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Abstract: The anti-floating water level directly affects the safety and construction cost of an underground
structure. Therefore, it is of great social significance and economic value to determine the anti-floating water
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level of underground structures scientifically and reasonably. Taking the underground structure of the Express
Railway Line from Xiongan New Area to Beijing Daxing International Airport as the research object, this study
systematically analyzed the hydrogeological conditions and the interannual dynamic variation of the groundwater
level in the study area and used the numerical simulation method and analog forecasting method to determine a
recommended value of the anti-floating water level elevation of the underground structure. The results showed
that the depth of shallow groundwater at this site is generally 5 to 20 m and that the elevation of the groundwater
level is generally —10 to 1 m. In the past five years, the elevation of the shallow groundwater level at the site has
generally been —5 to —10 m, and the burial depth has generally been 3 to 15 m. The groundwater level has been
increasing each year, and the recovery rate is approximately 1 m/a. The numerical simulation method was used to
predict a recommended value of the anti-floating water level of the underground structure during its service life.
The results serve the anti-floating design of the Express Line from Xiongan New Area to the Beijing Daxing
International Airport (Line R1) project site and provide a demonstration of anti-floating safety design of major
engineering construction projects in Xiongan New Area.

Key words: Xiongan New Area; hydrogeological conditions; numerical simulation; analog prediction; anti-floating
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Fig. 1 Schematic map of the Express Line from Xiongan New Area to Beijing Daxing International Airport
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Table 1 Overview of the project between stations
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Table 2 Statistical table of groundwater level near major buildings during the investigation stage
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Fig. 2 Geomorphological map of the study area
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Fig. 3 Hydrogeological map of the shallow aquifer in Xiongan New Area (LI et al., 2021) and profile of aquifer groups
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Fig. 4 Contour map of the shallow groundwater table in the study area (June, 2017-June, 2022)
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Fig. 7 Water system planning diagram of the starting area
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Table 3 Calculation table of river infiltration
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EREEING] 1609.67 12.84 169.60
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Table 4 Results of the simulation experiment on
leakage of Baiyangdian Lake
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Table 5 Statistics of shallow groundwater exploitation

BT AR TR & /(10* m¥/a)
B 5119.88
IR EL 7 689.64

*6 HWEBERBKBKEYNE

Table 6 Initial values of the formation permeability
coefficient and water yield
WE L kTEER TP e e
g T ki B g sgmy
Ko/ Kyy
1~5 H LR 0.015 0.001 0.003 0.001
#H+
6 w2 b 13.160 0.001 0.070 0.001
7 MR 0.009 0.001 0.045 0.001
8 bk 12.210 0.001 0.070 0.001
9 g 0.001 0.001 0.045 0.001
10 bk 22.155 0.001 0.070 0.001
11~12 ¥+ 0.001 0.001 0.045 0.001
13 e 19.530 0.001 0.070 0.001
14 MEE L 0.015 0.001 0.045 0.001
15 w2 12.592 0.001 0.070 0.001
16 ML 0.001 0.001 0.045 0.001
17 A 12.592 0.001 0.070 0.001

18 BE#F+ 0.001 0.001 0.045 0.001

Eo WUESHEELEE
Fig. 9 Comparison of goodness of fit between the
measured and calculated values
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T KW IR ] 2017 4E 6 J1 3 T /K3,
LA SRR 8, —A R 10 MK B, i
THIRIL 2 2025 4, fi BRI 100 4,

(2) T 25 S 43 Hr

it 1312025 45) H1 T 7K 74 T3 300 4 34

fiti T-#3(2025 4F), e F/AKRRECRTE =T, Pl
TR Xt /K 3 T 45 SR LI 10 Fnk 7. 4
R, fEHFKBEREMET, B & T oK
IKOEBAE R ETF S, B 2025 4F, FREBCT Lt
KA R 4 R R AT — 28 Ay R U T £k
3.4~ 2.7 m, MEL R, B —2.4 m; HEL TG
B — 4 Bl B kv 2-2.4 ~ 1.5 m, 4xBbE vk
-1.2m; Gl S —5 HAL A BT 4-1.2~0.9 m, 2
F A By 1.3 ms

Qi FHIH (100 4 ) Hb T 7K K Aoz T e 34

A XK RAAE, e KB R & 1+ 50 B
WO, AR B 2R X~ /K i da e I 1 Tl
SR UL 11 Ak 8, ZERE N, (100 )M,
PRBOIR R R KA RS2 IS bR B — M 7E 6.0~6.5 m 2.
[B], Horp &AL R4 6.4~6.3 m; I
TR e 6.3 my LT R — 4 il S
2 6.3~6.2 m; Axfil By 6.2 m; A —2F
H A UYL 6.2~6.3 m, & T4 Aot i 6.2 m,
3.3 HikFE

J5 Bb T 3 2 AN S 1 TG 22 A 00 I 0 R A A
4t Je) 101 17 7K SCHl 5 B0 9 R 0T 0 L B 26 L AR
Yy b R K Ar Z AR 51k . B X AR B TR
2 G M B4R I T KA B kL, T 24

®7 EIEAZSMM T KGN R

Table 7 Prediction table of groundwater level at sites during the construction period

75 bR BT 2 Gy it B KAFREIM  wE KGR Em g A TRk
1 T A5 T ol A 3 K71+900.000—K72+492.579 -34~-27 -2.7 R GEE
2 o O 3 48 3 K72+492.579—K72+809.779 —2.7~-2.4 2.4 HF LBl
3 Tof 2 A Sl A S — 4 5% K72+809.779—K73+868.091 -24~-15 -1.5 i LBl
4 B K73+868.091—K74+133.491 -15~-1.2 -1.2 HF LBl

K74+133.491—K74+602.724 -1.2~-0.8 -0.8 HF LBl
5 £ Bl 5 0 — 55 1 H 1A 3 K74+602.724—K76+979.978 -0.8~-05 -0.5 T JE
K76+979.978—K77+294.635 -0.5~0.9 0.9 i W4z
6 o L 2H A K77+294.635—K77+601.035 09~1.3 1.3 i W4z
K77+601.035—K77+991.552 1.3~1.8 1.8 i W4z
K77+991.552—K80+046.150 1.8~45 45 T JE 4
K80+046.150—K80+374.553 45~6.3 6.3 T JE 4
o L ZH P —1 AR K80+374.553—K80+627.876 6.3 6.3 T JE 4
! (& HE51) K80+627.876—K80+941.732 6.3~5.9 6.3 HF JE R
K80+941.732—K81+180.804 59~5.8 5.9 B iAT) W4z
K81+180.804—K81+530.271 58~56 5.8 b T U it
K81+530.271—K81+772.279 56~5.5 5.6 b TAT %88
%= 8 (FREANFRE AL IAHH T KA FUN 3=
Table 8 Prediction table of groundwater level at sites along Lot 1 during the service period

5 bR BT 2 7 4t B KA bR /m RO AR M WO Tk
1 A — e By K71+900.000—K72+492.579 6.4~6.3 6.4 HF I
2 Tof L A sk 18 s K72+492.579—K72+809.779 6.3 6.3 iR B 45
3 T2 i v A v — 4 b S 0 K72+809.779—K73+868.091 6.3~6.2 6.3 HF CEER]
4 S B K73+868.091—K74+133.491 6.2 6.2 i B4z

K74+133.491—K74+602.724 6.2~6.3 6.3 HF CEER]

5 SR —E A RN K74+602.724—K76+979.978 6.3~6.2 6.3 T JE
K76+979.978—K77+294.635 6.2~6.3 6.3 HF CEER]

6 o L 2H A v K77+294.635—K77+601.035 6.2~6.1 6.2 i B4z
K77+601.035—K77+991.552 6.1~6.0 6.1 i B4z

K77+991.552—K80+046.150 6.0~6.4 6.4 W JE

K80+046.150—K80+374.553 6.4~6.5 6.5 i JE

BT H W —1 FR& S K80+374.553—K80+627.876 6.5 6.5 i JE§ )
EAERGEIRTD) K80+627.876—K80+941.732 6.5~6.0 6.5 L JE
K80+941.732—K81+180.804 6.0~5.8 6.0 B AT CEER]

K81+180.804—K81+530.271 5.8~5.4 5.8 H AT U 1l

K81+530.271—K81+772.279 5.4~5.2 5.4 b TAT 28
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B 17 5B M KA R, X ik T ) R AR B £k R i X
ok [7) 7K S Hb S5 BRL G FL B K 22 AR K 0 AR i AR 2k
R A5 4l 1t KA 15 A LI FL K A A i 22
] E 2R, R 4% H R 22 3 0 B R K 2 4E 3
Ak, FETRI 245 Sh2S i 24 D0 H 45 42 7 4
e K AOEAR G o X R vk S ELE T AR A H
B A DX 3l 4 SO0 FL i 11 37 i SR 2248 1 F 7K
S A HRAE o AR A ] K SCHb IR BA T AR Ik B OGRS
JEART 2 Hi T 7K I e 1 2241 7K A7 20 285 A il 2k (1l
6), HLALL AT AT A5 Hh AR BT 2R A 2 M Bl . A
SR AL N OK 2SS AR 2k, iRl 12
iR . G5 IR, 1991—2022 4F, Mk 2e fi st ot B 5
MR AKAIARESN 3.8 m, 4l il B e R K AR
4.2 m, 55 A4 A A v R KA AR R A 3.6 m

10 KT HA(2025 )R Attt Tk iR 1A
o =
Fig. 10 Prediction diagram of underground water
flow field at sites during the
construction period (2025)

11 KARERREFEREA(00 F£R7)/E%&HiH
TR R TN
Fig. 11 Prediction diagram of the underground water flow
field of sites during the service period after completion of
rivers system (after 100 years)

34 HUFEBHKALHEE

Xif L A A BOIE AR 0L 5 iR 7K A7 L JE 5 4F iR KAV
25 0 i v KA R I B I 9 B e K ST R 2 AR
9. 10,

9 Al PRBORER ZH BB G0
J77 42(1991—2022 4 ) f K (i dwe i, {H 3~5 4E A9t
AN AT RE A 20 7 sk dem KA, R, i T
(2025 AF)HL I 15 B 7K A7 2R FH (A AR 400 32 3 00 245 2L
FLrbre R A5 — T 4 SO sl A58 8 Y £ e I 38 B /K A X
=2.7 m; BELE B ER-2.4 m; B L T s —
LR B ISRAI-1.5 m; SRhEIEI-1.2 m; &Rl
Uli—F L2 S TR 0.9 m, 25 FLZH A B E 1.3 .,

f 5% 10 Al %0, fdi A (100 4E) 4L IE R 7 K 47
i e e e, PR, RSO A (100 A1) TR i B K AL
K AR T 45 S, b A S — 2
PESE VTR 6.4 m; HELEMisb B SEI 6.3 m; BT
AR U — & S R 6.3 m; &l Bk

12 tERvEEuk (), €S (b). FEHEAFN(C)
R BT KRG ENZS T A L sk
Fig. 12 Analog curve of the dynamic change of shallow
groundwater level at Xiongan Terminal Station (a),
Jinrongdao Station (b), and Diwuzutuan Station (c)
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Table 9 Summary table of the highest groundwater level elevation in the study area during the construction period

i T RR S B R K AL e AR m
75 B ———— - - — — ———
/m BEERE  E 54 il ZHGB LGk
AT — LR Y K71+900.000—K72+492.579 6.6~7.2 2.7 -5.45 -5.45 —
Tl 2yl A8 K72+492.579—K72+809.779 7.2 2.4 -5.45 -5.45 3.8
e A v — 4 Bl Sy 0k K72+809.779—K73+868.091 7.2~8.5 -15 -5.30 -5.30 —

4> i 5 0 K73+868.091—K74+133.491 8.0 -1.2 -5.30 -5.30 4.2
K74+133.491—K74+602.724 -0.8 -5.60 -5.60 —

LRl B — LA AN K74+602.724—K76+979.978 6.2~7.7 -0.5 -5.60 -5.60 —
K76+979.978—K77+294.635 0.9 -5.60 -5.60 —

55 T A K77+294.635—K77+601.035 6.8 1.3 -5.60 -5.60 3.6
K77+601.035—K77+991.552 1.8 — — -
K77+991.552—K80+046.150 45 — — —
K80+046.150—K80+374.553 6.3 — 451 —

R A RN —1 fRe s K80+374.553—K80+627.876 6.3 6.93 6.93 —

(F a5 1T) KB0+627.876—K80+941.732 00 122 6.3 — 4.63 —
K80+941.732—K81+180.804 5.9 — 1.13 —
K81+180.804—K81+530.271 5.8 — — _
K81+530.271—K81+772.279 5.6 — — _

B R “—" FORTHARE

* 10 fERHREIALA Tk &SR RS ERL

[=

(23

Table 10 Summary table of the highest groundwater level elevation in the study area during the service period

- . TR _ ﬁ"i%iﬂ?ﬂdﬁ%%/m _ -

/m BUERE RS MIEM 24 Ih&E G
S R — 22l R K71+900.000—K72+492.579  6.6~7.2 6.4 -5.45 -5.45 _
o 2 3 6 K72+492.579—K72+809.779 7.2 6.3 -5.45 -5.45 3.8
M2 A — 4 Rl By K72+809.779—K73+868.091  7.2~8.5 6.3 -5.30 -5.30 —
4 Rl i 3 K73+868.091—K74+133.491 8.0 6.2 -5.30 -5.30 4.2
K74+133.491—K74+602.724 6.3 -5.60 -5.60 —
SRl uE—8E AN K74+4602.724—K76+979.978  6.2~7.7 6.3 -5.60 -5.60 —
K76+979.978—K77+294.635 6.3 -5.60 -5.60 —

of5 T 2H A oy K77+294.635—K77+601.035 6.8 6.2 -5.60 -5.60 3.6
K77+601.035—K77+991.552 6.1 — — —
K77+991.552—K80+046.150 6.4 — — —
K80+046.150—K80+374.553 6.5 — 451 —

WA E—1 FR& . K80+374.553—K80+627.876 6.5 6.93 6.93 —

(& MR 1) KB0+627.876—K80+941.732 00 122 65 — 4.63 —
K80+941.732—K81+180.804 6.0 — 1.13 —
K81+180.804—K81+530.271 5.8 — — —
K81+530.271—K81+772.279 5.4 — — _

T R =" R TR .

6.2 m; i o —50 LA A 2RI 6.3 m, 2
TLEH A3 6.2 m,

iR

(L)WFFEIX 100 m % B [ P R /K 28 30 =22 D)
IABCA ALK N 32, UT AR S LIS 32 B T3
IKEIKIZ R RN RIR B ZN KK AE I (VE)
KAB . BRI, BREEEANBENBI
HEME 7 AN TR N 32, H RN i 4% 30 A0 3
HeM A R /D i 25 K o

4

(QWFFE X 1996—2016 4, b /KNI FEFLEf P
TR, HIZH T KNFEIRZ 15.0 m, 4E FRFEHERY
0.8 m, 2017 AR MELHTIX LK, 4 1T ok 2k
(BR)R . B A AL R A P D A 25 kI K B AT 45 4 7
BRI, VR)EHL T OKAL R AR E A BT, 4E L
FHIEEEAE 1~2 m,

()b BV 4R 37 i 3T 5 41 IS 28 0 P o o b I UK
bR 5 43 B s K71+900— ff 22 it 3 4% o I 2%
—5.45 m, i A o A% i — 4 il 5 0 1Y 46 -5.30 m,
G I S —5 WAL ATV 46 -5.60 m, £f AL
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—K81+772.279 #5£k 6.93 m(H 4 511 /K)o = 4 3
Yyt 1991—2020 4 [y 58 5 ey /K A2 4300 A e fE 2 fi
VG 3.8 m. AR 4.2 m. ST 41  3.6 m;
FA 57K A7 6.93 m,

(4t T 312025 4F), e F KR RLMUET, 5
BEUTER B B M T I BB K 2 B 20 9 A g
SRE R -2.4 m; Al uiE-1.2 m; 55 H 2 AT
1.3 m; fd I (100 4F), 7EH T /KRR +IRFERT T

DU, b BT £ 2 T PR B KL UL 23 531 R

ML RE R HL 6.3 m; Azl By X 6.2 m; B A
A3 B 6.2 m,

(5) 4 BLJIE /K i ) R F HE ARG #4 ff 2R, 0 SR B
B PUTE G B i o T, N AR I 4 R S
P RBOK B B T RE AL T AR, 30 AT A [ 2 0 R FH 55
BAKMEL, B 1k RAREK SRR HEEAB S
TEHF KK TR NG, 5 I R K
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