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Design and application of a stratified hydrogeological test device based
on controllable pressure relief equipment

ZENG Weiguo, ZHANG Ning, ZHANG Xiaoping
(China Water Resources Pearl River Planning, Surveying & Designing Co., Lid., Guangzhou Guangdong 510610, China)

Abstract: With the advancement of national large-scale engineering projects, the construction of deep-buried tunnels has
increased significantly, posing challenges to lining structure design under high external water pressure. Existing hydrogeological
test devices and methods for deep-buried tunnels exhibit multiple limitations. This paper introduces a stratified hydrogeological
test device and methodology for deep-buried tunnels based on controllable pressure relief equipment. The device isolates the
test section from hydraulic connections with upper and lower rock strata using packer plug, employs a controllable pressure
relief device to reduce high groundwater pressure within the test section, and measures groundwater pressure recovery time
and final stratified groundwater pressure through piezometers. By establishing a dynamic equilibrium relationship between the
built-in air vessel gas, groundwater pressure, and total infiltrated water volume, the permeability coefficient of rock strata can
be calculated, enabling hydrogeological testing under groundwater inflow conditions. This device and method feature
operational simplicity, strong applicability, and low cost, and have been successfully applied in a large-scale water resources
allocation project, providing reliable references for structural design and safe operation of deep-buried tunnels.
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Fig.1 The controllable depressurization device

i () R fie KOK R F7 o S5 Ja R T SR AL o 5 o 2
BiERBK,
56 T 4, 1 T o) 2 R IR 1] 7= 0 B 23 Ao
P 1 Py ok KRR, BB H g 2 SR Bl Vo, B
SARER . TEBHZ, BT AN K IR AN W B A A
SHE BB RS R SRR VL TR
P, B BE K e, MR 4% S P~ il 25 8L 4 B pR EK P
=P() , LS B NP (). BEREANE A
P,Vy=PV, (1)
[ SLINIEC Y
V,=P,V./P, (2)
FEIR I 25 1 T 7K 0 HE 45 12 0] LA 2B AN, 28 R
T PN 23 A8 G PR FRLRD Oy 2 s 2 B K IR R V.,
V=V, —P,V,/P, (3)
R H K R K B TR Al AL K IR B A AR )
(SL.320—2005) Bff 53 B v iy 5 RT3 | B2 A5 A1 4
AR

K=0.366Q. Ig (al/r)/(IS) (4)
0 74
Q.= KIS/ [0.3661g (al/r)] (5)
LR QU 4K
v.=Qu (6)
I (3).(6) 78
[Quar=v.— Py, /P (1)



95245 31

B A3 IR 45 < T T DR G )2 0K SOl Bk 2 B BT 5 T 73

[LEZRS R EEIECS
PIOVgO
P(e)
i E(5) (8), 145 :
IOOKZ(P()*P([))_PK)V;;O !

Q "(2) (8)

; (9)
0.3661g(al/r)  P(1)
B IR
_ 0.3661g(al/r)PoV,P'(1) (10)
[(Po—P(1))P(1)
A Q—— 2 AB W&, mY/s;a R

B ,a=1.60,) ; /——RBLKJE, JI I B R 48 K 2
T 5 B A T A R RS, my W L4, m; S
—— K i R, & T (P,—P,) X 100, m; P—— e %€
BRRE AT R R 7, MPa,

ARG B0 B R ik B LR PR

(1) fiff P U BB I 1 7K 7 0 X A 3 o
BERHEN T XA RBBOKEDEE MY TEE
KR ST, SEELT MR K R 56 B OE 1] A i P
T 52 3 VR R R A K g K SC b iR B i — K
e, FLAE 3 50 52 TR

(2) A% B R R A, {0 FH 86 ML 0% 5 /A o 16
FE T TRUER (W 45 i K A8 JC 4 BILTE 3 B o m] DA R
e 7 ZE ) RS 1 20 7K A8, R S B TE A WL s K
SCHE S, AR AR (B PR ) . S84
4 4l 7K 36 VR M B A R B ey vk AT R
(IR ) L VN A W S W N W -
P AE SRR K B PR BB T AR AR B R L A AR
T K SCH B 50 1 A H v T B UK .

(3) fie Mo I & 7K R g o i e B Y
BB T RE T A 3 G 56 B P K AR
b, DT A5 H 50 B 4 J2 R K g .

(4) i of S = MK ST KET A B
KEBMISFEH LR, MR B AEBEREK,
SEELHL R K IE A TR B 7K SCH R 5
1.3 P

AR BRI AT

(DEALE BB ARG R, FEHMWEE, T
A BB 2 88 BRI 2R 5 81 46 o TR T 0
M S e A AR AR A998 T R A Py A R KA 1
[ SN N B S Ol o N R Y L g DR Y TS|
55 K )2 5 HA & K Z MK TR .

(2) V] 45 ) R 6 B A o 38 O FR K 4% 2 0] 3 2E

v K HE S BT A% O TR 25 U B e T
Bt o8 a0 | B AL R B Sk TR
I TOUET A4 25 1) & B Bl AR T T 2 2503
3 FpTE] R AR RO B s R P T e
BB KT .

(3) 7K JE I3RS W 5 7153 0 K LR 2 38 1)
18 Ao TS s % s W 3 SR O AR K AL, AR A
TE AR OK T T7 KA AR Al 2, TSR TR B B
AR SE OS5, PR AT BB AR R [0
e s S P B DL R WA

2 RIEEN ARG
21 TREEHE

R R AR KOG TR T TR B R HE R AR, MR K
JE 7 10 750 R% Ay Aef ) 45 FA T E I SR B . % TRE R Y
— 55 3 S B IR AU R FH AL 3 it T it T 40 ) IR
A KR 77 He B RS, Sy o Afe 0 R 3 K T A 9 A K
JE 7, B g B T 2R AT R R KR 5 A iR AR
43 i AL SR JH S T AT 4 G R 2R Y 43 2 K SCH BT
KR B AT TS, it — & A 2B 3
FH, N BRI AP K T 3 B A AT S B B A
2.2 it

DLz T8 LCZKSB25 1L Ry il , iZ fLFL T 175.30
m, M 0~41.0 m 3k KAk A 98 T Hos a9 R
# . 41.00~109.00 m Hy 85 KAk A 35 5 L 109.00~
114.70 m 2 55 K AL A %€ % . 114.70~175.30 m 2K
55 XAk A% # . 0~43 m fLE LA N 0110 mm,
43~175.30 m FLE:FLAE R 090 mm.,

BifL 5 B R G A o TR 8 1Y 1 56 b A5
HiflZ H MR G 5 BB R G KoK AU 5 5858 i
BiFE N ASLN, 2546w BRI e AR E R
AKFE ) b T A FE K, A K, DR AR R ) A 3~4
MPa, LLFEWrR 56 B 5 R & K2 MK B .

CIEGE DI - L (O PURGE Ji € ALy os
] 15 FE 2% TR K, HE sl 3 £ N B O Wil 25 AOHE
FEE 55 B P b T K R g T 98 8 28 Bl T

VSR /=R R RSy o N G T T AN
SR 30 55 2 A A7 K AL, R A A1 K R 7 KA WK R R
i KR A8 Ak it Ze o AR I HE T 0 3 SRR AR T B
HIENEBBE R, LT T 6 BT Al 5 R
B4 R K SCH R, 453 Bl g Al LR 1,
FHERSE B EREFR 2, & I 2,



74 R TR 20254E5 A
F1 BLEMWRABR 2.3 S5
Table 1 The testing situations of each section i 3 X AN R B it B 52 B L R iRt B 45 )
p 1% S I :
O fe/m ierm/ T ;’A:?& j/j; Brt F -
i — — 230 BZIREWHMKIE Il
1 70.5~745 90 FRILA B 2 50 N T Ty
2 795835 90 AL A 1 100 Ij%‘j” 7, A A x‘ ]i norz i &
4 109.5~113.5 90 EiKfLAEER S 1 100 Ao AT A G R R A% R T 0K 0 B B R
5 120.5~124.5 90  BIRULA A 3 33 IR ST, I8 1 38 T A W K R ) R A2 AR
6 168.0~172.0 90  B5RAbfy e 1 100 M 2 vha] DL Yk 2 B TR 8 s #1] 230 s AN
8, B AR W A K R 4 T R R B9 A K T
T B SHBEERS - o
. bfiz B’n"}i‘%ﬁ”%”‘ fftf @*ﬁm_t (7 T W 1) , 5 5 IR K Fh T 5 80 0 )
able asic parameters an e permeability . " o
- ) (GB 504872008 ) HL ) 47 sk 2 %05 123 F 38 ok )
coefficient of each test section
e s ya =] o L R
zﬁ PIO/ Vg()/ y y Po/ K/(lO Sems 9I‘7J(Ejj/n%§55ﬁj(,ﬁ*ﬁﬂz/J‘JTXI*EEHUFMJ
2 10°Pa 10*'m? merm 10°Pa s At T, 1R KB HE S5 R K R ) b SR AR
11 425 4 0045 56 16 108 R E B R 5% A 05 )2 KA E T, AL
2 1 425 4 0045 65 1.6 1.23 I, B 2R 2 A0 oK R T B0 AR B R Y k2 S PR
3 1 425 4 0045 7T 16 1.34 S E R KK AL o 33X A4S S &t SR AR B T RE R A
4 1 425 4 0045 10 16 0.249 AN K FE 3 158N 1% % B8 BE I FF 47 Kz AT s R UK
v b Az 00 T e L HEME 09 1R FIT . e 0 e B S R L P 9 4
6 1 425 4 0.045 145 1.6 1.94 . . _
% 3R] T I 0 AR K R R B AR EENER R A
T8 1 7K ST M 5T T S Y (45 2k O AR K R T A R
0.7 T P(£)=0.62-+(0.16-0.62)/(1+[#/10.6)*"] 0.7 1 P(1)=0.60+(0.15-0.60)/[1-+(1/3.68)**] 0.8 [ P(=0.85+(0.15-0.85)/[1+(1/62.8)**]
0.6 | R=0.98 0.6 F R?=0.98 07 | R=0.98
s 0571 & 05 < 06}
2 o4} 2 04t 2 05|
= [ ) i = 04t
_E 0.3 ']:R 0.3 i ol
21 = . A 02r . T 02} N
0.17 — ALk 0.1r — Ak 0.1} — A
. . . . . . o L— . . . . . e
0 0 5 10 15 20 25 0 5 10 15 20 25 0 20 40 60 80 100 120 140
I 18] /s i 18] /s I | ¢/s
()i %70.5~74.5m (b)IAJ£79.5~83.5m (C)T#/%88.0~92.0m
LO [ p(1)=1.05+(0.09-1.05)/[1+(#/165.2)**7] b P(6)=1.13+(0.15-1.13)/[1-+(1/34.4)**] 1.6 | P(1)=1.53+(0.21-1.53)/[1+(#/5.26)**]
0.8 [ =098 HOT R=0.98
SR g 0% g -
= 06 = > 1.
s S 0 s
A L L A Y.
M = 04 S
Bt T . aga B T
s — i 02 — e — W
T L
0 40 80 120 160 200 240 0 10 20 30 40 50 60 0 10 20 30 40
I 18] ¢/s IS EE
(d)7RJ%109.5~113.5m (e)iRSE£120.5~124.5m (DIAS£168.0~172.0m
2 EhirEmE

Fig.2 Pressure recovery curves
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