.’

*Specific storage’

*Specific yield’

Leave ‘Default elevation’ as shown

Click ‘OK’
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B Coverage Setup |X|

Coverage Mame: IL'I

Prosek |Eustu:um ;I Coverage bype: I ﬂ

Sources/Sinks/BCz .-’-'-.re._al Froperties Obzervation Paintz

Source/Sink/ABC Type

Property
[

| La_l,ler range
[ Recharge rats
|7 Horizontal K,
| | Werlical K.
[v H-:unz-:untal aiis.
[v "-.-"E':.r.tll:E-d anls

o

|_ Heflne |:u:||nts
|_ SpE_:_l;lfl_n_ad Head
|_ Spemfled FI::uw
|_ General Head e

{

Spemflc stl:urage

Specific _I,Ileld

[ Topelev

|__ .-Weta’dry flags
_|_ Ma:-c ET rate

|_ Dbsgwed FI::uw

[~ Trans. Observed Flow

r ET Extinction depth

|_ F'l:urnmt_l,l

™ Zone code
|_ | Material

Default layer range: |1 3] I'I Default elevation: 1185

[ Use ta define model boundary [active area)

30 grid layer option for obs. ps. |E_I,I z location ;I

k. I Cancel |
A

Figure 20: Coverage Setup dialog box for the L1 layer coverage

Click the ‘Create arc’ tool.
Draw in ‘river’ and “unit 5’ arcs as shown in Figure 21 by adding arcs, making sure to
close all lines such that three polygons are created.
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Figure 21: Location of the arcs encompassing the layers of the GBM

Creating Polygons

From the main toolbar, select *Feature objects’ — ‘Build polygons’

The GBM now consists simply of 3 distinct hydrogeologic units: a river unit, a
“Unit 5” in the middle (which is a pinching sand layer inferred from previous
observations and developed to account for the observation of increased flow from the
river), and a third unit in the northeast which includes the rest of the cells and is set up as
a single unit with hydrologic values averaged throughout the gravel bar.

Assigning Areal Data

Click “select polygon’ tool. 2

Hold ‘shift’ key and select all three polygons.

Click “Properties’ to bring up ‘Properties’ dialog box, assign polygon values as shown
in Table 1 and in Figure 22

Click ‘OK’
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Polygon Property

Horizontal Horizontal | Vertical Specific Specific
Conductivity | Anisotropy | Anisotropy | Storage Yield
River
(Arc 1) 10.0 1.0 1.0 0.000045 1.0
Unit 5
(Arc 2) 0.001 1.0 1.0 0.000045 0.425
Other
(Arc 3) 0.000305 1.0 1.0 0.000045 0.21

Table 1: Values for ‘River’, “‘Unit 5’ and ‘Other’ polygons

B Properties E]

Features bype: | Polvgons * | Show: |Selected T | BCtype; |ANT/NONE -

v

D HD[[Iﬁ.IE:,.r:]al & Horizontal aniz. | Wertical aniz. Spec[i fsllic]nrage Spec. vield
Al
1 [100 1.0 1.0 [0.000045 1.0
ERIN 1.0 1.0 0.00045 0.425
(2 0000305 1.0 1.0 0.000045

Help... | | | QK | Cancel |

Figure 22: Properties dialog box for the three L1 polygons

Right-click ‘Boundaries’ coverage — select ‘Duplicate’

Rename to “L2-L40”

Double-click “‘L2-L.40° coverage to open ‘Coverage Setup’ dialog box (Figure 23).
From the ‘Areal Properties’ list, select the following:

‘Horizontal K’

‘Horizontal anis.”

‘Vertical anis.’

‘Specific storage’

‘Specific yield’

Unselect ‘Use to define model boundary (active area)’

Change ‘Default layer range’ to “2-40”
Click ‘OK’
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I Coverage Setup

Coverage Narne: |L2-L4EI

Prezet: |':'-‘3t'3""" ;I Coverage twpe; I
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| Source/Sink/BC Tupe
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laxET rate

[ ETelev.
|___ ET Extinction dgpth
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30 grid layer option for obs. pte.: |B_I,I Z location ;I

o |

Cancel

Figure 23: Coverage Setup dialog box for the L2-L40 layer coverage.

Creating Layer Polygons

Select ‘Feature Objects’ — ‘Build polygons’

Click “Select polygon’ tool 2%

Double-click ‘L2-L40" polygon

Click “Properties’

Assign values same as ‘Other’ layer from Table 1 and seen in Figure 24.
Click ‘OK’
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M Properties . . @

Feature type: | Polygons | Show: |Selected *| BClype: |ANT/MONE =

[ 5
[1] Hm[lfnﬂl.;r;t]am Honizontal aniz. | “ertizal aniz. Spec[.-ljt;rage Spec. yeld ‘
2 | 0.000305 1.0 1.0 0.000045 nz1

Help... | f | [t | ak. | Cancel

Figure 24: Properties dialog box for the L2-L40 polygon

Creating Observation Coverage

Adding Wells

The wells of the BHRS (A1, B-, C-, and X-rings) are incorporated into the model
in GMS using their geospatial data (Easting, Northing and model elevation). The wells
are set to be treated by GMS as refining points from which to initiate grid development.
The well locations are assigned a specific cell size, and the grid is extended out from
those points with increasing size until a maximum cell size of 20 m is met. The denser
grid arrangement near the wells allows for more accurate data to be obtained during the
model run. The wells also act as observation points for head values throughout the model
run. This way the produced values can be compared to the actual values measured during
the TTLT.

Creating Observations Coverage

Right-click ‘GBM’ conceptual model — select “New coverage’.

This opens the Coverage setup dialog box (Figure 25).

Supply name “Obs”

Check “head’ and ‘refining points’ from the ‘Obs. Data’ and *Sources/Sinks/BCs’
columns, respectively

Set ‘Default layer range’ to “1-40”

Uncheck ‘Use to define model boundary (active area)’.

Change *3D grid layer option for obs. pts.” to ‘By layer number’.

Change ‘Default elevation’ to “18.5”

Click ‘OK’

-33-



Bl Coverage Setup

Coverage Mame: IDbs

'7 | Refine poitits

I~ | Specified Head
[~ | Specified Flow
_|_ - 'E.!enn_;,rél Heaﬂ-

[ Harizantal k.
™ Vetical K

™ Horizartal anis,
™ Wertical anis.

Prezet: ICu&tDm ;I Coverage type: I ;I
Sources/Sinks/BCs Areal Properties Obszervation Points
| Source/Sink/BC Tupe | Property | Obsz Data
I I al &l
I Layer range | Layer range [ Color
I wells [ Recharge 1ate ¥ Head

™ . Trans. Head

I [ D 1ain |_ 5 S pecif-ic sto-rage
I~ | River [~ Specific yield
[ | Seepage Face [ Topelev.

= "S"t.reara [ . éout-tom ;a-lév.

'_ [ éarriel |_ : \r'_\:"n_e_t_.n"c!r__l,.l___fl_ag_s_

I‘ : Dbééwed Flow

Observed Fiow [ MaET rale
I Trans. Observed Flow

[ ET v,

[~ |ET Estinction depth
I‘ F-'oros.it_l,l

[ Zone cade

[ Material

to |40

Drefault laver range: |'|

Default elevation: |'|8.5

[ Use to define madel boundary [active area)

30 grid layer option for obs. pre.: IB}I layer number ;I

Cancel |

ok |
A

Figure 25: Coverage Setup dialog box for setting up the Obs coverage

Adding Wells as Refining Points

Click ‘Create points’ tool **
Anywhere on the map, create 18 points

NOTE:

The spatial data of these points will be adjusted in the properties box from values
located in “Obs.xIs”

Click *Select Points/Nodes’ tool /*

Select all 18 points — easily done by drawing a box around all 18.

Click “Properties’ to open the ‘Properties’ dialog box

Check *Show point coordinates’ — check all as “Refine’

Change ‘base size’ to 0.2, ‘Bias’ to 1.25, and ‘Max size’ to 20 for all points

Open the “‘Obs.xls’ document and copy ‘well ID’, and ‘x-y data’, from Obs.xIs to the
“Name”, “X”, “Y” columns for all points (Figure 26).
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Microsoft Excel - OBS

File Edit Wew Insert Format Tools Data  Window  Help
DS 20V BRI v W =-8lg
Arial -0 - [B]z U B % 5 WW <
A2 - e Al
A B [ e D [ E T F [ & [ =
1 |Well X Y Obs Head value [m]
2 IA1 .l 10000.04 10000.02
3 B1 9999.77 | 10002.94
4 B2 10002.98 10001.96
5 |B3 10003.76  9998.1
6 |B4 10000.27 | 9997.39
7 |B5 9996.96  9998.13
g |B6 9997.66 10001.32 |
9| 10003.3 10006.61 18.063
10 |cz 10008.18 10000.54 18.066
1C3 10003.86  9994.02 18.072
12 |C4 9995.71 9991.3 18.072
13 |C 9990.91  9999.76 18.063
14 C6 9995.48 10007.03 18.06
15 X1 10004.41 10040.04 18.036
16 | X2 10030.04  9998.74 18.082
17 |X3 10019.26  9964.87 18.097
18 | X4 9986.93  9982.25 18.072
19 | X5 9961.84 10021.09 18.048
ol
21
)

Figure 26: OBS.xls spreadsheet with location data of wells

Set Z value to “12.0”

Select only the C and X wells as “obs pt’ from the “Type’ column

Copy the ‘obs. head values’ from Obs.xls to ‘Obs. Head’ column for C- and X- wells.
(Figure 27)

M properties E|
Feature typs: | Paints x| Show [Selected  v| prype: [ANYNONE ¥]
¥ Show point coordinates
e 5 | 7 ‘ z e, Bas[;]slze ‘ - | Ma[xm Tze ‘ Tl e En;;.d ‘ mi:nsierjvejd Dbcsu nb?[;a]d Dk;tsd.}-‘{j:d Cumguted Residual
Al [ -l
174 (a1 1000004 10000.02 120 ¥ oz 1.5 200 NOME x|+ 0o 10 E 051021
15 (B ssmarr 1002 54 120 ¥ oz 1.25 200 NONE =1 0o 10 % 051021
116 B2 1000298 1000196 120 ¥ oz 1.25 200 NONE v |1 0o 10 %5 051021
7 (B3 oomrE 9wt 120 ¥ oz 125 200 NONE = |1 0o 10 £ 051021
18 (B4 o0z 33 120 ~ oz 125 200 NONE |1 00 10 3 051021
119 [B5 99T 998,13 120 ¥ oz 1.25 200 NONE v 1 0o 10 %5 051021
o [BE 599766 | 1nn1 32 120 ¥ oz 125 200 NONE =1 0o 10 E 051021
7o 1oom 10006 61 120 M oz 1.25 200 obs.pt 7|1 16,063 10 Ed 051021
22 |r2 1oomme 10000 54 120 ¥ oz 125 200 obspt |1 16,086 10 E 051021
23 |ca ioomaes a2 120 ¥ oz 1.25 200 obs pt v |1 16,072 10 % 051021
e 29913 120 ¥ oz 1.25 200 obs.pt v |1 18.072 10 ] 051021
o5 05 samngr s 7 120 ¥ oz 125 200 obs.pt v |1 16,083 10 E (051021
% |t sawae 1007 03 120 ~ oz 125 200 obs.pt |1 18,06 10 % (051021
27 1 1000441 10040.04 120 ¥ oz 1.5 200 abs.pt =1 16.0% 10 3 051021
om w2 oonoe w7 120 ¥ oz 125 200 obs.pt |1 16,082 10 E (0510
128 [x3 100132 964,87 120 M oz 1.25 200 obs.pt 7|1 16,097 10 Ed 051021
a0 e BeEE O3 3982 25 120 ¥ oz 125 200 obs.pt v |1 16,072 10 E 051021
R |10zt 03 120 ~ oz 1.25 200 obs.pt v |1 16,048 10 % (051021
Help... Delete Foin Cancel

Figure 27: Properties dialog box for the 18 refining points of the Obs coverage

Click ‘OK’
Final well placement should resemble Figure 28.
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Figure 28: Final location of the 18 refining points representing the wells of the BHRS

Creating the 3D Grid

Be sure to have the ‘Obs’ coverage selected in the directory tree.

From the main toolbar, select ‘Feature objects’ — ‘Map<->3D grid’

This will bring up the *Create Finite Difference Grid’ dialog box (Figure 29)
Input values of X-Dimension origin, X-Dimension Length, Y-Dimension Origin, Y-
Dimension Length, Z-Dimension Length, Number Cells, and Rotate about Z-axis as
shown in Figure 29.
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Create Finite Difference Grid

— #-Dimenzion —-Dimenzion — Z-Dimenzion
Origin: |1 0005. 201776 | Drigin: |E|T58.2‘I 5072 | Origin: - 0.0 |
Length: [260.0 [n|1] Length: |4E|5’D.I:| | Length: |18, (m] |
E[EES 1.0 Bias |1.L'| Bias: |1.EI
5 Uszebase and limit [F Uszebase and limit [T Usze base and limit
Mumber cells: |1U Mumber cells; IT"J Murnber cells: |4E1
Braze cell zize: |1 00 taze cell size; |1 .0 Baze cell size; 140
Lirit celf zize ISD_E: Limnit cell zize |5|_'| 0 Limit cel-zzer 1200
Orientation / type: | MODFLOW ~| Rotation about Z-ais: |32.E]
Gnd type
Uriertation... I ’7!‘7 Cell centered 8 Mesh centered Help... | ak I Cancel |

Figure 29: Dialog box for inputting the size dimensions of the 3D grid

Click ‘OK’.
Grid should be created resembling Figure 30.

%

Figure 30: Location and orientation of the newly created 3D grid for the GBM
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From the main toolbar, select ‘Feature objects’ — ‘Activate cells in coverage’ to show
only the cells bounded by the GBM Boundaries coverage (Figure 31).

NOTE:
If incorrect cells are displayed you can adjust the locations of vertices and nodes
of the boundary coverage to activate or inactivate the appropriate cells; this is
done through the “Select vertices’ or ‘Select nodes’ tools and clicking and
dragging the vertices/nodes to the correct locations. Once the vertices are
adjusted, polygons must be recreated, and steps for creating the grid must be
redone (Creating Boundary Coverage). Likewise if the boundary coverage is not
encompassed by the modeling grid, the values from Figure 29 can be adjusted.

Figure 31: Final grid size showing the active cells only
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Creating a New MODFLOW2000 (MF2K) Simulation

Click ‘3D grid’ module
From the main toolbar, select ‘“MODFLOW’ — “New simulation’
This will bring up the *Global Options’ dialog box (Figure 32)

MODFLOW Global/Basic Package

Heading: |ELE

Heading: |01 April 2007

B ottamm E levation. .

Run optionz - 1
* Faonward Bun
" Senzitivity Analysis Fackages... J
(™ Parameter Estimation Uit J
" Stochastic Simulation
IBOUND... ]

~

Starting Heads. .. |
Model bype _
+ Steady state e Top Elevation... J

Ma flov head: |-E|'E|E|.EI

Help... 0k, | Cancel ‘

Figure 32: Global Options dialog box

Select ‘Starting heads’ to open the Starting Heads dialog box.

Select ‘Constant->Grid’ - assign “18” for the Constant Value for Grid (Figure 33).
Click ‘OK’.

Click ‘OK’ to exit ‘Starting Heads’ dialog box.

Click ‘OK” to exit ‘Global Options’ dialog box.
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Figure 33: Grid Value dialog box for assigning a constant starting head value for the
entire grid

Save Project

Select ‘File’ — ‘save’
Exit GMS

Editing Model Layer Elevations

Editing Model Layer Top and Bottom Elevations

The discretization file (.dis) is opened in a text editor and "Top' and 'BOTM'
(MODFLOW 2000 array names in the discretization file) are adjusted. Top and bottom
model layer elevations are set to match the sampling zones of well A1 (A1-A20) during
the TTLT. Model layer 10 corresponds to the top sampling zone: A20. Over the
sampling intervals in well Al (20 in all), the model cell heights are each set to correspond
to the height of one sampling zone (0.25 m). Above and below the extent of the sampling
zone (20 x 0.25m zones in all), the cell height increases by 1.2 times the previous cell
height. The discretization file is then saved and the coverages in the Map module
containing the river, CHB, and hydrogeologic properties (K, Ss, Sy, etc) are mapped to
MODFLOW.
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Editing the .dis File

Exit GMS

Navigate to the saved project files — open ‘GBM.dis’ in text editor

Replace “Top’ and ‘BOTM’ values of ‘GBM.dis’ file (lines 14 - 54) with values from
‘GBM lyr elev.txt’ file (on CD) (Figure 34).

; ele otepad =1
File Edit Format ‘iew Help
# MF2K DISCRETIZATION FILE CONSTANT 18.5
# CONSTANT 16.52472544
# CONSTANT 15.4497712
# NLAY NROW NCOL NPER TIMEUNITS LENUNITS CONSTANT 14.553976
40 196 150 15 4 1 CONSTANT 13.80748
0Q0QO0OQ00QO00QO0O00000C00O000O00C0 Q0 CONSTANT 13.1554
INTERMAL 1.0 (free) O CONSTANT 12.667

17.020338904641 17,0203389046041 13, 877787807814 118 cConsTAMT 12.235
8 0.15472566615938 0.1547256661038 0.1547256661938 fconsTanT 11.875
INTERMNAL 1.0 (free) O CONSTANT 11.575
18. 531875443717 18, 531875443717 18, 531875443717 1R consTANT 11.325
5562043 0.1391425562843 0.1391425562943 0.2 0.26040CoNSTANT 11.075
G0R52 1. 8516163590862 1.4001161193848 1.192092895 8 consTaNT 10.825

CONSTANT 18.0 CONSTANT 10,575
CONSTANT 16, 52472544 CONSTANT 10.325
[CONSTANT 15.44G7712 CONSTANT 10.075
CONSTANT 14.553976 CONSTANT 9,825
CONSTANT 13.80748 CONSTANT 9,579
CONSTANT 13,1854 CONSTANT 9.325
CONSTANT 12,667 CONSTANT 9,075
CONSTANT 12,235 CONSTANT . 825
CONSTANT 11.875 CONSTANT 8,579
ICONSTANT 11,575 CONSTANT 8,323
CONSTANT 11.325 CONSTANT 8. 075
ICONSTANT 11.075 CONSTANT 7.825
CONSTANT 10,825 CONSTANT 7.575
ICOMSTANT 10,575 CONSTANT 7.325
CONSTANT 10,325 CONSTANT 7.075
ICONSTANT 10,075 CONSTANT 6,825
CONSTANT 9,825 CONSTANT 6.575
CONSTANT 9.575 CONSTANT 6,275
CONSTANT 9.325 CONSTANT 5.G15
CONSTANT 9.075 CONSTANT 5,483
CONSTANT 8.825 CONSTANT 4. 0646
CONSTANT B.575 CONSTANT 4.34252
CONSTANT 8.325 CONSTANT 3. 506024
CONSTANT 8.075 CONSTANT 2.7002288
CONSTANT 7.825 CONSTANT 1.62527456
CONSTANT 7.575 CONSTANT 0.335328472
CONSTANT 7.325 CONSTANT -1.212604633
CONSTANT 7.075 CONSTANT -3.07012556
[CONSTANT 6,825

CONSTANT 6.575

[CONSTANT 6,275

CONSTANT 5.915

[COMSTANT 5,483

CONSTANT 4. 9646

ICOMSTANT 4,34252

CONSTANT 3. 596024

ICONSTANT 2.7002288

ICONSTANT 1.62527456

ICONSTANT 0.335320472

(CONSTANT -1.212604633

CONSTAMNT —3.070012558

500000.0 1 1.0 TR

2000.0 15 1.5 TR

<

Ln &, Cal 16

Figure 34: Sample of the values to be copied from the ““GBM lyr elev.txt™ file (on CD)
that are copied to replace the values of the GBM.dis file created by the simulation

Save and close the GBM.dis file
Open GMS
Open the GBM.gpr model file to check the values of layer elevations (Figure 35)
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£ GMS 5.0 - [ebm.gpr *]
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Figure 35: X-Z profile of the GBM model grid showing correct model layer elevations

In “Map’ module select ‘Feature Objects’ — ‘Map<->MODFLOW’ to open the Map <->
Modflow dialog box (Figure 36)
Select ‘All applicable coverages’ to apply the new layer elevations to the 3D grid.

Map -> Model ﬁ|

" Active coverage only
& Al applicable coverages

£ Al visible coverages

Help... \ Cancel J

Figure 36: Map -> Model dialog box
Click ‘OK’.
Grid cells types are now assigned (Figure 37).
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Figure 37: GBM model grid with cell types assigned

Calibration with Steady State Solution

Select 3D grid’ module B select ‘MODFLOW’ — “Observations’ to open the
Observations dialog box (Figure 38)

Check “Obs’ coverage from Coverages (head observations) if not already selected
Click ‘OK’
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B Observations @

 Group Weights - Coverages [head observations]
Head observations: I'l-EI Uze | Coverage | M eazurament |
o v Db |Head
Corstant head flow observations: 110 ~ =2

River flow observations: I-I g
General head flow obzervations: I'I a
Drain flow observations: I-I g
Strearn flove observations: I‘I A

Mote: Head and flow abservations are defined uzing
obzervation and sourcedsink coverages in the Map module.

Figure 38: Observations dialog box for GBM model

A

Click “MODFLOW’ — ‘PCG2 package’ to open the MODFLOW PCG2 Package dialog
box (Figure 39)

Change the following values:

‘Max inner iterations’ to 300

‘Head change criterion for convergence’ to 0.0001

‘Residual criterion for convergence’ to 0.0001

Click ‘OK’
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MODFLOW PCG2 Package

b axirmurm outer iterationz: |25

b axirnun inner iterations; 3EI

b atrix preconditioning method

¢ Modified Incomplete Cholesky [scalar computers)

R elaxation parameter; 11 0

IJze zame decomposgition for multiple calls: 11 ]

™ Polynomial [vector computers]

Head change criterion far convergence: ||EI.I:IEIEI1 | [m]
Residual criterion far convergence: ll:l_l:ll:ll:ﬂ | [ 34z
Frint controls

Frint-out interval; jl:l

Salver printing controls: |F'rinting supprezzed LJ

Reszet ‘ Help... ‘ k. | Caricel ‘

Figure 39: MODFLOW PCG2 Package dialog box showing the appropriate values

Save

Click ‘MODFLOW’ — ‘Run MODFLOW’ to run MODFLOW-2000 (Figure 40).
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. Il MODFLOW-2000

i amzeB0hmodelshmi2k. exe
C:hgknelzon termphPost to web\GEMAWGMSAEERM

Error vs. Iteration
I 00 -§ e
_orsf
2 = “
Wm0
025 L+
oooE -4 o
1 1 1
] ! 2
k=rafion
Total Elapged Time: 0 hrz 0 min 28 zec
MODFLOT-2000 A

T.5. FEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATEER FLOTW MODEL

EM.mf=
T=ing HAME file: GEM._.mfn
Pun start date and time (yyrrn'mm'dd hh:mm:ss): 2006/ 12515 11:20: 230

Finished iteration 1l of timestep 1l of period 1
Finished iteration £ of timestep 1l of period 1
Finished iteration 3 of timestep 1l of pericd 1

TOTAL SUM 0OF ZQUARED, WEIGHTED BESIDWALS: 0_163E-0Z

Pun end date and time [(yyre/mm'dd hh:mm:ss=s): 2006712715 11::30: 58
Elap=ed run time: £7.3&§3 Seconds

MODFLOW 2000 terminated successfullwy

MODFLOW 2000 finished. W

[V Pead zolution on exit Help... | Cloze |

Figure 40: MODFLOW-2000 run box showing successful completion of the GBM run

Select ‘Close’ after successful completion to map head data to GMS.
Click *Plot wizard’ l® to open the Plot Wizard — Step 1 of 2 dialog box (Figure 41)
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Plot Wizard - Step 1 of 2

Flat Type
Data Computed vs. Observed Yalues
D ata [Weighted)

Residual vs. Observed Data
Fiesidual vs. Observed Data (Weighted) 1030 L
Parameter Sensitivities
Ertor v, Simulation
Erar vs. Time Step .
Error Summary =
Time Series 5
Active Data Set Time Series E o0
Flaws vs. Time 8

1013

1010 L

TR I R S SR S S SR A AU A A AR
1018 1013 1020 1023 1030
abzared
Shows how well the computed and observed values match.
“alues on the 45 degree line show perfect comespondence.
Help Fack | Mext » Cancel ]

Figure 41: Plot Wizard — Step 1 of 2 dialog box

Select “‘Computed vs. Observed Data’ — Click ‘“Next’ - then “Finish’. A plot similar to
Figure 42 should be seen.

[ & piot 1 BEE

Computed vs. Observed Values
Head
18.10
18.09-F .
18.08 -
- :
< 18.07+ :
=% L %
5 B
[O 18.06+
18.05-F y
18.04-F
_II\II\I|IIII\IIIIII\IIIIII\IIIII
| | | | | |
18.04 18.05 18.06 18.07 18.08 13.09 18.10
Observed

Figure 42: Plot of Computed vs. Observed Values for heads of the steady state run

NOTE:
If you are not satisfied with computed vs. observed correlation, adjust the initial
head and river stages accordingly and rerun the steady state simulation.

Proceed upon successful calibration!
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Section II: Transient Run

Development of Gravel Bar Model (GBM) Section I1: Transient Run

The next step is to run the GBM to obtain new initial head values throughout the
grid. The steady state results are read into GMS and the corresponding potentiometric
surface is displayed. At this point the contours are compared to the measured head values
within the wells. If they compare reasonably, the steady-state results are used as the
initial head values for the transient simulation. If they do not match reasonably, the
boundary conditions (CHB values and River Stage values) are adjusted and the steady
state model is run again until favorable results are gained. The following time
information is entered: number of stress periods, number of time steps per stress period,
and the multiplier for the time steps in each stress period. The transient data are then re-
mapped to MODFLOW (well, river, and CHB values). Information on the length of each
stress period, the number of time steps, and the multiplier is copied straight from the
‘Obs.xIs’ file which contains the necessary information. The simulation is then re-saved
and GMS is closed.

Creating Transient Model

Click ‘Map’ Module

Right-click on ‘GBM’ conceptual model — select ‘New coverage’.
This opens the ‘Coverage Setup’ dialog box (Figure 43)

Name the coverage ‘Wells’.

Check “Wells’ from the “Source/Sink/BC Type’ menu.

Set “‘Default layer range’ to “1-40”

Uncheck ‘Use to define model boundary (active area)’.
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B Coverage Setup
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|_ Spemflc _I,Ilelu:l

| Layer range
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Figure 43: Coverage Setup dialog box for the Wells coverage

Creating Injection/Pumping Wells

Create 2 points using the ‘Create points’ tool.

Select both points using the 'Select points/nodes' tool

Click ‘Properties’ to open the Properties dialog box (Figure 44).

Check *Show point coordinates’.

Insert values for *‘Name’, “X’, “Y’, from Obs.xls for wells B3 and B6, set ‘Z’ value to
“20.0” (Figure 44).

Change ‘Type’ to “Well”
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I Properties

Feature type: |F'0ints ;I Shaow: ISeIected _:I BC type: |we|| ;I
v Show paint coordinates

o fwame| x| v |z e | feme [l | T | e
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Help... | Add Paint | Delete F‘r.unll 0] I Cancel |

Figure 44: Properties dialog box for the injection well (B3) and pumping well (B6)

Under ‘Flow rate’ assign ‘transient’ to both wells and check *Use screen’

Insert values for ‘“Top scr.” (11.075), and ‘Bot scr.” (7.075) for both wells

Input the transient flow rate values for both wells from worksheets ‘B3 injection’ and
‘B6 pumping’ of OBS.xIs a seen in Figure 45.

Click ‘OK” to exit both the XY Series Editor and Properties dialog box

1
i
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o= E

== B8 Properties
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Q ¥ Show point coordinates
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Figure 45: XY Series Editor dialog box showing transient pumping rate of well B6
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Assigning Transient Time Steps

Click ‘3D grid’ module

Select ‘“MODFLOW’ - “Global Options’.

Under ‘Model type’ check “Transient’.

Click “Stress Periods’ to open up the ‘Stress Periods’ dialog box. (Figure 46)
Copy ‘Length’, “Num Time Steps’, and ‘Multiplier’ from ‘Modeltime.x|s’ to the
Stress Periods dialog box.

Click “‘OK’ to close both boxes.

Mumber of stress periods: [15 =1 [~ Use datesftimes Tatal time: 18908000 [3) MODFLOW Global/Basic Package (%]

Mum Time Steps | Multiplier Heading: |GMS MODFLOW Simulation
0o

_500000.0 2000.0 .

3020000 .2100'0 ] ] -—(Fiun T Stress Periods... |

_G04100.0 709000 : * Forward Hun

é750ﬁg_g '45073'00 | [ " : 7 Sensitivity Analysis Packages.. |

1025780.0 10200 : * | " Parameter Estmation Units.. |

e I ; P i

1026800.0 | 222000 | | : ochastic Simulation e |

_1043000.0 4200 5 [, € Stochsshe [nverse Madel

1043420.0 222180.0 : okl Starting Heads... |
I T T <1 odeltypee ————

0 _1271600.0 34200.0 s i i |

] v T S e ’7(\ Steady state * Trangient ‘ o Elevatio

13058000 2143000 Bottom Elevation... |
{ 1 - oEtom CIevation...

12 15208000 |z37onn |2 2. ™ Notlow head: [4850

1315443000 1485000 .

14 16526800.0 | 252000 | 115 1 Help... |

Heading: |15 December 2006

|‘h|w

|m‘m

~

@

w

15 17180000 1728000
End 18308000

Initializs. . | g"l §‘| Cancel |

Figure 46: Stress Periods dialog box for the pumping well showing the imported values

Click ‘Map’ module
Select ‘Feature Objects’ — ‘Map<->MODFLOW’.
Select ‘All applicable coverages’.
*1f an error message like the one in Figure 47 appears, click ‘OK’

] Some xy series do not cover the range of times specified by the MODFLOW stress periods, Values will be extrapolated From the information that is
e ) available

Figure 47: Error message 1: Error message associated with assigning stress periods to
the model

-51 -



Click “3D grid’ module
Select ‘MODFLOW’ — “Output Control’ to open the ‘Output Control’ dialog box.
Select only the following options and unselect any others (Figure 48):
-Output at every time step
-Save heads to *.hed file
-Global output file
-List output file
-Enable saving of computed flows for all source/sink objects.
Click ‘OK”.

MODFLOW Output Control

Output interval

* Dutput at every time step

" Dutput at last time step of each stress period

v Save heads to * hed file [ Save drawdown ta “dow file
[ Print heads ta list file [ Print drawdawn ta list file
[ Save cell by cell low terms to * ccf file

Other output

[v Global output file v Enable saving of computed
floves for all zourcedzink objects
[v Lizt output file

[ = hif file far tranzport

[ Save amays using binary files

| Help... | | Fezet | | (] | Cancel

Figure 48: MODFLOW Output Control dialog box with the appropriate options selected

Save the project.
If the following error message appears (Figure 49), click ‘OK’

GMS 5.0 [X]

L] E MODFLOW is kransient and one or more of the observation coverages are steady skake,
L

Figure 49: Error Message 2: GMS error message

Close GMS.
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Creating the .hob and .obs Files

Both the HOB and the OBS files should be created outside of GMS. The HOB
and OBS files are created to allow for direct head measurements to be extracted at
specific locations (as opposed to the center of the cell). The OBS file can be created in
any text editor, following MODFLOW 2000 instructions, to output a *._os file upon
completion of the model run. The HOB file can be created using the ‘createHOB.m’
MATLAB script. This script uses an ‘input.txt’ file which gives instructions on: angle or
grid orientation, center grid cell dimensions, time steps, points (locations where heads
will be returned), the *.dis file from the model, and the name of the file to be produced.
Another MATLAB script ‘ReadDis.m’ outputs values for the points at times specified.
Below is an example of the ‘input.txt’ file (Figure 50). The points file can be adjusted to
include, change, or extrude points as appropriate. Examples of the ‘input.txt’, *points.txt’
and ‘time.txt’ files are located on the CD and can be adjusted for each use, although
‘points” must fall within the SM boundary and “times’ must match the time steps of the
model. For instructions on using this script open MATLAB and set the current directory
to the directory containing ‘createHOB.m' and type “help createHOB” at the MATLAB
command prompt. It will list a set of instructions for the file. For completeness they are
also listed in Box 1:

I input.txt - Notepad E@El

File Edit Faormat Wiew Help

32

194 66 10060, 770783996 9900, 2889975008
points. txt

time. txt

SBEM. dis

HCE. hoh|

Lna, Col 8

Figure 50: Example of the “input.txt’ file used for ‘createHOB.m’ script
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ReadDis.m

returns

ReadDis is a function that reads in the MODFLOW discretization file and
the X locations of the grid, the column widths, the Y locations of the grid,

the row widths, the elevations of the grid cell centers (allowed to vary from cell to
cell), the top and bottom layer elevations (also allowed to vary from cell to cell),

and the

stress period information (T).

This fun

not passed to the file, the default name of 'input.txt' is used. The
input file has six lines to it. (1) lists the angle from east to the
grid rows (increasing j). (2) has 4 values listing the i and j values

of grid ¢

same cell center. (3) lists the name of the points file which has 1
header row, and 5 columns of data - HOBID, Easting, Northing, Top of

screene

name of the observation time file which has one header row and then one

column

these times should be in the same units as those of the MODFLOW
simulation and should be time since the beginning of stress period 1.

(5) Lists

file must have exactly 4 header lines; the Top and BOTM arrays must be
either constant or internal.

ction reads in an input file. If the name of the input file is

ell center, and the Easting and Northing cooridinates of the

d elevation, and bottom of screened elevation. (4) Lists the

of data containing the times at which you want head observations;

the name of the MODFLOW discretization file; the discretization

Box 1:

NOTE:

Help instructions for the createHOB.m MATLAB file.

It is important to note at this point that the purpose of development of this larger
Gravel Bar Model is to generate head values that will be used in the smaller flow
and transport model as head inputs for General Head Boundaries and Constant
Head Boundaries. If the user does not know where they wish to have these head
values located, they are advised to skip to the beginning of the “Development of
the 2" Model: Flow and Transport Model’” section and work through until they
know where they would like to have heads saved. At that point, the user can
return to this point and proceed. The desired locations can be entered as points
in the point file for ‘createHOB.m'; 'createHOB.m' and an example of the
HOB.hob and OBS.obs files are on the CD.

Running ‘createHOB.m” MATLAB Script

Open MATLAB
Type “createHOB(“input.txt’)” on MATLAB command line; ‘input.txt’ refers to the

input fi

le for the model being run. The script will run and a .hob file will be created

along with a .jpg image showing the location of the points (Figure 51).
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Figure 51: Figure produced by createHOB.m script showing the locations of the points

Once the .hob and .obs files are created, they are saved to a common directory where the
GBM model will be run.

Running MF2K

Running MODFLOW 2000 outside of GMS

Copy the necessary MODFLOW files to the common directory (‘run directory’) from
the directory where the GMS files were saved.

Below are the file extensions of all of the file types to copy to the run directory.

.bab
.chd
dis
Apf
.mfn
.0C
v
wel
.pcg or .gmg (depending on which solver is used)
.hob*
.obs*

* hob and obs files are files created outside of GMS as described above.
Copy MF2K .exe program (located on the CD) into run directory.

Editing the MODFLOW Name File
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The MODFLOW name file created by GMS needs to be modified for it to be used
outside of the GMS user interface. Therefore there are certain formatting and name
changes that must be done so that the same name file can be run exclusively by
MF2K .exe.

From the run directory open ‘GBM.mfn’ in text editor

Remove all double quotes (*)

Change *.hob and *.obs file names to the names of the files the user created (likely from
createHOB.m, for simplicity they can be named “GBM”).

Remove ‘RVOB’, ‘CHOB’ and ‘ASP’ lines from GBM.mfn (Figure 52)
Save and Close GBM.mfn.

' GBM.mfn - Notepad
File Edit BEEinE Wiew Help
& MF2K NamE file

#

# output Files

GLOBAL 1 GEM.gla
LIST 2 GEM.out
DATACBINARY) 30  GBM. hed
#

# Obs-Sen-Pes Process Input Files

OBS 50 GEM.cohs
HOE 51  GEM. haob
#

# 5lobal Input Files

CIs 1% GEM.dis
#

# Flow Process Input Files
EASE 3 GEM.hag
LPF 4 GBEM. Tpf
o 15 GEM.ocC
RIV 8 GEM.riv
WEL O GEM.wel
CHD 13  GEM. chd
PCG 14 GEM.pcg

Lm 11, Col 1

Figure 52: Modified GBM.mfn file after removal of double quotes (*) and RVOB,
CHOB, and ASP lines

Running MODFLOW

Open ‘MF2K.exe’ from the run directory. This opens up a DOS shell where the user is
prompted for the name file: “GBM.mfn” (Figure 53).
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e H:ABHRS\Test 2 3-26\Runimf2k.exe

MODFLOW-20680
U.8. GEOLOGICAL SURUVEY MODULAR FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
Uersion 1.17.82 82-14-2807

Enter the name of the WAME FILE:
GBM.mfn
Using NAME file: GBM.mfn

Run start date and time {yyyy mmAdd hh:imm:ss>: 20878326 15:23:26

Figure 53: MF2K.exe DOS shell screen showing ‘NAME’ file supplied

Upon completion, MODFLOW 2000 will output a *._os file which contains head
data at the points specified by the HOB.hob file.

Output File Information

MATLAB

The ._os output file contains head values that will be used in the smaller flow and
transport models as general head boundaries and constant head boundaries. If
‘createHOB.m’ was used to create the HOB file, then the MATLAB script
‘readheadobs.m’ can be used to organize the data. To run this script the “._os’ and the
‘points.txt’ file from '‘createHOB.m' are copied to the common directory along with
‘readheadobs.m’ and the files are called for at the MATLAB command line:

readheadobs(*._os file, points file”)

NOTE:
The readheadobs.m MATLAB script calls for the ._os file having the name
“GBM._o0s.” If the original model was saved as “GBM?”’, there will not be a
problem. If not, rename the outputted ._os file to “GBM._o0s.”

The script simply reads in the head values and for each observation point saves the times
and calculated head values to an output file in two columns — i.e. there are two columns
in the file for each observation point: (1) time; and (2) head. For completeness the
instructions for the file are listed in Box 2.
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This function reads in the '_os' MODFLOW file and creates a file with
one line of header. It needs the points file from ‘createHOB.m" and
uses this to name the points. The output file has two columns for

every point - one for the time and one for the calculated head. The
default heads file name is GBM._os. The function takes two input files:
the first is the name of the ._os file and the second is the points file
used in createHOB.m.

Box 2: Help instructions for the readheadobs.m MATLAB script.

Once the head.obs file is created by readheadobs.m the information can be copied into
an Excel spreadsheet and organized to be used later.
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I11: Development of 2" Model: Flow and Transport Model

This second model is developed as a smaller model to decrease computational
time while still encompassing the entire volume of the tracer plume. This ‘flow and
transport’ model uses head data acquired from running GBM and produced by
‘readheadobs.m’. This model will be incorporated into SEAWAT 2000 which will be
set up to model the transport of the bromide tracer during the TTLT.

Steps
1. Develop Model Boundaries and Grid
2. Run the PREPROC.m MATLAB script to create needed SEAWAT 2000
input files.
3. Write remaining files using a text editor

Flow and Transport Model

Start GMS

Open ‘GBM.gpr’

Save as ‘SM.gpr’
*This allows for the information from the GBM model to be used in developing
the flow and transport model without duplicating each step.

If the error message seen in Figure 49 appears, click ‘OK’

Creating a New Grid

Click *3D Map’ module

Click ‘Grid’ — “Create Grid’ to open the ‘Create Finite Difference Grid’ dialog box.
Click “‘OK’ to the two messages regarding creating a new grid.

Input grid values for X-Dimension origin, X-Dimension Length, X-Dimension Number
cells, Y-Dimension Origin, Y-Dimension Length, Y-Dimension Number cells, Z-
Dimension Length, Z-Dimension Number Cells, and Rotate about Z-axis as seen in Figure
54
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Create Finite Difference Grid

—#Lhmenzicn
Crigin !9?93384542538 |
Lengta: ann.u i,
Biaz: 1.0

[T Usc basc and limit

Fumber cellz:

Basa zalbize |'I 0.8

Limnit cell e (SEL0

—TLhimenzsich

—Smenzion

Origiry: ||EIEI4E.49D194?52

Oigin:  |C.0

Larugth: ||3EII:I.|:

frri) Langth: ||19.5 ]

Baz: |10

[T Usc base and limit

Mumber cells:

Biaz 1.0
[T Use baze and limit

M amber cels:

Base colloae: | |00

Bass callzpe: I-.1_|j

Lmit celt sze; [SOC

Lot c=ll size: [20.0

Orientation /type:  |MODFLCW

Ed

Grid tppe
Drientatior | ’V'F Cll zeiqterad

& M=l cantarsd ‘

el | ok |

R alation ._3|:u:ut Z-anis;

|-3n.e1 954 |

Carcel |

Figure 54: Create Finite Difference Grid dialog box showing appropriate values for the

flow and transport model

Click ‘OK”

Figure 55 shows the initial grid location of the smaller flow and transport model.

Figure 55: Initial grid location of the smaller flow and transport model
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Creating a New MODFLOW Simulation

Click ‘MODLFOW’ — select “New Simulation’
Click ‘OK’

Save the project

Exit GMS

Editing Model Layer Elevations
Editing the *.dis file

This is done again to account for the sampling zone elevations and the grid discretization,
as with the GBM.

Open ‘SM.dis’ in text editor

Copy lines 1 - 45 from the *SM grid.txt’ file on CD to the *SM.dis’ file (lines 7 — 55)
(Figure 56)

This sets inner well field horizontal discretization to 20 cm and vertical discretization to
25 cm.

£

B SM grid.txt - Notepad
File Edit Format “iew Help

TERMAL 1.0 (frees) 0
. 763236 29.904361 20.91214 14.623874 10.226486 7.151388 5.000971
TERMAL 1.0 (free) 0
.7H3236 20504361 20.91214 14.623874 10.226486 7151388 5.000071
NSTAMT 18.5
MSTANT 16. 52472544
MSTANT 15.4457712
MSTANT 14.553076
MSTANT 13.80748
MSTANT 13.1854
NSTANT 12,667
MSTANT 12,235
NSTANT 11.875
WSTAMT 11.575
MSTANT 11.325
NSTANT 11.075
NSTANT 10.825
MSTANT 10,575
NSTANT 10.325
WSTAMT 10.075

# MF2K DISCRETIZATION FILE

+

#

# NLAY NROW NCOL MPER TIMEUNITS LENUNITS
40 120 110 1 4 1
000000000000000000000000000
LTHTERNAC LU UTT

42763238 209, 904361 20 91214 14.623874 10.226486 7.1f
INTERNAL 1.0 (free) 0

42.763236 29 904361 20.91214 14.623874 10.226486 7.1p
2| CONSTANT 18
JconsTant 16, 52472544
CONSTANT 15.4497712
COMSTANT 14. 553974
CONSTANT 13. 80748
S|CONSTANT 13,1854
JJCONSTANT 12. 667
CONSTANT 12,235
CONSTANT 11,875
JJCONSTANT 11.575

ONONNNONNANANNNNONNONNNNNNNANNANNANANOANN0&SHEH]

] CONSTANT 11,325 MSTANT 9,823
CONSTANT 11,075 MSTANT 9.575
CONSTANT 10,825 MSTANT 9.325
CONSTANT 10,575 MSTANT 9,073
CONSTANT 10,325 MSTANT 8.825
CONSTANT 10,075 MSTANT 8.575
CONSTANT 9.825 MSTANT 8.323
CONSTANT 9,573 MSTANT 8.075
CONSTANT G.325 MSTANT 7.825

(|CONSTANT ©.075 MSTANT 7,573

WCONSTANT 8,825 MSTANT 7.325
CONSTANT B.575 MSTANT 7.075
CONSTANT B.325 MSTANT 6.823
CONSTANT 8,073 MSTANT 6,575
CONSTANT 7.825 MSTANT 6.275
CONSTANT 7.575 MSTANT 5,913
CONSTANT 7.323 MSTANT 5.483
CONSTANT 7.075 MSTANT 4.59646
CONSTANT &.825 MSTANT 4,34252
CONSTANT ©,573 MSTANT 3. 506024
CONSTANT 6.275 MSTANT 2.7002288
CONSTANT 5.915 MSTANT 1.625274536
CONSTANT 5,483 MSTANT 0.335320472
CONSTANT 4.9646 MSTANT -1.212604633
CONSTANT 4.34252 MSTANT -3.07012356
CONSTANT 3, 596024
CONSTANT 2. 7002288
CONSTANT 1.62527456
CONSTANT 0.333329472

COMNSTANT -1.212604633
CONSTANT -3. 07012556
1.0 1 1.0 355

] ] ¢ >
Ln 1, Col 1

Figure 56: SM.dis file showing the newly input values taken from SM grid.txt
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Save SM.dis and Close both files.

Re-open GMS.
Open ‘SM.gpr’
The grid similar to Figure 57 should appear.

Figure 57: SM model grid showing the new discretized grid

Constructing the Conceptual Model

Click ‘Map’ module

Right-click ‘Map Data’ — select *“New conceptual model’ to open the New Conceptual
Model dialog box.

Name the model “SM”

Click ‘OK’

Creating Boundary Coverage

Right-click ‘SM” — select ‘New Coverage’ — name “Boundaries”
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Check “Use to define model boundary (active area)’ and set ‘Default layer range’ to “1-

40” (Figure 58).

M Coverage Setup @

Coverage Mame: |El0alENES
Prezet: |Eust0m j Coverage type: | _]
Sourcez/Sinkz/BCs Areal Properties Ohzervation Paints

| Saource/Sink/BC Type | s | Property | o | Obsz Data |
[ a0 [ Al LAl
[ Layer range [ | Layer range [ | Color
[ wells [ Recharge rate [ Head
[ Refine points [ Horizortal K [ Trans Head
[ Specified Head [ Wertical k.
[ Specified Flow [ Horizontal anis.
[ General Head [ |Wertical anis.
[ Drain [ Specific storage
[ | Riiver ¥ I | Specific vied b
Default laper range: |1 to ]40 Default elewvation: (0.0
[¥ Use to define model boundary [active areal
3D grid layer option for obs. pts. |B_l,l z location j

ak. | Cancel I

Figure 58: Coverage Setup dialog box for the Boundaries coverage

Drawing in Model Boundaries

Click “‘Create arc’ tool.

Create arcs around the modeling domain boundary similar to those seen in Figure 59.

NOTE:
When constructing the SM Boundaries coverage, it must be made large enough
to incorporate the points set up in the ‘createHOB.m’ script.
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Figure 59: Boundaries arcs for the SM conceptual model (the slight indentation in the
northeast corner corresponds to the road leading down to the site, which is higher
elevation)

Click ‘Feature Objects’ — “Build polygons’

Creating River Coverage

Copy the “‘River’ coverage from the GBM conceptual model to the SM conceptual
model. This should be done by right-clicking on the ‘River’ coverage and selecting
‘Duplicate’ then dragging the ‘Copy of River’ down to the SM model.

Click ‘OK’ to the error message (Figure 60)

L] ': Moving the coverage to a new location may change the data entered in the attribute tables, Continue?
L]

Yes Mo I

Figure 60: Error message 3: Message associated with moving the River coverage to the
SM conceptual model

Figure 61 shows the SM conceptual model with the River coverage copied from the
GBM model.
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Figure 61: SM conceptual model showing the River coverage which was copied from the
GBM model

Creating the GHB coverage

Right-click ‘SM’ conceptual model — select “New coverage’ to open the *Coverage
Setup’ dialog box (Figure 62). Name the coverage “GHB”

Check “‘General Head’ from *Source/Sink/BC Type’

Set the ‘Default layer range’ to “1-40”

Uncheck ‘Use to define model boundary (active area)’

Click ‘OK”.
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M Coverage Setup

Coverage Name: |GHB
Freset: |Eust0m j Coverage type: | _J
Sources/Sinks/BCs Areal Properties Observation Foints
Source/Sink/BC Type | - | Froperty | - | Obs. Data |
[ al [ &l [ &l
[ Layer range [ | Layer range [ Colar
[ wiells [ Recharge rate [ Head
[ Refine points [~ | Horizontal K [ Trans. Head
S pecified Head [ Wertical K.
[ | Specified Flow [ Harizontal anis.
[v¥  General Head [ ertical anis.
[ | Drain [ Specific storage
[ River ¥ | Specific vield e’
Default layer range: |1 ta |4IJ Diefault elevation: 100
[~ Usze to define model boundary [active area)
30 grid layer option for obs. pts.: |B_I,J z location LJ
Ok | Cancel |

Figure 62: Coverage Setup dialog box for the GHB coverage

The GHB arcs (Figure 63) will are associated with the head values output from the
transient GBM model and are defined by the points.txt file supplied to createHOB.m.
Therefore, the arcs created for both the GHB coverage and the CHB (described later)
should connect the points used.

Click “Create points’ tool

Create the same number of points as were identified in the points.txt file, which will be
used as general head points.

Click ‘select points/nodes’ tool

Select the newly created points and assign X-Y data from the points.txt file using the
“properties” button.

Click “Create arcs’ tool

Create arcs connecting these points to be used for the GHB coverage

Click 'Select arcs' tool.

Select only the arcs that will define the general head boundary (Figure 63).
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Figure 63: General Head arcs of the SM conceptual model

Click “Properties’ to open the Properties dialog box (Figure 64).

Change all “Type’ to ‘general head’

Assign conductance as determined by where the observation points are located in relation
to cell centers. For simplicity a value associated with the average conductivity of the
GBM was used (L2-L40 coverage) (Figure 64).

Click ‘OK” to exit the Properties dialog box.

M Properties

Feature type: |Arcs 'l Show: |_ 'l BC type: |gen. head vI

™ Sk poitt coorditiates

Cond.
D Type {245/

All A

E__g_en.. Headm_-;

00000305

16 |gen. head |
17 |gen head ~| 0.0000305
18 |gen head ~| 00000305
19 |gen head | 00000305
20 |gen head | 0.0000305
25 |gen head v |000D0305
26 |gen head v 00000305
27 |gen head > |00000305

28 |gen head _~ | 0.0000305

Hep. | addpore | Desfoin | ok | Cancel |

S

Figure 64: Properties dialog box for the general head arcs showing the conductance
values
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Click “Select nodes’ tool.

Select the general head nodes — click 'Properties’ to open the Properties dialog box.
Assign ‘Head Stage’ as ‘transient’

Input appropriate values (Time and Head) from file created by readheadobs.m (Figure
65).

Click ‘OK’ to exit the dialog boxes.

vations

T I El oundsi
1 0o 1800633 B r ‘Z’:ial
2 |5oond30 1600639
3 |s144430 117.99090 18502025 (aret
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5 |5432430 |17.99876 - f Fodtlee
5 |se7eaal0 |17.99884 i pobs
7 |sr2man 1799893 18.015+- ‘
Festure type: | Nodes | Show (a1 | BCype: |genhead 7] A 864420 1800335 r I
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: | e 2 16 | /mE4an 1600352 - |
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26 |6456430 16,00353 L |
s NEAEETE | 1800353 -
M [28 [s7a4430 1800353 17.990
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Figure 65: XY Series Editor dialog box for the GHB head stage values imported from the
heads.obs file created by ‘readheadobs.m’

Creating the CHB coverage

Right-click ‘SM’ conceptual model — select “New coverage’ to open the Coverage Setup
dialog box.

Name the coverage “CHB”.

Under *Sources/Sink/BC Type’ check “specified head’

Set “‘Default layer range’ to “1-40”.

Uncheck 'Use to define model boundary (active area)'. (Figure 66)

Click ‘OK”.
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Coverage Setup

Coverage Mame; |CHE
Preset: |Eustom L] Coverage upe: | _J
Sources/Sinkz/BCs Areal Properties Obzervation Pointz
SourcesSink/BC Type | s | Property | ~ | Obsz Data |
[l [ lal [ &l
[ Layer range [ Layer range [ Color
[ wiells [ Recharge rate |~ Head
[ Refine points [ Horizontal K : [ Trans. Head
K Specified Head [ Wertical K
[ Specified Flow [ Horizontal anis.
[ General Head [ [Mertical anis.
[ Drain [ Specific storage
[ | River ¥ I Specific vield i’
Default layer range: |1 to |4D Diefault elevation: (0.0
[ Usze to define model boundary [active area)
3D grid layer option for obs. pts.; ]By z location LJ
Ok | Cancel I

Figure 66: Coverage Setup dialog box for the CHB coverage

This coverage is also set up to use the values produced by createHOB.m and so should
be set up in the same manner as the GHB coverage.

Click “Create points’ tool

Create the same number of points as were identified in the points.txt file as constant head
points (Figure 67).

Click ‘select points/nodes’ tool

Select the newly created points and assign X-Y data from the points.txt file.

Click ‘Create arcs’ tool

Create arcs connecting these points to be used for the CHB coverage (Figure 67)

Click 'Select arcs' tool.

Select all of the arcs that will define the constant head boundary (Figure 67)
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Figure 67: Location of specified head arcs of the CHB coverage

Click ‘Properties’ to open the Properties dialog box (Figure 68)
Change all “Type’ to ‘specified head’

Click ‘OK’ to exit the Properties dialog box.

Click ‘OK’.

Feature type: |Arcs Yl Show: I_ "I BC type: Ispec. head VI

[T Show poitit coordinates

[n] Tupe
all
T spec. head -
12
13 |
14
21 |
22 |
24 | spec. head v

29

spec. head

spec. head

spec. head

spec. head

spec. head -

spec. head

Help... | Add Paint | [leleteF‘nlntl Ok I Cancel | |

Figure 68: Properties dialog box of the CHB arcs
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Click “Select nodes’ tool.

Select all specified head nodes — click “Properties’.

In the Properties dialog box, assign ‘Head Stage’ as ‘transient’ (Figure 69).
Input values for appropriate cells from head.obs file created by readheadobs.m .

]

Time [s] I [~ 15.U39
1 |on 18.M727 El F
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3 |5148430 1801111 r i
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6 |sE7eaa0 18.0109 L
7 |som30 1801109 -
Featurs ype: | Nodes =] Show: [an =] Beiype: [spechead =] M |5 5seasan e L
N ¥ Show peint eoordinates g BO0B43.0 1501584 18.025+
i TeadGtogs 10 |mses30 180584 r
0 Teee ) 1 |6298e3n 1801584 C
Al 00 = 12 |6a40430 1801584 L
E5239 spec. head | <wansient> :|, 13 | 6684430 18.01584 18.020 1+
Ll | 65240 |spec. head | <tansients :| 14 |E72843.0 1801984 -
[1 |#5281 | spec. head | <tansienty = 15 |6872130 18.01384 ¥
o [5242 | spec. head | <transients <] il Rl N
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Figure 69: XY Series Editor for the specified head arcs of CHB coverage showing
transient data input

Click ‘OK’ to close both dialog boxes

Assigning Coverage Properties to MODFLOW

NOTE:
Make sure that only the coverages of the SM conceptual model are visible by
checking all coverages under SM conceptual model and un-checking all under
GBM conceptual model.

Select the SM - boundaries coverage — making it the active coverage

Select ‘Feature objects’ — “Activate cells in coverage’. This will activate only the cells
encompassed by boundaries (Figure 70).
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Figure 70: SM model with only those cells within the boundaries activated

Identify inactive cell indices for future use in PREPROC.m MATLAB script. Inactive
cells are those whose IBOUND values are zero. The IBOUND array can be opened from
the 3D Grid module - MODFLOW - Global Options and clicking the IBOUND button.

Assigning MODFLOW Stress Periods

Click ‘3D grid’ module

Select ‘MODFLOW’ - “‘Global Options’

Click ‘transient’

Click “Stress Periods’ to open the Stress Periods dialog box.

Input values for stress periods from ‘modeltime.xIs’ as seen in Figures 71 and 72.
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4 Microsoft Excel - modeltime. xls

File Edit Wiew Insert Format  Tools  Data  window  Help -8 X
B ? - and 7| 10 EEREER ===
B5 - A 500000
A T = [ [ =
L I
2 |
Stress Length of | #of time Multiplier
| 4 period Stress Period steps
5 | 1 5000001 ' 1
5 2 000 15
b
| 8 | 4
El 5
10 B
[11] 7l
z| 8
d
1o
1
12
13
14
15
= | : | | | | | £
M 4 » W]\Sheetl (Sheet? / sheets / || | ﬂ_r‘
Ready Sum=1591335.6 FUM b |

Figure 71: modeltime.xls file showing stress period values to be assigned to the SM
model

E_IGMQ R (). ISk anr *1
% MODFLOW Global/Basic Package

L Heading: |GM3 MODFLOW Simulation

Heading: |19 December 2006

Run options
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ochastic Simulation TR 2 gs00n | 2001 |15 |15
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Figure 72: Stress Periods dialog box for the SM MODFLOW simulation

-73 -



Click ‘OK’ to close both dialog boxes.

Click ‘Map’ module.

*Make sure all SM coverages are visible

Click “Feature objects’ — ‘Map to MODFLOW’

Select ‘All visible coverages’ from the Map -> Model dialog box (Figure 73)

Map - > Model |X|

£ Active coverage only

Cancel |

Figure 73: Map -> Model options for the SM model

Click ‘OK”.
Cells should now be assigned as in Figure 74

1hr' ",

Figure 74: Results of executing the Map -> MODFLOW command for the SM model

NOTE:
If Error Message 1 (Figure 47) appears, Save the project.
If Error Message 2 (Figure 49) appears, click ‘OK’

Exit GMS

Copy the .chd, .dis, .ghb, .riv files into the run directory (the directory that will hold all
of the input files for a given flow and transport model).
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IV: Preprocessing

PREPROC.m MATLAB Script.

The MATLAB PREPROC.m script was developed to facilitate the creation of
many of the MODFLOW 2000, MT3DMS, and SEAWAT 2000 input files that would be
difficult or time consuming to create in GMS or in a text editor. The script takes an input
file that contains flags and names of other input files needed to create the model input
files. The reader is referred to the documentation of the PREPROC (‘preproc
documentation.pdf’) (on the CD) for more information on using this script. Most of the
examples provided can be used for this model, and changes can be made at the user’s
discretion.

Running PREPROC.m

This is done by making the MATLAB path directory the directory containing
PREPROC.m and all of the needed script input files (listed below) and typing
'PREPROC' at the MATLAB command prompt.

PREPROC.m can create the following files:

.bab basic flow file

.btn basic transport file

.tob transport observation file

Apfor.huf  flow file

wel well file

.hbf horizontal barrier flow file
SPLICE3D.m

SPLICE3D.m is another MATLAB script developed to splice together output
from a set of realizations of GSLIB's SGSIM (Sequential Gaussian Simulation) program.
Again the reader is referred to the documentation of the script (‘Splice3d.m
documentation vs. 2.0 12-13-06.pdf’, included on the CD) for instructions on its use.
The output from this script can be directly input into PREPROC.m.
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V: Final Model Development

The last stage in model development incorporates additions needed for running in
SEAWAT 2000. This step includes production of the files associated with MT3DMS for
transport. Development of the files for use in this model is primarily done using a text
editor and following the directions in either the MT3DMS manual or the SEWAT 2000

manual.

Creating Input Files

In a text editor or spreadsheet editor, create the following files according to MODFLOW
2000, MT3DMS, or SEAWAT 2000 input instructions:

vdf
.swn
.ssm
.dsp
.adv

.gmg or .pcg

-gcg
.0C

variable density flow file (SEAWAT 2000)
SEAWAT name file (SEAWAT 2000)
source/sink mixing package file (MT3DMS)
dispersion package file (MT3DMYS)
advection package file (MT3DMS)
flow solver package file (MODFLOW 2000)
*The authors suggest the GMG solver because it is more
likely to converge.
conjugate gradient transport solver package file (MT3DMS)
output control file (MODFLOW 2000) — you can create this file in
GMS and edit for transport steps that you want saved.

Creating the Extract.in File

This file is used by Tom Clemo’s Extract program (see Box 3 and CD). This file
lists cell indices for which head values will be extracted from the binary head file created

by MODFLOW.
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Extract file has 10 lines:

g B~ W N

© 0 N o

10

Comment: must begin with #

Kind of data: must be 1

MODFLOW head file

Binary file: options are .false. (not a binary file), .true. (binary file)
Number of records: number of times heads are saved to MODFLOW
head file.

Number of layers in MODFLOW model

Kind of output: must be 1

Output file name

Number of cells that you want head data from (0 yields all)

Layer, row, column: this row is repeated for each cell listed on line 9

Box 3: Example of line commands for Extract.in file

Running the Model on the Beowulf Cluster in the Computer Science
Department at Boise State University

The input files will need to be copied to your account on the cluster. Make sure that the
files are all formatted for 'Unix.

Creating the Swarm Command File:

NOTE:

“#’ sign denotes comment line anywhere in the file
Each line should be a PBS command

Due to file size constraints on personal hard drive space on the Computer Science
Department cluster, files should be copied to a Temp directory on the Beowulf
cluster and the simulation should be run from the Temp directory.

After the simulation is run, the Extract program needs to be run from the Temp
directory, and then output files can be copied to your personal directory. All of
this is done through the ‘swarm’ script (Box 4), an example of which is on the

CD.
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Below is an example of a swarm 'run’ file.

# copy input files to the temp directory

cp -r /home/gknelson/seawat/Variable_density/MODELS/DK /tmp

cp /home/gknelson/seawat/Variable_density/MODELS/CommonFiles/* /tmp/DK/
# change directory to the temp directory

cd /tmp/DK/

# run seawat
swt2k /tmp/DK/SWT.nam

# run extract

extract

# copy output files to destination directory.

cp /tmp/DK/Cwells /home/gknelson/seawat/Variable_density/ MODELS/DK/CwellDK;

cp /tmp/DK/Concobs.ocn
/home/gknelson/seawat/Variable_density/MODELS/DK/ConcDK.ocn;

cp /tmp/DK/Concobs.mfx
/home/gknelson/seawat/Variable_density/ MODELS/DK/ConcDK.mfXx;

Box 4: Example of a swarm ‘run’ file for the Beowulf Cluster

Due to large memory requirements and long run times, several swarm command options
are utilized. An example command line run is shown below (Box 5).

swarm —f run -b 8 —n 1 - walltime=500:00:00

Description:

-frun swarm file option

-b 8 8 commands will be run from each node

-nl one processor per node will be used

-1 walltime=500:00:00 500 hours will be allotted to run the simulation

Box 5: Example of the ‘run’ command for starting the model on the Beowulf Cluster

Run Seawat2000 through swarm (Figure 75).
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nelson@beowulf: -

Connection to beowulf,boizestate,edu clozed,

gknel sonBMGZ0E-GHELSONL
% =zh - ghnelzonitbeowulf,boiszestate, edy
gkrelsonkbeowulf,boisestate,edu’'s pazsword:
Warning: Mo xauth data: using fake authentication data for
11 forwarding.
Last loging Tue Dec 13 13:09:18 2006 from mg208-gnelsonl,boisestate,adu

Boize State Beowulf Cluster

Send email to amit@cs,boisestate,edu or lhindmanZonyx,boizestate,edu for
questions,

[gkrelzonkbeowulf 1% swarm —F run -b 8 -n 1 -1 walltime=G00:00:000

Figure 75: Screenshot showing command screen for running the SM model on the
Beowulf Cluster
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VI: Post Processing

Upon completion of running SEAWAT 2000 for the flow and transport model,
SEAWAT 2000 will output an observed concentration file (.ocn), and a mass flux file
(.mfx) which contain information on concentrations and mass flux at the points
designated by the .tob file. ‘Extract.in’ is run after SEAWAT and it outputs a file with
the head data for the specified locations found by SEAWAT. These files are then used as
inputs into the obsSWT2K.m MATLAB script which will produce several charts and
metrics used to evaluate the results.

Metrics

Metrics are used to provide a qualitative representation of the accuracy of the
produced results. Based on the work by Schiebe and Chien (2003) the most influential
properties by which to evaluate the effectiveness of this type of model are:

Time to arrival of center of mass

Time to peak concentration

Value of peak concentration

Time to early arrival (rising limb)

Time to late arrival (falling limb)

Effective dispersivity (degree of spreading)
Total mass

NogakowdhE

obsSWTZK.m MATLAB Script

Once the simulation runs have completed, copy the output files (.ocn, .mfx, and output
file from Extract) and obsSWT2K.m to an analysis directory.

*1f you use the same grid, .oc file, extract.in, and .tob file as in the example on the

CD, the MATLAB script ‘o0bsSWT2K.m’ can be used to post-process the files.
This script will create the following files (Table 2):
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File Name

Contents

Average_hydraulic_gradient_from_B3_to_Al.jpg

Plot of the average hydraulic gradient between B3 and
Al.

Calculated_Semi_Analytical_Fit.jpg

Plot of the semi-analytical fit to the breakthrough curves
calculated in the sampling zones Al-1 through A1-12.

Observed_Semi_Analytical_Fit.jpg

Plot of the semi-analytical fit to the breakthrough curves
observed in the sampling zones Al-1 through A1-12.

SWT2K_B3 Obs_Vs_Pre_Head_Change.jpg

Observed verses Calculated head change for well B3.

SWT2K_B3 Pred_and_Obs Head_Change.jpg

Observed and predicted head change in B3.

SWT2K_C1 Obs_Vs_Pre Head Change.jpg

Observed verses Calculated head change for well C1.

SWT2K_C1 Pred_and_Obs_Head_Change.jpg

Observed and predicted head change in C1.

SWT2K_C2_Obs_Vs_Pre_Head_Change.jpg

Observed verses Calculated head change for well C2.

SWT2K_C2_Pred_and_Obs Head_Change.jpg

Observed and predicted head change in C2.

SWT2K_C3 Obs_Vs_Pre_Head Change.jpg

Observed verses Calculated head change for well C3.

SWT2K_C3 Pred_and_Obs_Head_Change.jpg

Observed and predicted head change in C3.

SWT2K_C4 Obs_Vs_Pre_Head_Change.jpg

Observed verses Calculated head change for well C4.

SWT2K_C4 Pred_and_Obs_Head_Change.jpg

Observed and predicted head change in C4.

SWT2K_C5 Obs_Vs_Pre_Head_ Change.jpg

Observed verses Calculated head change for well C5.

SWT2K_C5 Pred_and_Obs Head_Change.jpg

Observed and predicted head change in C5.

SWT2K_C6_Obs_Vs_Pre_Head_Change.jpg

Observed verses Calculated head change for well C6.

SWT2K_C6_Pred_and_Obs_Head_Change.jpg

Observed and predicted head change in C6.

File Name

Contents

SWT2K _3D_plumecentroid.jpg

3D plot of the path of the plume centroid

SWT2K_Mapview_ plumecentroid.jpg

Mapview plot of the path of the plume centroid.

SWT2K_XZ_plumecentroid.jpg

Cross section plot of the plume centroid path where the
cross-section is along the B3-B6 plane.

SWT2K_YZ_plumecentroid.jpg

Cross section plot of the plume centroid path where the
cross-section is perpendicular to the B3-B6 plane.

SWT2K_PlumeSlice_0.18056_and_3.4722.jpg

Plots of the plume slices at two times (0.18056 days and
3.4722 days) at model elevations: 5.2238, 6.095, 7.7,
9.2, and 11.45 meters. To get elevation above sea level
add 830.

SWT2K_PlumeSlice_6.9676_and_ 12.9745.jpg

Plots of the plume slices at two times (6.9676 days and
12.9745 days) at model elevations: 5.2238, 6.095, 7.7,
9.2, and 11.45 meters. To get elevation above sea level
add 830.

SWT2K_TotalMass.jpg

Plot of the calculated total mass in the system.

COBS_Concentration SEAWAT .dat

First column of this file is time since injection began
(days). The subsequent columns contain the calculated
concentration data at the locations stated in the first row
(the header row). Where and L refers to locations south
of the B3-B6 plane and R refers to locations north of the
B3-B6 plane. The numbers after R or L refer to how far
offset from Al perpendicular to the B3-B6 plane the
observation was taken at — multiples of 0.4 m (example
A1RS3-6 is the calculated concentration from the same
elevations as sampling zone Al-6, but offset 1.2 meters
north — perpendicular to the B3-B6 plane from well Al).
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COBS_Norm_Conc_SEAWAT .dat

Has the same columns as

COBS_Concentration SEAWAT.dat except the
concentrations are normalized to the initial concentration
(7.56 g/l).

Mbarxyz SEAWAT .dat

This file has 4 columns where the first is time since
injection began (days), the second through the fourth are
the grid coordinates for the calculated center of mass.

Conc_NormObs_and_NormCalc_ SEAWAT.txt

First column is the time since injection began (days).
The subsequent columns contain the concentrations at
the locations denoted in its header (row one). The
concentrations are the measured concentrations if
denoted by an Obs in the header. The concentrations are
normalized to the maximum concentration measured or
calculated at that location.

Conc_Obs_and_Calc_ SEAWAT. .txt

This file contains the same info as that of
Conc_NormObs_and_NormCalc_SEAWAT.txt but the
concentrations are normalized to the initial concentration
of the injectate.

Fitting_Metric_Obs_and Calc.txt

Contains the 'Goodness of fit' metrics for the simulation.
First column is the sampling zone of A1l. Columns 2
through 8 contain the metrics for the observed data and
columns 9 through 15 contain the metrics for the
calculated data. The metrics are: Time to center of mass
of the BTC. Peak Concentration. Time to Peak
concentration. Time to rising limb (7.5% of the initial
concentration). Time to falling limb (7.5% of the initial
concentration). Mass under the BTC. Disspersivity.

Fitting_Metric_Observed

Contains the same info as Fitting_Metric_Obs_and
Calc.txt except no metrics for the calculated.

SWT2K slice_data_layer 7.txt

This file contains the data necessary to plot a plume slice
in layer 7. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 10.txt

This file contains the data necessary to plot a plume slice
in layer 10. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 13.txt

This file contains the data necessary to plot a plume slice
in layer 13. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_ 12.9745. The time columns
contain the calculated concentrations at that time.
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SWT2K _slice_data_layer 16.txt

This file contains the data necessary to plot a plume slice
in layer 16. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K slice_data_layer 19.txt

This file contains the data necessary to plot a plume slice
in layer 19. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 22.txt

This file contains the data necessary to plot a plume slice
in layer 22. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 25.txt

This file contains the data necessary to plot a plume slice
in layer 25. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 28.txt

This file contains the data necessary to plot a plume slice
in layer 28. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 31.txt

This file contains the data necessary to plot a plume slice
in layer 31. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

SWT2K _slice_data_layer 33.txt

This file contains the data necessary to plot a plume slice
in layer 33. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
Grid_Easting_[m] Grid_Northing_[m]
Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.
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This file contains the data necessary to plot a plume slice

in layer 35. The columns of the fileare: K | J
Easting_[m] Northing_[m] Elevation_[m]
SWT2K _slice_data_layer 35.txt Grid_Easting_[m] Grid_Northing_[m]

Grid_Elevation_[m] Time_0.18056 Time_3.4722
Time_6.9676 Time_12.9745. The time columns
contain the calculated concentrations at that time.

Table 2: Output files generated by obsSWT2K.m

Output files generated by obsSWT2K.m can be used in Excel or Grapher for review,
analysis, and plotting.
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