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Abstract

In groundwater modeling, an array of factors are the cause of
deviation between estimated results and the observed data
which demonstrate uncertainty in groundwater resources
system. In this study, with the aim of investigating the
uncertainty of groundwater flow model in Ali Abad plain of
Qom with the area of 1712 km?, the parameter of hydraulic
conductivity, as the most important source of uncertainty, was
used to analyze the parametric uncertainty. For this purpose, in
order to simulate ground water level, different uncertainty
ranges in 90% of confidence interval of hydraulic conductivity
was investigated by Monte Carlo method and the uncertainty
assessment criteria were used to quantify the uncertainty.
Eventually, the most appropriate uncertainty range was
defined. The Rosenblueth’s Point Estimation Method (RPEM)
was used to reduce the calculation process and time and then
its performance for analyzing the parametric uncertainty was
compared to Monte Carlo method using assessment criteria.
Results showed that the most appropriate uncertainty range
with  RPEM and Monte Carlo method for hydraulic
conductivity was obtained by increase of 40% and reduction of
30% of this parameter. RPEM method showed a better
performance of 43% compared to Monte Carlo method.
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Fig. 1- Location of Qom’s Ali Abad study area and aquifer’s boundary
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Table 1- Uncertainty ranges for analyzing
uncertainty of groundwater level using hydraulic
conductivity
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Increasing in hydraulic Reduction in hydraulic

conductivity conductivity
20% 20%
30% 30%
40% 40%
50% 50%
60% 60%
40% 30%
40% 20%
30% 40%
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Table 2- Index values of NUEg., in different uncertainty ranges by Monte Carlo method
P Chge gy bawgd i 590 S05L 45 NUEgqy, padlui y13lie -V Jou

NUEqgg,(x10%) Indices values

Observed -20% & -30% & -40% & -50% & -60% & 20% &  -40% &
wells +20% +30% +40% +50% +60% +40% +30%
P2 0 0 10.478 7.928 5.782 0 0
P3 0 0 5.704 4.604 3529 0 0
P4 16.964 16.605 15.469 11.972 10.973 18711 13.451
P5 17.788 21.45 22.337 18.117 14.861 21108  16.832
P6 16.282 10.058 26.975 23.567 17.548 19.928  17.156
P7 11.991 48.908 50.085 39.439 32.045 10451  38.658
P8 7.408 7.917 8.406 4.968 3.996 8.369 8.389
P9 17.116 24.038 28.173 23.792 26.38 25818 29513
P10 0 71.653 79.696 64.207 52.709 71458  86.368
P11 11.343 12,561 15.247 12.168 10.284 15164  13.279
P13 21.294 19.581 21.13 14.399 11.214 15459  21.155
P15 0 7.99 13.081 10.073 7.699 10.174 7.986
P16 10.893 10.159 10.293 7.208 5.914 11.149 9.162
P17 15.345 21.054 14.74 10.716 8.967 21398 15811
P18 10.616 23.435 32.109 27.833 25518 14593 30.982
P19 0 10.807 16.659 12.457 10.099 12.931 8.916
Average 9.815 19.138 23.161 18.34 15.47 17294 19.854
Min 0 0 5.704 4.604 3529 0 0
Max 21.294 71.653 79.696 64.207 52.709 71458  86.368
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Table 3- Indices values of ARILgge,, Poge, and NUEqge, by Monte Carlo method (+40% & -30% range)
(wﬁls X‘ﬂ’ 9 w{"}é’ Xf‘ D}l{) 9.‘)‘5&;\39.0 u»” .b.w,&' NUEgO% 9 Pgo% ‘ARILgoo/o dlﬁ)lﬂ.&n ﬂblﬁo —Yl JSA?

Observed Indices Observed Indices
wells ARILggy,  Pogu NUEggs; (x103) wells ARILggy,  Pogo; NUEgg,(x103)
P2 0.00107 14.286 13.359 P10 0.00048 42.857 88.906
P3 0.00197 14.286 7.239 P11 0.00548 85.714 15.631
P4 0.00505 85.714 16.971 P13 0.00329 71.429 21.68
P5 0.00369 85.714 23.18 P15 0.00206 28.571 13.898
P6 0.00156 42.857 27.491 P16 0.00873 100 11.455
p7 0.00169 100 59.075 P17 0.00542 100 18.457
P8 0.01181 100 8.464 P18 0.00206 71.429 34.713
P9 0.00126 42.857 34.077 P19 0.00153 28.571 18.618
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Fig. 5- 90% confidence interval simulated by Monte Carlo method (+40% & -30% range)
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Table 4- Index values of NUE,,, in uncertainty ranges by RPEM
RPEM g, gl o2hd s so;L 15 NUE,p, (ad i il -F Jous

Index values of NUE, 4 (x10%)

20% & -30% & -40% & -50% & -60% & 20% & -40% &
+20% +30% +40% +50% +60% +40% +30%
Average 12.649 24.325 26.02 20.842 17.896 22.79 27.05
Min 0 0 10.236 8.809 6.21 0 10.615
Max 40.858 90.306 79.973 70.496 59.533 94.469 101.225

Table 5- Indices values of ARIL,..55 ,Pysre aNd NUE,15, by RPEM (+40% & -30% range)
(U2 Y's o Lil331 7+ 05L) RPEM (yigy UNUEuz6 § Prizs ARIL g (5B )lxo s23lie -0 Jgua

Observed Indices Observed Indices
wells ARILggy,  Pggu, NUEqgge, (x10%) wells ARILgge, Pyge, NUEqgge, (x100°)
P2 0.00113 14.286 12.651 P10 0.00041 42.857 103.341
P3 0.00278 42.857 15431 P11 0.00509 85.714 16.831
P4 0.00401 71.429 17.794 P13 0.00178 57.143 32.069
P5 0.00311 71.429 22.997 P15 0.00197 28.571 14511
P6 0.00159 42.857 26.904 P16 0.00675 100 14.814
P7 0.00153 85.714 56.064 P17 0.00299 100 33.384
P8 0.00806 85.714 10.632 P18 0.00181 57.143 31.508
P9 0.00118 42.857 36.198 P19 0.00156 28.571 18.307
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Fig. 6- n+20 confidence interval simulated by RPEM method (+40% & -30% range)
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Table 6- Indices values of ARIL,.y4, Pyizs and NUE,1,, by Monte Carlo (+40% & -30% range)
(Ul 7Y o Liul331 75+ 03L) o ,5C90 (wigy U NUE, g § Prize (ARIL,u26 (0 Lo =& Joua

Observed Indices Observed Indices
wells ARILggy,  Pogos NUEggy, (x10%) wells ARILggy,  Pogu, NUEggy, (x10%)
P2 0.00183 14.286 7.806 P10 0.00093 57.143 61.628
P3 0.00299 42.857 14.315 P11 0.00679 100 14.728
P4 0.00609 85.714 14.055 P13 0.00351 71.429 20.318
P5 0.00487 85.714 17.609 P15 0.00266 28.571 10.758
P6 0.00241 42.857 17.813 P16 0.01007 85.714 8.511
p7 0.00191 85.714 44,772 P17 0.00693 100 14.423
P8 0.01207 100 8.285 P18 0.00334 100 29.981
P9 0.00172 42.857 24917 P19 0.00198 28.571 14.408

Table 7- Relative difference of indices values of NUE,..,, in RPEM and Monte Carlo methods

Observed well Relative difference (%)

Observed well Relative difference (%0)

P2 62.068
P3 7.79
P4 26.603
P5 30.598
P6 51.036
p7 25.221
P8 28.328
P9 45274

P10 67.685
P11 14.279
P13 57.835
P15 34.886
P16 74.057
P17 131.464
P18 5.093
P19 27.061
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