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Fig. 7 Histogram graph of simulated hydraulic heads based on 100 realizations
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Fig. 9 Histogram graph of net infiltration and hydraulic conductivity for different parameter zones based on 100 realizations

(net infiltration and hydraulic

Pt , % AR A S HONH M, 25T NSMC ik
AT A H AR pRECEE R 1) 100 AN SE3R, 78 I 18 BOH:
3 AN SN AR JBE 1938 3 45 M i AT PR 2 i (T
10), 455 ET Pilot Point 827 1 0] DL Fz
ZABA BB B SR E = 25 18] b 22 S RE AR
S0l JRy PR 3 M AR X A i 5 AR ) X8R, G LA L
JEIRL, L 3 AN SRS 155 45 4 22 IR 1) — 30k
I A = AN SEBB S SR AT DL R AR R bR

conductivity unit; m/d)

154 100 m AbLA%EFL CCZKO1 ~ CCZKO04 Ay IX
WATAE B 5P M A 1 DX 3, & FL KCZKO4 & i
TEAEB B AR 2 i DIl T K SO B0 B0 K
75 S PRSI R 5 00 3 L 7 45 A S B b 3R A
ANT] AE SV 38 05 25 00 76 45 Bl LT B R LA R
K, HAEEA SEI R4 TR IR . FE R4S =
0 4k, i1 T = ALK S0 S E | 44 S
BB TE X — VR FE AR T 25 S A A, X 1 I AR A



10 B T T Y 2 2022 4
97800 97800 —
SC 08
97600} = A36 97600} 0.37
97400 97400f ?3171
' 97200} 2 97200} —;28
> 97000} =~ 97000} 3.35
96800} 96800} '_i gg
96600 96600} o I-5-58
W AR AR FE0m HE AR AR E100m | e -6-32
96400L— i 96400 s -
625500 626000 626500 627000 627500 628000 625500 626000 626500 627000 627500 628000
X(m) X(m)
97800 97800 o
S og
97600 F k58 97600} 0.37
-0.37
97400} 97400} -1.11
E 97200} £97200 ézg
= 97000} =~ 97000} 335
-4.09
96800 [ 96800f -4.83
96600 96600 -5.58
— AR bR i 0m FEA - ‘ . HEHRBR F100m I -6.32
625500 626000 626500 627000 627500 628000 625500 626000 626500)(( 6)27000 627500 628000
m
97800 lm) 97800 1
S2I83 ogK
97600} " 97600} 0.37
97400[ 97400} ?3171
2 97200} 2 97200} -1.86
= < -2.60
97000} 97000 -3.35
96800} 96800 jgz
96600[ o 96600 o -5.58
545 b7 0m 545 b7 1100m | I -6.32
96400L— 96400L— : ; ‘ . :
625500 626000 626500 627000 627500 628000 625500 626000 626500 627000 627500 628000
X(m) X(m)
97800 97800
97600F 97600} i ?i:(lﬁogl()
97400F 97400} B2
- - 2.8
§ 97200F g 97200f >
97000} = 97000} 2.0
96800f 96800[ :g
96600F o 96600 o 08
4R bR 5 0m W R AR i 100m| 04
96400EL— s ‘ s s s 00L— s s s s s :
625500 626000 62650(}(( ?27000 627500 628000 625500 626000 626500X( 6)27000 627500 628000
m m

P10 AN[F] S BB B A F R Iy W7 2214

Fig. 10 Hydraulic conductivity field for three randomly selected realizations and the corresponding variance graph

based on 100 realizations
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Uncertainty analysis for groundwater modeling in fracture rocks for
the nuclear facility site based on null space Monte Carlo method

ZHAO Jingbo" , ZHOU Zhichao" , PAN Yuelong” , YE Hao” , WU Qun® ,
GUO Yonghai" | LI Jiebiao" , FU Xinyu"
1) CAEA Innovation Center for Geological Disposal of High Level Radioactive Waste ,
Beijing Research Institute of Uranium Geology, Beijing, 100029
2) China Nuclear Power Engineering Co. , Lid. , Shenzhen, Guangdong, 518000;
3) Changjiang Survey, Planning, Design and Research Co. Lid. , Wuhan, 430010

Objectives: The permeability in a fractured rock has obviously heterogeneous and anisotropic properties. To
scientifically predict the groundwater flow characteristics of the fractured medium for a nuclear facility site, we put
an emphasis on the uncertainty analysis of the hydraulic field in this paper.

Methods: Based on the hydraulic test data, Pilot point calibration technique and null space Monte Carlo
method were employed to establish the groundwater flow model. The corresponding uncertainties analysis was
conducted to obtain a series of realizations that meet the hydrogeological conditions in support of the safety
assessment.

Results: The simulated hydraulic heads of different realizations were in a good agreement with the measured
data. The numerical resulis could well reflect the actual hydrogeological conditions of the site. Besides, the
hydraulic conductivity fields of different realizations exist some differences in the space domain. However, the
overall change trends are similar. The variance of hydraulic conductivity filed around the boreholes is relatively low
and is high in no borehole areas.

Conclusions; NSMC method could well make up for the limitations of single and deterministic numerical
model in characterizing the hydraulic conductivity filed in fractured medium, and effectively reduce the uncertainty
and randomness of model parameters. It is positive to further improve the groundwater flow prediction ability. The
simulations results could deepen the understanding of groundwater migration behavior in fractured rocks.

Keywords: fractured rock mass; hydraulic conductivity filed; null space Monte Carlo method; model
uncertainty analysis; pilot point method
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