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C-I-2 XEH#EFHER USGS A3 —K FourPt EDRFI—VEE

C-1-2.1 BME

TANGE O amfi B F~v—r ORBRT—X

PR L R3] OISR
[N W (250 CINAPL WEaes 159

fRHTIER] - K - ZE5 2 AR SREAT

RIL L IR/ 02 kot O3 wot

AFIY R R4 cil2.dat

H BRSO - Lewis L. DeLong, David B. Thompson, and Jonathan K. Lee: The Computer Program
FourPt (Version 95.01), A Model for Simulating One-Dimensional, Unsteady, Open-
Channel Flow, U.S. Geological Survey, Water-Resources Investigations Report 97-4016
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AT A Nr—A1%, KEUSGS DA = — K FowrP? & DR F~—7 iR TH D, 1 ILBIKEO Lt
Ul AEE DR E 52 T2 & & O EZ(bZ T 5.4 412579 X 512, BAKE TR & 100,000 [m],
& 100 [m], 7KEEABEL 0.001 [-]Zxf5% & L, Ejitdnk VY Pete’s Hydorograph & MR Dt EZELE G 2D,
FourPt = — KTCIE, ¥4+ I v 7 v =x—71 (Dynamic Wave), JEHEITEL (Diffusion Wave) ZH 5,
GETFLOWS 1Z, LB ITEl & A LIERRITEL (Linearized Diffusion Wave) % FV>, fj = — K L iEf) 52
KOWEP T EDENE TGS %,

H=100 [m] 0=0.001

h=15m] || Qr—> —
,4;100 [m]

A
W

L=100,000 [m]
X 4 XRET2HHEEHmERBEAE (CI1-2)

2 FourPt IXBAKEEH OIEERT —RILmL ARG L L, Bl LToKEEEZR S Z R TEx 5, FEEFH
KA O TEE) H RS LTI, SRR (Diffusion Wave), i#E#Eh (Kinematic Wave) X OV A 3 v 7 &7
= — 7 (Dynamic Wave) D 3 /\FX —L ZEETHT LNTE 5, £, RHAOEEZR(LIZONTHEET
D2 ENTED, IERIEMEIZIE Newton 15, T8I ORAFIEIL Gauss DIEELEE V5, BERSMTIR
&, KA, AKRAABLZ XV, KEHEEEOIRITESE, B EIL4 DORNGIER I D AHATIR
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C-1-2.6 REETME
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GETFLOWS DO¥fiifi# % Ai(i=1..N)& 3% & RMSE [ZkTHEDLEIND,

[ 1
RMSE = ﬁZ(Ti —A))?
i

# 9 GETFLOWS & FourPt Dz (C-1-2)

RSN D D JKALD RMSE [m]
FEEE [km] FourPt (Dynamic Wave) FourPt (Diffusion Wave)
0.5 0.0701 0.0566
10.5 0.0772 0.0850
30.5 0.1545 0.1740
50.5 0.2386 0.2366
VSR D D it > RMSE [m?¥/s]
EEEE [km] FourPt (Dynamic Wave) FourPt (Diffusion Wave)
0.5 31.35 31.29
10.5 31.76 33.29
30.5 50.03 52.07
50.5 80.07 74.38
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C-1-3.3 BFETIL

| Atmosphere | | Surface | | Impervious Stratum

N

Height(m)
o

4

- I 1 I 1 I I 1 1 I 1

1
N

0 2 4 6 8 10
X

Upstream | Permeable Stratum | | Downstream |

8 KEHFMBERZMNGEE LIRFET/VE (CI1-3)

Atmosphere
i Surface
: Impervious Stratum
O Upstream
E |
=
S | [+
© e Permeable Stratum
T O
-10 Downstream
I I
0.1

9 NEFMBBHEENGEL LB FETARE (CI-3)

# 10 BFETFNLOETT (C1-3)

vk XA K- FANTEN
B NNBLK [-] 48 15
X J7 5y & NX [ 12 1
Y J7 1 oy B NY [ 1 1
Z JimrEK NZ [-] 4 15
77 Lk L [m] 10
W i A A [m?] 1
)N g [m/s?] 9.80665
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|

C-1-34 fEMTSEE
#z 11 EmE (C-1-3)
k=2 HANL AR EAE
TRAREE pw [kg/m?] 998.2
VICEIES RS Cs [1/Pa] 0
IRAR KGR 2 n [Pa - s] 1.002x10°®
IR bl IR S Cu [1/Pa] 0
# 12 #HEwtE (C1-3)
o N, Permeable Impervious Upstream
AL AL Atmosphere Surface Stratum Stratum Downstream
R [kg/m?] 2500 2500 2500 2500 2500
B = 0 [] 1.0x10%° 1.0x10%° 0.4 1.0x10%° 1.0x10%°
R K [m?] 9.87x10% 9.87x10%* | £ 13 &M 0 9.87x10%
AR Cr [1/Pa] 0 0 0 0 0
# 13 7F—AEE (C1-3)
o L Casel Case2 Case3 Cased Caseb
AL ==XV
Caseb Case7 Case8 Case9 Casel0
=7 P1-P2 | [MPa] | 9.80665x102 | 4.903325x102 | 196133x10% | 9.80665X102 | 9.80665 % 102
R =R K [m?] 1.0x10°22 1.0x10°12 1.0x1022 1.0x10°15 1.0x10°
C-1-3.5 R
£ 14 BT —AOENTRER L ERMRE L Ok (C-1-3)
IKEET IV BANT Casel Case2 Case3 Cased Case5
PR iR [mP/day] | 8.4560x101 | 4.2280x10* 1.6912 8.4560x10 8.4560x102
GETFLOWS [m3/day] 8.4560%10! 4.2280%10" 1.6912 8.4560%10* 8.4560%10?
SHIEET L BT Caseb Case7 Case8 Case9 Casel0
ity [m3/day] 1.7741 1.3513 2.6197 1.7741x10°3 1.7741x10°
GETFLOWS [m3/day] 1.7741 1.3513 2.6197 1.7741x10°3 1.7741x10°
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C-1-3.6 REETME

AAZERTIIE RMSE () S P HIRERZE) CIT - 70, BiEmfiEZ T, GETFLOWS O#fifigz A L9 5% &,
RMSE (ZIRA TR D SN,
RMSE = /(T — A)?

& 15 KEETNVTOEE (C1-3)

RMSE [m?®/day]
Casel 0.000
Case2 0.000
Case3 0.000
Cased 0.000
Case5 0.000

# 16 SHEETATOHEZE (C-1-3)

RMSE [m®/day]
Caseb 0.000
Case7 0.000
Case8 0.000
Case9 0.000
Casel0 0.000
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& 40 FATRERORBRZE (C1-8)

o HoR T [day] RMSE

/) [MPa] fofnE [
Pointl 0.0~1.0 9.8636 X 10 5.8975 X103
Point2 0.0~1.0 5.4307 X 10* 6.5300X 103
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1 C-I-1: Surface flow - One dimensional steady state open channel flow

Table 1: Error comparison between GETFLOWS and the analytical solution (C-I-1).

Nb of data points RMSE of flow rate [m?/s]
1 1.4583293E-06

2 C-I-2: FourPt benchmark calculation
2.1 Compare with FourPt Diffusion Wave (DFW)

Table 2: Error comparison between FourPT and GETFLOWS (C-1-2).

Distance from upstream end [km] Nb of data points RMSE of water level [m)] RMSE of flow rate [m3/s]
0.5 8640 5.6575543E-02 3.1287522E+01
10.5 8640 8.4960740E-02 3.3293006E+-01
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Distance from upstream end [km] Nb of data points RMSE of water level [m] RMSE of flow rate [m3/s]
30.5 8640 1.7399046E-01 5.2072962E+01
50.5 8640 2.3658288E-01 7.4382816E4-01

2.2 Compare with FourPt Dynamic Wave (DY W)

Table 3: Error comparison between FourPT and GETFLOWS (C-1-2).

Distance from upstream end [km]  Nb of data points RMSE of water level [m] RMSE of flow rate [m?3/s]
0.5 8640 7.0077648E-02 3.1346514E+01
10.5 8640 7.7193466E-02 3.1758541E+01
30.5 8640 1.5453369E-01 5.0034331E+01
50.5 8640 2.3859334E-01 8.0074203E+01

3 C-I-3: One dimensional saturated groundwater flow

Table 4: Error in horizontal models (C-1-3).

Cases (horizontal model) No of data points RMSE of flow rate [m?3/day]

Case 1 1 0.00000000E+-00
Case 2 1 0.00000000E+-00
Case 3 1 0.00000000E+00
Case 4 1 0.00000000E+00
Case 5 1 0.00000000E+-00

Table 5: Error in vertical models (C-1-3).

Cases (vertical model) No of data points RMSE of flow rate [m?/day]

Case 6 1 0.00000000E4-00
Case 7 1 0.00000000E4-00
Case 8 1 0.00000000E+-00
Case 9 1 0.00000000E+00
Case 10 1 0.00000000E+00

4 C-I-4: Falling head test

Table 6: RMSE of each case (C-I-4).

Cases Initial water head difference [m] Time range No of data points RMSE of water height [m]
Case 1 2.05 0.8 100 8.6901805E-04
Case 2 11.05 2.25 100 2.4384453E-02
Case 3 1.15 0.058 100 2.4796728E-05

5 C-I-5: Pumping test
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Table 7: RMSE of pressure as a function of distance (at time 20.5 days) and as a function of time (at distance 39.6m from
the well) (C-I-5).

Time [day] distance [m] No of data points RMSE of pressure [MPa]

20.5 0 to 1000m 16 8.2295615E-04
0 to 100day 39.6 42 5.5933107E-03

6 C-I-6: Tidal effect - hydraulic head diffusion problem

Table 8: RMSE of water level at different time intervals (C-I1-6).

Elapsed time [day] Interval [m] No. of data points RMSE [m]

0.5day 0 to 2500m 120 5.0190750E-03
lday 0 to 2500m 120 5.6551788E-03
1.25day 0 to 2500m 120 3.8515084E-03
1.75day 0 to 2500m 120 2.9786987E-03

Table 9: RMSE of water levels at three locations (C-I-6).

Location Interval [day] No. of data points RMSE [m]

Pointl 0 to 2day 201 1.1931703E-04
Point2 0 to 2day 201 5.7093403E-03
Point3 0 to 2day 201 4.3779078E-03

7 C-I-7: Unsaturated zone capillary pressure curves

Table 10: RMSE estimation for analytical and numerical solutions(C-I-7).

Compared depth [m] No of data points RMSE [m]
[0,100] 201 4.2751083E-03

8 C-I-8: Calculation of a benchmark of multiphase flow simulator -
TOUGH2

Table 11: RMSE error analysis (C-1-8).

Location Time duration [s] Nb of data points RMSE of Pressure [MPa]

Pointl 0 to 86400s 3876 9.8636276E-04
Point2 0 to 86400s 3876 5.4306941E-04

Location Time duration [s] Nb of data points RMSE of saturation [-]

Point1 0 to 86400s 3876 5.8974573E-03
Point2 0 to 86400s 3876 6.5300409E-03
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