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““File”” ““Open”” ““tutorial\modfmap\ start.gpr”~ Open
7.4.2 IMAGE VSTIFF
TIFF IMAGE
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MODF/MT3D local sources/sinks OK

7.6.1
“Units,’ “ft,, “d,, OK
7.6.2
““Create Arc”” -E_J Backspace ESC
7.6.3
““Feature Objects”” ““Coverages’” ““Copy>~ ““Layerl””
““Options”” ““Coverage type”” ““MODF/MT3D/MODP layer attributes”> OK Layer
1 coverage ““Copy”” ““Layer2”” ““Options””
““Coverage type”~ ““MODF/MT3D/MODP layer attributes”” ““Assign from layer”~
““to laye”” 2 OK
““Feature Objects”” ““Coverages”” ““Copy>~ ““Recharge””
““Options”” ““Coverage type”” ““MODF/MT3D/MODP areal attributes”” OK
““Sources/Sinks”? OK Coverages
7.6.4
_I
““Select Vertices”” ! ““Feature Objects”” ““Vertices <->
Nod~~ ““Select Arcs”” i[_h; ““Feature Objects”” ““Attributes””
““Specified Head”” 2 OK
*
““Select Points/Nodes”” frg- 697.0 OK 2
7.6.5
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6000.0 OK
*
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7.6.6
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““Display Options”~ Polygons (Fill)
1.6.7
- L ]
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““Select Points/Nodes”” frg; ““Feature Objects”” ““Attributes””
““Refine Point”” ““Refine grid in X direction”” Base cell size 75 Max cell size
500 ““Refine grid in Y direction”” Base cell size 75 Max cell size 500 OK
1.7
7.7.1 Recharge
Coverage Recharge
1.7.2
““Create Arc”” -F_J ““Select Points/Nodes”” -”rh;;
1
““Select Vertices”” 3 4
71.7.3
““Feature Objects”” ““Build Polygons”~ ““Feature Objects””
““Display Options”~ Polygons (Fill)
174
Select Polygons E
7.8
7.8.1
Coverage Layer 1 ““Feature Objects”” ““Build Polygons”~
7.8.2
Coverage Layer 2 ““Feature Objects”” ““Build Polygons”~
Coverage ““Sources/Sinks””
7.9
““Feature Objects”” ““Grid Frame~~ ““New Frame~”~
7.10
““Feature Objects”” ““Map -> 3D Grid”~
7.11
““Feature
Objects”” ““Activate Cells in Coverage(s)””
7.12 MODFLOW
oo
3D Grid ool ““MODFLOW>~ ““New Simulation~
7.13
H
Map + ““Feature Objects”” ““Map -> MODFLOW?~ “<All applicable
coverages®” OK
7.14
7.14.1
2D Scatter Point El ““File”” ““Import”~ ““tutorial\modfmap\ terrain.sp2”~

13



GMS

7.14.2
10ft

““Data”” ““Data Calculator®” ““Expression”” ““a-107”
““Result”” ““starting head”” ““Compute”” ““Done””
7.14.3

““Interpolation”” ““to MODFLOW Layers~~

MODFLOW
<<Map*~ <<OK>>

7.14.4

““File”” ““Import”~ ““tutorial\modfmap\ elevs.sp2”~
7.14.5

““Interpolation”” ““to MODFLOW Layers””
7.14.6

=+
Select Scatter Point Sets E::F"I Hide "
H

Map + ““Display”” ““Display Options”~ ““Grid frame””

7.14.7
== T
spGrid View J Axis  LFF
““View?” ““Z Magnification”” OK

7.14.8

““MODFLOW~~ ““Check Simulation”” ““Run Check”~ ““Fix Layer Errors®”

““Truncate to bedrock” ““Fix Affected Layers””
OK Done
&
7.15
MODFLOW Model Checker

““MODFLOW~~ ““Check Simulation”~ ““Run Check”
7.16
7.17 MODFLOW

““MODFLOW?~” ““Run MODFLOW?~
7.18

““MODFLOW~~ ““Read Solution”

““Data”” ““Contour Options”~ ““Contour color®” ““Color>”

OK
: 3
7.19
iy

7.20
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SHIFT
oo
3D Grid o ol ““Data”” ““Flow Budget””
7.21
H
Map + Create Text A—
Select Drawing Objects g[;:]
Create Line J’f Select Drawing Objects g[;:]
Arrowheads
8 MODPATH
8.1
8.2
8.3
8.4
““File”” ““Open”” ““tutorial\modfmap\sample\ sample.gpr”~
8.5 MODPATH
ool
3D Grid oo ““MODPATH>" ““New Simulation”~
8.6
H
Map + GMS Coverages ““Layer 17~ Select Polygons
““Aquifer Porosity”” OK GMS Coverages
““Layer 27~ Select Polygons E ““Aquifer Porosity””
OK
8.6.1
““Feature Objects”” ““Map -> MODPATH?>~ OK
8.7
8.7.1
3D Grid gg:: + Zoom {3\. Select Cells :L}
8.7.2
““MODPATH>” ““Generate Particles”” ““Distribute starting points on cell faces””
OK
Y
Frame AF 1+
8.8
““MODPATH>” ““General Options”~ ““Backward””
OK
8.9

HH
Map Select Arcs -ﬁf’
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““MODPATH~>” ““Save As”” ““pathl.rsp”” ““OK~*”
8.10 MODPATH
““MODPATH>" ““Run MODPATH?? ““Save””
8.11
““MODPATH*~ ““Read Solution”
i &
8.12
8.12.1
““MODPATH~~ ““General Options”~ ““Forward”” OK
8.12.2
L
Select Starting Locations k Backspace ““Edit””
““Delete”” OK OK
8.12.3
mp
GMS Coverages ““Recharge”” Select Cells n [
““MODPATH?~ ““Generate Particles”” ““Distribute starting points on w.t. surface””
OK
8.13
““MODPATH~>” ““Save As”” ““path2.rsp”” ““OK~*”
8.14 MODPATH
““MODPATH>" ““Run MODPATH?? ““Save””
8.15
““MODPATH?~ ““Read Solution””
9 MT3DMS
MT3DMS MODFLOW
9.5
95.1
““MT3D”” ““New Simulation””
9.5.2
““MT3D”” ““Basic Transport Package””
““Define Species”” ““New?” OK

““Packages””

Mixing Package”~” OK

““Stress Periods””
00 MT3DMS

““Qutput Control®”
ICBUND

HTOP

““Advection Package”” ““Dispersion Package””

365
OK

““Length>”

““Print or save at specified interval””

MODFLOW

16

““Source/Sink

Transport step size

OK
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9.5.3
““MT3D”” ““Advection Package”” ““Solution schem?~ ““Third order
TVD scheme (ULTIMATE)”” OK
954
““MT3D>” ““Dispersion Package”” ““Longitudinal Dispersivity”” ““Constant
-> Grid”” OK ““Ratio of trans. dispersivity to long. dispersivity”~
““Ratio of vert. dispersivity to long. dispersivity”” / /
955 /
““MT3D”” ““Point Sources/Sinks”” ““Well>” OK
9.5.6
““MT3D*” ““Save As””
9.5.7 MT3DMS
““MT3D”~ ““Run MT3DMS””
9.5.8
““MT3D”” ““Read Solution””
9.5.9
““Data”” ““Contour Options”~ ““Color fill between contours®” OK
9.5.10
““Data”” ““Film Loop~” ““Setup”” ““Display clock®” ““Use
constant interval”” ““Time interval”” OK
10 MT3DMS——
104
““File”” ““Open”” ““tutorial\modfmap\sample\ sample.gpr”~
10.5 MT3DMS
ool
3D Grid oot ““MT3D*~ ““New Simulation”” ““MT3D>” ““Basic
Transport Package””
10.5.1
“e7z slug for mass, ppm for concentration
10.5.2
““Define Species””
10.5.3
““Stress Periods””
10.5.5
““Qutput Control”” ““Print at specified time”” ““Times”” ““Initialize
Values”” OK
10.5.6
““Packages”” ““Advection package” ™ “Dispersion package”” ““Source/Sink Mixing package””
OK
10.6
10.6.1
+ 3%
Map GMS Coverages ““Layer 1>~ Select Polygons .
““Aquifer Porosity”” ““Longitudinal dispersivity”~

17



GMS

OK GMS Coverages ““Layer 27” Select Polygons E
““Aquifer Porosity”” ““Longitudinal dispersivity””
OK
10.7
GMS Coverages ““Recharge
7z Select Polygons E ““Recharge”” ““Contaminant concentration””
OK
10.8
““Feature Objects”” ““Map -> MT3DMS~~ ““All applicable coverages”~
OK
10.9
MT3DMS HTOP ““true
layer””
10.10
ool
3D Grid oot ““MT3D”” ““Advection Package”” ““Method of Characteristics
(MOC)>~ OK
10.11
““MT3D”” ““Dispersion Package””

Ratio of transverse disp. to long. disp. 0.2
Ratio of vert. disp. to long. disp. 0.2
Effective molecular diff. Coefficient 0
dispersivity ratios 0.2

2
1012/
10.13
““MT3D>” ““Save As””
10.14
““MT3D>~ ““Run MT3DMS””
10.15
““MT3D”” ““Read Solution”” OK TS
““Data”” ““Contour Options”~ ““Contour specified range””
10.16
““Data”” ““Film Loop~” ““Setup”” ““Display clock®” ““Use
constant interval”” ““Time interval”” OK
10.17
10.17.1 Chemical Reactions Package
““MT3D”” ““Basic Transport Package”” ““Packages”” ““Chemical reaction
package”” OK
10.17.2
““MT3D”” ““Chemical Reaction Package”” ““Sorption”” ““Linear isotherm?”

18
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““Kinetic rate reaction””

OK
10.18
““MT3D*” ““Save As””
10.19 MT3DMS
““MT3D”~ ““Run MT3DMS””
10.20
““MT3D”” ““Read Solution”” OK TS
10.21
10.21.1
H
Map + ““Feature Objects”” ““Coverages”” ““New””
““Observation”” ““Options” ““New?” OK
10.21.2
. -
Create Point :
““Feature Object”” ““Attributes”” ““Assign to specified layer”~
layer2 OK
10.21.3
““Display”” ““Obs. Plot Options®~
““New?” ““Plot type”~ ““Time series”” OK
Ny
““Display”” ““Show Plot Window”” Frame ArE
10.21.4
““Display”~ ““Obs. Plot Options®~ ““Options”” ““Use selected data set””
““Display””
10.21.5
ﬁ
Select Points/Nodes b
11 SEAM3D
SEAM3D
MT3DMS NAPL
111
NAPL benzene and toluene
11.2 GMS
11.3
114
ool
3D Grid oot ““MODFLOW?>~ ““Read Simulation®” MODFLOW
tutorial\seam3d\flowmod.mfs ““MODFLOW?*” ““Read Solution”~
OK
11.5 SEAM3D
““MT3D”” ““New Simulation””
SEAM3D RT3D MT3DMS MT3D
11.6
““MT3D”” ““Basic Transport Package”” ““Model*~ ““SEAM3D””

““First-order irreversible kinetic reaction””

19
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11.6.1
MODFLOW
““Units””
11.6.2
““Stress Periods”” ““Length>” 2000 Transport step size
00 MT3DMS OK
11.6.3
““Packages””
Advection Package
Dispersion Package
Source/Sink Mixing Package
Chemical Reaction Package
Biodegradation Package
NAPL Dissolution Package
OK
11.6.4
““Define Species”” ““Nondegradable Tracers”” 2 ““Hydrocarbon Substrates”” 2
““Microbial Processes”” ““SO4 reduction”” ““Products to track”” ““H2S>”
““New?” OK
““Names”” ““Tracerl”” ““Tracer (Conservative)”” ““Tracer2””
““Tracer (Non-Conservative)”” ““Substratel”” ““Benzene””
““Substrate2”” ““Toluene”” OK
11.6.5
““Qutput Control”~ ““Print at specified times”~ ““Times”” ““Initialize
Values”” ““Initial time step size”” 100 ““Maximum time step size””
100 ““Maximum simulation time~”~ 2000 OK OK OK
11.6.6
““Porosity”” ““Constant -> Grid”~ 0.25 OK
11.6.7
02 40 ,S04 90 , H2s 0.01
<027~ ““Starting Concentration”” ““Constant -> Grid*~
OK 02 40 ,S04 90 , H2s 0.01
11.7
““Third order TVD scheme (ULTIMATE)>”
““MT3D”” ““Advection Package”” ““Solution schem?~ ““Third order
TVD scheme (ULTIMATE)”” OK
11.8
““MT3D>” ““Dispersion Package”” ““Longitudinal Dispersivity”” ““Constant
-> Grid”” OK ““Ratio of trans. dispersivity to long. dispersivity”~
““Ratio of vert. dispersivity to long. dispersivity”” / /
119 /
@ ““MT3D>” ““Point Sources/Sinks~” ““Constant head”~
02 40 ,S04 90 , H2s 0.01 OK
11.10 Chemical Reactions Package
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““MT3D”” ““Chemical Reaction Package”~ ““Sorption”” ““Linear isotherm?”
Bulk density 5e-7 ““Tracer (Non-Conservative)””  ““1st sorption constant””
5.0e-9 ““Benzene”” ““Toluene”” 5.0e-9 OK
11.11 NAPL
MT3DMS
NAPL
11111
n Sl
Select Cells I “<Grid”” “<Find Cell”~ 1,3, K
11.11.2
““MT3D>~ ““Point Sources/Sinks”” ““NAPL”>” ““Initial
concentration” 2000 ““Dissolution rate”~ 3.0 OK
11.11.3 NAPL
““MT3D”” ““NAPL Dissolution Package”~ ““Number of tracers in NAPL>~
2 ““Number of hydrocarbons in NAPL~>~ 2 ““Inert
fraction molecular weight” 150 ““Initial

mass fraction”” ““Solubility”> ““Molecular weight””

0.1, 4400, 110 OK

11.12 Biodegradation package
yield coefficients inhibition coefficients
““MT3D*~ ““Biodegradation Package®~
11.12.1
““El. Acc.”” ““Number of bio steps per transport step” 2 ““Microcolony minimum
concentration” 0.001 ““Benzene”” Minimum concentration
0.01 ““Toluene®” Minimum concentration 0.05
<027’ Minimum concentration 0.1 ““S047”

Minimum concentration 0.2

11.12.2

“<“Min. Conc.”” “<S04-027~
““Yield coefficient””

SO4-Toluene: 0.1

11.12.3 generation coefficient
H2S “<Gen. Coeffs.””
11.12.4 use coefficients

““Use Coeffs.””
acceptor use coeff.””
11.12.5 saturation constants

““Sat.Const.””

““Inihibition coefficient®~

““Inihibition coefficient>” 0.5
02-Benzene: 0.5 0O2-Toluene: 0.4 SO4-Benzene: 0.15

0.15

““Elec.

0O2-Benzene: 3.0 0O2-Toluene: 3.2 SO4-Benzene: 8.0 SO4-Toluene: 8.2

““Hydro. half sat. const.””

0O2-Benzene: 1.0 0O2-Toluene: 2.0 SO4-Benzene: 1.0 SO4-Toluene: 2.0

““Elec. acc. half sat. const.””
11.12.6

““Rates”” “<Death Rate”~

““Max. specific rate of substrate utilization”

02:0.1 S04:05

““Calculated by model>~
0O2-Benzene: 0.5

0O2-Toluene:; 0.05 SO4-Benzene: 0.005 SO4-Toluene: 0.0

11.12.7
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0
11.13
““MT3D>” ““Save As”” ““MT3D>? ““Run MT3DMS~”
11.14
““MT3D”” ““Read Solution””
11.15
““Data”” ““Contour Options”? ““Color fill between contours”? ““Color
Ramp Options”~ ““Show color legend=~ OK
11.16
2000d  conservative tracer GMS ““Data Set”” ““Tracer
(Conservative)”” ““TS””
““Data Set””
non-conservative tracer
11.17
H
Map + ““Feature Objects”” ““Coverages”” ““New””
““Observation”” ““Options” ““New?” OK
. -
Create Point * NAPL
““Display”” ““QObs. Plot Options”~ ““New””
““Plot type”~ ““Time series”” OK
Y
““Display”~” ““Show Plot Window”” Frame ArE
11.17.1
ﬁ
Select Points/Nodes b
11.17.2
““Display”~ ““Obs. Plot Options”~ ““Options”” ““Use selected data set””
““Display”~ OK ““Curve legend”” OK
11.18
““Data”” ““Film Loop~~
12
12.1
<<Fijle~> <<New™”
12.2 /
-F * * go
Map 2D Scatter Point * | 3D Grid ook
12.3 ““True Layer=”
MODFLOW GMS
““true layer=~ ““true layer>~
12.4

22



GMS

GMS <<2D Scatter Point>”

““Model Checker>~

““Interpolation=~

““to MODFLOW=~

12.5
12.6
3D Grid ool <<Grid>~ “<Create Grid=~
X-Dimension Y-Dimension Z-Dimension
Origin 500 500 0
Length | 2500 1500 600
#Cells |50 30 3
K
View | Axis @ View K Axis g
127 1—
12.1 3 3
/ T T T —
///;
Figure 12.1  Typical East/West Cross Section For Case 1.
12.7.1
Microsoft Excel TAB
1D
““File>~ ““Import=" ““tutorial\layerdata\casel.sp2~~
12.7.2
MODFLOW ““MODFLOW">" ““New Simulation=~
P
2D Scatter Point _ ““Interpolation”” ““to MODFLOW Layers>~
MODFLOW ““Map”~

““Unmap~”

23
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12.2

Id X ¥ top1 bot1 bot2 bot3
1 360 1670 450 345 200 100
2 290 870 445 340 195 95
3 480 420 450 350 200 100
4 620 2120 455 245 200 100
5 890 1820 470 355 210 115
6 890 1190 465 350 205 110
7 1030 710 475 360 215 130
8 810 500 470 350 210 125
9 1520 2100 530 405 275 185
10 1410 1580 510 390 260 210
11 1520 910 530 405 275 185
12 1320 430 560 445 305 210
13 2120 1850 580 475 350 260
14 1980 1200 575 455 330 250
15 2100 950 580 465 350 255
16 2530 1720 565 490 370 335
17 2710 1020 550 480 300 350
18 2610 560 555 490 385 345
19 3090 1590 515 450 385 350
20 3040 790 5125 4475 3825 3475
21 3050 420 5125 4475 3825 3475
22 495 1250 450 345 200 100
Figure 12.2  Tabular Scatter Point File for Case 1.
12.7.3
H =
3D Grid =g} View | Axis
&
View K Axis
128 2——
12.3
_-____"‘:-_—_
_——'_'_-__
i
Figure 12.3  Typical East/West Cross Section Through Site with Embedded
Seam.
12.8.1
Microsoft Excel TAB ".sp2"
ID 2 2
F *
2D Scatter Point _
“<Edit>~ ““Delete All*~ ““File>” ““Import>~ ““tutorial\layerdata\case2.sp2>~
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12.8.2

““Interpolation=~

MODFLOW

12.8.3

3D Grid

““Average””
129 3—
12.4

““to MODFLOW Layers>”

““Map”” ““Unmap”~
““MODFLOW=~ “=Check Simulation=~ ““Run Check>~
““Fix Layer Errors~~ ““Layer 2>~
““Fix Selected Layer>~ OK

Figure 12.4  Typical East/West Cross Section Through Site with Quicropping.

129.1
Microsoft Excel TAB ".sp2" 12.2
ID 1 2
F *
2D Scatter Point *
“<Edit>~ ““Delete All*~ ““File>” ““Import>~ ““tutorial\layerdata\case3.sp2>~
12.9.2
““Interpolation=~ ““to MODFLOW Layers>>
MODFLOW ““Map”~ ““Unmap”~
12.9.3
3D Grid ool ““MODFLOW?>"~ ““Check Simulation=~ ““Run Check>~
““Fix Layer Errors~~ ““Layer 1>~
““Preserve top~~ ““Fix Selected Layer>~ OK

12.9.4

View | Axis
12.10 4—
12.5

=

K
View K Axis g
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T ——
e
(a)

(b)

Figure 12.5 Typical a) East\West and b) North/South Cross Section Through
Site with Layers Truncated by Bedrock.

12.10.1
Microsoft Excel TAB ".sp2" 12.2
ID
F *
2D Scatter Point *
“<Edit>~ ““Delete All*~ ““File>” ““Import>~ ““tutorial\layerdata\case3.sp2>~
12.10.2
““Interpolation=~ ““to MODFLOW Layers>”
MODFLOW ““Map”~ ““Unmap”~
12.10.3
R N
3D Grid ool ““MODFLOW?>"~ ““Check Simulation=~ ““Run Check>~
““Fix Layer Errors~~ ““Layer 3>~
““Truncate to bedrock>> ““Fix Selected Layer~~ OK
12.10.4
= &
View | Axis View K Axis
I &
““View?” ““General Mode™” Oblique View Shade ﬁ
.
Rotate LG
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13
; GMS
131
13.2
13.3
3D Grid Map MODFLOW
134
““File”” ““Open”” ““tutorial\trans \ start.gpr®”
135
13.6 Map
13.6.1
i)
Map + Select Polygon E 2 ““Feature Objects””
““Attributes”” ““Recharge Rate”” ““Transient”” ““Transient””
XY Series Editor. ““New>” zone2
““Import”~
13.6.2
XY

"name " "date" "Cime" "o

"well 1" 12/3/1999 18:00:00 625.0

"well 1" 1/320/2000 7:38:25 0.0

"well 1" 3/27/2000 18:00:00 200.0

"well 2" 12/3/1999 18:00:00 0.0

"well 2" 12/5/1999 14:48:32 100.0

GMS coverage ““Sources & Sinks”? ““File”” ““Import®~
pumping.wpf  Open Yes
13.6.3
map Hydraulic Conductivity Select Polygon E 2 1

““Feature Objects””

3 4
0.15
13.7 MODFLOW
13.7.1 MODFLOW
ool
3DGrid  EEF
““Transient””
13.7.2
““MODFLOW?~~
““Edit””
““Date/time””
13.7.3
““Initialize””

stress periods

““Feature Objects””

“<Attributes””
“<Attributes””

““MODFLOW~~

““BCF Package””
19851001000000

No. of stress periods 7  length 100

27

““Specific Yield””

““BCF Package””

““Stress Periods””

0.2
““Specific Yield””

““Model Type~~

““Reference Time

No. of time steps 1



GMS

No. of time steps

13.8
4
Map ““Feature Objects”” ““Map -> MODFLOW~~ OK
13.9 MODFLOW
=
3D Grid =1 ““MODFLOW?~ ““Save As””  ““Run MODFLOW~~
13.10
““MODFLOW~~ ““Read Solution””
13.11
““Data”” ““Film Loop~~ ““Setup””
13.12
13.12.1
““File”” ““Open”” ““*map”” obswells.map
"name" "date" "time" "head"
"OBE Q&" 12/3/1999 18:00:00 238.5
"OBRE Q&" 1/30/2000 T:28:25 824 .7
"OBE Q&" 3/27/2000 18:00:00 878.3
"DBS:@E" 12/3/1999 128:00:00 7332
"OBE Qe" 12/5/1999 14:48:32 838.2
13.12.2 ““File”” ““Import”~ trans_obs.tof Observation Coverage
Options ““Measurement Type”” ““trans_head””
13.12.3
4
Map ““Display”” ““QObs. Plot Options”~ ““New?”
Error vstime step OK ““Display”” ““Show Plot Window?>~
K
““Frame Image”” AF
Me mae rms
4
Map ““Display”~ ““QObs. Plot Options®~ ““New?”
Time series ““Curve legend”” OK ““Display””
K
““Show Plot Window”~ ““Frame Image”” AF
14 Regional to Local Model Conversion
141

““MODFLOW Layers -> 2D Scatter Points””

28



GMS

Fixed
Head
Boundary

Fixed
Head
Boundary

__._,_.—-*

Local Site Boundary

Figure 14.1  Regional Model.
14.1
14.2 /
_ . ool
2D Grid 3D Grid ool
14.3
“File,, “Open,,
14.4
mal
3D Grid ool ““Grid””
Regional Data OK
14.5
1
14.6
Map

source/sink

o

OK

““Feature Object””

Map
““Delete””
146.1
= & NeW,,
14.6.2
Zoom I“r
Create Arc

e

HH
2D Scatter Point El Map MODFLOW

““tutorial\reg2loc\regmod.gpr>”

““MODFLOW Layers -> 2D Scatter Points>”

2
source/sink
““Coverages””
local ss ““MODF/MT3D/MODP>~
14.2

29

SS

OK



Figure 142 Arcs fo be Created on Baundary of Lacal Model

14.6.3
““Feature Object”” ““Build Polygons”~
Select Polygons E
146.4
Select Arcs .[_;
““Specified Head””
14.7 MODFLOW

““Feature Objects””
““New Frame”~

““from layer 1 to 27~

““Grid Frame””

OK

““from layer 1t0 2”” OK

““Feature Object”” ““Attributes””

OK

““Delete Frame?”

14.7.1
““Feature Objects”” ““Map -> 3D Grid>” OK OK
14.7.2
““Feature Objects”” ““Activate Cells in Coverage”” OK OK
14.7.3
MODFLOW
ol A
3D Grid ool ““MODFLOW~" ““New Simulation”” Map
““Feature Object”” ““Map -> MODFLOW?~ OK
14.8
2D Scatter Point E ““Interpolation”” ““to MODFLOW Layers””
““Apply starting head to all cells”” OK
14.9
aal
3D Grid ool ““MODFLOW~~ ““Save As”” locmod.mfs
““MODFLOW=>> ““Run MODFLOW?~~ OK
14.10
““MODFLOW?" ““Read Solution”” OK
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15

151
151 1.25 ft/yr 28

15.2

15.2
15.3

. B . #
3D Grid ool Map MODFLOW

154
“Open,, “File,,

Model Boundaries & Slresses

Head = 1000 fi

Figure 15.1 Sample Model Used in Calibration Exercise.

Recharge Zones

““tutorial\calib \ bigval.gpr>~

1000ft

Hydraulic Conductivity Zones

Figure 15.2 Recharge and Hydraulic Conductivity Zones.
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155
15.6
15.6.1
&
Map ““Feature Objects”” ““Coverages” ““New?”
Observation Wells ““the coverage type”~” ““Observation” ““Options”
““3D Grid** “<2D within layer”~ MODFLOW
““Measurement Type”~ ““New?”

Head OK OK

15.6.2
X [ft] y [ft] Head [ft] Interval [ft] Confidence [%]
14661 2694 999.0 1.5 95
interval confidence interval
1.5ft
997.5-1000.5
L ]
Create Point - GMS X
14661 32694
““Feature Objects”” ““Attributes”” Point #1 ““Observed”
Observed 999.0 Interval 1.5 Confidence 95 OK

15.6.3

15.3

Error {
Calibration Target

—— af— Opbserved - Interval

-fy— Observed + Interval
-#}— Computed Value

-— Observed Value

Figure 15.3  Calibration Target.

200%
15.6.4

32
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*
Select Points/Nodes frh-i-

GMS
15.7
15.7.1
““Feature Objects”” ““Coverages”” ““Observation Wells”~ ““Delete””
OK OK
15.7.2
““File”” ““Open”” obswells.map Open
15.8
local source/sink coverage GMS
GMS
GMS Coverage Sources & Sinks Select Arcs -ﬁf’ SHIFT
““Feature Object”” ““Create Arc Group””

Select Arc Groups )i;: ““Observed
flux>” ““Options”” ““Steady state flux rate”” -164000 ““Confidence
interval®” ““Interval®” 7500
15.9

GMS Coverage Observation Wells ““Display”” ““Obs. Plot
Options™” ““New?” ““Computed vs. observed”” ““New?” ““Error
oK
Summary”” OK ““Display”~ ““Show Plot Window~” ““Frame Image>> AFK
15.9.1 —
Plot Window Computed vs. Observed GMS
15.9.2
15.10
GMS Coverage Hydraulic Conductivity
Select Polygons E SHIFT 1 2 ““Feature Objects””
““Attributes”” Horizontal K 2.0 OK 3 Horizontal K 2.0 OK
15.11
““Feature Objects”” ““Map -> MODFLOW?~ ““All applicable coverages®”
OK
15.12
15.12.1
ool
3D Grid ool ““MODFLOW?=~ ““Save As””
15.12.2
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GMS

““MODFLOW?~? ““Run MODFLOW?~~
15.13
““MODFLOW?>” ““Read Solution””
15.14 —_—
i)
Map + ““Display”” ““Obs. Plot Options”~ Plot #2
““New~~ Plot type ““Error vs. Simulation.”” ““New~~
type ““Flux>” Plot type ““Error vs. Simulation.”” OK ““Display””
K
Plot Window?>~ ““Frame Image~~ AF
15.15
15.15.1
15.15.2
map
3
i)
Map + ““Feature Objects”” ““Coverages””
““File”” ““Open~~ ““answer.map””
16
16.1
16.2 GMS
16.3
aal At
3D Grid ool Map MODFLOW PEST/UCODE
16.4
““Open”” ““File”” ““tutorial\inberse \ bigval.gpr”~
16.5
16.5.1
16.1 5 4 GMS Coverage
Hydraulic Conductivity Select Polygons E Horizontal K

Hipdraule Condictaly Janss

Figure 161 Hydrawic Conduchvily Zones and Perameter Key Values
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““Delete””

Observation
““Show
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16.5.2

16.2 5

Coverage

16.5.3

Recharge

““Feature Objects””

Recharge Zones

e

m -60 0

““Map -> MODFLOW?~~

Select Polygons

L]

OK

Figure 16.2 Recharge Zones and Parameter Key Values.
16.6 PEST
ool
3D Grid ool ““MODFLOW~~ ““Basic Package””
Parameter Estimation PEST
16.7
““MODFLOW?~~ ““PEST/UCODE/Options”~
Parameters New Parameter
GMS
GMS MODFLOW
GMS New Parameter
Initialize from Model 8
MName Starting Minimum Maximum
k 100 4.0 0.01 100
k 200 B0 0.01 100
k 300 2.0 0.01 100
k_ 400 0.5 0.01 100
rch 500 0.00035 0 0.0005
rch 600 0.00025 0 0.0005
rch 700 0.00020 0 0.0005
16.8 PEST
PEST Options property sheet
16.9
PEST MODFLOW MODFLOW
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Recharge rate

““Packages””

Initialize from Model



GMS

““MODFLOW~~ ““Solver Packages/Convergence Options”~ ““Prevent cell drying®~
Minimum saturated thickness 0.1 OK
16.10
PEST PEST MODFLOW
MODFLOW
““MODFLOW~~ ““Basic Package”” ““Starting Head”” ““3D Data Set
-> Grid?” OK OK ““runl®” OK Close
16.11
““MODFLOW?” ““Solver Packages/PCG2 Package”” Maximum outer iterations
100
16.12
ool
3D Grid ool ““MODFLOW~~ ““Save As”” pestl.mfs
16.13
M
Map + ““File”” ““Save As”” bigval2.gpr
16.14 GMS2PEST
PEST GMS2PEST GMS2PEST GMS PEST
““MODFLOW~> ““PEST/UCODED/Run GMS2PEST”” OK
16.15 PEST
““MODFLOW~> ““PEST/UCODED/Run PEST>” OK
P
16.16
PEST 1 PEST
GMS MODFLOW MODFLOW
16.16.1 PEST
““File”” ““Edit File”” pestl.rec OK
16.16.2
““MODFLOW?> ““PEST/UCODE/Options”~ ““Import Parameter File””
pestl.par OK
16.16.3 MODFLOW
““Load to Model”” ““Load to MODFLOW parameters only”” OK
16.16.4 PEST
MODFLOW PEST
aal
3D Grid ool ““MODFLOW~~ ““Basic Package”” ““Packages””
Parameter Estimation none OK
16.16.5 MODFLOW
ool
3D Grid ool ““MODFLOW~~ ““Save As”” solutionl.mfs
““MODFLOW?~" ““Run MODFLOW?~~

““MODFLOW~~

““Read Solution”~
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I
Map + ““Display”” ““Obs. Plot Options”~
16.17 UCODE
16.17.1
““Feature Objects”” ““Map->MODFLOW?~”

16.17.2 UCODE

3D Grid ool ““MODFLOW~~ ““Basic Package”” ““Packages””
Parameter Estimation UCODE OK
16.17.3
PEST
““MODFLOW~> ““PEST/UCODE/Options”~
PEST
16.17.4 UCODE
UCODE Options
16.17.5
ool
3D Grid ool ““MODFLOW~~ ““Save As”” ucodel.mfs
16.17.6 GMS2UCODE
PEST GMS2UCODE GMS2UCODE GMS PEST
““MODFLOW~> ““PEST/UCODED/Run GMS2UCODE"~ OK
16.17.7 UCODE
““MODFLOW?~ ““PEST/UCODED/Run UCODE”” OK
16.17.8
““File”” ““Edit File”” ucodel. o OK
““MODFLOW?~” ““PEST/UCODE/Options”~ ““Import Parameter File””
ucodel.par OK
MODFLOW
““Load to Model”” ““Load to MODFLOW parameters only”” OK
MODFLOW
ool
3D Grid ool ““MODFLOW~~ ““Save As”” solution2.mfs
““MODFLOW?~? ““Run MODFLOW?~~
““MODFLOW?*” ““Read Solution””
M
Map + ““Display”~ ““Obs. Plot Options”~
17 FEMWATER
FEMWATER —
17.1
17.1 100000 ft"3/day K 10 ft/day 30 ft/day
17.3
M o0 +
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““Time steps”” ““Courant Numbers”~ ““Initial time step
size”” 0.001 ““Tol. for conc. change”” 0.003 Time steps ““Courant Numbers”~

““Max time step size””

““Qutput Intervals®”

0.15
““Profiles””

““Min time step size”” 0.01

GMS ““Print data”” 90.0 ““Prod. data”” 90.0 ““Prod. histories””
5.0 ““Profiles”” 30.0 OK OK
20.6.2
““UTCHEM~”~ ““Boundaries’” ““Zone to be modeled>” ““Saturated only~”

““Left boundary is specified”

““Pressure at top layer>~
15.028 OK

““concentration®” 1.0 OK ““Conc. of chloride”
““concentration”” 0.009 OK
““Conc. of calcium=” ““concentration””
0.009 OK
““Pressure at top layer>” ““pressure””
14.7 OK ““Conc. of water=~
““concentration”” 1.0 OK ““Conc. of chloride””
““concentration®” 0.009 OK
““Conc. of calcium~ ““concentration””
0.009 OK
20.6.3
““UTCHEM=~> ““Wells*”
““New”” Left Injection Well ““well””  ““Rate constrained injection well>”
““Column>~ 16 ““Row”~ 1 ““Ending layer”” 24 “<Skin factor=”
0.0 ““Phases”” ““Aqueous”” ““Q”” ““flow=”
1125.0 OK ““Components”” ““Water”” ““Conc.””
““concentration”” 1.0 OK ““Components””
““Chloride” ““Conc.”” ““concentration””

““Right boundary is specified”

““pressure””
“<Conc. of water=”
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GMS

0.009 OK ““Components®~ ““Calcium~ ““Conc.””
““concentration”” 0.009 OK
““New>~ Center Production Well ““well”~ ““Rate Constrained Production
Well>~ ““Column=~ 25 ““Row”” 1 ““Ending layer*” 24 “<Skin factor=~
0.0 ““Phases”” ““Q’” ““flow>”
-2250.0 OK
““New”” Right Injection Well ““well””  ““Rate constrained injection well”~”
““Column>~ 41 ““Row”~ 1 ““Ending layer=” 24 “<Skin factor=”
0.0 ““Phases”” ““Aqueous”” ““Q”” ““flow=”
1125.0 OK ““Components”” ““Water”” ““Conc.””
““concentration”” 1.0 OK ““Components””
““Chloride” ““Conc.”” ““concentration””
0.009 OK ““Components®~ ““Calcium~ ““Conc.””
““concentration”” 0.009 OK
20.6.4
““UTCHEM~~ ““Save As”” treatment.uts
20.6.5
““UTCHEM~~ ““Read Solution”~ ““Select Simulation~

tutorial/utchem/sample/ utchem?2.uts Open

““UTCHEM~” ““Run UTCHEM~~ OK
““UTCHEM~~ ““Read Solution”” OK
UTCHEM
PCE ““Data Set”” ““treatment_c002>” ““TS*”
““Data”” ““Film Loop~~ ““Setup”” ““Display clock” OK
“Run,, “Stop’, “Step,,
“Done’,

57



