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INTRODUCTION

The purposef this report is to test and evaluate a numbeeoént improvements and
additions that have been made to the standard@G&&8ogical Survey MODFLOW ground-water
flow model since 2000. Thus, two new streamflowkages, SFR1 and SFR2 were compared against
the original streamflow package STR. The new grewater evapotranspiration package ETS1 was
compared against the original EVT package. Theturst®d flow packages UZF1, HYDRUS, and
MODFLOW-HYDRUS were also evaluated. Finally, thexdait flow package (CFP) was also tested

and evaluated. Major advantages and disadvantdgesne of these packages were pointed out.

Vi



CHAPTER 1: STR, SFR1, AND SFR2 PACKAGES

1.1 Example case description: A test case (figure 1.1) was simulated using thdréerent

versions of Modflow’s stream package; STR, SFR#l, 8RR2. The differences in inputs and the

outputs are shown in the respective sections.

GHB = 988 ft, conductance = 0.03&$ec GHB=1045 ft, conductance = 0.03&fc

Figure 1.1



The total area was divided into 15 (rows)*10 (coha)ncells, figure 1.2. The size of each cell

was assigned as 5000 ft *5000 ft. Only one layes weansidered in the simulation. The other

common properties for the test case are as sholewbe

Boundary Condition

10

1 4 5 6 9
1 1 0 0 0 0 0 0 0 0
1 1 1 0 0 1 1 1 0 0
0 1 1 1 1 1 1 1 0 0
1 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 0
1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 1 0
0 0 1 1 1 1 0 0 0 0
(O=Inactive cells, 1=active cells)

Figure 1.2
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[nitial Starting head (ft)

1090 [ 1086.114
1089.9 | 1086.074 | 1081.4 1072.3 | 10715 | 1071.1

1079.4 | 10775 1069.984 | 1067.269 | 1064.554 | 1062.11
1069.1 | 1070.7 | 1070.2 | 1067 | 1065.5 |1063.6 | 1063.9 | 1062.059
1064.9 [ 1063.9 | 1062.9 | 1061.5|1060.8 | 1060.8 | 1060.2 | 1058.801 | 1065.7 | 1068.1
1059.8 [ 1058.3 | 1057.2 | 1056.4 | 1056.3 | 1056.9 | 1051.043 | 1055 1061.9 | 1065.6
1056.1 | 1053 1051.7 [1051.2 [ 1051.3 [1051.9 | 1050.881 | 1055.5 | 1056.5

1046.3 | 1045.7 | 10455 ] 1045.8 | 1040 1045.935 | 1049.9 | 1050.4

1039.1 | 1039.1 | 1039.5 | 1040 1039.889 | 1041.6 | 1042.9 | 1044

1031.1 1031.8 | 1033.3 | 1034.3 1035.4 1035.455 | 1037.6 1039.3

1021.4 [1023.1 [1026.8|1028.7 |1030.5 | 1030.909 | 1033.6 | 1035.7
1001.2 | 1009.2 | 10145 | 1019.6 | 1023.1 | 1026.2 | 1026.364 | 1030.4 | 1034.3
985 995 1001.25 | 1007.5 | 1013.65 | 1017.863 | 1020 1030.131 | 1036.1

1004 1009 1013.7 | 1018.9 | 1024 1029.5 | 1030.176 | 1035

1011.9 | 1015.1 | 1019.1 | 1022.4

(Pink cells are the inactive cells, 6999 is thedhaasigned to them)

Figure 1.3.a

Figure 1.3.b. Contour of Initial Starting head



Top Elevations of M odels cells (ft)

1105 1105
1105 1095
1100
1110 1100
1110 1100
1105 1095
1105 1090
1080
1075
1070
1055
1027 1028

Figure 1.4.a

Figure 1.4.b. Contour of Top Elevations of Moddlse



Bottom Elevations of M odel cells (ft)

1000 1000

1000 900 950

- 850 670 770
650 650 650 680 740 850

650 600 600 600

650 600 550 600

650 600 550 600

700 650 570 600

700 650 540 580

700 630 530 580

700 620 580 620

710 640 600 650

750 700 650 700

850 850 850 850

950 950 950 950

Figure 1.5

Figure 1.6. Contour of thickness of Unsaturatedez@ifference of top elevations and Initial Heads)



Evapotranspiration Surface Elevationsfor M odd cells

1110 1110
1110 1105 1100
- 1100 1085
1105 1100 1090 1083 1078 1075
1105 1090 1080 1077 1074 1073
1100 1080 1075 1072 1071 1069
1100 1080 1070 1065 1065 1065
1075 1065 1059 1059 1058

1055 1053 1053 1052
1046 1046 1046 1046
1039 1040 1041 1042
1028 1032 1032 1033
1008 1014 1020 1027
1040 1045 1050 1050
1080 1080 1080 1080

Figure 1.7

(Note: The ET surface used in USGS example cadigligly different than the top surface elevatitiwwn
previously)

Evapotranspiration rate=9.5e-08 ft/sec
Extinction depth=15 feet

Rechar ge rate (ft/sec)

2.50E-10 1.00E-09
1.00E-09 2.50E-10 1.00E-09 4.00E-09 4.00E-09 4.00E-09
1.00E-09 2.50E-10 1.00E-09 1.00E-09 2.50E-10 2.50E-10 2.50E-10
4.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09

4.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
1.00E-09 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09
2.50E-10 2.50E-10 2.50E-10 2.50E-10 2.50E-10 1.00E-09 1.00E-09 2.50E-10
1.00E-09 1.00E-09 1.00E-09 1.00E-09

Figure 1.8
(2.5E-10ft/sec=0.095 inchesl/year, 1.0E-9ft/sec=0r@Bies/year, 4.0E-09 ft/sec=1.5 inches/year)

4.00E-09




Pumping
10 wells pumping at -5.0 cfs for the first stressi@d as shown in figure 1.1. Pumping was shut

down in the second stress period.

Hydraulic Conductivity of the model cells (ft/sec)

0.002 [ 0.002
0.0004 | 0.002 0.0004
- 0.0004 | 0.002 0.0004 | 0.0004
0.0004 | 0.0004 |[0.0004 |0.002 [0.002 [0.002
0.0004 | 0.0004 |0.0004 |0.002 [0.002 |[0.002
0.0004 | 0.0004 |0.0004 [0.002 [0.002 [0.002
0.0004 | 0.0004 |0.0004 [0.002 [0.002 [0.002
0.0004 |0.0004 |[0.002 |0.002 | 0.002
0.0004 |0.0004 |[0.002 |0.002 | 0.002
0.0004 |0.0004 |[0.002 |0.002 | 0.002
0.0004 |0.0004 |[0.002 |0.002 | 0.002
0.0004 | 0.0004 |[0.002 [0.002 [0.002 [0.002
0.002 [0.002 [0.002 [0.002
0.0004 | 0.0004 |0.0004 | 0.0004
0.0004 | 0.0004 |0.0004 | 0.0004

Figure 1.9
(0.002 ft/sec=172.8 ft/day, 0.0004 ft/sec=34.56)
Specific yield of the model cells

0.2 0.2
0.1 0.2 0.1
- 0.1 0.2 0.1
0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1
0.1 0.1 0.1 0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.2 0.2 0.2
0.1 0.1 0.1
0.1 0.1 0.1
Figure 1.10



No of stress periods=2
Length of each stress period=1577880000 sec=5@ year
No of time steps=50

At=1 year

1.2 STR package: This version of stream flow routing package siaes$ streams with

rectangular cross sections only. Input to Streaw-4Routing (STR) package is read from the
file that has file type ‘STR’ in the MODFLOW Namigef (Figure 1.11). The data required in this
package in order to simulate STR with MODFLOW 2@0€: number of stream segments,
number of stream reaches, number of stream trilegtdrat can connect to one segment,
constant value (1.486 for flow in cfs, 1.0 for flamwm3/sec, and constant must be multiplied by
86400 if using time units of days in the simulajicstream bed hydraulic conductance (stream
bed hydraulic conductivity*reach length/thickne$stweam bed), elevations of top and bottom
of stream bed, stream width, slope, Manning’ s hmags coefficients and flow in the stream
segments.

The model calculates stream depth at the begirofiegch reach. The stream bed top
and bottom elevations are specified for each re#ais. STR version does not account for
addition of water along the reach due to precigitaind overland runoff and removal of water
from evapotranspiration along the reach. This wersiso does not simulate unsaturated flow

either beneath the stream or between land surfatevater table.



1.2.1 Stream properties

Q bed reach reach
inflow bot top Width, thickness, | length, | segment conductance,

seg reach cfs elevn, ft elevn, ft ft slope rough ft ft length, ft K, ft/sec ft’/sec
1 1 25 1092 1095 13 0.000863 | 0.03 3 4500 23162 0.00003 0.585
1 2 25 1088.114 1091.114 13 0.000863 | 0.03 3 47 0.00003 0.00611
1 3 25 1088.074 1091.074 13 0.000863 | 0.03 3 7000 0.00003 0.91
1 4 25 1082.029 1085.029 13 0.000863 | 0.03 3 65 0.00003 0.00845
1 5 25 1081.973 1084.973 13 0.000863 | 0.03 3 6000 0.00003 0.78
1 6 25 1072 1075 13 0.000863 | 0.03 3 5550 0.00003 0.7215
2 1 - 1072 1075 12 0.000941 | 0.03 3 12 26554 0.00003 0.00144
2 2 - 1071.989 1074.989 12 0.000941 | 0.03 3 42 0.00003 0.00504
2 3 - 1071.949 1074.949 12 0.000941 | 0.03 3 4760 0.00003 0.5712
2 4 - 1067.468 1070.468 12 0.000941 | 0.03 3 1740 0.00003 0.2088
2 5 - 1065.83 1068.83 12 0.000941 | 0.03 3 5000 0.00003 0.6
2 6 - 1061.122 1064.122 12 0.000941 | 0.03 3 5000 0.00003 0.6
2 7 - 1056.415 1059.415 12 0.000941 | 0.03 3 5000 0.00003 0.6
2 8 - 1047 1050 12 0.000941 | 0.03 3 5000 0.00003 0.6
3 1 -10 1072 1075 10 0.000543 | 0.03 3 30 27624 0.00003 0.003
3 2 -10 1071.984 1074.984 10 0.000543 | 0.03 3 5000 0.00003 0.5
3 3 -10 1069.269 1072.269 10 0.000543 | 0.03 3 5000 0.00003 0.5
3 4 -10 1066.554 1069.554 10 0.000543 | 0.03 3 4500 0.00003 0.45
3 5 -10 1064.11 1067.11 10 0.000543 | 0.03 3 94 0.00003 0.0094
3 6 -10 1064.059 1067.059 10 0.000543 | 0.03 3 6000 0.00003 0.6
3 7 -10 1060.801 1063.801 10 0.000543 | 0.03 3 5000 0.00003 0.5
3 8 -10 1057 1060 10 0.000543 | 0.03 3 2000 0.00003 0.2
4 1 10 1077 1080 10 0.001805 | 0.03 3 2500 11083.4 0.00003 0.25
4 2 10 1072.489 1075.489 10 0.001805 | 0.03 3 5000 0.00003 0.5
4 3 10 1063.466 1066.466 10 0.001805 | 0.03 3 83.4 0.00003 0.00834
4 4 10 1057 1060 10 0.001805 | 0.03 3 3500 0.00003 0.35
5 1 - 1057 1060 10 0.000989 | 0.03 3 4000 15164 0.00003 0.4
5 2 - 1053.043 1056.043 10 0.000989 | 0.03 3 164 0.00003 0.0164
5 3 - 1052.881 1055.881 10 0.000989 | 0.03 3 5000 0.00003 0.5
5 4 - 1047.935 1050.935 10 0.000989 | 0.03 3 3500 0.00003 0.35
5 5 - 1042 1045 10 0.000989 | 0.03 3 2500 0.00003 0.25
6 1 - 1042 1045 12 0.000909 | 0.03 3 122 22000 0.00003 0.01464
6 2 - 1041.889 1044.889 12 0.000909 | 0.03 3 3040 0.00003 0.3648
6 3 - 1039.125 1042.125 12 0.000909 | 0.03 3 1838 0.00003 0.22056
6 4 - 1037.455 1040.455 12 0.000909 | 0.03 3 5000 0.00003 0.6
6 5 - 1032.909 1035.909 12 0.000909 | 0.03 3 5000 0.00003 0.6
6 6 - 1028.364 1031.364 12 0.000909 | 0.03 3 5000 0.00003 0.6
6 7 - 1022 1025 12 0.000909 | 0.03 3 2000 0.00003 0.24
7 1 150 1037 1040 50 0.000965 | 0.025 3 5000 15546 0.00006 5




150  1032.176 1035.176 50 0.000965 | 0.025 | 3 46 0.00006 | 0.046

7 3 150 1032131 1035.131 50 0.000965 | 0.025 | 3 5500 0.00006 | 5.5
7 4 150 1022 1025 50 0.000965 | 0.025 | 3 5000 0.00006 |5

8 1 - 1022 1025 50 0.00125 | 0.025 |3 1710 | 28000 0.00006 | 1.71
8 2 - 1019.863 1022.863 50 0.00125 | 0.025 |3 3290 0.00006 | 3.29
8 3 - 1015.75 1018.75 50 0.00125 | 0.025 |3 5000 0.00006 |5

8 4 - 1009.5 1012.5 50 0.00125 | 0.025 |3 5000 0.00006 |5

8 5 - 1003.25 1006.25 50 0.00125 | 0.025 |3 5000 0.00006 |5

8 6 - 997 1000 50 0.00125 | 0.025 |3 5000 0.00006 |5

8 7 - 987 990 50 0.00125 | 0.025 |3 3000 0.00006 | 3

(-10 cfs in segment 3 is the flow diverted frommsemnt 1)

Table 1.1
1.2.2 MODFL OW Execution:
A name file was created listing all of the inpdé$i and output file as shown in Figure 1.11. This
version ran successfully using both MODFLOW 2000 RfODFLOW 2005 executable

programs.
. test1STR.nam - Notepad g@@

VE\Ie Edit Format View ﬂejD

|# NAME file for the testlsTR test case

|# NOTE: Forward slashes (/) in pathnames may need to be converted
\# to back slashes (\) in some computing environments

\#

lLIsT 9 testlsTR.out
BASG 75 testlsTR.bab
ILPF 7 testlsTR.1pf
DIs 8 testlsTR.dis
IsIP 13 testlsSTR.s1p
|oc 14 testlSTR.oOC
ISTR 15 testlSTR.str
|WEL 16 testlsTR.wel
|GHB 17 testlsTR.ghb
[EVT 18 testlsTR.evt
IRCH 19 testlsSTR.rch|

Figure 1.11

10




1.2.3 Output from simulation

An output file will be created after the simulatisith the name of output file as specified in the
Name file. Depending upon the options specifiethenoutput control file, the volumetric budget
of the entire model, heads, and drawdown will betpd at desired time steps and stress periods

in this output file. A sample of output file is slsown below.

HEAD IN LAYER 1 AT END OF TIME STEP 50 IN STRES®ERIOD 1

1 2 3 4 5 6 7 8 9 10

1091 1080 6999 6999 6999 6999 6999 6999 6999 6999
1081 1071 1058 6999 6999 1044 1046 1046 6999 6999
6999 1055 1049 1042 1040 1041 1045 1044 6999 6999
1036 1039 1037 1032 1030 1029 1033 1041 1038 6999
1029 1028 1025 1022 1022 1024 1027 1031 1036 1039
1022 1019 1016 1013 1014 1019 1023 1028 1031 1036
1017 1013 1009 1006 1009 1014 1019 1023 1026 6999
6999 1008 1005 1002 1005 1011 1015 1019 1021 6999
6999 1005 1003 1001 1004 1009 1012 1015 1019 6999
10 6999 1005 1004 1003 1005 1010 1012 1016 1019 2102
11 6999 1006 1007 1008 1010 1013 1015 1019 1023 9 699
12 997.1 1004 1008 1011 1014 1017 1019 1026 103099 69
13 9914 1001 1007 1013 1018 1022 1026 1035 103799 69
14 6999 1005 1009 1014 1018 1023 1028 1036 1041 9 699
15 6999 6999 1012 1015 1019 1021 6999 6999 6999 9 699

O©CoO~NOOUA~WNPE

DRAWDOWN IN LAYER 1 AT END OF TIME STEP 50 IN STESS PERIOD 1

1 2 3 4 5 6 7 8 9 10

-0.8636 6.369 6999 6999 6999 6999 6999 6999 69%WHI9
9.174 1531 23.27 6999 6999 28.03 25.75 25.02 969%999
6999 2453 28.76 28.28 29.93 2593 19.93 18.059969 6999
33.31 3185 33.14 3536 3587 34.24 308 20.74.6227 6999
3559 36.21 37.67 39.08 3836 36.49 33.67 27.69.8%2 29.01
37.79 3899 41.26 43.73 4215 38.08 28.12 27.4D.553 29.67
38.87 39.91 4228 4497 4275 37.62 3157 32.5P.973 6999
6999 38.32 40.61 43.34 40.82 29.02 30.94 31.34.4129 6999
6999 33.68 35.78 38.61 36.22 30.57 29.28 27.51.3825 6999
10 6999 25.98 27.6 30.64 29.15 25.64 2299 21.93.8319 19.25
11 6999 158 16.1 19.06 18.91 17.81 15.89 14.81 1513.6999
12 4.094 5319 6.048 8.789 9.2 9.354 7.005 4.76%64%. 6999
13 -6.44 -5.89 -5928 -5.471 -4.846 -4.402 -5.85 .944 -0.4052 6999
14 6999 -0.6706 -0.2795 3.36E-2 0.5333 1.472 1.8132.332 -5.608 6999
15 6999 6999 -0.1415 0.1626 0.5783 1.143 6999 69¥B99 6999

©CoO~NOUPA~,WNE
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VOLUMETRI C BUDGET FOR ENTI RE MODEL

I'N:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL I'N

QUT:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL QUJT
IN - OJT

PERCENT DI SCREPANCY

9930354688.
0.

0.

0.
263135568.
2830322944.
97924923392.

=110948737024.

438921344.
0.
78894014464.
28980064256.
208015184.
0.
2433737984.

=110954749952.

-6012928.

- 0.

AT END OF TI ME STEP 50 I N STRESS PERI OD

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000

0000

0000

01

I N
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OUT
IN - OUT

PERCENT DI SCREPANCY

P o
POONOOO

68.

OPOO0O0O0O

. 7220
. 0000

0000
0000
1669

. 7937
. 2679

. 9505

. 0000
. 0000
. 0000

5396
1307

. 0000
. 2847

9550

-4.5166E-03

- 0.

01
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Figure 1.12 Contours of drawdown (ft) at time sB@p stress period 1

1.3 SFR1 Package: The SFR1 package simulates stream aquifer interagith MODFLOW
2000. Detailed description of this package candogd in USGS open file report 2004-1042-* A
New Streamflow-Routing (SFR1) package to simuldteg®n-Aquifer Interaction with

MODFLOW 2000’ by Prudic and others. Stream flowtnog is activated by including a record
in the Modflow Name file (Figure 1.13) using filgoe (Ftype) ‘SFR’ to indicate that relevant
calculations are to be made in the model, andeaif§pthe related input data files (Prudic and
others, 2004).
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SFR1 package replaces STR1 package by computemnstlepth in the middle of each reach
instead at the beginning of each reach as is dotl@iSTR1 package. Contrary to STR1
package, which uses only rectangular cross setdioalculate stream depth, SFR1 package uses
five options to calculate stream depth. The mettawdsspecified by using ICALC=0, 1, 2, 3, 4.
The description using each of the methods can tredfan the USGS Open File Report 2004-
1042 by Prudic and others. Eventually, differemns £# input data are required if using different
values of ICALC to calculate stream depths. Theothfference of SFR1 with STR1 is that in
SFR1 package elevation of top of stream bed isifgpa:éor the first reach and last reach of each
segment whereas in STR1 package top and bottoratelewof stream bed is specified for each
reach of a segment. One of the advantages usind 8%& STR1 is that, SFR1 allows for
addition of water along the reach from precipitatamd overland flow and removal of water
from evapotranspiration along the reach. The dadaired in this package in order to simulate
SFR1 with MODFLOW 2000 are: number of stream sedsjemumber of stream reaches,
constant Value (1.486, 1 or 0: 1.486 for flow is ehd if using Manning’s equation, 1 for flow
in m¥/sec and if using Manning’s equation, 0 if Mannigguation is not used, i.e. if ICALC is
not equal to 1 or 2), length of stream reach, flmughness constant, thickness of stream bed
material, width of stream, elevation of top of atrebed. Also depending upon the method used
to calculate stream depth (ICALC=0,1,2,3,4), oiheut data are required. This package does
not simulate unsaturated flow either beneath ttemst or between land surface and water table.
Cells of model grid can be assigned as ‘streamnggsgfation’ locations. At each such cell or
(stream reach), the time, stage, streamflow othaifreach will be written to a separate output
file to facilitate model output evaluation and dgragal post processing of the calculated data.
The input file for specifying gaging station loaatiis read if file type (Ftype) “GAGE” is
included in the MODFLOW name file. If the LAK3 paade is also active, a gaging station may
be placed on a lake (Prudic and others, 2004).

The stream used in our example (Figure 1.1) wamasd to have a rectangular cross

section. So ICALC was set equal to 1.

1.3.1 Stream Properties: The required stream properties input data anal flatterns of the

stream are as shown in Table 1.1 of section 1.2nt, Figure 1.1, respectively.

14



1.3.2 MODFL OW Execution: A Name file (Figure 1.13) was created listingddlthe input
files and output file. Also gaging stations wereireevery stream segment following the

procedure described in Open File Report 2004-1048e 52, by Prudic and others. This version
ran successfully using both MODFLOW 2000 and MODMLQ005 executable programs.

B testisfri.nam - Notepad E]@

File Edit Format View Help

[# NAME file for the testlSFR1 test case

|# NOTE: Forward slashes (/) in pathnames may need to be converted
| to back slashes (\) in some computing environments

#

ILIST 9 testlsfrl.out OUTPUT FILE
IBAS6H 75 testlsfrl.bab INPUT FILE
ILPE 7 testlsfrl.lpf INPUT FILE
IDIS 8 testlsfrl.dis INPUT FILE
|SIP 13 testlsfrl.sip INPUT FILE
(o]@ 14 testlsfrl.oc INPUT FILE
ISFR 15 testlsfrl.sfr INPUT FILE
WEL 16 testlsfrl.wel INPUT FILE
\GHB 17 testlsfrl.ghb INPUT FILE
[EVT 18 testlsfrl.evt INPUT FILE
[RCH 19 testlsfrl.rch INPUT FILE
|GAGE 32 testlsfrl.gag INPUT FILE
IDATA 83 testlsfrl.sgl OUTPUT FILE
DATA 84 testlsfrl.ng OUTPUT FILE
DATA 85 testlsfrl.sg3 OUTPUT FILE
DATA 86 testlsfrl.sg4 OUTPUT FILE
DATA 87 testlsfrl.sgS OUTPUT FILE
DATA 88 testlsfrl.sgﬁ OUTPUT FILE
DATA 89 testlsfrl.sg? OUTPUT FILE
DATA Q0 testlsfrl.sgS OUTPUT FILE
DA 91 testlsfrl.dvsg3 OUTPUT FILE

Figure 1.13
(For output files *.sg1, sg2, dvsge e.t.c file tgheuld be listed as ‘DATA’ type, so that they ddé readable

when they are created, otherwise they will be pdrinh Binary format)

1.3.3 OQutput From Simulation: A MODFLOW output file will be created after tharailation

with the name of output file as specified in nae Depending upon the options specified in
the output control file, the volumetric budget atiee model, heads, and drawdown will be
printed at desired time steps and stress periotgsoutput file. A sample of output file is as

shown below. Also gage output files are createccfmh segment.
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STREAM LISTING PERIOD 1 STEP 50
FLOW | FLOW
LAYER | ROW | COL. | STREAM | RCH. | INTO | TO FLOW | OVRLND. | DIRECT | STREAM | STREAM | STREAM | STREAM | STREAMBED | STREAMBED
STRM. ouT
SEG.NO. | NO. | RCH. | AQUIFER | OF RUNOFF | PRECIP | ET HEAD DEPTH | WIDTH | CONDCTNC. | GRADIENT
STRM.
RCH.
1 1 1 1 1 25000 | 2.426 22,574 | 0.000 0.000 | 0.000 1094.200 | 1.147 | 13.000 | 0.585 1.382
1 1 2 1 2 22574 | 0.025 22.549 | 0.000 0.000 0.000 1092.210 | 1.111 13.000 | 0.006 1.370
1 2 2 1 3 22.549 | 3.690 18.858 | 0.000 0.000 0.000 1089.110 | 1.055 13.000 | 0.910 1.352
1 3 2 1 4 18.858 | 0.034 18.825 | 0.000 0.000 0.000 1086.000 | 0.997 13.000 | 0.008 1.332
1 3 3 1 5 18.825 | 3.079 15.746 | 0.000 0.000 0.000 1083.330 | 0.947 13.000 | 0.780 1.316
1 3 4 1 6 15.746 | 2.776 12.970 | 0.000 0.000 0.000 1078.240 | 0.847 13.000 | 0.722 1.282
1 3 4 2 1 2.970 | 0.005 2.965 | 0.000 0.000 0.000 1075.330 | 0.336 12.000 | 0.001 1112
1 4 4 2 2 2.965 | 0.017 2.948 | 0.000 0.000 0.000 1075.300 | 0.336 12.000 | 0.005 1.112
1 4 5 2 3 2.948 | 1.866 1.082 | 0.000 0.000 0.000 1072.980 | 0.267 12.000 | 0.571 1.089
1 4 6 2 4 1.082 | 0.657 0.425 | 0.000 0.000 0.000 1069.800 | 0.148 12.000 | 0.209 1.049
1 5 6 2 5 0425 | 0.425 0.000 | 0.000 0.000 0.000 1066.500 | 0.000 12.000 | 0.600 1.008
1 6 6 2 6 0.000 | 0.000 0.000 | 0.000 0.000 0.000 1061.770 | 0.000 12.000 | 0.600 1.000
1 7 6 2 7 0.000 | 0.000 0.000 | 0.000 0.000 0.000 1057.060 | 0.000 12.000 | 0.600 1.000
1 8 6 2 8 0.000 | 0.000 0.000 | 0.000 0.000 0.000 1052.350 | 0.000 12.000 | 0.600 1.000
1 3 4 3 1 10.000 | 0.012 9.988 | 0.000 0.000 0.000 1075.910 | 0.917 10.000 | 0.003 1.306
1 3 5 3 2 9.988 | 1.931 8.057 | 0.000 0.000 0.000 1074.490 | 0.863 10.000 | 0.500 1.288
1 3 6 3 3 8.057 | 1.874 6.183 | 0.000 0.000 0.000 1071.660 | 0.748 10.000 | 0.500 1.249
1 3 7 3 4 6.183 | 1.634 4549 | 0.000 0.000 0.000 1068.960 | 0.632 10.000 | 0.450 1.211
1 3 8 3 5 4549 | 0.034 4515 | 0.000 0.000 0.000 1067.660 | 0.571 10.000 | 0.009 1.190
1 4 8 3 6 4515 | 2.092 2.423 | 0.000 0.000 0.000 1065.920 | 0.486 10.000 | 0.600 1.162
1 5 8 3 7 2423 | 1.653 0.771 | 0.000 0.000 0.000 1062.750 | 0.305 10.000 | 0.500 1.102
1 6 8 3 8 0771 | 0.629 0.142 | 0.000 0.000 0.000 1060.690 | 0.144 10.000 | 0.200 1.048
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5 10 10.000 | 0.906 9.094 | 0.000 0.000 | 0.000 1078.370 | 0.622 | 10.000 | 0.250 1.207
5 9 9.094 | 1.784 7.310 | 0.000 0.000 | 0.000 1071550 | 0.568 | 10.000 | 0.500 1.189
5 8 7.310 | 0.029 7.281 | 0.000 0.000 | 0.000 1066.920 | 0.530 | 10.000 | 0.008 1.177
6 8 7.281 | 1.226 6.055 | 0.000 0.000 0.000 1063.660 | 0.502 10.000 | 0.350 1.167
6 8 6.197 | 1.414 4.783 | 0.000 0.000 0.000 1058.560 | 0.535 10.000 | 0.400 1.178
6 7 4.783 | 0.057 4726 | 0.000 0.000 0.000 1056.450 | 0.491 10.000 | 0.016 1.164
7 7 4726 | 1.717 3.009 | 0.000 0.000 0.000 1053.840 | 0.434 10.000 | 0.500 1.144
8 7 3.009 | 1.165 1.845 | 0.000 0.000 0.000 1049.530 | 0.328 10.000 | 0.350 1.109
8 6 1.845 | 0.810 1.035 | 0.000 0.000 0.000 1046.480 | 0.240 10.000 | 0.250 1.080
8 6 1.035 | 0.047 0.988 | 0.000 0.000 | 0.000 1045.120 | 0.178 | 12.000 | 0.015 1.059
9 6 0.988 | 0.988 0.000 | 0.000 0.000 | 0.000 1043550 | 0.000 | 12.000 | 0.365 1.013
10 6 0.000 | 0.000 0.000 | 0.000 0.000 | 0.000 1041.290 | 0.000 | 12.000 | 0.221 1.000
10 7 0.000 | 0.000 0.000 | 0.000 0.000 | 0.000 1038.180 | 0.000 | 12.000 | 0.600 1.000
11 7 0.000 | 0.000 0.000 | 0.000 0.000 | 0.000 1033.640 | 0.000 | 12.000 | 0.600 1.000
12 7 0.000 | 0.000 0.000 | 0.000 0.000 0.000 1029.090 | 0.000 12.000 | 0.600 1.000
13 7 0.000 | -0.194 0.194 | 0.000 0.000 0.000 1025.910 | 0.000 12.000 | 0.240 -0.270
14 9 150.000 | 2.896 147.100 | 0.000 0.000 0.000 1038.920 | 1.330 | 50.000 | 5.000 0.193
14 8 147.100 | 0.108 147.000 | 0.000 0.000 0.000 1036.480 | 1.322 50.000 | 0.046 0.786
13 8 147.000 | 5.151 141.840 | 0.000 0.000 0.000 1033.790 | 1.308 | 50.000 | 5.500 0.312
13 7 141.840 | 9.801 132.040 | 0.000 0.000 0.000 1028.680 | 1.267 50.000 | 5.000 0.653
13 7 132.240 | -2.792 135.030 | 0.000 0.000 0.000 1025.090 | 1.155 | 50.000 | 1.710 -0.544
13 6 135.030 | 4.599 130.430 | 0.000 0.000 0.000 1021.960 | 1.150 | 50.000 | 3.290 0.466
13 5 130.430 | 5.253 125.180 | 0.000 0.000 0.000 1016.750 | 1.125 | 50.000 | 5.000 0.350
13 4 125.180 | 2.225 122.950 | 0.000 0.000 0.000 1010.480 | 1.105 50.000 | 5.000 0.148
13 3 122.950 | 0.036 122.920 | 0.000 0.000 0.000 1004.220 | 1.099 | 50.000 | 5.000 0.002
13 2 122.920 | -0.489 123.410 | 0.000 0.000 0.000 997.975 | 1.100 | 50.000 | 5.000 -0.033
13 1 123.410 | 0.343 123.060 | 0.000 0.000 0.000 992.975 | 1.100 | 50.000 | 3.000 0.038
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HEAD IN LAYER 1 AT END OF TIME STEP 50 IN STRESXERIOD 1

O©CO~NOUTA~,WNPE

1
1090
1080
6999
1034
1028
1020
1015
6999
6999
6999
6999
996.9
992.9
6999
6999

2
1079
1069
1053
1037
1026
1018
1011
1006
1003
1003
1003
1002
998.1
1002
6999

DRAVWDOVN | N LAYER

O©CoO~NOOUA~WNEF

1 2
0.2211 7.598
10.39 16.64
6999  25.96
34.88 3341
37.22 37.87
39.5 40.74
40.63 41.73
6999 40.21
6999  35.67
6999  28.08
6999  18.03
4.305 7.596
-7.861 -3.073
6999 2.142
6999 6999

3
6999
1057
1047
1035
1024
1014
1008
1003
1001
1002
1005
1006
1004
1006
1009

1 AT END OF TI ME STEP 50

3
6999
24.69
30.23
34.72
39.36
43.03
44.12
42.52
37.76
29.7
18.41
8.652
-2.967
2.568
2.593

4
6999
6999
1040
1030
1021
1011
1004
1000
998.9
1001
1006
1008
1010
1011
1012

4
6999
6999
29.74
36.98
40.8
45,53
46.82
45.24
40.57
32.68
21.24
11.25
-2.535
2.791
2.76

5
6999
6999
1038
1028
1021
1012
1007
1003
1002
1003
1008
1012
1016
1016
1016

5
6999
6999
31.5
37.56
40.11
43.95
44.59
42.69
38.11
31.08
20.92
11.42
-2.049
2.969
2.867

6

6

7

6999
1043
1040
1028
1023
1017
1012
1009
1008
1008
1011
1015
1021
1021
1019

7
6999
29.61
27.55
35.96
38.29
39.87
39.42
30.83
32.38
27.42
19.52
10.97
-2.696
3.043
2.987

8

6999
1044
1043
1031
1025
1021
1018
1013
1011
1011
1014
1019
1027
1027
6999

6999
1045
1042
1040
1029
1026
1021
1017
1014
1014
1017
1024
1033
1034
6999

6999
6999
6999
1037
1034
1030
1024
1019
1017
1018
1021

10

6999
6999
6999
6999
1037
1034
6999
6999
9 699
1102
9 699

1028 99 69
103999 6

1038
6999

I N STRESS PERI OD

8
6999
27.32
21.53
32.5
35.43
29.89
33.34
32.71
31.02
24.63
17.27
7.745

2.188
6999

6999

6.0B4219
-6.71B718 1.445

9 699
9 699

1

10

699999 6
26.58 969%999
19.65 969%999
22.36.2629 6999
29.41.5231 30.62
29.15.2432 31.31
34.22.673 6999
33.08.0931 6999
29.2 0127.6999
23.52.3921 20.74
16.22.661 6999

6999
6999

-3.983339 6999
69%D99

6999
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VOLUMETRI C BUDGET FOR ENTI RE MODEL

CUMULATI VE VOLUMES L**3
I N:
STORAGE = 10550845440.
CONSTANT HEAD = 0.
VELLS = 0.
ET = 0.
HEAD DEP BOUNDS = 398894912.
RECHARGE = 2830322944.
STREAM LEAKAGE = 97114357760.
TOTAL | N =110894424064.
QUT:

STORAGE = 303353824.
CONSTANT HEAD = 0.
WELLS = 78894014464.
ET = 24106188800.

HEAD DEP BOUNDS = 293321440
RECHARGE = 0.
STREAM LEAKAGE = 7305799168.
TOTAL QUT =110902681600.
IN - QUT = -8257536.
PERCENT DI SCREPANCY = -0.

AT END OF TI ME STEP 50 I N STRESS PERI OD

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000

0000

0000

01

I N:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OUT

IN - OJT

PERCENT DI SCREPANCY

[ NeoNeoNoNeNe]

= O
WOOMOOO

68.

. 7553
. 0000
. 0000
. 0000
. 2531
. 7937
. 4129

. 2150

. 0000
. 0000
. 0000
. 5617
. 1847
. 0000
. 4754

2219

-6. 8741E-03

- 0.

01
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Gage output file for segment 6 Reach 7.

M-P
Time Stage Flow Depth Width Flow Cond. HeadDiff | Hyd.Grad
31558000 1025.900 | 0.310 0.000 12.000 | 0.000 0.240 -1.290 -0.430
63115000 1025.900 | 0.326 0.000 12.000 | 0.000 0.240 -1.357 -0.452
94673000 1025.900 | 0.311 0.000 12.000 | 0.000 0.240 -1.294 -0.431
126230000 1025.900 | 0.298 0.000 12.000 0.000 0.240 -1.241 -0.414
157790000 1025.900 | 0.287 0.000 12.000 0.000 0.240 -1.195 -0.398
189350000 1025.900 | 0.278 0.000 12.000 0.000 0.240 -1.156 -0.385
220900000 1025.900 | 0.270 0.000 12.000 0.000 0.240 -1.124 -0.375
252460000 1025.900 | 0.263 0.000 12.000 0.000 0.240 -1.097 -0.366
284020000 1025.900 | 0.258 0.000 12.000 0.000 0.240 -1.074 -0.358
315580000 1025.900 | 0.253 0.000 12.000 0.000 0.240 -1.054 -0.351
347130000 1025.900 | 0.249 0.000 12.000 0.000 0.240 -1.036 -0.345
378690000 1025.900 | 0.245 0.000 12.000 0.000 0.240 -1.020 -0.340
410250000 1025.900 | 0.241 0.000 12.000 0.000 0.240 -1.005 -0.335
441810000 1025.900 | 0.238 0.000 12.000 | 0.000 0.240 -0.990 -0.330
473360000 1025.900 | 0.234 0.000 12.000 0.000 0.240 -0.977 -0.326
504920000 1025.900 | 0.232 0.000 12.000 0.000 0.240 -0.965 -0.322
536480000 1025.900 | 0.229 0.000 12.000 0.000 0.240 -0.953 -0.318
568040000 1025.900 | 0.226 0.000 12.000 0.000 0.240 -0.943 -0.314
599590000 1025.900 | 0.224 0.000 12.000 0.000 0.240 -0.933 -0.311
631150000 1025.900 | 0.222 0.000 12.000 0.000 0.240 -0.924 -0.308
662710000 1025.900 | 0.220 0.000 12.000 0.000 0.240 -0.915 -0.305
694270000 1025.900 | 0.218 0.000 12.000 0.000 0.240 -0.907 -0.302
725830000 1025.900 | 0.216 0.000 12.000 0.000 0.240 -0.900 -0.300
757380000 1025.900 | 0.214 0.000 12.000 0.000 0.240 -0.893 -0.298
788940000 1025.900 | 0.213 0.000 12.000 | 0.000 0.240 -0.887 -0.296
820500000 1025.900 | 0.211 0.000 12.000 | 0.000 0.240 -0.881 -0.294
852060000 1025.900 | 0.210 0.000 12.000 | 0.000 0.240 -0.875 -0.292
883610000 1025.900 | 0.209 0.000 12.000 | 0.000 0.240 -0.870 -0.290
915170000 1025.900 | 0.208 0.000 12.000 | 0.000 0.240 -0.865 -0.288
946730000 1025.900 | 0.206 0.000 12.000 | 0.000 0.240 -0.860 -0.287
978290000 1025.900 | 0.205 0.000 12.000 | 0.000 0.240 -0.856 -0.285
1009800000 1025.900 | 0.204 0.000 12.000 | 0.000 0.240 -0.852 -0.284
1041400000 1025.900 | 0.203 0.000 12.000 | 0.000 0.240 -0.848 -0.283
1073000000 1025.900 | 0.203 0.000 12.000 0.000 0.240 -0.844 -0.281
1104500000 1025.900 | 0.202 0.000 12.000 | 0.000 0.240 -0.841 -0.280
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1136100000 1025.900 | 0.201 0.000 12.000 | 0.000 0.240 -0.838 -0.279
1167600000 1025.900 | 0.200 0.000 12.000 | 0.000 0.240 -0.835 -0.278
1199200000 1025.900 | 0.200 0.000 12.000 | 0.000 0.240 -0.832 -0.277
1230700000 1025.900 | 0.199 0.000 12.000 | 0.000 0.240 -0.829 -0.276
1262300000 1025.900 | 0.198 0.000 12.000 | 0.000 0.240 -0.827 -0.276
1293900000 1025.900 | 0.198 0.000 12.000 | 0.000 0.240 -0.825 -0.275
1325400000 1025.900 | 0.197 0.000 12.000 | 0.000 0.240 -0.823 -0.274
1357000000 1025.900 | 0.197 0.000 12.000 | 0.000 0.240 -0.821 -0.274
1388500000 1025.900 | 0.196 0.000 12.000 | 0.000 0.240 -0.819 -0.273
1420100000 1025.900 | 0.196 0.000 12.000 | 0.000 0.240 -0.817 -0.272
1451700000 1025.900 | 0.196 0.000 12.000 | 0.000 0.240 -0.815 -0.272
1483200000 1025.900 | 0.195 0.000 12.000 | 0.000 0.240 -0.814 -0.271
1514800000 1025.900 | 0.195 0.000 12.000 | 0.000 0.240 -0.812 -0.271
1546300000 1025.900 | 0.195 0.000 12.000 | 0.000 0.240 -0.811 -0.270
1577900000 1025.900 | 0.194 0.000 12.000 | 0.000 0.240 -0.810 -0.270
1609400000 1025.900 | 0.219 0.000 12.000 | 0.000 0.240 -0.912 -0.304
1641000000 1025.900 | 0.245 0.000 12.000 | 0.000 0.240 -1.022 -0.341
1672600000 1025.900 | 0.267 0.000 12.000 | 0.000 0.240 -1.111 -0.370
1704100000 1025.900 | 0.284 0.000 12.000 | 0.000 0.240 -1.182 -0.394
1735700000 1025.900 | 0.298 0.000 12.000 | 0.000 0.240 -1.241 -0.414
1767200000 1025.900 | 0.309 0.000 12.000 | 0.000 0.240 -1.289 -0.430
1798800000 1025.900 | 0.319 0.000 12.000 | 0.000 0.240 -1.329 -0.443
1830300000 1025.900 | 0.327 0.000 12.000 | 0.000 0.240 -1.363 -0.454
1861900000 1025.900 | 0.334 0.000 12.000 | 0.000 0.240 -1.393 -0.464
1893500000 1025.900 | 0.342 0.000 12.000 | 0.000 0.240 -1.423 -0.474
1925000000 1025.900 | 0.350 0.000 12.000 | 0.000 0.240 -1.458 -0.486
1956600000 1025.900 | 0.365 0.000 12.000 | 0.000 0.240 -1.521 -0.507
1988100000 1026.100 | 1.601 0.220 12.000 | 1.278 0.240 -1.337 -0.446
2019700000 1026.200 | 2.530 0.298 12.000 | 2.224 0.240 -1.271 -0.424
2051200000 1026.200 | 3.121 0.340 12.000 | 2.823 0.240 -1.234 -0.411
2082800000 1026.300 | 3.478 0.364 12.000 | 3.186 0.240 -1.213 -0.404
2114400000 1026.300 | 3.702 0.379 12.000 | 3.413 0.240 -1.201 -0.400
2145900000 1026.300 | 3.847 0.388 12.000 | 3.560 0.240 -1.193 -0.398
2177500000 1026.300 | 3.943 0.394 12.000 | 3.658 0.240 -1.188 -0.396
2209000000 1026.300 | 4.008 0.398 12.000 | 3.724 0.240 -1.184 -0.395
2240600000 1026.300 | 4.053 0.401 12.000 | 3.767 0.240 -1.182 -0.394
2272100000 1026.300 | 4.083 0.403 12.000 | 3.799 0.240 -1.180 -0.393
2303700000 1026.300 | 4.105 0.404 12.000 | 3.821 0.240 -1.179 -0.393
2335300000 1026.300 | 4.120 0.405 12.000 | 3.837 0.240 -1.178 -0.393
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2366800000 1026.300 | 4.131 0.406 12.000 | 3.847 0.240 -1.178 -0.393
2398400000 1026.300 | 4.138 0.406 12.000 | 3.855 0.240 -1.177 -0.392
2429900000 1026.300 | 4.144 0.407 12.000 | 3.861 0.240 -1.177 -0.392
2461500000 1026.300 | 4.148 0.407 12.000 | 3.865 0.240 -1.177 -0.392
2493100000 1026.300 | 4.151 0.407 12.000 | 3.868 0.240 -1.177 -0.392
2524600000 1026.300 | 4.153 0.407 12.000 | 3.870 0.240 -1.177 -0.392
2556200000 1026.300 | 4.155 0.407 12.000 | 3.872 0.240 -1.177 -0.392
2587700000 1026.300 | 4.156 0.407 12.000 | 3.873 0.240 -1.177 -0.392
2619300000 1026.300 | 4.157 0.408 12.000 | 3.874 0.240 -1.176 -0.392
2650800000 1026.300 | 4.157 0.408 12.000 | 3.874 0.240 -1.176 -0.392
2682400000 1026.300 | 4.157 0.408 12.000 | 3.875 0.240 -1.176 -0.392
2714000000 1026.300 | 4.158 0.408 12.000 | 3.875 0.240 -1.176 -0.392
2745500000 1026.300 | 4.158 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2777100000 1026.300 | 4.158 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2808600000 1026.300 | 4.158 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2840200000 1026.300 | 4.158 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2871700000 1026.300 | 4.158 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2903300000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2934900000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2966400000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
2998000000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
3029500000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
3061100000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
3092600000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
3124200000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392
3155800000 1026.300 | 4.159 0.408 12.000 | 3.876 0.240 -1.176 -0.392

Gage Output file for Segment 3 Reach 1

STREAM SEGVENT

Max.

3 I'S DI VERTED FROM SEGVENT

Rat e

Ti me St age
3. 1558E+07 1. 0759E+03
6. 3115E+07 1. 0759E+03
9. 4673E+07 1. 0759E+03
1.2623E+08 1. 0759E+03
1.5779E+08 1. 0759E+03
1. 8935E+08 1. 0759E+03
2. 2090E+08 1. 0759E+03
2.5246E+08 1. 0759E+03
2. 8402E+08 1. 0759E+03

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

e = e R e e N

1 DI VERSION TYPE | S | PRIOR COF

Rat e Diverted
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

e = e S e N

0

Upst ream Fl ow'

1. 5163E+01
1. 5288E+01
1. 5087E+01
1. 4796E+01
1.
1
1
1
1

4493E+01

. 4314E+01
. 4255E+01
. 4183E+01
. 4106E+01
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P R R R PR R R R R R R R R R R R R R R ©OO®O©O®O®OO®-N-=N~NOOOO OO 0000 MDD ®ww W

. 1558E+08
. 4713E+08
. 7T869E+08
. 1025E+08
. 4181E+08
. 7336E+08
. 0492E+08
. 3648E+08
. 6804E+08
. 9959E+08
. 3115E+08
. 6271E+08
. 9427E+08
. 2583E+08
. 5738E+08
. 8894E+08
. 2050E+08
. 5206E+08
. 8361E+08
. 1517E+08
. 4673E+08
. 7829E+08
. 0098E+09
. 0414E+09
. 0730E+09
. 1045E+09
. 1361E+09
. 1676E+09
. 1992E+09
. 2307E+09
. 2623E+09
. 2939E+09
. 3254E+09
. 3570E+09
. 3885E+09
. 4201E+09
. 4517E+09
. 4832E+09
. 5148E+09
. 5463E+09
. 5779E+09

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R PR R R R RR R R P

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 4028E+01
. 3953E+01
. 3880E+01
. 3812E+01
. 3747E+01
. 3687E+01
. 3631E+01
. 3579E+01
. 3531E+01
. 3485E+01
. 3443E+01
. 3404E+01
. 3368E+01
. 3334E+01
. 3303E+01
. 3274E+01
. 3246E+01
. 3221E+01
. 3197E+01
. 3175E+01
. 3154E+01
. 3135E+01
. 3117E+01
. 3101E+01
. 3085E+01
. 3070E+01
. 3057E+01
. 3044E+01
. 3032E+01
. 3021E+01
. 3011E+01
. 3001E+01
. 2992E+01
. 2983E+01
. 2976E+01
. 2970E+01
. 2970E+01
. 2970E+01
. 2970E+01
. 2970E+01
. 2970E+01
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N N N N N DN DN DN DN DN DN DN DNDNDNDDNDNDNDNDNDDNDNDNDNDNDNDNDNMDNDMDNDDNDMDNDMDNDMNDNDNDNDNDNPE P P RPPEPE PP PP P PP

. 6094E+09
. 6410E+09
. 6726E+09
. 7T041E+09
. 7357E+09
. 7T672E+09
. 7988E+09
. 8303E+09
. 8619E+09
. 8935E+09
. 9250E+09
. 9566E+09
. 9881E+09
. 0197E+09
. 0512E+09
. 0828E+09
. 1144E+09
. 1459E+09
. 1775E+09
. 2090E+09
. 2406E+09
. 2721E+09
. 3037E+09
. 3353E+09
. 3668E+09
. 3984E+09
. 4299E+09
. 4615E+09
. 4931E+09
. 5246E+09
. 5562E+09
. 5877E+09
. 6193E+09
. 6508E+09
. 6824E+09
. 7140E+09
. 7T455E+09
. 7T771E+09
. 8086E+09
. 8402E+09
. 8717E+09

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R PR R R R RR R R P

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RR R R P

. 2970E+01
. 2995E+01
. 3113E+01
. 3251E+01
. 3407E+01
. 3574E+01
. 3744E+01
. 3913E+01
. 4078E+01
. 4343E+01
. 4914E+01
. 5279E+01
. 5525E+01
. 5691E+01
. 5801E+01
. 5873E+01
. 5920E+01
. 5952E+01
. 5974E+01
. 5989E+01
. 6000E+01
. 6007E+01
. 6012E+01
. 6016E+01
. 6019E+01
. 6021E+01
. 6022E+01
. 6023E+01
. 6024E+01
. 6024E+01
. 6025E+01
. 6025E+01
. 6025E+01
. 6025E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01

24



. 9033E+09
. 9349E+09
. 9664E+09
. 9980E+09
. 0295E+09
. 0611E+09
. 0926E+09
. 1242E+09
. 1558E+09

W W W W W NN DNDDN

e S S e N e i

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

e S e e

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

Contour of drawdown at time step 50 stress period 1

e S e e N

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

e = e S e e N

. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01
. 6026E+01

Figurel.14
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1.3.3 Results: In the output file, if we look at the volumetriadiget of the entire model at time step 50
and stress period 1, the inflow from storage isaétpu.7553 cfs which is almost equal to the inflow
from storage in STR1 package 0.7220 cfs. (SectidriB)]l Inflow due to head dependent boundaries in
SFR1 package is 0.2531 cfs whereas in STR 1 padkeg@.1669 cfs. Inflow due to stream leakage in
SFR1 package is 65.4129 cfs whereas in STR1 packesg@6.2679. Similarly outflow due to
evapotranspiration in SFR1 package is 15.5617acid$,it is 17.5396 cfs in STR1 package. Outflow

due to head dependent boundaries in SFR1 pack@ge8¥7 cfs and 0.1347 cfs in STR1 package.
Outflow due to stream leakage in SFR1 packagedigsd. cfs and 1.2847 cfs in STR1 package. The
differences in the output in these two package&({S&nd STR1 package) may be due to the way these
packages calculate stream depth differently eveagh we used rectangular channel in both the cases.
SFR1 package calculates flow across the streambétedoasis of stream depth calculated at the
midpoint of a reach, whereas STR1 package calaufle across the streambed on the basis of
stream depth calculated at the beginning of a réaidic and others, 2004). Thus, the simulated
exchange across the streambed using the samendaithipackages will likely differ between the

SFR1 package and STR1 package (Prudic and otlg$¥4).2

1.4 SFR2 Package: This package simulates unsaturated zone beneasitréa@an only with
MODFLOW 2000. Detailed description of this packaga be found in the USGS report

‘Documentation of the Streamflow-Routing (SFR2 tIRaye to Include Unsaturated Flow Beneath

Streams — A modifications to SFR1’ by Niswonger &nddic, 2006. The streamflow-routing package
is activated by including a record in the MODFLOW¢ 1sing the file type (Ftype) ‘SFR’ to indicate
that relevant calculations are to be made in thdehand to specify the related input data file
(Niswonger and Prudic, 2006). So both SFR1 and 3R file type ‘SFR’. SFR2 is distinguished
from SFR1 by changing the integer ‘NSTRM’ (in SAR)fto negative; additional variables ISFROPT,
NSTRAIL, ISUZN, and NSFRSETS are read by MODFLOWitmulate the unsaturated zone beneath
the stream which are also in SFR file.

The modifications in SFR2 do not require any chartgahe data input for SFR1 (Niswonger
and Prudic, 2006). With all of the data as require8BFR1 package, this package requires additional
unsaturated flow variables including saturatediartchl water contents, Brooks and Corey exponent,
and vertical saturated hydraulic conductivity ofaturated zone beneath the stream (this variable is

necessary when using the BCF package, but optvamah using the LPF package). These variables
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are defined independently for each stream reachw@®hger and Prudic, 2006). Unlike SFR1, seepage
loss from the stream may be restricted by the hyatraonductivity of the unsaturated zone
(Niswonger and Prudic, 2006). Also SFR2 packageusanfive options to calculate stream depth as in
SFR1 package but the option to simulate unsatufeiedbeneath the stream is not available when
using ICALC=0,3,4. The unsaturated flow is simutaitedependently of saturated flow within each
model cell corresponding to a stream reach whertbeewater table is below the elevation of stream
bed (Niswonger and Prudic, 2006). This package a@lsws additions of water along stream reach
from precipitation and overland flow and removalater from evapotranspiration. Unlike the other
unsaturated versions of MODFLOW (UZF package, MODML Hydrus), separate evapotranspiration
package (EVT) and recharge package (RCH) can lheded in the simulation if desired.

The present form of the SFR2 package does not aimthie unsaturated flow through multiple
layers of varying hydraulic conductivity (Niswongand Prudic, 2006).

1.4.1 Stream Properties: The required stream properties input data and flatterns of the stream are

as shown in Table 1.1 of section 1.2.1 and Figutergspectively. For simulating the unsaturatetkezo

beneath the stream the required hydraulic projseatie as shown below:

Saturated water content=0.35 for all segments

Initial water content=0.25 for all segments

Brooks and Corey exponent=3.5 for all segments

Vertical saturated hydraulic conductivity of thesaturated zone beneath the stream=2.0E-06 ft/sec fo
all segments. The unsaturated zone lies in thelsieav the stream bed, so they exist in the cells
where the stream segments are located as showreHidu The thickness of the unsaturated zones is

as shown in the table below:
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Segment | Upstream Initial Thickness of Downstream Initial Thickness of
Bed Top Unsaturated Bed Top | Starting Unsaturated
Elevation Starting Head zone Elevation Head zone

1 1095 1090 5 1075 1070 5

2 1075 1070 5 1050 1040 10

3 1075 1070 5 1060 1055 5

4 1080 1068.1 11.9 1060 1055 5

5 1060 1055 5 1045 1040 5

6 1045 1040 5 1025 1020 5

7 1040 1035 5 1025 1020 5

8 1025 1020 5 990 985 5

1.4.2 MODFL OW Execution: A Name file (Figure 1.15) was created listingddlthe input files and

output file. Also gaging stations were set in ev&ngam segment following the procedure described i

USGS report ‘Documentation of the Streamflow-RogiiSFR2) Package to Include Unsaturated
Flow Beneath Streams-A Modification to SFR1’, p&@§e by Niswonger and Prudic, 2006. This
version ran successfully using both MODFLOW 2000 RfODFLOW 2005 executable programs.

B testisfr2.nam - Notepad

File Edit F

t View Help

[# NAME file for the testlSFR2 test case

|# NOTE:

|#
Z#
lLIsT
|BASG
LPF
DIS
|sTP
loc
|SFR
WEL
|GHB
[EVT
RCH
|GAGE
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

Forward slashes (/)
to back slashes

9 testlsfr2.
75 testlsfr2.
7 testlsfr2.
8 testlsfr2.
13 testlsfr2.
14 testlsfr2.
15 testlsfr2.
16 testlsfr2.
17 testlsfr2.
18 testlsfr2.
19 testlsfr2.
32 testlsfr2.
83 testlsfr2.
84 testlsfr2.
85 testlsfr2.
86 testlsfr2.
87 testlsfr2.
88 testlsfr2.
89 testlsfr2.
90 testlsfr2.
91 testlsfr2.

OUTPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
INPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE
OUTPUT FILE

in pathnames may need to be converted
(\) in some computing environments

Figure 1.15
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1.4.3 Output From Simulation: A MODFLOW output file will be created after thersilation with

the name of output file as specified in the narlee Depending upon the options specified in output
control file, the volumetric budget of entire modeld the volumetric budget for the unsaturated zone
beneath the stream, heads, and drawdown will lnéegoliat desired time steps and stress periodssin th

output file. A sample of output file is as showrdve Also gage output files are created for every

segment.
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STREAM LI STI NG PERI GD 1 STEP 50
CO |STREA STREA CHNG.
LAYER [ROW |L. [M RCH. |[FLOW INTO  [M FLOW OUT OF |OVRLND. |DIRECT [STREAM |[STREAM |STREAM [STREAM [STREAMBED |FLOW TO |[UNSAT.
SEG.NO
NO. [STRM.RCH. |LOSS |[STRM.RCH. |RUNOFF [PRECIP [ET HEAD DEPTH  |WIDTH  |CONDCTNC. |WAT. TAB. [STORAGE

1 T[T |t T [25.000 0117 [24.883 0.000 0.000 0.000 1094240 |1.180 13000  |0.585 0117 0.000
1 T 2 |t 2 [24.3883 0.001  |24.882 0.000 0.000 0.000 1092270 |1.179 13.000  |0.006 0.001 0.000
1 2 |2 |t 3 [24882 0182 [24.700 0.000 0.000 0.000 1089.230 |1.176 13.000  |0.910 0.182 0.000
1 3 2 |t 4 [24.700 0.002 [24.698 0.000 0.000 0.000 1086170 |1.173 13000  |0.008 0.002 0.000
1 3 3 |t 5 |24.698 0156 |24.542 0.000 0.000 0.000 1083550 |1.171 13.000  |0.780 0.156 0.000
1 3 |4 |t 6  |24542 0144 [24.398 0.000 0.000 0.000 1078560 |1.167 13000  [0.722 0.144 0.000
1 3[4 |2 T [14398 0.000 |14.397 0.000 0.000 0.000 1075.860 |0.868 12.000  |0.001 0.000 0.000
1 4[4 |2 2 [14397 0.001  |14.396 0.000 0.000 0.000 1075.840 |0.868 12.000  |0.005 0.001 0.000
1 4[5 |2 3 [14.3% 0114 |14.282 0.000 0.000 0.000 1073570 |0.866 12.000  |0.571 0114 0.000
1 4 6 |2 4 |14.282 0042 |14.240 0.000 0.000 0.000 1070510 |0.863 12.000  |0.209 0.042 0.000
1 5 |6 |2 5 [14.240 0120 [14.120 0.000 0.000 0.000 1067.340 |0.860 12.000  |0.600 0.120 0.000
1 6 |6 |2 6  |14.120 0120 |14.000 0.000 0.000 0.000 1062.620 |0.856 12.000  |0.600 0.120 0.000
1 7 |6 |2 7 |14.000 0120 [13.880 0.000 0.000 0.000 1057.910 |0.851 12.000  |0.600 0.120 0.000
1 8 |6 |2 8 |13.880 0120 [13.760 0.000 0.000 0.000 1053200 |0.847 12.000  |0.600 0.120 0.000
1 3 |4 |3 T [10.000 0.001  [9.999 0.000 0.000 0.000 1075910 |0.918 10.000  |0.003 0.001 0.000
1 3 5 |3 2 [9.999 0100 [9.899 0.000 0.000 0.000 1074540 |0.915 10.000  |0.500 0.100 0.000
1 3 6 |3 3 [9.899 0100 [9.799 0.000 0.000 0.000 1071.820 |0.909 10.000  |0.500 0.100 0.000
1 3 7 |3 4 [9.799 0.090 [9.709 0.000 0.000 0.000 1069.240 |0.904 10.000  |0.450 0.090 0.000
1 3 8 |3 5 [9.709 0.002 [9.708 0.000 0.000 0.000 1067.990 |0.901 10.000  |0.009 0.002 0.000
1 4 |8 |3 6  |9.708 0120 [9.588 0.000 0.000 0.000 1066.330 |0.898 10.000  |0.600 0.120 0.000
1 5 8 |3 7 |9.588 0100 [0.488 0.000 0.000 0.000 1063340 |0.892 10.000  |0.500 0.100 0.000
1 6 |8 |3 8 [9.488 0.040 [0.448 0.000 0.000 0.000 1061.430 |0.888 10.000  |0.200 0.040 0.000
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5 10 10.000 0.050 9.950 0.000 0.000 0.000 1078.380 |0.639 10.000 0.250 0.050 0.000
5 9 9.950 0.100 9.850 0.000 0.000 0.000 1071.610 |0.636 10.000 0.500 0.100 0.000
5 8 9.850 0.002 9.848 0.000 0.000 0.000 1067.030 |0.634 10.000 0.008 0.002 0.000
6 8 9.848 0.070 9.778 0.000 0.000 0.000 1063.790 |0.633 10.000 0.350 0.070 0.000
6 8 19.226 0.080 19.146 0.000 0.000 0.000 1059.150 |1.133 10.000 0.400 0.080 0.000
6 7 19.146 0.003 19.143 0.000 0.000 0.000 1057.090 |1.132 10.000 0.016 0.003 0.000
7 7 19.143 0.100 19.043 0.000 0.000 0.000 1054.540 |1.130 10.000 0.500 0.100 0.000
8 7 19.043 0.070 18.973 0.000 0.000 0.000 1050.330 |1.127 10.000 0.350 0.070 0.000
8 6 18.973 0.050 18.923 0.000 0.000 0.000 1047.360 |1.125 10.000 0.250 0.050 0.000
8 6 32.683 0.003 32.680 0.000 0.000 0.000 1046.380 |1.434 12.000 0.015 0.003 0.000
9 6 32.680 0.073 32.607 0.000 0.000 0.000 1044.940 |1.433 12.000 0.365 0.073 0.000
10 6 32.607 0.044 32.563 0.000 0.000 0.000 1042.720 |1.431 12.000 0.221 0.044 0.000
10 7 32.563 0.120 32.443 0.000 0.000 0.000 1039.610 |1.429 12.000 0.600 0.120 0.000
11 7 32.443 0.120 32.323 0.000 0.000 0.000 1035.060 |1.426 12.000 0.600 0.120 0.000
12 7 32.323 0.120 32.203 0.000 0.000 0.000 1030.510 |1.423 12.000 0.600 0.120 0.000
13 7 32.203 0.313 31.890 0.000 0.000 0.000 1027.330 |1.417 12.000 0.240 0.000 0.000
14 9 150.000 3.147 146.850 0.000 0.000 0.000 1038.920 |1.330 50.000 5.000 0.000 0.000
14 8 146.850 0.119 146.730 0.000 0.000 0.000 1036.470 |1.321 50.000 0.046 0.000 0.000
13 8 146.730 6.551 140.180 0.000 0.000 0.000 1033.780 |1.303 50.000 5.500 0.000 0.000
13 7 140.180 13.199 [126.980 0.000 0.000 0.000 1028.660 |1.248 50.000 5.000 0.000 0.000
13 7 -158.870 1.376 160.250 0.000 0.000 0.000 1025.220 |1.285 50.000 1.710 0.000 0.000
13 6 160.250 9.734 150.520 0.000 0.000 0.000 1022.070 |1.265 50.000 3.290 0.000 0.000
13 5 150.520 11.887 [138.630 0.000 0.000 0.000 1016.840 |1.211 50.000 5.000 0.000 0.000
13 4 138.630 7.579 131.050 0.000 0.000 0.000 1010.540 |1.161 50.000 5.000 0.000 0.000
13 3 131.050 3.300 127.750 0.000 0.000 0.000 1004.260 |1.133 50.000 5.000 0.000 0.000
13 2 127.750 0.304 127.450 0.000 0.000 0.000 997.999 1.124 50.000 5.000 0.000 0.000
13 1 127.450 0.515 126.930 0.000 0.000 0.000 992.996 1121 50.000 3.000 0.000 0.000
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VOLUMETRI C BUDGET FOR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP 50 STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
STREAM LGSS = 4399932928. 0000 STREAM LGSS = 2.7969
CHANGE I N STORACGE = 23809614. 0000 CHANGE | N STORAGE = 2. 8433E- 03
RECHARGE TO GW = 4376103424. 0000 RECHARGE TO GW = 2.7941
TOTAL IN = 4399932928. 0000 TOTAL IN = 2.7969
TOTAL QUT = 4399912960. 0000 TOTAL OQUT = 2.7969
IN- QUT = 19968. 0000 IN- OQUT = -7.1526E- 07

PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00



HEAD I N LAYER

1
1
2
3 6999
4 961. 71
5 960. 26
6 957. 96
7 957. 73
8 6999
9 6999
10 6999
11 6999
12 994. 49
13 992. 82
14 6999
15 6999
DRAVDOVN | N
1
1 68. 3
2 88. 35
3 6999
4 107. 4
5 104.6
6 101.8
7 98. 37
8 6999
9 6999
10 6999
11 6999
12 6. 711
13 -7.825
14 6999
15 6999

1 AT END OF TIME STEP 50 I N STRESS

1021.7 1000. 34 6999
1001. 55 959. 27

957. 17
956. 11
954. 54
953. 6
954. 61
958. 88
966. 75
976. 89
987. 96
996. 11
997. 94

6999

LAYER

2

85. 77
126.8
122.2
114.6
109. 4
104.7
98. 39
87.42
72.35
54.21
33.44
13.09
-2.938
2.523
6999

957. 11
955. 2
953. 93
952.1
950. 43
951. 38
955. 78
963. 9
974. 98
988. 76
999. 08
1003. 6

1 AT END OF TIME STEP 50

3

6999
124.
122.
116.
110.
106.
100.
89.92
75.2

56. 82
34.34
15.42
-2.348
3.271
3.382

W 00 00 W W w

6999

6999

954. 3
952. 87
950. 83
947. 43
948. 11
952. 46
960. 8
972. 26
986. 82
998.9

4
6999
6999
115. 7
114.1
110.7
109
103.1
93. 04
78.7
61. 04
39.98
20.7
-1.521
3.752
3.692

6999

6999

954. 65
953.21
951. 85
949. 39
950. 69
955.5
963. 65
974. 33
988. 29

6999

967. 69
956. 57
954. 31
954,12
954. 05
956. 15
961. 16
968. 95
979. 03
991. 33

5 6
6999 6999
6999 104.6
115.3 110.7
112.3 109.3
108.9 106.7
106.9 102.8
100.6 95.75
90. 3 78. 84
76.35 70.94
59.97 56.37
40.41 39.17
21.69 21.41
-0.8085-1. 249
4.1 4,189
3.92 4.078

PERI OD

6999

969. 04
958. 95
956. 53
956. 15
956. 75
958. 93
964. 01
972. 17
982. 28
994. 42

7
6999
102.5
105.6
107. 4
104
94.3
91. 95
81.93
69. 43
53. 17
36. 49
17.53
-6.021
2.872
6999

6999

970. 84
961. 32
959. 16
957.72
958. 08
959. 18
965. 44
975. 98
987. 28
999. 87

6999

8

6999
100. 3
100. 8
102.9
101.1
96. 92
96. 32
84. 46
66. 92
50. 32
33.73
13.59
-2.458
-3.705
6999

6999

6999

6999

962. 39
958. 99
959. 28
964. 48
972.57
983. 18
994. 43

10

6999
6999
6999
6999
962. 29
972.13
6999
6999
6999
998.9

1005. 59 6999
1001. 41 1004. 79 1008. 84 1016. 81 1021. 67 6999
1009. 02 1014. 46 1019. 11 1026. 02 1032. 59 1033. 83 6999
1001. 48 1005. 73 1009. 95 1014. 8 1019. 81 1026. 63 1033. 88 1038. 29 6999
1008. 52 1011. 41 1015. 18 1018. 32 6999

6999

9
6999
6999
6999
103. 7
106. 7
102.6
92.02
77.83
60. 82
44.87
30.11
12. 63
2.273
-3.288
6999

6999

I N STRESS PERI CD

10

6999
6999
6999
6999
105.8
93. 47
6999
6999
6999
42.7
6999
6999
6999
6999
6999
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END COF TIME STEP 50 IN STRESS PERROD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I'N: I N:
STORAGE = 29082671104. 0000 STORAGE = 3. 5675
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
ET = 0. 0000 ET = 0. 0000
HEAD DEP BOUNDS =  400886208. 0000 HEAD DEP BOUNDS = 0. 2551
RECHARGE = 2830322944. 0000 RECHARGE = 1. 7937
STREAM LEAKAGE = 73628254208. 0000 STREAM LEAKAGE = 59. 4424
TOTAL | N =105942130688. 0000 TOTAL IN = 65. 0586
QUT: QUT:
STORAGE =  248198192. 0000 STORAGE = 7. 0237E- 02
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 78894014464. 0000 VELLS = 50. 0000
ET = 22488731648. 0000 ET = 13. 4346
HEAD DEP BOUNDS =  294776608. 0000 HEAD DEP BOUNDS = 0. 1833
RECHARGE = 0. 0000 RECHARGE = 0. 0000
STREAM LEAKAGE = 4022330112. 0000 STREAM LEAKAGE = 1. 3757
TOTAL OUT =105948053504. 0000 TOTAL QUT = 65. 0639
IN - OQUT = -5922816. 0000 IN - OQUT = -5.2338E-03
PERCENT DI SCREPANCY = -0.01 PERCENT DI SCREPANCY = -0.01
Gage output file for segment 6 Reach 7
Time Stage Flow Depth Width M-P Flow Cond. HeadDiff Hyd.Grad
31558000 1027.2 26.848 | 1.274 12 26.817 0.24 -0.13069 -0.04356
63115000 1027.3 29.743 | 1.3548 12 29.712 0.24 -0.13124 -0.04375
94673000 1027.3 32.177 | 1421 12 32.203 0.24 0.10896 0.036321
126230000 1027.3 32.154 | 1.4207 12 32.203 0.24 0.20461 0.068202
157790000 1027.3 32.136 | 1.4205 12 32.203 0.24 0.28021 0.093405
189350000 1027.3 32.12 1.4203 12 32.203 0.24 0.34675 0.11558
220900000 1027.3 32.105 | 1.4201 12 32.203 0.24 0.40768 0.13589
252460000 1027.3 32.092 | 1.4199 12 32.203 0.24 0.46341 0.15447
284020000 1027.3 32.079 | 1.4197 12 32.203 0.24 0.51491 0.17164
315580000 1027.3 32.068 | 1.4196 12 32.203 0.24 0.56303 0.18768
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347130000 1027.3 32.057 | 1.4194 12 32.203 0.24 0.60787 0.20262
378690000 1027.3 32.047 | 1.4193 12 32.203 0.24 0.64965 0.21655
410250000 1027.3 32.037 | 1.4192 12 32.203 0.24 0.69087 0.23029
441810000 1027.3 32.028 | 1.4191 12 32.203 0.24 0.73051 0.2435

473360000 1027.3 32.019 | 1.4189 12 32.203 0.24 0.76788 0.25596
504920000 1027.3 32.01 1.4188 12 32.203 0.24 0.80292 0.26764
536480000 1027.3 32.002 | 1.4187 12 32.203 0.24 0.83572 0.27857
568040000 1027.3 31.995 | 1.4186 12 32.203 0.24 0.86657 0.28886
599590000 1027.3 31.988 | 1.4185 12 32.203 0.24 0.89563 0.29854
631150000 1027.3 31.982 | 1.4184 12 32.203 0.24 0.92285 0.30762
662710000 1027.3 31.975 | 1.4184 12 32.203 0.24 0.94841 0.31614
694270000 1027.3 31.97 1.4183 12 32.203 0.24 0.9726 0.3242

725830000 1027.3 31.964 | 1.4182 12 32.203 0.24 0.99527 0.33176
757380000 1027.3 31.959 | 1.4181 12 32.203 0.24 1.0167 0.3389

788940000 1027.3 31.954 | 1.4181 12 32.203 0.24 1.037 0.34566
820500000 1027.3 31.95 1.418 12 32.203 0.24 1.0561 0.35202
852060000 1027.3 31.945 | 1.418 12 32.203 0.24 1.0741 0.35804
883610000 1027.3 31.941 | 1.4179 12 32.203 0.24 1.0911 0.36371
915170000 1027.3 31.937 | 1.4179 12 32.203 0.24 1.1074 0.36912
946730000 1027.3 31.934 | 1.4178 12 32.203 0.24 1.1227 0.37423
978290000 1027.3 31.93 1.4178 12 32.203 0.24 1.1371 0.37903
1009800000 | 1027.3 31.927 | 1.4177 12 32.203 0.24 1.1508 0.38361
1041400000 | 1027.3 31.924 | 1.4177 12 32.203 0.24 1.1639 0.38796
1073000000 | 1027.3 31.921 | 1.4176 12 32.203 0.24 1.1761 0.39204
1104500000 | 1027.3 31.918 | 1.4176 12 32.203 0.24 1.1878 0.39595
1136100000 | 1027.3 31.915 | 1.4176 12 32.203 0.24 1.1989 0.39965
1167600000 | 1027.3 31.913 | 1.4175 12 32.203 0.24 1.2094 0.40313
1199200000 | 1027.3 31.91 1.4175 12 32.203 0.24 1.2194 0.40645
1230700000 | 1027.3 31.908 | 1.4175 12 32.203 0.24 1.2289 0.40963
1262300000 | 1027.3 31.906 | 1.4174 12 32.203 0.24 1.2379 0.41264
1293900000 | 1027.3 31.904 | 1.4174 12 32.203 0.24 1.2463 0.41543
1325400000 | 1027.3 31.902 | 1.4174 12 32.203 0.24 1.2544 0.41813
1357000000 | 1027.3 31.9 1.4174 12 32.203 0.24 1.262 0.42068
1388500000 | 1027.3 31.898 | 1.4173 12 32.203 0.24 1.2693 0.42311
1420100000 | 1027.3 31.897 | 1.4173 12 32.203 0.24 1.2762 0.42541
1451700000 | 1027.3 31.895 | 1.4173 12 32.203 0.24 1.2827 0.42756
1483200000 | 1027.3 31.894 | 1.4173 12 32.203 0.24 1.2889 0.42963
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1514800000 | 1027.3 31.892 | 1.4173 12 32.203 0.24 1.2948 0.4316
1546300000 | 1027.3 31.891 | 1.4172 12 32.203 0.24 1.3003 0.43344
1577900000 | 1027.3 31.89 1.4172 12 32.203 0.24 1.3056 0.4352
1609400000 | 1027.3 31.913 | 1.4175 12 32.203 0.24 1.2085 0.40283
1641000000 | 1027.3 31.94 1.4179 12 32.203 0.24 1.0974 0.36579
1672600000 | 1027.3 31.963 | 1.4182 12 32.203 0.24 1.0018 0.33393
1704100000 | 1027.3 31.981 | 1.4184 12 32.203 0.24 0.92334 0.30778
1735700000 | 1027.3 31.997 | 1.4186 12 32.203 0.24 0.85824 0.28608
1767200000 | 1027.3 32.01 1.4188 12 32.203 0.24 0.80282 0.26761
1798800000 | 1027.3 32.022 | 1.419 12 32.203 0.24 0.75454 0.25151
1830300000 | 1027.3 32.032 | 1.4191 12 32.203 0.24 0.71175 0.23725
1861900000 | 1027.3 32.041 | 1.4192 12 32.203 0.24 0.6732 0.2244
1893500000 | 1027.3 32.05 1.4193 12 32.203 0.24 0.63977 0.21326
1925000000 | 1027.3 32.057 | 1.4194 12 32.203 0.24 0.61031 0.20344
1956600000 | 1027.3 32.063 | 1.4195 12 32.203 0.24 0.58327 0.19442
1988100000 | 1027.3 32.069 | 1.4196 12 32.203 0.24 0.55809 0.18603
2019700000 | 1027.3 32.075 | 1.4197 12 32.203 0.24 0.53463 0.17821
2051200000 | 1027.3 32.08 1.4197 12 32.203 0.24 0.51271 0.1709
2082800000 | 1027.3 32.085 | 1.4198 12 32.203 0.24 0.49201 0.164
2114400000 | 1027.3 32.09 1.4199 12 32.203 0.24 0.47271 0.15757
2145900000 | 1027.3 32.094 | 1.4199 12 32.203 0.24 0.45435 0.15145
2177500000 | 1027.3 32.098 | 1.42 12 32.203 0.24 0.43716 0.14572
2209000000 | 1027.3 32.102 | 1.42 12 32.203 0.24 0.42076 0.14025
2240600000 | 1027.3 32.106 | 1.4201 12 32.203 0.24 0.40547 0.13516
2272100000 | 1027.3 32.109 | 1.4201 12 32.203 0.24 0.39141 0.13047
2303700000 | 1027.3 32.112 | 1.4202 12 32.203 0.24 0.37804 0.12601
2335300000 | 1027.3 32.115 | 1.4202 12 32.203 0.24 0.36547 0.12182
2366800000 | 1027.3 32.118 | 1.4203 12 32.203 0.24 0.35391 0.11797
2398400000 | 1027.3 32.121 | 1.4203 12 32.203 0.24 0.34316 0.11439
2429900000 | 1027.3 32.123 | 1.4203 12 32.203 0.24 0.33313 0.11104
2461500000 | 1027.3 32.125 | 1.4203 12 32.203 0.24 0.32362 0.10787
2493100000 | 1027.3 32.127 | 1.4204 12 32.203 0.24 0.31491 0.10497
2524600000 | 1027.3 32.129 | 1.4204 12 32.203 0.24 0.30657 0.10219
2556200000 | 1027.3 32.131 | 1.4204 12 32.203 0.24 0.29873 0.099577
2587700000 | 1027.3 32.133 | 1.4204 12 32.203 0.24 0.2914 0.097132
2619300000 | 1027.3 32.135 | 1.4205 12 32.203 0.24 0.2845 0.094832
2650800000 | 1027.3 32.136 | 1.4205 12 32.203 0.24 0.27812 0.092706
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2682400000 | 1027.3 32.138 | 1.4205 12 32.203 0.24 0.27199 0.090665
2714000000 | 1027.3 32.139 | 1.4205 12 32.203 0.24 0.26634 0.088781
2745500000 | 1027.3 32.14 1.4205 12 32.203 0.24 0.26093 0.086975
2777100000 | 1027.3 32.142 | 1.4206 12 32.203 0.24 0.25587 0.08529
2808600000 | 1027.3 32.143 | 1.4206 12 32.203 0.24 0.25117 0.083723
2840200000 | 1027.3 32.144 | 1.4206 12 32.203 0.24 0.24674 0.082246
2871700000 | 1027.3 32.145 | 1.4206 12 32.203 0.24 0.24263 0.080878
2903300000 | 1027.3 32.146 | 1.4206 12 32.203 0.24 0.23876 0.079586
2934900000 | 1027.3 32.147 | 1.4206 12 32.203 0.24 0.235 0.078333
2966400000 | 1027.3 32.147 | 1.4206 12 32.203 0.24 0.23156 0.077188
2998000000 | 1027.3 32.148 | 1.4206 12 32.203 0.24 0.22833 0.076109
3029500000 | 1027.3 32.149 | 1.4207 12 32.203 0.24 0.22528 0.075092
3061100000 | 1027.3 32.15 1.4207 12 32.203 0.24 0.2224 0.074132
3092600000 | 1027.3 32.15 1.4207 12 32.203 0.24 0.21964 0.073215
3124200000 | 1027.3 32.151 | 1.4207 12 32.203 0.24 0.21717 0.072392
3155800000 | 1027.3 32.152 | 1.4207 12 32.203 0.24 0.21481 0.071602

Gage Output file for Segment 3 Reach 1

STREAM SEGVENT

Ti me
. 1558E+07
. 3115E+07
. 4673E+07
. 2623E+08
. 5779E+08
. 8935E+08
. 2090E+08
. 5246E+08
. 8402E+08
. 1558E+08
. 4713E+08
. 7869E+08
. 1025E+08
. 4181E+08
. 7336E+08
. 0492E+08

a ~ b B W W W DNDNMDNPRP PP OO W

P R R R R R R R R R R R R R R BR

3 I'S DI VERTED FROM SEGVENT

St age

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

Max.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Rat e

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

1 DIVERSION TYPE I S | PRIOR OF
Rate Diverted

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1. 0O000E+01

Upst ream Fl ow
. 0981E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01

N N N N N DN DN DN DN DNDNDNDDNDDNDDNDDNDN
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R R R R R R R R R R R R R R R R PR R R R R R RO O©O®O®O®ON-SN-NOO OO OO oo o

. 3648E+08
. 6804E+08
. 9959E+08
. 3115E+08
. 6271E+08
. 9427E+08
. 2583E+08
. 5738E+08
. 8894E+08
. 2050E+08
. 5206E+08
. 8361E+08
. 1517E+08
. 4673E+08
. 7829E+08
. 0098E+09
. 0414E+09
. 0730E+09
. 1045E+09
. 1361E+09
. 1676E+09
. 1992E+09
. 2307E+09
. 2623E+09
. 2939E+09
. 3254E+09
. 3570E+09
. 3885E+09
. 4201E+09
. 4517E+09
. 4832E+09
. 5148E+09
. 5463E+09
. S7T79E+09
. 6094E+09
. 6410E+09
. 6726E+09
. 7T041E+09
. 7357E+09

P R R R R R R R R R R PR R R PR R R PR R R R R R R R R R R R PRPRRPRRPRPRRRER R R R PR

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

R R R R R R R R R R R R P R R R R R R PR R R R RRPR R R R R R R R R R RR R PR

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R PR R R R R R R PR R R R RRPR R R R R R R RRRRR PR PR

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

N N N N N DN DN DN DN DN DN DD DN DN DN DNDNDNDDNDNDDNDDNDNDDNDNDDNDNDDNDDNDDNDDNDDNDDNDNDDNDDNDNDDNDNDDNDDNDNDNDNDNDDN

. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
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N N N N N DN DN DN DN DN DN DD DN DNDNDNDNDNDNDDNDNDNDNDDNDNDDNDNDNDNDNDNDDNDDNDMDNDDNDMDNDMDNNMNDNDEPE P P P PP PP

. 7672E+09
. 7988E+09
. 8303E+09
. 8619E+09
. 8935E+09
. 9250E+09
. 9566E+09
. 9881E+09
. 0197E+09
. 0512E+09
. 0828E+09
. 1144E+09
. 1459E+09
. 1775E+09
. 2090E+09
. 2406E+09
. 2721E+09
. 3037E+09
. 3353E+09
. 3668E+09
. 3984E+09
. 4299E+09
. 4615E+09
. 4931E+09
. 5246E+09
. 5562E+09
. 5877E+09
. 6193E+09
. 6508E+09
. 6824E+09
. 7T140E+09
. T455E+09
. 7T7T71E+09
. 8086E+09
. 8402E+09
. 8717E+09
. 9033E+09
. 9349E+09
. 9664E+09

P R R R R R R R R R PR R R R R R R R R R R R R R R R R R R PRPRRPR R PR RRER R R R PR

. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03
. 0759E+03

R R R R R R R R R R R R P R R R R R R PR R R R RRPR R R R R R R R R R RR R PR

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

R R R R R R R R R R R R PR R R R R R R PR R R R RRPR R R R R R R RRRRR PR PR

. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01
. 0000E+01

N N N N N DN DN DN DN DN DN DD DN DN DN DNDNDNDDNDNDDNDNDNDDNDDNDNDNDDNDDNDDNDDNDDNDDNDNDDNDDNDDNDNDDNDNDNDNDDNDNDNDDN

. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
. 4398E+01
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2. 9980E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01
3. 0295E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01
3. 0611E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01
3. 0926E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01
3. 1242E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01
3. 1558E+09 1. 0759E+03 1. 0000E+01 1. 0000E+01 2. 4398E+01

Contour of drawdown at time step 50 stress period 1

Figure 1.16

1.5 Results: In the output file created, besides the voluméiuidget for the entire model, the volumetric

budget for the unsaturated zone is also creat&#FRR2 package. The biggest difference in the
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volumetric budget in SFR2 package is that the mflo aquifer and outflow from aquifer due to stream
leakage is smaller in SFR2 package than in SFRRag&c This is because, unlike SFR1 package,
seepage loss from the stream may be restricteldeblgydraulic conductivity of the unsaturated zone
(Niswonger and Prudic, 2006). The contour of draml@dFigure 1.16) shows that drawdown is
maximum in the vicinity of first segment insteadb&ing maximum at the vicinity of the wells (as in
SFR1 package, Figure 1.14). As in SFR1 packagesahurs of drawdown in SFR2 were expected to
be centralized around the locations of well, big Was not achieved. Therefore, a sensitivity asialy
was done to see what could have possibly causetfalmelown to occur more in the vicinity of first
segment than near the vicinity of the wells. Thaesgerity analysis was done by keeping the Satudrate
Hydraulic conductivity (in LPF package) and spexifield constant all over the cells, and changing
saturated water conter®g), Brooks and Corey exponent, and unsaturatedabiidrconductivity of the

unsaturated beneath the stream.

1.5.1 Sensitivity analysis:

Case 1: As a first test, the saturated hydraulic condutgti\Ks (in the LPF package) was kept equal to
2*10° ft/sec and Specific yield (Sy) was kept equal Bfor all of the cells. The unsaturated hydraulic
conductivity of the unsaturated zone (K) was alsptlequal to 218 ft/sec as well. The saturated water
content ©s) was kept equal to 0.35, initial water contén) (o 0.25, and Brooks and Corey exponent
was kept equal to 3.5. The output form the simatais as shown below (only volumetric budget and

drawdown are shown):

VOLUMETRI C BUDGET FCR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP 50 STRESS
PERICD 1

CUMULATI VE VOLUMES L**3 RATES FOR TH' S TI ME STEP L**3/ T
STREAM LOSS = 54599241728. 0000 STREAM LGSS = 35. 0000
CHANCE | N STORAGE = 1904264. 0000 CHANCE | N STORAGE = 2. 2276E- 04
RECHARCE TO GW = 54586896384. 0000 RECHARCE TO GW = 34.9930
TOTAL I N = 54599241728. 0000 TOTAL IN = 35. 0000
TOTAL QUT = 54588801024. 0000 TOTAL QUT = 34. 9932
IN - QUT = 10440704. 0000 IN - QUT = 6. 7558E- 03

PERCENT DI SCREPANCY = 0.00 PERCENT DI SCREPANCY = 0. 00
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DRAWDOWN | N LAYER

1 2
25.35 31.8
35.67 39.89
6999 45.33
45.65 45.03
4497 44.17
43.87 43.47
43.01 42.13
6999 38.96
6999 33.89
6999 26.69
6999 17.47
3.083 7.341
-8.084 -3.325
6999

1 AT END OF TIME STEP 50 IN STRESS PERI OD 1

3 4 5 6 7

6999 6999
43.44 6999
45.48 40.17
44.87 42.43
43.67 43.05
43.75 45.28
42.69 4491
39.92 42.44
34.99 37.65
27.72 30.44
17.96 20.2

9.137 10.85

-3.058 -2.625 -2.151 -2.857 -6.7B222 3.6
1.445 2.073 2.603 2.987 3.174 2.668 -223F5 6999

6999 6999
6999 42.26
41 37.92
40.38 37.86
41.61 39.32
43.98 39.96
43.4 38.53
40.66 28.99
35.76 30.01
28.95 25.01
19.42 17.55
10.6 9.767

8 9 10
6999 6999 69999 699
41.16 40.569 69999
34.64 31.99 6%EHD9
36.81 32.5/063 6999
36.11 31.5% 3 35.61
30.07 29.24033 36.08
32.73 34.62/433%999
30.61 32.00530999
28.07 26.69425%999
21.43 20.0%482 22.16
14.44 14.08414999
5.908 6.042658 6999
6999

6999 6999 2.801 3.129 3.377 3.572 6999 6999 6D

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 50 IN STRESS PERIOD 1

STORAGE
CONSTANT HEAD
WELLS

ET

HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL I N

QUT:

STORAGE
CONSTANT HEAD
WELLS

ET

HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

15530801152.
0.

0.

0.
420421568.
2830322944.
98706481152.

=117488025600.

318310816.

0.
78894014464.
25113212928.
310513024.
0.
12861438976.

RATES FOR THI S TI ME STEP L**3/ T
I N:
0000 STORAGE = 1.3237
0000 CONSTANT HEAD = 0. 0000
0000 VEELLS = 0. 0000
0000 ET = 0. 0000
0000 HEAD DEP BOUNDS = 0. 2679
0000 RECHARGE = 1.7937
0000 STREAM LEAKAGE = 67.4243
0000 TOTAL IN = 70. 8097
QUT:
0000 STORAGE = 0. 0000
0000 CONSTANT HEAD = 0. 0000
0000 VEELLS = 50. 0000
0000 ET = 14. 8706
0000 HEAD DEP BOUNDS = 0. 1932
0000 RECHARGE = 0. 0000
0000 STREAM LEAKAGE = 5. 7537
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TOTAL QUT =117497487360. 0000 TOTAL QUT = 70. 8175
IN - QUT = -9461760. 0000 IN - QUT = -7.7820E-03
PERCENT DI SCREPANCY = -0.01 PERCENT DI SCREPANCY = -0.01

Figure 1.17: Contour of drawdown at time step 56sst period 1 (Case 1)
Case 2: This case is similar to case 1 except that the Br@md Corey exponent was changed to 7. Ks,

K, S, ©s, 6; are as in case 1. There was not any significaari@ in the volumetric budgets and

drawdown, as can be seen from the output fromithelation as shown below:
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VOLUMETRI C BUDGET FOR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP 50 STRESS PERI OD

CUMULATI VE VOLUMES L**3 RATES FOR TH' S TI ME STEP L**3/ T
STREAM LOSS = 54599147520. 0000 STREAM LGSS = 35. 0000
CHANGE | N STCORAGE = 3799374. 2500 CHANGE | N STORAGE = 3. 9870E- 04
RECHARCE TO GW = 54584885248. 0000 RECHARCE TO GW = 34.9929
TOTAL I N = 54599147520. 0000 TOTAL IN = 35. 0000
TOTAL QUT = 54588686336. 0000 TOTAL QUT = 34. 9933
IN - QUT = 10461184. 0000 IN - QUT = 6. 7406E- 03

PERCENT DI SCREPANCY = 0.00 PERCENT DI SCREPANCY = 0. 00

DRAWDOWN IN LAYER 1 AT END OF TIME STEP 50 IN SRESS PERIOD 1

1 2 3 4 5 6 7 8 9 10
25.35 31.8 6999 6999 6999 6999 6999 6999 69999 699
35.67 39.9 43.44 6999 6999 42.26 41.16 40.56 6%HDO
6999 45.33 45.49 40.18 41.01 37.92 34.64 31.9996%999
45.65 45.03 44.87 42.43 40.38 37.86 36.81 32.5363 6999
4497 44.17 43.67 43.05 41.61 39.32 36.11 31.5% 3 35.61
43.87 43.47 43.75 45.28 43.98 39.96 30.07 29.44033 36.08
43.01 42.13 42.69 4491 43.4 38.53 32.74 34.627433%999
6999 38.96 39.92 42.44 40.66 28.99 30.62 32.089530999
6999 33.89 34.99 37.65 35.76 30.01 28.07 26.6942%999
10 6999 26.69 27.72 30.44 28.95 25.01 21.43 20.0%482 22.16
11 6999 17.47 17.96 20.2 19.42 17.55 14.44 14.08B414999
12 3.083 7.341 9.138 10.85 10.6 9.767 5.908 6.042668 6999
13 -8.084 -3.325 -3.058 -2.625 -2.151 -2.857 -6.78222 3.6 6999
14 6999 1.445 2.073 2.603 2.987 3.174 2.668 -2:236 6999
15 6999 6999 2.801 3.129 3.377 3.572 6999 6999 6D

OCoOoO~NOOOITPAWNPE
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP 50 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI' S TI ME STEP L**3/ T
I N: I N:
STORAGE = 15531058176. 0000 STORAGE = 1. 3232
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
ET = 0. 0000 ET = 0. 0000
HEAD DEP BOUNDS = 420421888. 0000 HEAD DEP BOUNDS = 0. 2679
RECHARGE = 2830322944. 0000 RECHARGE = 1.7937
STREAM LEAKAGE = 98705571840. 0000 STREAM LEAKAGE = 67.4245
TOTAL I N =117487378432. 0000 TOTAL IN = 70. 8094
QUT: QUT:
STORAGE = 318297248. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 78894014464. 0000 VELLS = 50. 0000
ET = 25113006080. 0000 ET = 14. 8706
HEAD DEP BOUNDS = 310512000. 0000 HEAD DEP BOUNDS = 0. 1932
RECHARGE = 0. 0000 RECHARGE = 0. 0000
STREAM LEAKAGE = 12861056000. 0000 STREAM LEAKAGE = 5.7535
TOTAL OUT =117496889344. 0000 TOTAL QUT = 70.8173
IN - OQUT = -9510912. 0000 IN - QUT = -7.8888E-03
PERCENT DI SCREPANCY = -0.01 PERCENT DI SCREPANCY = -0.01

Case 3. This case is also similar case 1 except that thel&rand Corey exponent was changed to
1.75. Ks, K, SyPs, Oi are as in case 1. There was not any significhange in the volumetric budgets

and drawdown, as can be seen from output fromithelation as shown below:

VOLUVETRI C BUDGET FOR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP 50 STRESS
PERICD 1

CUMULATI VE VOLUMES L**3 RATES FOR TH' S TI ME STEP L**3/ T
STREAM LOSS = 54599217152. 0000 STREAM LGCSS = 35. 0000
CHANCE | N STORAGE = 291651. 6562 CHANCE | N STORAGE = 6. 9901E- 05
RECHARGE TO GW = 54588682240. 0000 RECHARGE TO GW = 34. 9932
TOTAL I N = 54599217152. 0000 TOTAL IN = 35. 0000
TOTAL QUT = 54588973056. 0000 TOTAL QUT = 34.9932
IN - QUT = 10244096. 0000 IN - QUT = 6. 7749E- 03

PERCENT DI SCREPANCY = 0.00 PERCENT DI SCREPANCY = 0. 00
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DRAWDOWN | N LAYER

1 2
1 25.35 31.8
2 35.67 39.89
3 6999 45.33
4 45.65 45.03
5 4497 44.17
6 43.87 43.47
7 43.01 42.13
8 6999 38.96
9 6999 33.89
10 6999 26.69
11 6999 17.47
12 3.083 7.341
13 -8.084 -3.325
14 6999
15

1 AT END OF TIME STEP 50 IN STRESS PERI OD 1

3

6999

43.43
45.48
44.87
43.67
43.75
42.68
39.92
34.99
27.72
17.96
9.137

-3.058

4

6999
6999
40.17
42.43
43.05
45.28
44.91
42.43
37.65
30.43
20.2
10.85

-2.625 -2.151 -2.857 -6.78222 3.6
1.445 2.073 2.603 2.987 3.174 2.668 -2:23Fb 6999
6999 6999 2.801 3.128 3.377 3.572 6999 6999 6D

5

6

6999
6999
41
40.37
41.61
43.98
43.4
40.66
35.76
28.95
19.42
10.6

7

6999

42.26
37.92
37.86
39.32
39.96
38.53
28.99
30.01
25.01
17.55
9.767

8
6999
41.16
34.64
36.81
36.11
30.06
32.73
30.61
28.07
21.43
14.44
5.908

9 10
6999 69999 699
40.569 6BD99
31.99 6%EHD9
32.5063 6999
31.5% 3 35.61
29.44033 36.08
34.627433%999
32.080530%6999
26.6942%999
20.0482 22.16
14.08B414999
6.042658 6999
6999

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END CF TI ME STEP 50 I N STRESS PERI OD

STORAGE
CONSTANT HEAD
VEELLS

ET

HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL I N
QuUT:

STORAGE =
CONSTANT HEAD =
VELLS =

ET =

HEAD DEP BOUNDS =
RECHARGE =
STREAM LEAKAGE =

15530553344. 0000

0. 0000
0. 0000
0. 0000

420421312. 0000

2830322944. 0000
98707202048. 0000

=117488500736. 0000

318320960. 0000

0. 0000

78894014464. 0000
25113391104. 0000

310513568. 0000

0. 0000

12861798400. 0000

TOTAL OUT =117498036224. 0000
- 9535488. 0000

IN - QUT =
PERCENT DI SCREPANCY =

-0.01

STORAGE
CONSTANT HEAD
VEELLS

ET

HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL I N
QUT:

STORAGE =
CONSTANT HEAD =
VEELLS =

ET =

HEAD DEP BOUNDS =
RECHARGE =
STREAM LEAKAGE =

TOTAL OUT
IN - QUT =
PERCENT DI SCREPANCY

. 3242
. 0000
. 0000
. 0000
. 2679
. 7937
. 4244

. 8102

0. 0000
0. 0000

50.
14.

0000
8707

0. 1932
0. 0000
5. 7538

70.
-7.423

8176
4E- 03
-0.01
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Case 4: This case is also similar to case 1 except thasahgrated water conter@@g) was kept equal to
0.45. Ks, K, Sy9Qi, Brooks and Corey exponent are as in case 1.€luas not any significant change
in the volumetric budgets and drawdown as can ba 8em the output from the simulation as shown
below:

VOLUVETRI C BUDGET FCR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP 50 STRESS
PERICD 1

CUMULATI VE VOLUMES L**3 RATES FOR TH' S TI ME STEP L**3/ T

STREAM LGSS 54599180288. 0000 STREAM LGSS 35. 0000

CHANGE | N STCORAGE z 2348010. 2500 CHANGE | N STORAGE z 2. 2273E-04
RECHARGE TO GW = 54586437632. 0000 RECHARGE TO GW = 34. 9930
TOTAL I N = 54599180288. 0000 TOTAL IN = 35. 0000
TOTAL QUT = 54588784640. 0000 TOTAL QUT = 34.9933
IN - QUT = 10395648. 0000 IN - QUT = 6. 7444E- 03

PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00

DRAVWDOWN I N LAYER 1 AT END OF TIME STEP 50 IN STRESS PERI CD 1

1 2 3 4 5 6 7 8 9 10
25.35 31.8 6999 6999 6999 6999 6999 6999 69999 699
35.67 39.89 43.44 6999 6999 42.26 41.16 40.569 6%ED99
6999 45.33 45.48 40.17 41 37.92 34.64 31.99 6%ED9
45.65 45.03 44.87 42.43 40.38 37.86 36.81 32.5/063 6999
4497 44.17 43.67 43.05 41.61 39.32 36.11 31.5% 3 35.61
43.87 43.47 43.75 45.28 43.98 39.96 30.07 29.44033 36.08
43.01 42.13 42.69 44.91 43.4 38.53 32.73 34.627433%999
6999 38.96 39.92 42.44 40.66 28.99 30.61 32.089530B999
6999 33.89 34.99 37.65 35.76 30.01 28.07 26.69425%999
10 6999 26.69 27.72 30.44 28.95 25.01 21.43 20.0%482 22.16
11 6999 17.47 17.96 20.2 19.42 17.55 14.44 14.08B414999
12 3.083 7.341 9.137 10.85 10.6 9.767 5.908 6.042658 6999
13 -8.084 -3.325 -3.058 -2.625 -2.151 -2.857 -6.78222 3.6 6999
14 6999 1.445 2.073 2.603 2.987 3.174 2.668 -2:235 6999
15 6999 6999 2.801 3.129 3.377 3.572 6999 6999 6D

O©CoOoO~NOOITPA~WNBE
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP 50 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N: I N:
STORAGE = 15530771456. 0000 STORAGE = 1.3237
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
ET = 0. 0000 ET = 0. 0000
HEAD DEP BOUNDS = 420421664. 0000 HEAD DEP BOUNDS = 0. 2679
RECHARGE = 2830322944. 0000 RECHARGE = 1.7937
STREAM LEAKAGE = 98706268160. 0000 STREAM LEAKAGE = 67.4243
TOTAL I N =117487788032. 0000 TOTAL IN = 70. 8097
QUT: QUT:
STORAGE = 318284480. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 78894014464. 0000 VELLS = 50. 0000
ET = 25113137152. 0000 ET = 14. 8706
HEAD DEP BOUNDS = 310512288. 0000 HEAD DEP BOUNDS = 0. 1932
RECHARGE = 0. 0000 RECHARGE = 0. 0000
STREAM LEAKAGE = 12861330432. 0000 STREAM LEAKAGE = 5. 7537
TOTAL OUT =117497282560. 0000 TOTAL QUT = 70. 8175
IN - OQUT = -9494528. 0000 IN - QUT = -7.8049E-03
PERCENT DI SCREPANCY = -0.01 PERCENT DI SCREPANCY = -0.01

Case5: This case is similar to case 1 except that theturetad hydraulic conductivity (K) of the
unsaturated zone beneath the stream was change@t16° ft/ sec as in section 1.4.1. K8s , Sy,0i,
Brooks and Corey exponent are as in case 1. Now thas a significant difference in the volumetric
budget, stream loss & gain, and drawdown in thie s can be seen from the output file as shown

below:
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VOLUVETRI C BUDGET FOR UNSATURATED ZONE BENEATH STREAMS AT END OF TIME STEP
PERICD 1

STREAM LGSS
CHANGE I N STORAGE

RECHARCGE TO GW

TOTAL I N

TOTAL QUT

IN - QUT

PERCENT DI SCREPANCY

DRAWDOWN | N LAYER

OCoOoO~NOUIDWNPE

1
73.51
89.4
6999
98.68
94.99
90.38
86.47
6999
6999
6999
6999
6.776

2 3

85.59
114.4
109.1
101.2
95.14
89.91
83.81
74.22
61.96
47.6

31.14
13.7

-7.879 -2.924

L**3

4394316288. 0000

22404116. 0000
4371885056. 0000
4394316288. 0000

4394289152. 0000

27136. 0000

0.00

RATES FOR TH' S TI ME STEP L**3/ T
STREAM LGSS = 2.7969
CHANCE | N STORAGE = 2.5321E-03
RECHARCE TO GW = 2.7944
TOTAL IN = 2.7969
TOTAL QUT = 2.7969
IN - QUT = -7.1526E- 07

PERCENT DI SCREPANCY = 0. 00

1 AT END OF TIME STEP 50 IN STRESS PERI OD 1

6999
110.5
107.6
101.1
94.88
90.18
84.02
75.14
63.27
48.97
32.27
16.65
-2.386

4

5

6999
6999
100.2
98.04
94.1
91.91
86.45
77.93
66.23
51.99
34.86
18.77

-1.783 -1.195

6

6999
6999
99.72
95.94
92.62
90.63
84.98
76.17
64.47
50.8
34.36
18.65

7

6999
98.7
95.96
92.86
90.54
86.94
80.49
64.94
59
46.79
32.41
17.72

8
6999
97.26
92.24
91.9
88.11
78.35
76.31
67.48
56.76
42.65
28.74
13.17

9 10
6999 69999 69
96.18 6BHH9
88.9 96%DI9
88.8155916999
85.2 919(01.69
80.6%88 88.21
79.84677 6999
69.2 7766999
54.75 52969
40.982839%0.67
27.7.35216999
13.66411 6999

-1.774 -6.2b533 5.812 6999
6999 1.996 2.782 3.417 3.869 4.042 3.271 -2:Q0809 6999
6999 6999 3.548 3.932 4.225 4.426 6999 6999 6%E®9

50 STRESS
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END COF TIME STEP 50 IN STRESS PERROD 1

I N:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

33797984256.
0.

0.

0.
426072640.
2830322944.
72247271424.

=109301653504.

271186112.
0.
78894014464.
23097933824.
304983616.
0.
6740577280.

=109308698624.

= -7045120.

= - 0.

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000

0000

0000

01

I N:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

3. 9455
0. 0000
0. 0000
0. 0000
0.2733
1. 7937
9. 5106

65. 5231

6. 0046E- 02
0. 0000

50. 0000
13. 4633

0. 1854

0. 0000

1. 8206

65. 5294
-6. 2332E- 03

-0.01
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Figure 1.18: Contour of drawdown at time stepsifess period 1 (case 5)

Case 6: From the above five cases, it was learned thatib& important parameter affecting the
volumetric budget and heads in the cell was thatumated hydraulic conductivity. In case 5, althwoitg
was seen that changing the unsaturated hydraulidumbivity makes a difference in the water budget
and heads in the cell, the cone of depression fmaxi drawdown) still could not be achieved near well
locations. So it was tested wheather the stressedadue to pumping of the wells is not sufficient
enough to create a cone of depression around tBime drawdown in case 1 (Figure 1.17) shows a
more realistic state, this case was again simylétgtthis time doubling the pumping rate, i.e.mping

equal to -10 cfs for each of the wells. Since tregeeten wells the total pumping equals to -100 cfs
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Finally this same case was simulated using the SféRlkage as well to compare how different the
drawdown would be. The contours of drawdown andimatric budget for the entire model are the

same and there seem to be no significant differérgerre 1.19 and 1.20).

Outputs for Case 6 using SFR2 package

VOLUMETRI C BUDGET FOR UNSATURATED ZONE BENEATH STREAMS AT END OF TI ME STEP 50 STRESS PERI OD

CUMULATI VE VOLUMES L**3 RATES FOR TH' S TI ME STEP L**3/ T
STREAM LOSS = 55075794944. 0000 STREAM LGSS = 35. 1982
CHANGE | N STCORAGE = 4992201. 5000 CHANGE | N STORAGE = 6. 7139E- 04
RECHARCE TO GW = 55058694144. 0000 RECHARCE TO GW = 35. 1894
TOTAL I N = 55075794944. 0000 TOTAL IN = 35. 1982
TOTAL QUT = 55063687168. 0000 TOTAL QUT = 35.1901
IN - QUT = 12107776. 0000 IN - QUT = 8. 0757E- 03

PERCENT DI SCREPANCY

0.01 PERCENT DI SCREPANCY

0.01

DRAVWDOWN | N LAYER 1 AT END OF TIME STEP 50 IN STRESS PERI CD 1

1 2 3 4 5 6 7 8 9 10
4763 66.36 6999 6999 6999 6999 6999 6999 6999 99 69
70.33 86.05 93.83 6999 6999 93.72 92 90.79 699999 6
6999 96.95 98.77 94.07 94.8 90.85 86.59 83.09 969%999
99.21 99.09 99.8 97.8 95.29 91.72 89.3 82.82 @85.5999
99.59 100 100.4 100.6 98.48 94.01 88.7 81.71 183.99.78
99.36 100.1 1019 106.5 104 95.26 82.23 79.7 833.81.9
98.45 97.89 100.1 106 1029 92.37 83.11 83.36 4830.6999
6999 90.56 93.52 100 96.17 78.77 76.99 76.49 72.8999
6999 78.08 81.28 87.75 84.04 73.1 67.68 63.56 659.6999
10 6999 61.08 64.04 69.92 67.48 59.37 52.66 49.06.044 47.3
11 6999 40.33 425 4593 45 41.42 36.23 33.83 32.6299
12 9.423 18.1 2206 2458 2426 2271 17.34 16.48.481 6999
13 -7.472 -2.385 -1.655 -0.9343 -0.3114 -0.898B23. -1.346 6.751 6999
14 6999 2.635 3.526 4.221 4.678 4.772 3.74 -1.738744 6999
15 6999 6999 4.31 4.717 5.007 5.172 6999 6999 69EDO9

OCO~NOOOUTA~ WNPE
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 50 IN STRESS PERI OD

I N:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OUT
IN - OUT

PERCENT DI SCREPANCY

35982270464.
0.

0.

0.

429597856.
2830322944.
145079500800.

184321687552.

255778752.

0.
157788028928.
21415413760.
282252320.

0.
4587444736.

184328912896.

- 7225344.

0.

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000

0000

0000

00

I N:
STORAGE
CONSTANT HEAD
VEELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
ET
HEAD DEP BOUNDS
RECHARGE
STREAM LEAKAGE

TOTAL OQUT
IN - OUT

PERCENT DI SCREPANCY

PP OOCOO AN

114.

0.
0.
100.
12.
0.
0.
1.

114.

. 1155
. 0000
. 0000
. 0000
. 2757
. 7937
. 0355

2205

0000
0000
0000
6605
1699
0000
3976

2280

-7.5836E-03

- 0.

01
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Figure 1.19: Contour of drawdown at time step 5@ss period 1 (Case 6, SFR2)
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Outputs for case 6 using SFR1 package

DRAWDOWN I N LAYER 1 AT END OF TIME STEP 50 IN STRESS PERI CD

1 2 3 4 5

1 4763 66.35 6999 6999

2 70.33 86.04 93.82 6999

3 6999 96.93 98.75 94.05
4 99.19 99.07 99.79 97.78

5 99.58 100 100.3  100.6

6 99.34 100.1 1019 106.5

7 98.43 97.88 100.1 106

8 6999 90.55 935 100

9 6999 78.07 8127 87.74
10 6999 61.08 64.04 69.92
11 6999 40.32 425 45.92
12 9422 181 22.05 24.58
13 -7.472 -2385 -1.655 -0.9346
14 6999 2.635 3525 422

15 6999 6999 431 4.716

VOLUMVETRI C BUDGET FOR ENTI RE MODEL

CUMULATI VE VOLUMES L**3
I N:
STORAGE = 35976613888.
CONSTANT HEAD = 0.
VEELLS = 0.
ET = 0.
HEAD DEP BOUNDS = 429595808.
RECHARGE = 2830322944.
STREAM LEAKAGE =145086038016.
TOTAL | N =184322572288.
QUT:

STORAGE = 255778016.
CONSTANT HEAD = 0.
VELLS =157788028928.
ET = 21415862272.
HEAD DEP BOUNDS = 282257152.
RECHARGE = 0.
STREAM LEAKAGE = 4588047872.
TOTAL OUT =184329977856.
IN - OQUT = - 7405568.
PERCENT DI SCREPANCY = 0.

6 7 8 9

10

1

6999 6999 6999 6999 6999 99 69
6999 93.7 9198 90.78 6999999

94.78 90.83 86.57 83.07 9969
95.27 917 89.28  82.81 .1585

9847 9399 88.68 8169 9 83.
104 9524 8221 79.69 5683.
102.8 9236 83.09 83.35 4680.

6999
6999
79.77
81.89
6999

96.16 78.76 76.98 76.47  72.668999

84.03 73.09 67.67 63.55 .6459
6747 59.36 52.65 49.076.034
4499 4142 36.22  33.82 .6232
2426 227 1734 16.43 4718
-0.3117 -0.898882B. -1.346 6.751
4678 4772 3.74 -1.738.744

6999
47.3
6999
6999

6999

6999

5,006 5.172 6999 6999 6998999

AT END OF TIME STEP 50 I N STRESS PERI CD

I'N:
0000 STORAGE =
0000 CONSTANT HEAD =
0000 VEELLS =
0000 ET =
0000 HEAD DEP BOUNDS =
0000 RECHARGE =
0000 STREAM LEAKAGE =
0000 TOTAL IN =
QUT:
0000 STORAGE =
0000 CONSTANT HEAD =
0000 VEELLS =
0000 ET =
0000 HEAD DEP BOUNDS =
0000 RECHARGE =
0000 STREAM LEAKAGE =
0000 TOTAL QUT =
0000 IN - OQUT =
00 PERCENT DI SCREPANCY =

114.

. 1158
. 0000
. 0000
. 0000
. 2757
. 7937
. 0367

. 2220

. 0000
. 0000
100.
12.
0.
0.
1.

0000
6608
1699
0000
3979

2287

-6. 7215E- 03

- 0.

01
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Figure 1.20: Contour of drawdown at time step 5@&ss period 1 (Case 6, SFR1)

1.6 Conclusion: Unsaturated hydraulic conductivity is the mostssiare parameter for the SFR2

package. Random choice of the hydraulic parameatassnot represent the true results after the model
simulation. If applicable, it is best to put thdueof the hydraulic properties that is represeveaif the

aquifer of interest. It is because of the valuermgaturated hydraulic conductivity of the unsatudiat
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zone beneath the stream and the stress caused pusping that causes the cone of depression to

occur somewhere else rather near the well locatisns always expected.
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CHAPTER 2: EVT and ET S1 packages

2.1 Introduction: The Evapotranspiration package is used to simaldtead-dependent flux, distributed

over the top of the model, and specified in uniteogth/time. Within MODFLOW, these rates are
multiplied by the horizontal area of the cells thigh they are applied to calculate the volumetug f
rates (http://water.usgs.gov/nrp/gwsoftware/modf#6@0/MFDOC/index.html?introduction). The EVT
package to simulate evapotranspiration is availmbMODFLOW since its early release. The
Evapotranspiration package (EVT) by McDonald andddagh, 1988, provides a useful method for
simulating evapotranspiration that may be based wore simplified conceptual model of
evapotranspiration, than is warranted by knowleafggctual field conditions (Banta, 2000). The EVT
package simulates evapotranspiration with a silmgbar function, Figure 2.1 (Banta, 2000).

The new Evapotranspiration Segments (ETS1) packbges simulation of evapotranspiration with a
user defined relation between evapotranspiratitmaad hydraulic head (Banta, 2000). This capgbilit
provides a degree of flexibility not supported bg EVT package (Banta, 2000). In the ETS1 package,
the relation of evapotranspiration rate to hyd@bkad is conceptualized as a segmented line betwee
an evapotranspiration surface, defined as the gtevarhere the evapotranspiration rate reaches a
maximum, and an elevation located at an extinadiepth below the evapotranspiration surface, where
the evapotranspiration rate reaches zero (Ban@))2TWhe user supplies input to define as many
intermediate segment endpoints as desired to diéfeeelation of evapotranspiration rate to head
between these two elevations, Figure 2.2 (Ban@)R0 he ETS1 package differs from the EVT
package in that ETS1 package allows the user wfgmesegmented function for the relation of
evapotranspiration rate to depth of head belovEfhesurface in the variable interval (ET surface —
Extinction Depth). The user can specify as manyr&gs as desired to approximate a curve or other
type of relation (Banta, 2000). The input dataBMT package include ET surface elevation, maximum
ET flux rate, and extinction depth. In the EVT pagk, Figure 2.1, when the head is in the variable
interval (ET surface — Extinction Depth), the eviagspiration rate is a simple linear function epth

of the head below the ET surface, such that thpavanspiration rate is the maximum
evapotranspiration rate when the depth is zerotlamévapotranspiration rate is zero when the depth

equals the extinction depth (Banta, 2000).
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Max. ET flux
o] ET, m/day 0.0015

Extinction Depth, m
=

Figure 2.1: Typical graph for Evapotranspiratiochege

In the ETS1 package, the functional relation ofp@ieanspiration rate to head is conceptualized as a
segmented line in the variable interval (Banta,0Uhe segments that determine the shape of the
function in the variable interval are defined btemrmediate points where adjacent segments joiur€ig
2.2 (Banta, 2000). The ends of the segments d@bthand bottom of the variable interval are defibgd
the ET surface, the maximum evapotranspiration eatd the extinction depth respectively (Banta,
2000). For each intermediate point, two values, PXIDd PETM, are entered to define the point (Banta,
2000). PXDP is a proportion (between zero and oh#)e extinction depth, and PETM is a proportion
of the maximum evapotranspiration rate (Banta, 20BR®DP is 0.0 at the ET surface and is 1.0 at the
bottom of the variable interval. PETM is 1.0 at BiE surface and is 0.0 at the bottom of the vaegiabl
interval (Banta, 2000). The input data for ETS1ka@e include ET surface, Maximum ET flux,
Extinction depth, PXDP (ratio of depth of intermegt@i point in the variable interval to total extioat
depth), and PETM (ratio of ET rate of intermediptént in the variable interval to maximum ET flux).
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Max. ET flux
0] ET, m/day 0.0015

o

PETM, PXDP

Extinction Depth, m
[

—e— Et m3/day

Figure 2.2: Typical graph for ETS1 package

2.2 Limitations of EVT and ETS1 packages: The EVT and ETS1 packages become useless when
simulating the unsaturated versions of MODFLOW, Wfackage and MODFLOW-Hydrus package.

But both of them can still be used if simulating timsaturated version SFR2 package.

2.3 Case Study: A very simple case with nine cells, Figure 2.3w#tudied and the results were

compared. In one case, EVT was used, and in thex otise, ETS1 package was used to simulate the
evapotranspiration. The size of each cell was 285nrand all of the cells have a constant top elewvat
of 100 m. All of the nine cells were consideredesve cells. The initial head was kept equal t;98

all cells. A well was kept at the center pumpingdain3/day. The hydraulic conductivity of the cells
were kept equal to a constant value of 0.2496 m/@pgcific yield was kept equal to a constant value
0.28. Recharge of 0.005511 m/day was applied @i the cells. The number of stress periods was
taken equal to 1, with length equal to 180 daysoAhe number of time steps were taken equal to 180

days, so\t=1 day.
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1 1 1
1 1 1
1 1 1
well
Figure 2.3

2.4.1 MODFL OW Execution using EVT package: In order to simulate evapotranspiration using EVT

package the ET surface was kept equal to 100 revieny cell. The maximum evapotranspiration flux at
the surface was kept equal to 0.0015 m/day, aridatixin depth was kept equal to 2 m for every cell,
Figure 2.1. Input to the evapotranspiration (EVatkage is read from the file that is type ‘EVT'tie
name file (Harbaugh and others, 2000). A Name(Filgure 2.4) was created listing all of the inpled
and output files. This version ran successfullypggfoth MODFLOW 2000 and MODFLOW 2005

executable programs.

P testZ.nam - Motepad
# Output files
LIST 9 test2.out
BAS6 75 test2.ba6
LPF 7 testZ../0pft
DIS 8 test2.dis
PCG 13 Ttest2Z2.pcg
ocC 14 test’Z2.oc
WEL 16 test2.wel
RCH 15 test2Z2.rch
evt 17 test2.levt
Figure 2.4
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2.4.2 Output From Simulation: A MODFLOW output file will be created after theraulation with the

name of output file as specified in name file. Degirg upon the options specified in the output uint

file, the volumetric budget of entire model, heaais] drawdown will be printed at desired time steps

and stress periods in this output file. A samplewput file is as shown below.

HEAD IN LAYER 1 AT END OF TI ME STEP 180 I N STRESS PERI OD 1

1 2 3
98.09 98.09 98. 09
98.09 98.05 98.09
98.09 98.09 98. 09

WN P

DRAWDOWN I N LAYER 1 AT END OF TI ME STEP 180 IN STRESS PERI OD 1

1 2 3
1 -3.095 - 3. 086 -3.095
2 - 3. 086 -3. 049 - 3. 086
3 -3.095 - 3. 086 -3.095

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N: I N:
STORAGE = 0. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
ET = 0. 0000 ET = 0. 0000
RECHARGE = 5579. 8877 RECHARGE = 30. 9994
TOTAL IN = 5579. 8877 TOTAL IN = 30. 9994
QUT: QUT:
STORAGE = 4859. 7773 STORAGE = 26. 6445
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 720. 0000 WELLS = 4. 0000
ET = 1.1179 ET = 0. 3610
RECHARGE = 0. 0000 RECHARGE = 0. 0000
TOTAL QUT = 5580. 8950 TOTAL OQUT = 31. 0055
IN - QUT = -1.0073 IN - QUT = -6. 0825E-03

PERCENT DI SCREPANCY -0.02 PERCENT DI SCREPANCY

-0.02
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2.5.1 MODFL OW Execution using ETS1 package: In order to simulate evapotranspiration using the

ETS1 package, the ET surface was kept equal toriLfad every cells. The maximum
evapotranspiration flux at the surface was kepaktgu0.0015 m/day, and the extinction depth waxt ke
equal to 2 m for every cell, Figure 2.2. One intedmte point was taken at depth 1 m, which has
maximum ET flux of 0.00015 m/day. Therefore,

PXDP=1/2=0.5

PETM=0.00015/0.0015=0.1

Input to the ETS1 package is read from the file tha#ype ‘ETS’ in the Name file (Banta, 2000).
A name file (Figure 2.5) was created listing altoé input files and output files. This version ran
successfully using both MODFLOW 2000 and MODFLOW2@xecutable programs.

# NAME file for ETsSl example
#

P testZ_nam - Notepad E]@@

......................

# oOutput files

LTIST 9 TtestZ2.out
BASG6 75 test2.ba6
LPF 7 test2Z2.1pf
DIS 8 test2.dis
PCG 13 test2.pcg
ocC 14 test2.loc

WEL 16 test2.wel
RCH 15 testl2.rch
ets 17 Ttest2.ets

Figure 2.5

2.5.2 Output From Simulation: A MODFLOW output file will be created after therailation with the

name of output file as specified in the name filepending upon the options specified in the output
control file, the volumetric budget of entire modetads, and drawdown will be printed at desinegk ti
steps and stress periods in this output file. Agaraf output file is as shown below.
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HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI CD 1
1 2 3
1 98. 10 98. 09 98. 10
2 98. 09 98. 05 98. 09
3 98. 10 98. 09 98. 10

DRAWDOMN | N LAYER 1 AT END OF TI ME STEP 180 I N STRESS PERI CD 1

1 2 3
1 -3.095 -3.086 -3.095
2 -3.086 - 3. 050 -3.086
3 -3.095 -3.086 -3.095

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END COF TIME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N I'N:
STORAGE = 0. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
RECHARGE = 5579. 8877 RECHARGE = 30. 9994
ET SEGVENTS = 0. 0000 ET SEGVENTS = 0. 0000
TOTAL IN = 5579. 8877 TOTAL IN = 30. 9994
QUT: QUT:
STORAGE = 4860. 6890 STORAGE = 26. 9335
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 720. 0000 WELLS = 4. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 0. 2248 ET SEGVENTS = 7.2691E-02
TOTAL QUT = 5580. 9136 TOTAL QUT = 31. 0062
IN - OQUT = -1.0259 IN - QUT = -6.8531E-03
PERCENT DI SCREPANCY = -0.02 PERCENT DI SCREPANCY = -0.02

2.6 Result: Compared to the EVT package, the loss from evapspiration using ETS1 package is
very low. The difference in the results can be axy@d from the calculation for EVT and ETS1 as

shown below:
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EVT packageThis package uses equation 1 mentioned in OperRé&port 00-46 by Banta., 2000.
Q=Qui*(1-D/X), where

Q is the volumetric evapotranspiration rate fordb# (L3/T)
Qetmis the maximum evapotranspiration flux rate tinfesdrea of the cell (L3/T)
D is the depth of the head below the ET surfacehjch was set at 100 m

X is the extinction depth, which was set at 2 m.

For cells with calculated head 98.05 m©0.0015*25*25=0.9375 fitday
Therefore Q=0.9375*%(1-1.95/2)=0.0234375 m3/day

For cells with calculated head 98.09m;20.0015*25*25*8=7.5 rifday
Therefore Q=7.5*(1-1.91/2)=.3375 m3/day

Total Evapotranspiration loss=0.0234375+.3375=00366"/day

ETS1 packagerhis package uses equation 2 mentioned in OperREjort 00-46 by Banta, 2000.

For simplicity equation 1 can still be used to gmalthe output. For example, in our case the catled|
head values are 98.05, 98.09, and 98.1 m. Sincsdter table intersects the second segment, the val
of 0.00015 is taken into consideration for allfoé ells for maximum ET flux. Also the extinction
depth, X will be equal to 1m for the second segmamd D will be equal to (99 m-calculated head) for

all of the cells. Therefore,

For cells with calculated head 98.05 m£0.00015*25*25=0.09375 ffday
Therefore Q=0.09375*(1-.95/1)=0.0046875 m3/day

For cells with calculated head 98.1 m{20.00015*25*25*4=0.375 fiday
Therefore Q=0.375*(1-0.9/1)=0.0375 m3/day

For cells with calculated head 98.09 m©0.00015*25*25*4=0.375 ritday
Therefore Q=0.375*(1-0.91/1)=0.03375 m3/day
Total Evapotranspiration loss=0.046875+0.0375+07638.0759375 ritday
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CHAPTER 3: UZF1 package

3.1 Introduction: The UZF1 package simulates the unsaturated zomeebetthe land surface and a

water table. This unsaturated version is compatilifle MODFLOW 2005 only. The previous versions

of MODFLOW do not support the UZF1 package. Dethdescription of this package can be found in
USGS report ‘Documentation of the Unsaturated-Zelogy (UZF1) Package for Modeling Unsaturated
Flow Between the Land Surface and the Water Talile MODFLOW-2005’ ;Technique and Methods

6-A19 by Richard G. Niswonger, David E. Prudic, & dSteven Regan.

The UZF1 package is a Substitution for the RechangeEvapotranspiration packages of
MODFLOW-2005 (Niswonger and others, 2006). The UpBtkage differs from the recharge package
in that an infiltration rate is applied at landfsge instead of a specified recharge rate direotiyround
water (Niswonger and others, 2006). The applieidtration rate is further limited by the saturated
vertical hydraulic conductivity (Niswonger and athe2006). The UZF1 package differs from the
evapotranspiration package in that evapotranspirdtisses are first removed from the unsaturated zo
above the evapotranspiration extinction depth,ittiee evapotranspiration demand is not met, water
can be removed directly from ground water whenéwerdepth to ground water is less than the
extinction depth (Niswonger and others, 2006). DE&1 package also differs from the
Evapotranspiration Package in that water is diggaadirectly to the land surface whenever theualét
of the water table exceeds land surface (Niswoagdrothers, 2006). Water that is discharged to land
surface, as well as applied infiltration in excesthe saturated vertical hydraulic conductivityayrbe
routed directly as inflow to specified streamsales if these packages are active; otherwiseydier
is removed from the model (Niswonger and other8620

Variables used by the UZF1 package include ingtrad saturated water contents, saturated
vertical hydraulic conductivity, and an exponentha Brooks-Corey function (Niswonger and others,
2006). Residual water content is calculated intgriy the UZF1 package on the basis of the
difference between saturated water content andfgpgeld (Niswonger and others, 2006). However
initial water content is not required when theialistress period is specified as steady staté it
required if the stress period is transient. The Ugkckage relies on the specific yield values as
specified in the LPF package or BCF package (Nigigoand others, 2006). Thus the option to simulate
unsaturated flow using UZF1 package is availablewdither LPF or BCF package is included in the
simulation. Vertical saturated hydraulic condudtivof the unsaturated zone can be read either from
LPF or BCF package or can be specified in the Ug&dkage itself.
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3.2 Limitations of UZF1 package: The initial version of this UZF1 package does noiusate

unsaturated flow through multiple layers of varymglraulic properties (Niswonger and others, 2006).
Infiltration is applied to the model cells, and th&F1 package calculates recharge based upon
infiltration rate and hydraulic conductivity of timeodel cell, so an extra recharge package (RCH) can
not be included in the simulation. Also, the evagasgpiration versions EVT and ETS1 can not be
included in the simulation since the evapotransgipinedata (ET max, extinction depth) are specifred
UZF1 package itself. It should, however, be noted in order to simulate evapotranspiration through
UZF1 package, ET surfaces are not specified arekta variable ‘Extinction water content’ [value
between ©s-Sy) andds], is specified wher®s is saturated water content and Sy is specifid.yie
Extinction water content is the value below which&n not be removed from the unsaturated zone

(Niswonger and others, 2006).

3.3 Case Study: A simple case with nine cells was considered (FEduf). All of the nine cells were

considered active cells. The initial head was legptal to 95m in all cells. A well was kept at tleater
pumping at -4 m3/day. The hydraulic conductivitytlod cells was kept equal to constant value of
0.2496 m/day. Specific yield was kept equal to astant value of 0.28. Infiltration at a rate of@611
m/day was applied all over the cells. Evapotramdin flux was kept equal to 0.0015 m/day with
extinction depth 2.0 m in all of the cells. Extiloct water content was kept equal to 0.16 (valueveen
Os-S, and©Oy) in all of the cells. Transient simulation wasfpemed and the number of stress periods
was taken equal to 1, with length equal to 180 dais the number of time steps was taken equal to

180, saAt=1 day. The hydraulic properties of the aquiferevas shown below:

1 1 1
1 1 1
1 1 1
Well
Figure 3.1
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Saturated vertical hydraulic conductivity of unsatad zone=0.2496 m/day
Brooks and Corey Epsilon=6.571
Saturated water conter®d)=0.43

Initial water content=0.1478

3.4.1 MODFL OW Execution: Percolation of water through an unsaturated zeretivated by
including a record in the MODFLOW Name file usitg ffile type (Ftype) ‘UZF’ to indicate that
relevant calculations are to be made in the maatel,to specify the related input data file (Nisweing

and others, 2006) . The user can specify unsaturatee water budgets and water content profiles for
selected model cells by including a record in theDFLOW name file using the file type (Ftype)
“DATA” that specifies the relevant output data filame for each model cell (Niswonger and others,
2006). Three types of information may be printethe specified file for each model cell depending o
the OUTTYPE option specified. The three OUTTYPE @ are: option 1 prints volumes of water
entering, leaving, and stored in the unsaturatee zoption 2 prints volumes and rates for water
entering, leaving, and stored within the unsataratee; and option 3 prints the water content fgofi
between land surface and the water table. Addiipretime series of infiltration, unsaturated gon
evapotranspiration, recharge, and ground watehdige summed over the model domain may be
printed to a specified file (Niswonger and oth@®06). These options are entered in Item 8 of tAELJ
packagg see page 31, Iltem 8, Appendix 1 of the UZF1 deatation by Niswonger and others)

A Name file (Figure 3.2) was created listing alttlo¢ input files and output file. In addition to
the regular MODFLOW output file, output files feelts (1,1), (1,2), (2,2), and the unsaturated zone
mass balance for the entire model will be printédcv lists time, corresponding ground-water head,
thickness of unsaturated zone, followed by a serfieepths and corresponding water contents in the

unsaturated zone.
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B testZ.nam - Notepad

File Edit Format Wew Help

# NAME file for UZFl example

#

# output files

LIST 9 test’Z2.out
BASG 75 test?2.bab
LPF 7 test2.l1pf
DIS 8 test2.dis
PCG 13 test2.pcg
oC 14 test?2.oc
WEL 16 test2.well
UZF 20 testZ2.uzf
DATA 58 testZ2. hds
DATA 65 rlcl.uzfl
DATA 66 rlc2.uzf?2
DATA 67 r2c2.uzft3
DATA 68 UNSMB .uzft4

Figure 3.2

3.5 Output From Simulation: A MODFLOW output file will be created after the sifation with the

name of output file as specified in name file. Degirg upon the options specified in the output uint
file, the volumetric budget of entire model, volunebudget for unsaturated zone, heads, and
drawdown will be printed at desired time steps stnelss periods in this output file. Also three safm
output files for cells (1,1), (1,2), (1,3), and@utput file for the unsaturated zone mass balanicthé
entire model will be created listing time, growvdter head, thickness of unsaturated zone, folldwed
a series of depths and corresponding water conitethe unsaturated zone. A sample of output $ilad

shown below.
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Output file for Cell Row 1, Column 1

8 rict.uzfl - WordPad

Fle Edit Wiew Insert Format Hep

g Al el e e e e e . e sl e e e BE_I
"LOCATION OF SPECIFIED CELL FOR PRINTING VOLUMES IN UNSATURATED ZONE: GAGE 1 RCW, COLUMN 1, 1 INITIAL LAYER ASSIGMENT 1= f
"DATA: LAYER TIME GW-HEAD  UZ-THICRNESS DEPTH WATER-CCNT., " =

1 1.0000000E+00 9.4999672E+01 4.5003290E+00 1.1250541E-01 1.9874880E-01
2.2501083E-01 1,5000001E-01
3.3751625E-01 1,5000001E-01
4,5002165E-01 1,5000001E-01
5.6252706E-01 1,5000001E-01
6.7503250E-01 1.5000001E-01
7.8753793E-01 1.5000001E-01
9.0004331E-01 1,5000001E-01
1.0125487E+00 1.5000001E-01
1.1250541F400 1.5000001E-01
1.23755986E+00 1,5000001E-01
1.3500650E+00 1.5000001E-01
1.4625704E400 1.5000001E-01
1.5750758E+00 1,5000001E-01
1.6875812E+00 1.5000001E-01
1.8000266E400 1.5000001E-01
1,9125921E400 1.5000001E-01
2.0250974E+00 1,5000001E-01
2.137602BE+00 1.5000001E-01
2.2501082E400 1,5000001E-01
2.3626137E+00 1,5000001E-01
2.4751191E+00 1.5000001E-01
2.5876245E400 1.5000001E-01
2.7001300E400 1.5000001E-01
2.8126354E400 1.5000001E-01
2.9251409E400 1.5000001E-01
3.0376463E+00 1.5000001E-01
3.1501517E400 1.5000001E-01
3.2626572E400 1.5000001E-01
3.3751624E+00 1.5000001E-01
3.4876678E400 1.5000001E-01
3.6001732E400 1.5000001E-01
3.7126787E400 1.5000001E-01
3.8251841E+00 1.5000001E-01
3.9376895E400 1.5000001E-01
4,0501947E+00 1.5000001E-01
4,1627002E400 1.5000001E-01
4,2752056E400 1.5000001E-01
4,3877110E400 1.5000001E-01
4,5003290E+00 1.5000001E-01

¥ 2.0000000E4+00 9.4098932E401 4.5010686E400 1.1252381E-01 2.4725053E-01
2.2504781E-01 1,5000001E-01
3.3757171E-01 1,5000001E-01
4,5009562E-01 1.5000001E-01
5.6261951E-01 1,5000001E-01
6.7514342E-01 1,5000001E-01
7.8766733E-01 1.5000001E-01
9.0019125E-01 1,5000001E-01
1.0127151E400 1.5000001E-01
1.1252390E+00 1.5000001E-01
1,2377629E400 1,5000001E-01
1.3502868E400 1.5000001E-01
1.4628108E400 1.5000001E-01 i
For Help, press F1 MM
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Output file for Cell Row 1, Column 2

B ricLuzf - WordPad
Fle Edit Vew Insert Fomat Hebp

|"LOCATION OF SPECIFIED CELL FOR DRINTING VCLUMES IN UNSATURATED ZONE: GAGE 2 ROW, COLUMN 1, 2 INITIAL LAYER ASSIGMENT 1= &
"DATA: LAYER TIME GW-HEAD  UZ-THICRNESS DEPTH  WATER-CONT. " =
1 1.0000000E+00 9.4998459E+01 4.5015435E400 1.1253577E-01 1.9873674E-01
2.2507155E-01  1,5000001E-01
3.3760732E-01 1.5000001E-01
4,5014310E-01 1.5000001E-01
5.6267287E-01 1.5000001E-01
6.7521465E-01 1.5000001E-01
7.8775042E-01 1.5000001E-01
9.0028620E-01 1,5000001E-01
1.0128220E400 1.5000001E-01
1.1253577E400 1.5000001E-01
1.2378936E400 1.5000001E-01
1,3504293E400 1,5000001E-01
1.4629651E+00 1.5000001E-01
1.5755008E400 1.5000001E-01
1.6880367E400 1.5000001E-01
1.8005724E400 1.5000001E-01
1,9131082E400 1.5000001E-01
2.0256441E400 1.5000001E-01
2.1381798E400 1.5000001E-01
2.2507155E400 1.5000001E-01
2.3632512F400 1.5000001E-01
2.4757872E400 1.5000001E-01
2.5883228E400 1,5000001E-01
2.7008586E400 1.5000001E-01
2.8133945E400 1.5000001E-01
2.9259303E400 1.5000001E-01
3.0384660E400 1.5000001E-01
3.1510017E400 1,5000001E-01
3.2635376E400 1.5000001E-01
3.3760734E400 1.5000001E-01
3.4886091E400 1.5000001E-01
3.6011448E400 1.5000001E-01
3.7136807E400 1,5000001E-01
3.8262165E400 1.5000001E-01
3.9387522E400 1.5000001E-01
4,0512881E400 1.5000001E-01
4,1638236E4+00 1.5000001E-01
4,2763596E400 1,5000001E-01
4,388B955E400 1.5000001E-01
4,5015435E400 1.5000001E-01
¥ 2.0000000E+00 9.4996185E+01 4.50381B0E+00 1.1259264E-01 2.4719116E-01
2.2518528E-01 1,5000001E-01
3.3777791E-01  1,5000001E-01
4,5037055E-01 1.5000001E-01
5.6296319E-01 1.5000001E-01
6.7555583E-01 1.5000001E-01
7.8814846E-01 1,5000001E-01
9.0074110E-01 1.,5000001E-01
1.0133338E400 1.5000001E-01
1.1259264E400 1.5000001E-01
1.2385191E400 1.5000001E-01
1,3511117E400  1,5000001E-01
1.4637043E400 1.5000001E-01 i
For Help, pressFi MM

71



Output file for Cell Row 2, Column 2

8 r2c.uzf3 - WordPad
Fle Edit View [nsert Fomat Hep

g S R R T T R N A
"LOCATION OF SPECIFIED CELL FOR PRINTING VOLUMES IN UNSATURATED ZONE: GAGE 3 ROW, COLUMN 2, 2 INITIAL LAYER ASSIGMENT g o]
"DATA: LAYER TIME GW-HERD  UZ-THICKHESS DEFTH  WATER-CONT, " i

1 1.0000000E+00 9.49846€34E+01 4.5153661E+00 1.1288133E-01
.2576267E-01
.3864400E-01
.5152533E-01
6440663E-01
. T728800E-01
3016930E-01
.0305066E-01
. 0159320E+00
.1288133E400
. 2416947E+00
3545TE0E+00
.4674573E400
58033B6E+00
.6832200E+00
8061013E+00
. 9189826E+00
.0318635E400
. 1447453E+00
.2576265E400
3705080E+00
.4833884E+00
5862706E+00
. T091520E400
8220334E400
.9349146E400
.0477960E400
1606772E+00
.2735586E400
3864400E+00
.4893212E400
6122026E+00
. T250841E400
83796536400
. 9508467E400
.0637273E400
1766095E+00
.2894907E400
4023718E+400
.5153661E400
1315050E-01
.2630100E-01
.3945148E-01
5260200E-01
.6575251E-01
T8590298E-01
.9205346E-01
0520400E-01

9858755E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
4671198E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01
5000001E-01

1 2,0000000E+00 9.4973B68E+01 4.5261331E+400

[T T e e e T T T e e - T T R T T e e e e e Y T B = T BT SEy FUR
[T T I R R T T T T T e e T S e T R T T T e T T e e e e T T R T I e S e e SU o

.0183544E+00 5000001E-01

L1315050E400 S000001E-01

.2446555E+00 5000001E-01

.35TE060E+00 5000001E-01

4709564E400 S000001E-01 ]
For Help, press F1 MM
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3.5.1 Graphical representation of water profiles of above-mentioned cells at time 1 day, 5 days, 10

days, 20 days, 50 days, 100, 150, and 180 days.

Moisture profile for cell row 1, column 1

Volumetric water content, %

—x— At time 50 days —e— At time 100 days —+— At time 150 days At time 180 days
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Moisture profile of cell (rowl, columnl)
Moisture profile for cell row 1, column 2
Volumetric water content, %
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Moisture profile for cell row 2, column 2
Volumetric water content, %
10 15 20 25 30 35
071 ‘ ‘ ——
1
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S r
% 31 P —
a r
4+ : E
-
—e— At time 1 day —s— At time 5 days —a— At time 10 days At time 20 days
—x— At time 50 days —e— At time 100 days —+— At time 150 days —— At time 180 days
Moisture profile of cell (row 2, column 2)
Figures 3.3. Moisture profiles for cells
3.5.2UNSATURATED MASS BALANCE COMPONENTS FOR ENTIRE MODEL
APPLIED- ACTUAL- UZSTOR-
TIME | INFIL. RUNOFF INFIL. SURFACE-LEAK. | UZ-ET GW-ET CHANGE RECHARGE
1 30.999 0.000 30.999 0.000 0.148 0.000 30.851 0.000
2 30.999 0.000 30.999 0.000 0.296 0.000 30.703 0.000
3 30.999 0.000 30.999 0.000 0.443 0.000 30.556 0.000
4 30.999 0.000 30.999 0.000 0.589 0.000 30.410 0.000
5 30.999 0.000 30.999 0.000 0.735 0.000 30.265 0.000
6 30.999 0.000 30.999 0.000 0.879 0.000 30.120 0.000
7 30.999 0.000 30.999 0.000 1.024 0.000 29.975 0.000
8 30.999 0.000 30.999 0.000 1.168 0.000 29.831 0.000
9 30.999 0.000 30.999 0.000 1.312 0.000 29.688 0.000
10 30.999 0.000 30.999 0.000 1.454 0.000 29.545 0.000
11 30.999 0.000 30.999 0.000 1.596 0.000 29.403 0.000
12 30.999 0.000 30.999 0.000 1.738 0.000 29.262 0.000
13 30.999 0.000 30.999 0.000 1.878 0.000 29.121 0.000
14 30.999 0.000 30.999 0.000 2.019 0.000 28.980 0.000
15 30.999 0.000 30.999 0.000 2.159 0.000 28.840 0.000
16 30.999 0.000 30.999 0.000 2.298 0.000 28.701 0.000
17 30.999 0.000 30.999 0.000 2.437 0.000 28.562 0.000
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18 30.999 0.000 30.999 0.000 2.575 0.000 28.424 0.000
19 30.999 0.000 30.999 0.000 2.712 0.000 28.287 0.000
20 30.999 0.000 30.999 0.000 2.849 0.000 28.150 0.000
21 30.999 0.000 30.999 0.000 2.986 0.000 28.013 0.000
22 30.999 0.000 30.999 0.000 3.122 0.000 27.877 0.000
23 30.999 0.000 30.999 0.000 3.257 0.000 27.742 0.000
24 30.999 0.000 30.999 0.000 3.392 0.000 27.607 0.000
25 30.999 0.000 30.999 0.000 3.526 0.000 27.473 0.000
26 30.999 0.000 30.999 0.000 3.659 0.000 27.340 0.000
27 30.999 0.000 30.999 0.000 3.793 0.000 27.207 0.000
28 30.999 0.000 30.999 0.000 3.925 0.000 27.074 0.000
29 30.999 0.000 30.999 0.000 4.057 0.000 26.942 0.000
30 30.999 0.000 30.999 0.000 4.189 0.000 26.810 0.000
31 30.999 0.000 30.999 0.000 4.320 0.000 26.680 0.000
32 30.999 0.000 30.999 0.000 4.450 0.000 26.550 0.000
33 30.999 0.000 30.999 0.000 4.579 0.000 26.420 0.000
34 30.999 0.000 30.999 0.000 4.709 0.000 26.290 0.000
35 30.999 0.000 30.999 0.000 4.838 0.000 26.161 0.000
36 30.999 0.000 30.999 0.000 4.966 0.000 26.033 0.000
37 30.999 0.000 30.999 0.000 5.094 0.000 25.906 0.000
38 30.999 0.000 30.999 0.000 5.221 0.000 25.779 0.000
39 30.999 0.000 30.999 0.000 5.347 0.000 25.652 0.000
40 30.999 0.000 30.999 0.000 5.473 0.000 25.526 0.000
41 30.999 0.000 30.999 0.000 5.599 0.000 25.400 0.000
42 30.999 0.000 30.999 0.000 5.724 0.000 25.275 0.000
43 30.999 0.000 30.999 0.000 5.849 0.000 25.151 0.000
44 30.999 0.000 30.999 0.000 5.973 0.000 25.027 0.000
45 30.999 0.000 30.999 0.000 6.096 0.000 24.903 0.000
46 30.999 0.000 30.999 0.000 6.219 0.000 24,781 0.000
a7 30.999 0.000 30.999 0.000 6.341 0.000 24.658 0.000
48 30.999 0.000 30.999 0.000 6.463 0.000 24.536 0.000
49 30.999 0.000 30.999 0.000 6.585 0.000 24.414 0.000
50 30.999 0.000 30.999 0.000 6.706 0.000 24.294 0.000
51 30.999 0.000 30.999 0.000 6.826 0.000 24.173 0.000
52 30.999 0.000 30.999 0.000 6.946 0.000 24.054 0.000
53 30.999 0.000 30.999 0.000 7.065 0.000 23.934 0.000
54 30.999 0.000 30.999 0.000 7.184 0.000 23.815 0.000
55 30.999 0.000 30.999 0.000 7.303 0.000 23.697 0.000
56 30.999 0.000 30.999 0.000 7.421 0.000 23.579 0.000
57 30.999 0.000 30.999 0.000 7.538 0.000 23.461 0.000
58 30.999 0.000 30.999 0.000 7.655 0.000 23.345 0.000
59 30.999 0.000 30.999 0.000 7.771 0.000 23.228 0.000
60 30.999 0.000 30.999 0.000 7.887 0.000 23.112 0.000
61 30.999 0.000 30.999 0.000 8.003 0.000 22.997 0.000
62 30.999 0.000 30.999 0.000 8.118 0.000 22.882 0.000
63 30.999 0.000 30.999 0.000 8.232 0.000 22.767 0.000
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64 30.999 0.000 30.999 0.000 8.346 0.000 22.654 0.000
65 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
66 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
67 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
68 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
69 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
70 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
71 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
72 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
73 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
74 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
75 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
76 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
77 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
78 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
79 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
80 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
81 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
82 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
83 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
84 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
85 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
86 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
87 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
88 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
89 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
90 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
91 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
92 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
93 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
94 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
95 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
96 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
97 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
98 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
99 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
100 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
101 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
102 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
103 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
104 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
105 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
106 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
107 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
108 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
109 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
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110 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
111 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
112 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
113 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
114 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
115 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
116 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
117 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
118 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
119 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
120 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
121 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
122 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
123 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
124 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
125 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
126 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
127 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
128 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
129 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
130 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
131 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
132 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
133 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
134 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
135 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
136 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
137 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
138 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
139 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
140 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
141 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
142 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
143 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
144 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
145 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
146 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
147 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
148 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
149 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
150 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
151 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
152 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
153 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
154 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
155 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
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156 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
157 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
158 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
159 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
160 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
161 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
162 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
163 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
164 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
165 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
166 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
167 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
168 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
169 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
170 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
171 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
172 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
173 30.999 0.000 30.999 0.000 8.438 0.000 22.562 0.000
174 30.999 0.000 30.999 0.000 8.438 0.000 22.169 0.393
175 30.999 0.000 30.999 0.000 8.438 0.000 -8.058 30.620
176 30.999 0.000 30.999 0.000 8.438 0.000 -17.956 40518
177 30.999 0.000 30.999 0.000 8.438 0.000 -21.164 43725
178 30.999 0.000 30.999 0.000 8.438 0.000 -21.250 43.812
179 30.999 0.000 30.999 0.000 8.438 0.000 -21.120 43.682
180 30.999 0.000 30.999 0.000 8.438 0.000 21.117 43,678
Table 3.1
3.5.3 Graphical representation of Table 3.1
UZF water budget
50 r
40 £ —
g 30 M
£ 20+
_Cg” 10 ; W————
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Figure 3.4. Water budget component time seriee@entire model.
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HEAD | N LAYER

1
1 94.71
2 94.70
3 94.71

DRAVDOVWN | N LAYER

1
1 0. 2909
2 0. 3009
3 0. 2909

1 AT END OF TI ME STEP 180 I N STRESS PERI OD

2
94.70
94. 66
94.70

3
94.71
94.70
94.71

3
0. 3009 0. 2909
0. 3392 0. 3009
0. 3009 0. 2909

1

1 AT END OF TIME STEP 180 IN STRESS PERI CD

UNSATURATED ZONE PACKAGE VOLUMETRI C BUDGET FOR TIME STEP 180 STRESS PERI CD

CUMULATI VE VOLUMES

I N

I NFI LTRATI ON

QuUT:

UZF ET
UZF RECHARGE

L**3

5579. 8873

1261. 8134
246. 4295

4071. 6444

4071. 6444

I N:

| NFI LTRATI ON

QUT:

UZF ET
UZF RECHARGE

RATES FOR THI S TI ME STEP

L**3/ T

30.

-21.

-21.

PERCENT DI SCREPANCY | S DI FFERENCE BETWEEN | N- OQUT M NUS CHANGE | N STORAGE

Dl VI DED BY THE AVERAGE OF | N AND QUT TI MES 100

PERCENT DI SCREPANCY =

0.00

PERCENT DI SCREPANCY =

9994

. 4375
. 6784

1166

1166

. 00
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP180 IN STRESS PERI OD

I N:
STORAGE
CONSTANT HEAD
VEELLS
UZF RECHARGE
GW ET
SURFACE LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VEELLS
UZF RECHARGE
GW ET
SURFACE LEAKAGE

TOTAL OUT

IN - OUT

PERCENT DI SCREPANCY

695. 3317
0. 0000
0. 0000

246. 4295
0. 0000
0. 0000

941. 7612

221. 6983

0. 0000

720. 0000

0. 0000
-2.8172E-11
0. 0000

941. 6982

6. 2988E-02

0.01

I N:
STORAGE
CONSTANT HEAD
VELLS
UZF RECHARGE
GW ET
SURFACE LEAKAGE

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VEELLS
UZF RECHARGE
GW ET
SURFACE LEAKAGE

TOTAL QUT

IN - OUT

PERCENT DI SCREPANCY

QOO M~MOO

43.

6. 9511

0.

. 0000
. 0000
. 0000
. 6784
. 0000
. 0000

. 6784

. 6089
. 0000
. 0000
. 0000
. 0000
. 0000

6089

E-02

16

3.6 Results: From Figure 3.4 it can be seen that all of thdiagpnfiltration goes into the soil profile

and becomes the actual infiltration, thus themoisunoff created and there is no leakage fronwiier

table to the surface. All evapotranspiration tgiese from the unsaturated zone, and

evapotranspiration from the water table is zer@gexranspiration rate is supplied by the storaghen

unsaturated zone.
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CHAPTER 4: MODFLOW HYDRUSPACKAGE

4.1 Introduction: The HYDRUS package for MODFLOW 2000 was develojpecbonsider the effects

of infiltration, soil moisture storage, evaporatighant water uptake, precipitation, and water

accumulation at the ground surface (Seo et al.7R@ketails of this package can be found in
‘Documentation of the Hydrus Package for MODFLOW3@0The U.S. Geological Survey Modular
Ground-Water Model’ by Hyeyoung Sophia Seo, Jirkaudek, and Eileen P. Poeter.

The HYDRUS package discretizes the soil profile iimite elements, and defines the vertical
distribution of hydraulic conductivity and otherrpeeter characterizing the soil profile (Seo et al.
2007). MODFLOW zone arrays identify cells to whegdich unsaturated soil profile applies (Seo et al.,
2007). The HYDRUS package determines the flux ftbewariably saturated rigid porous medium and
connects to MODFLOW as a head dependent flux bayr(&eo et al., 2007). Information about the
average depth to water in each cell MODFLOW zoraels/ered to the HYDRUS package, which
returns flux calculated using its own time disa@ation for each MODFLOW time step (Seo et al.,
2007). The flux is applied to every cell in the eofihe HYDRUS package uses prescribed pressure
head and flux boundaries, and boundaries controfeatmospheric condition such as precipitation,

evaporation, and transpiration (Seo et al., 2007).

The user defines precipitation, potential evaporatand potential transpiration rates for the
profile (Seo et al., 2007). The net infiltrationtegai.e the difference between precipitation and
evaporation, is estimated during the simulatioro(8eal., 2007). Therefore there is no need to use
MODFLOW 2000 evapotranspiration (EVT) package aaharge (RCH) package simultaneously in
the same vertical column with the HYDRUS packagen(&t al., 2007). The RCH package can be used
to simulate recharge from surfaces other than saf@aocesses if desired (Seo et al., 2007). The EVT
package can not be used with the Hydrus packagegiSa., 2007). When a zone of cells is used for a
profile, the average depth to water for all catishie zone is used as lower boundary conditiother
soil profiles (Seo et al., 2007)Consequently ther msay want to use same profile for many different
zones (Seo et al., 200677 The Soil profile needsptesent materials from the surface to the deéepes
level expected for the water table at any timerduthe simulation (Seo et al., 2007).

The user is allowed to make as many unsaturatddgsras he/she likes, i.e., one unsaturated jer&dil

every cell or a group of cells (Seo et al., 200he average depth to ground water (ground surface-
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water table elevation) of all model cells in th@eas used to determine the boundary pressure head
value in the Hydrus profile (Seo et al., 2007)

The unsaturated zone finite element mesh is cartetiby dividing the soil profiles into one
dimensional linear elements connected at nodaleés(Seo et al., 2007). The thickness between two
nodes should be relatively small at locations witermge hydraulic gradients are expected (Seo et al.
2007). Such a region is usually located close ecsthil surface where highly variable meteorological
factors can cause rapid changes in the soil watgeat and corresponding pressure heads (Segq et al.
2007). Note that the bottom of soil the profile de¢o be below the water table throughout the
simulation. But it is not necessary that the sabkimconstruction has to be done up to the bottonexif
the layer. For example, if there are three layéemaifer lying over each other, and the waterddigls
somewhere in the first layer, then constructiometh and nodes are done only up to the bottohiof t
first layer. Flux is calculated at the bottom of 8pil profile, which must always be saturated.
Variables used by MODFLOW-Hydrus package includealhpressure distribution (or initial water
content distribution) up to a depth below watetdakesidual water conten®(), saturated water

content ©s), Alpha (inverse of the air-entry value or bubglpressure in the Brooks and Corey
function) and an empirical shape parameter in #gre@enuchten function (Seo et al., 2007), saturated
hydraulic conductivity (K), pore size distribution index (N), and pore castivity or tortuosity
parameter (L). The initial equilibrium pressure dhelsstribution of the soil profile is calculatesn the

equation shown below:

H=Z,n-D-Z -equation 1
where,

H=Pressure head of the soil profile (or node) urnd@sideration (L)
Ztop=Elevation of the ground surface (L)

D= Depth to ground water from the surface (L)

Z=Elevation of bottom of soil profile node undemnsaeration (L)

If it is desired to consider evapotranspiratiomalavith evaporation from the root zone, then,
information about the plant parameters also haweetmcluded in the input. The plant parameters
include:

BETA= Value of water uptake distribution in thelsoiot zone at node n.
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PO=Value of pressure head below which the roots tst&xtract water from the soil.

P2H=Value of the limiting pressure head at whiahribots cannot extract water at the maximum rate
(assuming a potential transpiration rate of r2H).

P2L=Value of the limiting pressure head at which thots cannot extract water at the maximum rate
(assuming a potential transpiration rate of r2L).

P3=Value of the pressure head below which root magitake ceases (usually equal to wilting point).
r2H=Highest potential transpiration rate (L/T)

r2L=Lowest potential transpiration rate (L/T)

POPTM=Value of the pressure head below which rstatit to extraxt to water at the maximum possible
rate.

4.2 Sign Convention:

Unsaturated zone

}A B Water Table

Figure 4.1
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The flux coming out of the unsaturated zone (B)iclwihas negative values in the flux matrix in the
output file, is the input to the water table. Alltbese negative values are added and multiplietthéy
area of a cell to give the unsaturated flow, arkapin ‘IN’ section of the volumetric budget asn'%t
flow’. Similarly the flux going into the unsaturateone (A) from the water table is the positiveuesl

in the flux matrix in the output file. These aredad and multiplied by area of a cell to give the

unsaturated flow, and appear in the ‘OUT’ sectibthe volumetric budget as ‘Unsat flow'.

4.3 Types of M odflow for HY DRUS Package:

Two types of executable MODFLOW 2000 were develdpedHYDRUS package. They are M2K.exe
(VERSION 1.14.00 07/01/2004) and mf2k.exe (VERSIQM.00 07/01/2004). There is also
MODFLOW 2000 (VERSION 1.18.00 08/23/2007). But théssion does not support the unsaturated

package.

4.3.1 Difference between M 2K .exe and mf2k.exe:

The only difference in the mf2k version is the didai of a flag for printing HYDRUS profile
information at selected print times, which can lbetfound in the M2K version. This option to primt a
selected times can not be found in the M2K versiginstill this version prints HYDRUS profiles ois it
own. The additional variables in the mf2k versioa ® ROPR, PROINF, PRINT TIMES'. Please look
at ‘DOCUMENTATION FOR PREAPRING THE INPUT FILE OFHE UPDATED HYDRUS
PACKAGE FOR MODFLOW-2000’ by Navin Kumar C. TwarakaHyeyoung Sophia Seo, and Jirka
Simunek (http://www.pc-progress.cz/_Downloads/MODM/Updatedinput_Hydrus.pdf).

4.4 Case Study: A simple case similar to the case studied in UZ&dkpge (Chapter 3, Section 3.3) was

considered. This case has nine cells as showgunefi4.2. All nine cells were considered as aatiefés.
The initial head was kept equal to 95m in all cellsvell was kept at the center pumping at -4 m@/da
The hydraulic conductivity of the cells was keptualto a constant value of 0.2496 m/day. Specific
yield was kept equal to a constant value of 0.28ciBitation rate of 0.005511 m/day was applied all
over the cells. Evaporation from the cells was Kefp005 m/day, and evapotranspiration flux was kept
equal to 0.001 m/day. Because evapotranspiratienales included in the simulation, the plant

parameters were considered as shown below:
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1 1 1
1 1 1
1 1 1
Well
Figure 4.2
P0O=-0.1 m
P2H=-2.0 m
P2L=-8.0
P3=-80.0
r2H=0.005
r2L=0.001
POPTM=-0.25

As the extinction depth was 2.0 m, the ‘Beta’ values kept equal to 1 up to node elevation of 98.0 m
A zone file was created and listed in the Nameddavell. All of the cells except the one with the
pumping well were designated as zone 1, and thevitblthe pumping well was designated as zone 2.
Although they were designated with zones 1 and @fdhe properties are the same in both zones. The
pressure head distribution of the soil profile wakulated for each of the node using equationdu(e
4.3).
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Initial presuure head distribution of the soil profile

Presure head, m
-10 -5 0 5 10 15 20

]
V Initial water table

0 \\\
15 +

D

Depth, m

—e—Initial presuure head

Figure 4.3

The hydraulic properties of soil were:

Residual water conten®()=0.078

Saturated water conter®$)=0.43

Bubbling Pressure (Alpha)=3.6

Pore size distribution index (N)=1.56

Saturated Hydraulic conductivity=0.2496 m/day

Pore connectivity parameter=0.5

Transient simulation was performed, and the nurobstress periods was taken equal to 1, with length

equal to 180 days. Also the number of time stepstaken equal to 180, =1 day.

4.5 MODFL OW Execution: Input to the Hydrus package is read from the filg is type ‘UNSF’ in
the Name file (Seo et al., 2006). A name file (FFegd.4) was created listing all of the input fitesd

output files.
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B test?.nam - Notepad E]@

Fle Edit Format View Help

# NAME file for unsf example

|#

|# output files

lglobal 11 test2.glo
[Tist 12 test2.out
1#

# Global input files

|dis 21 test2.dis
|zone 23 test2.zon
|#

|# Flow process input files

bas6 31 test2.bab
1pf 32 test2.Ipf
weT 39 test2.wel
pcg 33 testl2.pcg
loc 34 test2.o0cC

lunst 40 test2.uns
DATA 58 test2.hds

Figure 4.4

The case was executed using mf2k.exe (VERSION A01@7/01/2004).

4.6 Output From Simulation: A MODFLOW output file will be created after the sifation with the

name of output file as specified in Name file. Dagiag upon the options specified in the output cant
file, the volumetric budget of the entire modelatie and drawdown will be printed at desired tinepst
and stress periods in this output file. Also arpatfile ‘Hyd_profile.out’ will be created, listing
moisture of the soil profile for the desired tinoe the two zones. Data from this file could be uted
plot the moisture profile of the soil at differdithes. Another output file ‘Hyd_TInf.out’ will alsbe
created that gives a flux calculated for two zoatesll time steps. ‘Hyd_profile.out’ and
‘Hyd_TInf.out’ files are created automatically betprogram and are not required to be listed in the

Name file. A sample of output file is as shown belo
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HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI CD 1

1 2

3

1 94.72 94.72 94.72
2 94.72 94. 68 94.72
3 94.72 94.72 94.72

DRAVWDOWN | N LAYER 1 AT END OF TIME STEP 180 IN STRESS PERI CD

1 2
1 0. 2752 0. 2846
2 0. 2846 0. 3222
3 0. 2752 0. 2846

3
0. 2752
0. 2846
0. 2752

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

I N:
STORAGE
CONSTANT HEAD
VEELLS
UNSAT FLOW

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VEELLS
UNSAT FLOW =

TOTAL QUT

IN - QUT =

PERCENT DI SCREPANCY

448. 2572
0. 0000
0. 0000

271.7858

720. 0431

0. 0000

0. 0000
720. 0000
0. 0000
720. 0000
4.3091E-02

0.01

I N:
STORAGE
CONSTANT HEAD
VEELLS
UNSAT FLOW

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
UNSAT FLOW =

TOTAL QUT

IN - QUT =

PERCENT DI SCREPANCY

. 2951
. 0000
. 0000
L7127

RPOON

N

. 0078

. 0000
. 0000
. 0000
. 0000

Oh~OO

N

. 0000

7. 8130E-03

0. 20
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4.7 Results and comparison with UZF1 package: Drawdowns and heads in the cells calculated by

both UZF package and MODFLOW Hydrus packages anestl similar to each other. But the
volumetric budget calculated by each package tegliiferent. UZF recharge calculated by the UZF
package is 43.6784 m3/day, whereas the unsatutatedrecharging the aquifer) calculated by
MODFLOW Hydrus package is 1.7127 m3/day. The mossprofile from the UZF package is obtained
only up to the depth of the unsaturated zone (Eig.8), whereas the MODFLOW Hydrus package
gives the moisture profile up to the depth wherestil profile is discretized (Figures 4.5 and 4B9th
the cases shown in UZF and MODFLOW Hydrus packagewun under similar conditions. Figure 4.7

shows the moisture profile obtained from both @fsin packages at 180 days.

Moisture profile of Zone 2 at time 180 days from MODFLOW Hydrus package
and UZF package

Volumetric water content, %
20 22 24 26 28 30 32 34 36

* /

Depth, m

At time 180 days from Modflow Hydrus —— At time 180 days from UZF package

Figure 4.7: Comparison of Moisture profile calcathby MODFLOW Hydrus and UZF package

The difference in the moisture profiles and volumediudget between these two packages may be
because MODFLOW Hydrus uses initial condition bagean initial head (or water content) for the
whole profile (Figure 4.3), whereas only one vadfienitial moisture content (0.1478) is used by the
UZF package for the entire layer. Thus, MODFLOW Hagdpackage looks more realistic than the UZF
package, and the MODFLOW Hydrus is recommendeberahan the UZF package, to simulate the

unsaturated soil-water balance.
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4.8 Testing this same case using Hydrus 1D software: Hydrus 1D is an interactive graphics-based user
interface. HYDRUS-1D was developed in support efifYDRUS computer model. HYDRUS-1D may

be used to simulate one-dimensional unsaturateerilatv, heat transport, and the movement of selute

involved in consecutive first-order decay reactiongariably-saturated soils. HYDRUS uses the
Richards equation for simulating variably-saturdted and Fickian-based advection-dispersion
equations for heat and solute transport (Simunelk €2008). The input to MODFLOW Hydrus package
in ‘UNSF’ type file (see Figure 4.4) is the samdlasinput in this software. So the case with
MODFLOW Hydrus was again simulated but with zeronping because no well can pump water from
the unsaturated zone simulated by Hydrus 1-D. pitation was changed to 0.003647 m/day. The plots
of moisture profile at time 0 and 180 days (Fig&u®) from Hydrus 1D and from MODFLOW Hydrus
with zero pumping (Figure 4.9) are shown below @létydrus 1D software allows to input data for soil
nodes and pressure head only up to 101 rows, scetimtion of soil should be done such that athef
data fit in 100 rows).

Moisture profile at time 0 and 180 days from Hydrus 1D software
Volumetric water content, %
10 15 20 25 30 35 40 45
0] —— \ |
5 I > oo | o
e
£ 10 +
8Q L
15 |
20 L 3
—e— At time O day —=— At time 180 days

Figure 4.8
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Moisture profile from MODFLOW Hydrus at time 0 and 180 days
with zero pumping
Volumetric water content
10 15 20 25 30 35 40 45
L ML‘ o> o N _
5 r - v 9o @ < < > >
g
§_ 10
15
20 L $
—e— At time 0 day —=— At time 180 days

Figure 4.9

4.8.1 Comparison of Moaisture profilesfrom MODFL OW Hydrus and Hydrus 1-D: The difference

in moisture profile from these packages was dumtpling issues. MODFLOW Hydrus had 180 time

steps in the Discretization file, which equals tloenber of atmospheric boundary conditions. Every
time a MODFLOW stress period ends, the Hydrus resthe calculations with the last profile as the
initial condition. This means that the Hydrus tidiscretization needs to be restarted from scratch
resulting in numerical dispersion leading to thiéedencegTwarakavi, personal communication, 2008).
According to Twarakavi, the number of time stepsxdbhave to equal the number of atmospheric
boundary conditions. So the number of time stepsdemreased to 10 and the length of a stress period
was decreased to 20 days, so #xtaR days. Now the moisture profiles from MODFLOW dilys

package and Hydrus 1-D software match closer vathether (Figure 4.10 and 4.11).
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Moisture profile from MODFLOW Hydrus

Volumetric water content, %

—e—At time 0 day —=— At time 10 days
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Figure 4.10
Moisture profile from Hydrus 1-D
Volumetric water content, %
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Figure 4.11
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4.8.2 Importance of Boundary condition: Proper boundary conditions are important in HydrDs

simulation. A sensitivity analysis (Figures 4.121ah13) was done with the lower boundary condition
order to investigate its effect in the moisturefii@o A case studied in Section 4.8.1 where préatmn
equals to 0.003647 m/day and other propertiessashi@vn in Section 4.4 was considered and the
moisture profiles at time 10 days were consideoeske the effect of the boundary condition. Figu8e
shown above is based upon the lower boundary dgondif zero constant flux. Detailed description on
boundary conditions can be found in * The HYDRUS-3@&ftware Package for Simulating the One-
Dimensional Movement of Water, Heat, and Multiptduses in Variably-Saturated Media’, Version
4.0, April 2008 by J. Simunek, M. Sejna, H. Salib,Sakai, and M. Th. Van Genuchten. Some of the
lower boundary conditions in Hydrus 1-D are:

Constant pressure hedelessure remains constant throughout the simalatiany time.

h (x, t) = k(t) at x=0 or x=L, where h is the prescribed vadipressure head at surface (x=L) or bottom
(x=0)

Constant flux:A constant flux of water leaves from the bottontha soil profile. In our case it is zero,

which means water is not leaving.

Free DrainageA zero-gradient boundary condition can be usedmulgte a freely draining soil profile.

Such a situation often occurs in field studies atev flow and drainage in the vadose zone. Thigfow
boundary condition is most appropriate for a situatvhere the water table lies far below the donwdin
interest (Simunek et al., 2008).
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Moisture profiles at time 10 days from Hydrus 1 D at different lower
boundary condition
Volumetric water content, %
40 45
" .l;
5
N
g
£ 10 - 3
o (]
a B
]
L ]
15 + [
L ]
(a3
i X B
| A [
20 L B
—e— At time 0 —a— Constant flux=0 —x— Free drainage Constant pressure head ‘

Figure 4.12 (Equivalent plot in terms of head shawRigure 4.13)

Seepage facerhis type of boundary condition is often appliedlaboratory soil columns when the
bottom of the soil column is exposed to the atmespligravity drainage of a finite soil column). The
condition assumes that the boundary flux will remaero as long as the pressure head is negative.
However, when the lower end of the solil profile dmes saturated, a zero pressure head is imposed at
the lower boundary and the outflow calculated adiomly. This type of boundary condition is often

used for lysimeters (Simunek et al., 2008).
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Head profile at time 10 days from Hydrus 1-D at different lower
boundary conditions
Head, m
5 10 15 20

Depth, m

[EN
al
e
o

N
D

—e— At time 0 day —=— Constant flux=0 —=— Constant Pressure head —— Free Drainage ‘

Figure 4.13 (Equivalent plot in terms of moistun@wn in Figure 4.12)

(Note: Lower boundary condition: Seepage face Wit did not converge to a solution.)

The case run in Hydrus 1-D software (Section wa#3 considered to have lower boundary

condition as constant flux equal to zero sincewheer surface profile matched closely with

MODFLOW Hydrus (Figures 4.10 and 4.11).



CHAPTER 5: CONDUIT FL OW PROCESS

5.1 Introduction: The Conduit Flow Process (CFP) package simulatakmgbrosity aquifers that can be

mathematically approximated by coupling the tradisil ground water flow equation with a discrete
network of cylindrical pipes (Mode 1) and (or) insgg a preferential flow layer that uses a turltile
hydraulic conductivity to simulate turbulent honeal flow conditions, Mode 2 (Shoemaker et al.,
2007), and a combination of Mode 1 and Mode 2 ifledtas Mode 3. Detailed description of this
package can be found in USGS report ‘Documentati@nConduit Flow Process (CFP) for
MODFLOW-2005’, 2007, Techniques and Methods, BopKBapter A 24 by W. Barclay Shoemaker,
Eve L. Kuniansky, Steffen Birk, Sebastian Baued Bric D. Swain.

The CFP has the ability to simulate turbulent gbwater flow conditions by: (1) coupling the
traditional ground water flow equation with therfarlations for a discrete network of cylindrical e
(Mode 1), (2) inserting a high conductivity flowykr that can switch between laminar and turbulent
flow (Mode 2), or (3) simultaneously coupling aatte pipe network while inserting a high
conductivity flow layer that can switch between laar and turbulent flow (Mode 3) (Shoemaker et al.,
2007). CFP, Mode 1 may represent dissolution dopioal burrowing features in carbonate aquifers,
voids in rocks and or lava tubes in basaltic agsjfand can be fully or partially saturated undenihar
or turbulent flow conditions. Preferential flow kg (Mode 2) may represent: (1) porous media where
turbulent flow is suspected to occur under the nleskehydraulic gradients; (2) a single secondary
porosity subsurface feature, such as a well-defialally extensive underground cave; or (3) a
horizontal preferential flow layer consisting of myanterconnected voids. In this second case,tpeti
data are effective parameters, such as a veryhyidtaulic conductivity, representing multiple feis
(Shoemaker et al., 2007).

Data requirements for simulating CFP using Modeelnaore complex than using Mode 2. For Mode 1
data requirements include conduit pipe locatiomsgth, pipe diameter, water temperature, turtupsity
internal roughness, critical Reynolds’s number, axchange conductances are required. Mode 2
requires less hydraulic information and specifizaliton information of the conduit. Two nodes are
associated with a single pipe and a node can beasidn for meeting of up to six pipes only. Eacd&

is located in a finite difference cell, and theas de only one node within a finite difference cell
(Shoemaker et al., 2007). Finite difference cedlis bave equal or different row and column lengths
(Shoemaker et al., 2007). Pipes can connect difigdreiween two finite difference cells within and

adjacent model layers (Shoemaker et al., 2007) dakee required for Mode 2 includes water
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temperature, mean void diameter, and critical RElg® number. If simulating CFP using Mode 3, then
the data requirements include the combination ofl&b and Mode 2. Shoemaker et al. (2007 )
mentions the step-by-step method to create a QR fite (page 27-30). For example, if CFP is
simulated using Mode 1, then input data are spetdiccording to ITEM numbers 0 to 29, if simulated
using Mode 2 then ITEM numbers 0,1, and 30 to 3&ha be specified, and if simulated using Mode 3,
then ITEM numbers 0 to 39 have to be specified.

Many results from CFP calculations are writtenhi® MODFLOW 2005 output file. Some results not
written to the MODFLOW output file can be writtemdeparate output files for post processing, which
include node heads, flow, etc. To create this sgpayutput file for post processing, an extra oufjbe!

type ‘COC’ has to be written, indicating for whinbdes and conduits the output is desired. It should
however, be noted that the provision to write otitpiseparate files is achieved only if CFP is dated
using Mode 1 or Mode 3. Shoemaker et al. (20030pmentions a step-by-step method to create this
file.

Another file that could be included in CFP simwiatis the conduit recharge package (CRCH) for
routing a fraction of the diffuse areal recharge imodes of conduit pipes. This functionality igfus in
scenarios where rainfall runs directly into kaesttfires, such as sinkholes or swallets (Shoemakér e
2007). It should however be noted that the rech@R§H) package should be active when CRCH
package is also included in the simulation, ansl fdature is applicable when simulating CFP using
Mode 1 or Mode 3. Shoemaker et al. (2007, pp. 3Dh&s mention a step-by-step method to create this
file.

5.2 Case Study: A simple case similar to that studied in UZF1 @k (Chapter 3, Section 3.3) was

considered. This case has nine cells as showrgimré-b.1. All nine cells were considered activdscel

and each has a size of 25m by 25 m. The initiatl lvess kept equal to 98 m in all cells. A well wapk

at the center pumping at -2C/dry (5.92 ac-ft/yr). The hydraulic conductivitythe cells was kept

eqgual to a constant value of 0.2496 m/day. Speyiéild was kept equal to a constant value of 0.28.
Precipitation rate of 0.003647 m/day was appliédar the cells. ETS1 package was included in the
simulation with ET surface equal to 100 m, Maximimflux at surface equal to 0.08 m/day, extinction
depth equal to 2 m, and ET flux at 1 meter depimfsurface equal to 0.032 m/day (So, PXDP=0.5,
PETM=0.4).
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1 1 1
1 1 1
1 1 1
Well
Figure 5.1

5.2.1 MODFL OW execution using Mode 1: Input to the Conduit Flow Process package is fead
the file that is type ‘CFP’ in the Name file (Figu5.4). Execution using Mode 1 to simulate CFP is
achieved by specifying ‘1’ in ITEM 2 of the CFP€fi(bold number in Figure 5.2.1). The location of
nodes and pipes (Figures 5.2 and 5.3) and othatsrgve as shown below.

P1 P2

N2
N5 O

N1

Figure 5.2: Plan showing nodes and conduits
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Top Elevation 100 m

¥ Water Tabl 98 n

N1O O {ON2
N4

Node elevation 97.5 m

Figure 5.3: Front view showing nodes and conduits

Elevations of all five nodes=97.5 m

Diameter of all conduits (P1, P2, P3, P4)=0.1 m

Turtuosity of all conduits= 1.0

Roughness of all conduits= 0.01

Lower critical Reynolds’s for all conduits (turbaleto laminar) = 10

Upper critical Reynolds’s for all conduits (lamirtarturbulent) =20

Conduit wall permeability of all conduits=5 m/day

It was assumed that all of the recharge fallingraell (row 2, column 3) will be routed directhto

the node 2. So an extra file type ‘CRCH’ (Figurg)Svas created and included in the name file as
shown in Figure 5.4 below. Also another extratiiee ‘COC’ (Figure 5.6) was created and included in
the name file as shown in figure 5.4 below in ordewrite node heads and flows for all of the nodes
and pipes. MODFLOW 2005 version 1.2.01_cfp 01/1@072®&as used in the simulation.
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[ test2.CFP - Notepad

Fle Edit Format Yew Help

# mode
il

#data for mode 1 conduit pipe system
#number of nodes / tubes / layers

5 41

#temperature

Nb2 Nb3 Nb4 Nb5 Nb6 Pbl Pb2 Ph3 Pb4 Pb5 Pb6
0 0 0 0
0 0
0 0
0 0

oo o o
Wwoo oo
oo oo
oo oo

0 0
0 0
0 0
2 0

coooo
Pt g P

0

0

0

5 2 21 1 2 3 4
#elevation of conduit nodes. Two possibilites
#first: node # elevation (1 line for each node)

#second: nbrnodes elevation{only one line used to assign constant value)
1 97.5

#criterion for convergence

1.0D-6

#maximum number for Toop iterations
100

#parameter of relaxation

1
#newton raphson print flag
1

#data for tube parameters:

#no. diameter tortuosity roughness Treynolds treynolds
1 0.1 1.0 0.01 10.0 20.0

2 0.1 1.0 0.01 10.0 20.0
301 1.0 0.01 10.0 20.0

4 0.1 1.0 0.01 10.0 20.0

#node heads (if head unequal -1 the head is fixed)

1 -1

? -1

3 -1

4 -1

5 -1

#exchange terms for flow between continuum and pipe-network
1 5.0

2 5.0

3 5.0

4 5.0

5 5.0

Figure 5.2.1. CFP file for Mode 1
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[= =15

P test?_nam - Notepad
File Edit Format wew Help

ﬁ NAME T1le fTor CFP
# output Tiles
LTST

BASG

LPF

DTS

wWEL

PCG

oC

RCH

ets

CFP

COC

CRCH

mode 1 example

9 tTtest’Z2.out
75 Test2.bat6t
7 test’2.1lpft
8 test2.dis
16 test2._.wel

13 test2:pcg
14 test?’2.

15 test2.rch
17 test’Z2.ets
18 test’2.cfp
19 test’2.coc
20 test2._.crch

Figure 5.4 (Name file)

[= (=]

B test2.crch - Notepad
File Edit Format View Help

CONDUIT RECHARGE FILE
1

1 .00
2 1.00
3 .00
4 .00
5 00

Figure 5.5 (CRCH file)
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B test?.COC - Notepad E]@

File Edit Format View Help
[#Mode 1 time series output
[#Number of nodes for output

|#Node numbers, one per line

Output each n time steps

HfFuhwhp

[#Number of tubes for output
4

|#Tube numbers, one per line
|1

12

3

4 -

#output each n time steps

1

Figure 5.6 (COC file)

5.2.1.1 Output From Simulation: A MODFLOW output file will be created after the sifation with
the name of output file as specified in the Nartee Depending upon the options specified in thgout

control file, the volumetric budget of the entiredel, heads, and drawdown will be printed at desire
time steps and stress periods in this outputAileo, node water budget and pipe system water hudge
will be printed in this same file. Because it wasided to get separate output files for each optpes
and nodes, five output files related to each ofntb@es and four output files related to each of the
conduits will be created as well (see Figure 5.6r&ate ‘COC’ file and Figure 5.4 to confirm thiisi

included in the name file ). A sample of the outfiletis as shown below:
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STRESS PERIOD/TIME STEP 1 180
NUMBER OF NEWTON RHAPSON ITERATIONS: 3
------- RESULTS OF FLOW CALCULATION -------
NODE | NODE POROUS MEDIA HEAD | EXCHANGE FLOW | DIRECT
# HEAD[M] [M] [M"3/D] RECHARGE
1 97.94711 97.96496 -3.504584 0
2 97.94712 97.95594 -1.730489 2.279375
3 97.94711 97.96467 -3.447645 0
4 97.94711 97.96467 -3.447645 0
5 97.94707 97.92872 14.40974 0
Table 5.1
Q RESIDENCE TIME
TUBE B E FLOW [M~3/D] | DIAM.[M] | LEN.[M] | Re [D]
1 1 5 turb. 3.50458 | 0.1 25 578.2672 | 0.05603
2 2 5 turb. 4.00986 | 0.1 25 661.64 0.04897
3 3 5 turb. 3.44764 | 0.1 25 568.872 | 0.05695
4 4 5 turb. 3.44764 | 0.1 25 568.872 | 0.05695
Table 5.2

(B=Begi nni ng, E=End)
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BUDGET COF THE PI PE SYSTEM OF Tl MESTEP 180 I N STRESS PERI OD 1

TOTAL SI MULATI ON

TI ME

CUMULATI VE VALUES (L**3)

I N:
CONSTANT HEAD
Pl PE RECHARGE
MATRI X EXCHANGE
STORAGE

QuUT:
CONSTANT HEAD
MATRI X EXCHANGE
STORAGE

IN - QJT
PERCENT ERROR

0. 0000000
37131. 019
197477. 31
0. 0000000

0. 0000000
234608. 32
0. 0000000

0. 23574103E- 08
0.50241403E- 12

180. 000000000000 S

RATES THI S TI ME STEP (L**3/T)

I N:
CONSTANT HEAD
Pl PE RECHARGE

MATRI X EXCHANGE
STORAGE
TOTAL I N

QUT:
CONSTANT HEAD
MATRI X EXCHANGE
STORAGE
TOTAL OQUT

IN - OUT
PERCENT ERROR

0. 0000000
2.2793750
12. 130363
0. 0000000
14. 409738

0. 0000000
14. 409738
0. 0000000
14. 409738

-0.54036775E- 11
- 0. 18750089E- 10

STRESS PERI OD 1 TIME STEP 180
TOTAL SI MJLATI ON TI ME 180. 000000000000

FLOW TO THE NCDE I N M3/d
NODE FIXED H. RECHARGE MATRIX STORAGE TUBE_IN TUBBOUT IN - OUT
1 0 0 3.5045844 0 0 -3.5045844 -1.18E-10
2 0 2.279375 1.7304895 0 0 -4.0098645 1.75E-1(
3 0 0 3.4476449 0 -3.4476449 -8.35E-11
4 0 0 3.4476448 0 -3.4476448 3.12E-10
5 0 0 -14.409738 14.409738 0 -2.91E-10

Table 5.3
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HEAD I N LAYER

1 AT END OF TIME STEP 180 I N STRESS PERI CD

1 2
1 98. 01 97. 96
2 97. 96 97. 93
3 98. 01 97. 96

3
98. 00
97. 96
98. 00

DRAWDOWN | N LAYER

1 -8.1058E-03 3.5330E-02 -4.9048E-03
2 3.5039E-02 7.1277E-02 4.4062E-02
3 -8.1058E-03 3.5330E-02 -4.9047E-03

1 AT END OF TIME STEP 180 I N STRESS PERI OD

VOLUMETRI C BUDGET FCOR ENTI RE MODEL AT END CF TI ME STEP180 I N STRESS PERI OD

STORAGE
CONSTANT HEAD
VEELLS
RECHARGE

ET SEGVENTS
Pl PES

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL OUT

IN - OQUT =

PERCENT DI SCREPANCY

48.
. 0000
. 0000
3282.
. 0000
2583.

5914.

14.
. 0000
3600.
. 0000

128.
2173.

5916.

7952

3000

4479

5431

6673

0000

1934
1604

0211

-1.4780

-0.

02

STORAGE
CONSTANT HEAD
VEELLS
RECHARGE

ET SEGVENTS
Pl PES

TOTAL IN

QuUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL OUT

IN- QUT =

PERCENT DI SCREPANCY

2.8245E-03

0.
0.
18.
0.
14.

32.

32

-3.2211

-0

0000
0000
2350
0000
4097

6476

. 0000
. 0000
. 0000
. 0000
. 5204
. 1304

. 6508

E- 03

.01
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The graphical representation for all of the nodes gipes (related to the output file created) are a

shown below (Figure 5.6.1):

Q, m3/day

Node 1 Time series
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Node 3 Time series
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Node 5 Time series
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Reynolds number of pipe flow
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Figure 5.6.1. Graphical representation of flowhia hodes and pipes, and Reynolds’s number

5.2.1.2 Results: Table 5.1 shows the head calculated for each afidke and for porous media at the

time step 180 and stress period 1. Exchange fldheiglow either from porous media to node or vice
versa. Negative sign indicates flow from porous aéuato the node, whenever the head in porous
media is greater than the head in the node. Soifidmom porous media into nodes 1, 2, 3, 4, ardkno
5 is the ultimate drainage for all of the flow comifrom other nodes through respective pipes and
ultimately node 5 discharges the flow into the peranedia. The direct recharge value of 2.279375
m>/day is the product of recharge in that area ((6@8@3n/day) times the area of the cell (25m*25m),
where this node is located because we routed #heofecharge falling in this cell to node 2. Tabl2
shows the flow carried by each of the conduit thaeceived from the connecting node. Flow in [#pe
is the sum of the flow received from node 2 andnfdirect recharge (sum of 1.73048&day and
2.279375 rYday). The total flow from all of the conduits 1@3%38 ni/day is ultimately carried to
node 5 and discharged to the porous media atdbaion because head calculated for node 5 (970470

m) is the least of all of the nodes. In the volumediudget for the entire model section, rechasgine
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total recharge falling over all of the cells mirthe recharge that was routed in node 2
(9*25*25*0.003647 n¥day -2.279375 fitday). This same recharge (12.1%dmy) carried in total by

all pipes is discharged to node 5, shown as outfloe/to pipes in volumetric budget.

5.2.2 MODFL OW execution using M ode 2: Input to the Conduit Flow Process package is fead
the file that is type ‘CFP’ in the Name file. Exéiom using Mode 2 to simulate CFP is achieved by
specifying ‘2’ in ITEM 2 of CFP file (bold numben iFigure 5.2.2). Because file types ‘COC’ and
‘CRCH'’ cannot be included in the simulation, thékes were excluded from the name file. The CFP

file in this case was written following the itenistéd in 0-1 and 30-39. The only input requiredgsi
this mode are:

Water temperature= 25 degree Celsius
Mean void diameter= 0.1 m
Upper critical Reynolds’s number= 20

Lower critical Reynolds’s number=10

MODFLOW 2005 version 1.2.01_cfp 01/17/2007 was usdtle simulation.
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[ test2.cfp - Notepad Q@E|

Flle Edit Formst Yiew Help

# mode

#data for mode 2 conduit layer system
#number of conduit layers
i

#conduit layer #'s

il

#water temperature, in degrees celcius

25.0

#mean void diameter, lower and upper critical reynolds numbers

#conduit layer 1
0.1 10.0 20.0

Figure 5.2.2. CFP file for Mode 2

5.2.2.1 Output From Simulation: A MODFLOW output file will be created after the sifation with
the name of output file as specified in the Nartee Depending upon the options specified in th@out

control file, the volumetric budget of the entiredel, heads, and drawdown will be printed at ddsire
time steps and stress periods in this outputTilebulence code for mode 2 simulations is autoraliyic
written to an output file named ‘turblam.txt’ (Figu5.2.3). For each conduit layer during each stres

period, these codes indicate whether flows atitite and front sides of conduit layer model cetis a
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laminar or turbulent (Shoemaker et al., 2007);dldating laminar and 1 indicating turbulent. A sdenp

of the output file is as shown below:
HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1

1 2 3
1 98. 01 97. 96 98. 01
2 97. 96 97.78 97. 96
3 98. 01 97. 96 98. 01

DRAVWDOWN I N LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI CD 1
1 2 3
1 -6.4454E-03 3. 7521E-02 -6.4454E-03
2 3. 7521E-02 0.2189 3. 7521E- 02
3 -6.4454E-03 3. 7521E-02 -6. 4454E-03

VOLUMETRI C BUDGET FCOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N: I N:
STORAGE = 84.8072 STORAGE = 1. 2555E- 03
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 0. 0000 WELLS = 0. 0000
RECHARGE = 3692. 5875 RECHARGE = 20.5144
ET SEGVENTS = 0. 0000 ET SEGVENTS = 0. 0000
TOTAL IN = 3777. 3947 TOTAL IN = 20. 5156
QUT: QUT:
STORAGE = 24. 7517 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 3600. 0000 WELLS = 20. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 152. 6430 ET SEGVENTS = 0. 5156
TOTAL QUT = 3777. 3947 TOTAL QUT = 20.5156
IN - OUT = -6. 7305E- 05 IN - QUT = -3.5147E- 07
PERCENT DI SCREPANCY = 0.00 PERCENT DI SCREPANCY = 0.00
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B turlam.b:t - Ntepad Q@E|
|:°,t7r‘e:°,s 7pe7r1'od 1 Tayer 1 turbulent code
0 0
0 0 0
0 0 0

Figure 5.2.3. Turblam.txt created after simulation

5.2.2.2 Results : Recharge in this case is the product of total afenodel cells and recharge rate
(9*25*25*0.003647 n¥day). There is a very slight difference in the@atsanspiration value. Because
of the absence of the conduits and nodes, theftotaleaving and coming into the aquifer is lelsarn

using Mode 1. A test was performed to see the &iff€FP Mode 2 is excluded from the simulation.
The head, drawdown and the volumetric budget oktiteee model looked exactly the same as using
CFP Mode 2 (Case 0). Also, a sensitivity analysas @one by changing the critical Reynolds’s number
(Case 1) and diameter of voids (Case 2). Since tbegmed to be no effect of using CFP Mode 2 in the
simulation, the layer was divided into two layeasd CFP Mode 2 was considered for the lower layer
only, which is considered as Case 3 here. In anctiee which also had two layers, the CFP Mode 2

was considered for the upper layer and was coresices Case 4.
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Case0: In this case CFP Mode 2 was excluded from the gitianl by removing the file type “CFP”

from the name file. The output from this case istamvn below.

HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI CD 1

1 2 3
1 98. 01 97. 96 98. 01
2 97. 96 97.78 97. 96
3 98.01 97. 96 98. 01
DRAVWDOWN I N LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI CD 1
1 2 3
1 -6.4454E-03 3.7521E-02 -6.4454E-03
2 3. 7521E-02 0.2189 3. 7521E-02
3 -6.4454E-03 3. 7521E-02 -6. 4454E-03

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END COF TI ME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S Tl ME STEP L**3/ T
IN IN
STORAGE = 84.8072 STORAGE = 1. 2555E- 03
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VEELLS = 0. 0000 VELLS = 0. 0000
RECHARGE = 3692. 5875 RECHARGE = 20. 5144
ET SEGVENTS = 0. 0000 ET SEGVENTS = 0. 0000
TOTAL I N = 3777. 3947 TOTAL I N = 20. 5156
QuUT: QUT:
STORAGE = 24. 7517 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VEELLS = 3600. 0000 VELLS = 20. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 152. 6430 ET SEGVENTS = 0.5156
TOTAL QUT = 3777. 3947 TOTAL QUT = 20. 5156
IN - OUT = -6. 7305E- 05 IN - QUT = -3.5147E- 07
PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00

Case 1: This case is the same as the base case (Secti@h 312e lower and upper Reynolds’s number
were changed to 1 and 2, respectively. Water teatyer was kept equal to 26 and the diameter of

the voids were kept equal to 0.1 m. The output fthensimulation is as shown below:
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HEAD I N LAYER

1 AT END OF TI ME STEP 180 I N STRESS PERI CD

1 2
"i".'éé:bi".éf:éé .......
2 97. 96 97.78
3 98. 01 97. 96

DRAWDOWN | N LAYER

1 AT END OF TIME STEP 180 I N STRESS PERI OD

1 -6.4454E-03
2 3. 7521E-02
3 -6.4454E-03

0.2189

3. 7521E- 02 - 6. 4454E-03
3. 7521E-02
3. 7521E-02 -6. 4454E-03

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END COF TIME STEP180 IN STRESS PERROD 1

I N:
STORAGE
CONSTANT HEAD
VEELLS
RECHARGE
ET SEGVENTS

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL OUT
IN - OUT

PERCENT DI SCREPANCY

84.8072
0. 0000
0. 0000
3692. 5875
0. 0000

3777.3947

24. 7517
0. 0000
3600. 0000
0. 0000
152. 6430

3777. 3947

- 6. 7305E- 05

0.00

I N:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGQVENTS

TOTAL OUJT
IN - OUT

PERCENT DI SCREPANCY

1. 2555E- 03
0. 0000
0. 0000
20. 5144
0. 0000

20. 5156

0. 0000

0. 0000

20. 0000

0. 0000

0. 5156

20. 5156

- 3. 5147E- 07

0. 00
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Case 2.1: In this case, the lower and upper Reynolds’s nusvere kept equal to 1 and 2, respectively

as in Case 1, and the diameters of the voids weppedqual to 1m. The output from the simulatioass

shown below:

1 AT END OF TI ME STEP 180 I N STRESS PERI CD 1

HEAD I N LAYER
1 2 3

1 98.01 97.96 98.01

2 97.96 97.78 97.96

3 98.01 97.96 98.01

DRAVDOVWN | N LAYER

1 -6.4454E-03
2 3. 7521E-02
3 -6.4454E-03

3. 7521E- 02 -6. 4454E-03
0.2189
3. 7521E- 02 - 6. 4454E-03

3. 7521E-02

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

I N:
STORAGE
CONSTANT HEAD
VEELLS
RECHARGE
ET SEGVENTS

TOTAL I'N

QUT:
STORAGE
CONSTANT HEAD
VEELLS
RECHARGE
ET SEGVENTS

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

84.8072
0. 0000
0. 0000
3692. 5875
0. 0000

3777.3947

24.7517
0. 0000
3600. 0000
0. 0000
152. 6430

3777.3947

- 6. 7305E- 05

0. 00

I N:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGQVENTS

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGQVENTS

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

1. 2555E- 03
0. 0000
0. 0000
20. 5144
0. 0000

20. 5156

0. 0000
0. 0000
20. 0000
0. 0000
0. 5156

20. 5156

- 3. 5147E- 07

0. 00
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Case 2.2: In this case, the lower and upper Reynolds’s nusmberre kept equal to 1 and 2, respectively,
as in Case 1 and the diameters of the voids wegredaial to 0.01m. The output from the simulat®n i

as shown below:

HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1

1 98. 01 97.96 98.01
2 97. 96 97.78 97.96
3 98. 01 97.96 98.01

DRAVWDOWN I N LAYER 1 AT END OF TIME STEP 180 IN STRESS PERI CD 1

1 -6.4454E-03 3.7521E-02 -6.4454E-03
2 3. 7521E-02 0.2189 3. 7521E-02
3 -6.4454E-03 3.7521E-02 -6.4454E-03

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERICD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N: I N:
STORAGE = 84.8072 STORAGE = 1. 2555E- 03
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 0. 0000 WELLS = 0. 0000
RECHARGE = 3692. 5875 RECHARGE = 20. 5144
ET SEGVENTS = 0. 0000 ET SEGMVENTS = 0. 0000
TOTAL IN = 3777. 3947 TOTAL IN = 20. 5156
QUT: QUT:
STORAGE = 24. 7517 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 3600. 0000 VELLS = 20. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 152. 6430 ET SEGVENTS = 0.5156
TOTAL QUT = 3777. 3947 TOTAL QUT = 20.5156
IN - OUT = -6. 7305E- 05 IN - QUT = -3.5147E- 07
PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00
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Case 3: This case, as shown in the Figure 5.7 below, hadawers with bottom elevation of top layer at

50 m. CFP Mode 3 was applied in the lower layey.onl

Top Elevation 100 m

Water table at 98 m

First layer, 50 r

Second layer, 0 m

Figure 5.7

The output from the simulation, shown below, shtied except for the storage in the ‘IN’ sectiorerth
is no change in the volumetric budget of the enticelel, but some changes in drawdown and head of

the cells in layer 1.

HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1

HEAD IN LAYER 2 AT END OF TIME STEP 180 I N STRESS PERI OD 1
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DRAWDOWN | N LAYER

1 AT END OF TIME STEP 180 I N STRESS PERI GD

1 -6.5045E-03
2 7. 3216E-02
3 -6.5045E-03

DRAWDOWN | N LAYER

7.3216E-02 -6. 5045E-03
0. 4232
7.3216E-02 -6. 5045E-03

7. 3216E-02

2 AT END COF TI ME STEP 180 I N STRESS PERI CD

1 6. 9162E- 02
2 7.8812E-02
3 6. 9161E-02

7.8812E-02 6.9161E-02
9. 9543E-02 7.8812E-02
7.8812E-02 6.9162E-02

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERICD 1

I N:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL IN

QuUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

159. 8423
0. 0000

0. 0000
3692. 5875
0. 0000

3852. 4298

38. 7617
0. 0000
3600. 0000
0. 0000
213. 6682

3852. 4299
-9.4479E- 05

0. 00

I N:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS

TOTAL OUT
IN - QUT

PERCENT DI SCREPANCY

5.9817E-03
0. 0000
0. 0000
20. 5144
0. 0000

20. 5204

0. 0000
0. 0000
20. 0000
0. 0000
0. 5204

20. 5204

-2.1233E-06

0. 00
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Case 4: Similar to Case 1, except that CFP mode 2 is agppdidirst layer only. The output from the

simulation is as shown below, which is same a®thput from Case 3.

WN P

WN P

HEAD I N LAYER

1 2 3
98. 01 97. 93 98. 01
97.93 97. 58 97. 93
98. 01 97. 93 98. 01

HEAD I N LAYER

1 2 3
97. 93 97.92 97. 93
97.92 97. 90 97.92
97.93 97.92 97. 93

DRAWDOWN | N LAYER
1 2

1 AT END OF TIME STEP 180 I N STRESS PERI CD

1

2 AT END OF TIME STEP 180 I N STRESS PERI OD 1

1 AT END OF TI ME STEP 180 I N STRESS PERI OD 1

- 6. 5045E- 03
7.3216E-02
- 6. 5045E- 03

. 5045E-03 7. 3216E-02
.3216E-02 0.4232
. 5045E-03 7. 3216E-02

DRAVDOVWN | N LAYER

2 AT END OF TIME STEP 180 I N STRESS PERI OD 1

6. 9161E- 02
7. 8812E-02
6. 9162E- 02

.9162E-02 7.8812E-02
. 8812E-02 9. 9543E-02
.9161E-02 7.8812E-02

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

CONSTANT HEAD

CONSTANT HEAD

STORAGE

VELLS
RECHARGE
ET SEGVENTS

TOTAL IN

QuUT:

STORAGE

VEELLS
RECHARGE
ET SEGVENTS

TOTAL OUT

IN- OQUT =

159.
3692.

3852.

38.
0.
3600.
0.
213.

3852.

8423

. 0000

0000
5875

. 0000

4298

7617
0000
0000
0000
6682

4299

- 9. 4479E- 05

STORAGE
CONSTANT HEAD
VEELLS
RECHARGE

ET SEGVENTS

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VWELLS
RECHARGE
ET SEGVENTS

TOTAL OUT

IN - OUT

5.9817E-03
0. 0000
0. 0000
20. 5144
0. 0000

20. 5204

0. 0000
0. 0000
. 0000
0. 0000
0. 5204

20.5204

-2.1233E-06
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PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00

5.2.2.3 Sensitivity Results: There was no impact of using CFP Mode 2. CFP Mbds also tested by

increasing and decreasing the diameter of voidsngyorder of magnitude, but the results wereti|

same. It was even tested by increasiggnkhe LPF package by three orders of magnituteasing
pumping to -200 riiday, and increasing recharge by one order of nadgi The Reynolds’ numbers do
not seem to have any impact on simulation no mathet the ranges of values between upper and lower
Reynolds’ numbers were. The only difference wahestorage of the ‘IN’ section (Case 0, 1, 2) and
(Case 3,4).

5.2.3 MODFL OW execution using M ode 3: Input to the Conduit Flow Process package is fead
the file that is type ‘CFP’ in the Name file (Figub.8). Execution using Mode 3 to simulate CFP is
achieved by specifying ‘3" in ITEM 2 of CFP file Bl number in Figure 5.2.3). ‘COC’ and ‘CRCH’

were included in the simulation. The CFP file irstbase was written following the items listed {39

page 27 of documentation by Shoemaker et al. (2008 input to this case is the combination of inpu
data used in Mode 1 and Mode 2. So an aquifedliab®ve with 1 layer is simulated using Mode 3 of
CFP, and input data listed above for Mode 1 andévdbdvere used in the simulation. It was also
assumed that all of the recharge falling over (el 2, column 3) will be routed directly into thede

2. So an extra file type ‘CRCH’ (See Figure 5.55weeated and included in the Name file as shown in
Figure 5.8 below. Also another extra file type ‘C@See Figure 5.6) was created and included in the
Name file as shown in Figure 5.8 below in ordewtde node heads, and flows for all of the nodes an
pipes. MODFLOW 2005 version 1.2.01_cfp 01/17/20@&wsed in the simulation.
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P test2.CFP - Natepad
Fle Edit Format View Help

EX

# mode

#data for mode 3 conduit pige systen

#number of nodes / tubes / layers

5 41

Ftemperature

25

#No_N mcmrml Nbl Nb2 Nb3 Nb4 NBS Nb6 Phl Pb2 Ph3 Ph4 PhS Phé
1 1215 0 0 00 0 0 0 0 0
Z 321 5% 0 0 0 0 0 2 0 0 0 0 0
3 2115 0 0 0 0 0 3 0 0 0 0 0
4 231 5 0 0 0 0 0 4 00000
5 2 2.l X 2 304 D8 A 2 G4 8

#elevation of conduit nodes. Two possibilites

#first: node # elevation (1 Tine for_each node) .

#second: nbrnodes elevation{only one line used to assign constant value)
197.5

2 075

[ =]
=R =N =
e B B
[ N |

#surface dependent exchange (set 1) or constant exchange (set 0)
1

#criterion for convergence

1.00-6 -
#maximum number for loop iterations
100

#parameter of relaxation

1
#newton raphson print flag
1

#data for tube parameters:
tno. diameter tortuosity roughness Treynolds treynolds
0

1 01 1.0 0. 10

2 0.1 1.0 0.01 10.0 20.0
3 0.1 1.0 0.01 10.0 20.0
4 0.1 1.0 0.01 10.0 20.0
#node heads (if head unequal -1 the head is fixed)

1 -1

2 -1

I0-1

4 -1

5 -1

texchange terms for flow between continuum and pipe-network
1 5.0

2 5.0

1050

4 5.0

5 5.0

#data for mode 2 conduit Tayer system
gnumber of conduit layers
1

gconduit layer #'s
1

fwater temperature, in degrees celcius

25.0

imean void diameter, Tower and upper critical reynolds numbers
#conduit layer 1

0.110.0 20.0

Figure 5.2.3. CFP file for Mode 3
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B test?.nam - Notepad E]@

Ele Edit Format View Help

[# NAME file for CFP Mode 3 example
\#

5# output files

ILIST 9 testZ2.out
|BAS6 75 test2.bab
ILPF 7 test2.l1pf
IDIS 8 test2.dis
WEL 16 test2.wel

IPCG 13 testl2.pcg
(o]e 14 test2.oc

|RCH 15 test2.rch
ets 17 test2.ets
|CFP 18 test2.cfp
|coC 19 test2.coc
|CRCH 20 test2.crch

Figure 5.8

5.2.3.1. Output From Simulation: A MODFLOW output file will be created after the sitation with

the name of output file as specified in the Nartee Depending upon the options specified in th@out
control file, the volumetric budget of the entiredel, heads, and drawdown will be printed at ddsire
time steps and stress periods in this outputAileo node water budget and pipe system water budget
will be printed in this same file. Because it wasided to get separate output files for each optpes
and nodes (See Figure 5.6), five output files egldb each of the node and four output files rdl&be
each of the conduits will be created as well. Alsbulence code from the simulation is automatycall

written to an output file named ‘turblam.txt’. Araple of the output file is as shown below:
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STRESS PERIOD/TIME STEP 1 180
NUMBER OF NEWTON RHAPSON ITERATIONS: 3
------- RESULTS OF FLOW CALCULATION -------
Table 5 .4
NODE | NODE POROUS MEDIA HEAD | EXCHANGE FLOW | DIRECT
# HEAD[M] [M] [M"3/D] RECHARGE
1 97.94711 97.96496 -3.504584 0
2 97.94712 97.95594 -1.730489 2.279375
3 97.94711 97.96467 -3.447645 0
4 97.94711 97.96467 -3.447645 0
5 97.94707 97.92872 14.40974 0
Table 5.5
Q RESIDENCE TIME
TUBE B E FLOW [M~3/D] | DIAM.[M] | LEN.[M] | Re [D]
1 1 5 turb. 3.50458 | 0.1 25 578.2672 | 0.05603
2 2 5 turb. 4.00986 | 0.1 25 661.64 0.04897
3 3 5 turb. 3.44764 | 0.1 25 568.872 | 0.05695
4 4 5 turb. 3.44764 | 0.1 25 568.872 | 0.05695
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BUDCET OF THE PI PE SYSTEM COF TI MESTEP 180 I N STRESS PERI OD 1

TOTAL SI MULATI ON

TI ME

CUMULATI VE VALUES (L**3)

I N:
CONSTANT HEAD = 0. 0000000
Pl PE RECHARGE = 37131. 019
MATRI X EXCHANGE = 197477. 31
STORAGE = 0. 0000000

QUT:
CONSTANT HEAD = 0. 0000000
MATRI X EXCHANGE = 234608. 32
STORAGE = 0. 0000000

IN - OUT 0. 23574103E- 08

PERCENT ERROR 0. 50241403E-12

------------------------ NODE WATER BUDGET

180. 000000000000 S

RATES THI S TI ME STEP (L**3/T)

I N:
CONSTANT HEAD
Pl PE RECHARGE

MATRI X EXCHANGE
STORAGE
TOTAL I N

QUT:
CONSTANT HEAD
MATRI X EXCHANGE
STORAGE
TOTAL OUT

IN - OJT
PERCENT ERROR

0. 0000000
2.2793750
12. 130363

0. 0000000
14. 409738

0. 0000000
14. 409738
0. 0000000
14. 409738

- 0. 54036775E- 11
-0.18750089E- 10

STRESS PERI OD 1 TIME STEP 180
TOTAL SI MULATION TIME  180. 000000000000
FLOW TO THE NCDE IN mM3/d
Table 5.6

NODE FIXED H. RECHARGE MATRIX STORAGE TUBE_IN TUBBOUT IN - OUT
1 0 0 3.5045844 0 0 -3.5045844 -1.18E-1Q
2 0 2.279375 1.7304895 0 0 -4.0098645 1.75E-10
3 0 0 3.4476449 0 0 -3.4476449 -8.35E-11
4 0 0 3.4476448 0 0 -3.4476448 3.12E-10
5 0 0 -14.409738 0 14.409738 0 -2.91E-1Q
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HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1
1 2 3

98. 01 97. 96 98. 00

97. 96 97. 93 97. 96

98. 01 97. 96 98. 00

WN P

DRAWDOWN | N LAYER 1 AT END OF TI ME STEP 180 I N STRESS PERI CD 1
1 2 3
1 -8.1058E-03 3.5330E-02 -4.9048E-03
2 3.5039E-02 7.1277E-02 4.4062E-02
3 -8.1058E-03 3.5330E-02 -4.9047E-03

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N I'N
STORAGE = 48. 7952 STORAGE = 2. 8245E-03
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 0. 0000 VELLS = 0. 0000
RECHARGE = 3282. 3000 RECHARGE = 18. 2350
ET SEGVENTS = 0. 0000 ET SEGVENTS = 0. 0000
Pl PES = 2583. 4479 Pl PES = 14. 4097
TOTAL IN = 5914. 5431 TOTAL IN = 32.6476
QUT: QUT:
STORAGE = 14. 6673 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
VELLS = 3600. 0000 VELLS = 20. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 128. 1934 ET SEGVENTS = 0. 5204
Pl PES = 2173. 1604 Pl PES = 12. 1304
TOTAL OQUT = 5916. 0211 TOTAL QUT = 32. 6508
IN - QUT = -1.4780 IN - OQUT = -3.2211E-03
PERCENT DI SCREPANCY = -0.02 PERCENT DI SCREPANCY = -0.01
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5.2.3.2 Results: The output using Mode 3 is exactly the same agyudiode 1, indicating no significant
effect of Mode 2 combined in the simulation. Theref a sensitivity analysis was done by dividing th

whole aquifer into two layers. In Case A, CFP Mddeas applied to first layer and Mode 2 was applied
to second layer. In Case B, CFP Mode 1 was appii¢gite second layer and Mode 2 was applied to the

first layer.

Case A: The bottom elevation of first layer is 50 m, aedand layer is 0 m, as shown in Figure 5.7, of
Case 3 of Section 5.2.2.2. The water table elenasi®8 m and top elevation is 100 m, as showhen t
same figure. CFP Mode 1 was applied to layer 1GiE Mode 3 was applied to layer 2. Output from

the simulation is as shown below:
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STRESS PERI OO/ TI ME STEP 1 180
NUMBER OF NEWION RHAPSON | TERATI ONS: 3
------- RESULTS OF FLOW CALCULATION -------
Table 5.7
NODE | NODE POROUS MEDIA HEAD | EXCHANGE FLOW | DIRECT
# HEAD[M] [M] [M"3/D] RECHARGE
1 97.90597 97.92565 -3.865765 0
2 97.90597 97.9157 -1.909228 2.279375
3 97.90597 97.92552 -3.839206 0
4 97.90597 97.92552 -3.839206 0
5 97.90591 97.88588 15.73278 0
Table 5.8
Q RESIDENCE TIME
TUBE | B | E | FLOW | [M~3/D] | DIAM.[M] | LEN.[M] | Re [D]
1 1|5 | turb. 3.86576 | 0.1 25 637.86306 | 0.05079
2 2 | 5 | turb. 4.1886 0.1 25 691.13236 | 0.04688
3 3 | 5 | turb. 3.83921 | 0.1 25 633.4807 | 0.05114
4 4 |5 | turb. 3.83921 | 0.1 25 633.48069 | 0.05114
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BUDCET OF THE PI PE SYSTEM COF TI MESTEP 180 I N STRESS PERI OD 1

TOTAL SI MULATI ON TI ME

CUMULATI VE VALUES (L**3)

I N:
CONSTANT HEAD
Pl PE RECHARGE

MATRI X EXCHANGE
STORAGE

QUT:
CONSTANT HEAD
MATRI X EXCHANGE
STORAGE

IN - OUT
PERCENT ERROR

0. 0000000
37131. 019
218891. 49
0. 0000000

0. 0000000
256022. 51
0. 0000000

-0.44237822E-08
- 0. 86394401E-12

NCDE WATER BUDGET

180. 000000000000 S

RATES THI S TI ME STEP (L**3/T)

I N:
CONSTANT HEAD
Pl PE RECHARGE

MATRI X EXCHANGE
STORAGE
TOTAL I N

QUT:
CONSTANT HEAD
MATRI X EXCHANGE
STORAGE
TOTAL OUT

IN - QU7
PERCENT ERROR

0. 0000000
2.2793750
13. 453404
0. 0000000
15.732779

0. 0000000
15. 732779
0. 0000000
15. 732779

-0.26147973E- 11
- 0. 83100299E- 11

STRESS PERI OD 1 TIME STEP 180
TOTAL SI MULATION TIME  180. 000000000000
FLOW TO THE NCDE IN mM3/d
Table 5.9
FIXED
NODE H. RECHARGE MATRIX STORAGE TUBE_IN TUBE_OUT IN - OUT
1 0 0 3.8657648 0 0 -3.8657648 6.95E-11
2 0 2.279375 1.9092281 0 0 -4,1886031 -1.26E-10
3 0 0 3.8392056 0 0 -3.8392056 7.75E-11
4 0 0 3.8392055 0 0 -3.8392055 2.31E-10
5 0 0 -15.732779 |0 15.732779 0 -2.54E-10
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HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1

HEAD I N LAYER 2 AT END OF TI ME STEP 180 I N STRESS PERI OD 1

DRAWDOWN I N LAYER 1 AT END OF TI ME STEP 180 IN STRESS PERI OD 1

1 -7.8824E-03 7.4482E-02 -5.2973E-03
2 7.4346E-02 0.1141 8. 4302E-02
3 -7.8825E-03 7.4482E-02 -5.2973E-03

DRAVWDOWN | N LAYER 2 AT END OF TIME STEP 180 I N STRESS PERI CD 1

1 3.9743E-02 4.5958E-02 4.0621E-02
2 4.5677E-02 5.0227E-02 4. 6998E-02
3 3.9743E-02 4.5958E-02 4.0621E-02
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP180 IN STRESS PERICD 1

I N
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL OUT

IN - OUT

PERCENT DI SCREPANCY

91.
. 0000
. 0000
3282.
. 0000
2814.

6188.

21.
. 0000
3600.
. 0000

163.
2404.

6190.

1438

3000

8621

3059

7690

0000

7014
5746

0450

. 7391

.03

I N:
STORAGE
CONSTANT HEAD
VEELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL IN

QUT:
STORAGE
CONSTANT HEAD
VELLS
RECHARGE
ET SEGVENTS
Pl PES

TOTAL OUT

IN - OJT

PERCENT DI SCREPANCY

5. 7559E- 03

0.
0.
18.
0.
15.

33.

33

0000
0000
2350
0000
7328

9735

. 0000
. 0000
. 0000
. 0000
. 5272
. 4534

. 9806

-7.0583E-03

-0

.02
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CaseB: In this case, CFP Mode 1 was applied to the setayma, and Mode 2 was applied to the first
layer. The plan looks the same as shown in Figilteéction 5.2.1 but the front view is differenfiah
is as shown below. Top elevation is 100 m, botttewation of first layer is 50 m, and bottom elewati
of second layer is 0 m. Since the conduits araensecond layer, the elevations of the conduits are

assigned as 45 m. Output from the simulation shasvn below:

Top Elevation 100 m

Water Tabl 98 n

First layer 50 m

N4

N1C> O 0 ON2

P1

Node elevation 45 m

Second layer 0 m

Figure 5.9: Front view showing nodes and conduits
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STRESS PERI OO/ TI ME STEP 1 180
NUMBER OF NEWION RHAPSON | TERATI ONS: 3
RESULTS OF FLOW CALCULATION -------
Tabl e 5.10
NODE | NODE POROUS MEDIA HEAD | EXCHANGE FLOW | DIRECT
# HEAD[M] [M] [M"3/D] RECHARGE
1 98.00752 98.00665 0.1709097 0
2 98.00754 98.00546 0.4071127 2.279375
3 98.00752 98.00644 0.2115511 0
4 98.00752 98.00644 0.211549 0
5 98.00752 98.00589 1.278394 0
Table 5.11
Q
TUBE |B | E | FLOW | [M"3/D] DIAM.[M] | LEN.[M] | Re RESIDENCE TIME [D]
1 1 |5 | turb. -0.17089 | 0.1 25 28.19792 1.14896
2 2 |5 | turb. 1.87228 | 0.1 25 308.93173 | 0.10487
3 3 |5 | turh. -0.21153 | 0.1 25 34.90388 0.92821
4 4 |5 | turb. -0.21153 | 0.1 25 34.90353 0.92822
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BUDGET OF THE PI PE SYSTEM OF TI MESTEP 180 I N STRESS PERI OD 1

TOTAL SI MULATION TIME  180. 000000000000 S

CUMULATI VE VALUES (L**3) RATES THI S TI ME STEP (L**3/T)

I N: I N:
CONSTANT HEAD = 0. 0000000 CONSTANT HEAD = 0. 0000000
Pl PE RECHARGE = 37131. 019 Pl PE RECHARGE = 2.2793750
MATRI X EXCHANGE = 0. 0000000 MATRI X EXCHANGE = 0. 0000000
STORAGE = 0. 0000000 STORAGE = 0. 0000000
TOTAL IN = 2.2793750
QUT: QUT:

CONSTANT HEAD = 0. 0000000 CONSTANT HEAD = 0. 0000000
MATRI X EXCHANGE = 37131. 920 MATRI X EXCHANCGE = 2.2795170
STORAGE = 0. 0000000 STORAGE = 0. 0000000
TOTAL QUT = 2.2795170

IN - OUT -0.90079754 IN - OUT -0.14195382E- 03

PERCENT ERROR

-0.12129840E- 02

PERCENT ERROR

-0.31137791E- 02

------------------------ NODE WATER BUDGET- - === - = === === === zzmmmn-
STRESS PERI OD 1 TIME STEP 180
TOTAL SI MULATION TIME  180. 000000000000

FLOW TO THE NCDE I N M3/d

Table 5.12
NODE FIXED H. | RECHARGE MATRIX STORAGE TUBE_IN TUBE_OUT IN - OUT
1 0 0 -0.17090973 0 0.17089333 0 -1.64E-05
2 0 2.279375 -0.40711271 0 0 -1.8722787 -1.64E-05
3 0 0 -0.21155114 0 0.21153474 0 -1.64E-05
4 0 0 -0.211549 0 0.2115326 0 -1.64E-05
5 0 0 -1.2783944 0 1.8722787 -0.59396067 -7.64E-05
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HEAD IN LAYER 1 AT END OF TIME STEP 180 I N STRESS PERI OD 1

HEAD I N LAYER 2 AT END OF TI ME STEP 180 I N STRESS PERI OD 1

HEAD WLL BE SAVED ON UNIT 58 AT END OF TI ME STEP 180, STRESS PERI OCD 1

1
DRAVDOWN | N LAYER 1 AT END OF TIME STEP 180 IN STRESS PERIOD 1
1 2 3
1 -1.7750E-02 6.4199E-02 6.8519E- 06
2 5.8738E-02 0.4217 0.1281
3 -1.7751E-02 6.4199E-02 6.7312E- 06
1

DRAVWDOMWN | N LAYER 2 AT END OF TIME STEP 180 I N STRESS PERI CD 1

1 -7.8153E-03 -6.4438E-03 -5.2802E-03
2 -6.6509E-03 -5.8940E-03 -5. 4623E-03
3 -7.8159E-03 -6.4438E-03 -5. 2802E-03

DRAWODOWN W LL BE SAVED ON UNIT 36 AT END OF TI ME STEP 180, STRESS PERI OD 1
1
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP180 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I N I N:
STORAGE = 159. 1391 STORAGE = 5.3331E-02
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 0. 0000 WELLS = 0. 0000
RECHARGE = 3282. 3000 RECHARGE = 18. 2350
ET SEGVENTS = 0. 0000 ET SEGVENTS = 0. 0000
Pl PES = 410. 2939 Pl PES = 2.2795
TOTAL IN = 3851. 7330 TOTAL IN = 20.5678
QUT: QUT:
STORAGE = 36. 4205 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 3600. 0000 WELLS = 20. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
ET SEGVENTS = 248. 2486 ET SEGVENTS = 0. 7100
Pl PES = 0. 0000 Pl PES = 0. 0000
TOTAL QUT = 3884. 6691 TOTAL QUT = 20. 7100
IN - QUT = -32.9361 IN - OQUT = -0. 1422
PERCENT DI SCREPANCY = -0.85 PERCENT DI SCREPANCY = -0.69
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5.2.3.3 Conclusion: From the results of the sensitivity analysis, it b& seen that the output from using
CFP Mode 2 only in layer 2 (Case A) is differeranttapplying Mode 2 to the whole layer (Mode 3 is

the combination of Mode 1 and Mode 2. So when wesgaulation using Mode 3, we are applying
Mode 1 and Mode 2 together). In case B, the flotetally in the opposite direction, i.e., from nsde

the porous media because the calculated headdbraddhe node is greater than the head of theysoro
media.
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