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Construction and Application of a Digital Twin—Based Three—Dimensional Monitoring System
for Hydrogeological and Environmental Engineering
Tianlong Fan
Jingmen Tiandi Yuan Land Appraisal and Survey Co., Ltd

[Abstract] The hydrogeological and environmental conditions encompass diverse core elements such as
hydrological conditions, engineering geology, geological structures, and ecological environments, serving as the
foundational support for water conservancy project operation and maintenance, geological disaster prevention
and control, and regional ecological governance. Digital twin technology can establish a bidirectional mapping
relationship between physical scenes and virtual models, enabling data linkage updates and operational condition
dynamic simulations, providing a new technical pathway for the digital upgrade of hydrogeological and
environmental monitoring. This paper addresses the practical pain points of hydrogeological and environmental
field monitoring by leveraging core technologies such as real—scene 3D modeling, multi—source data fusion,
real—time sensing and perception, and dynamic simulation. It constructs a digital twin monitoring system
tailored to complex hydrogeological and environmental scenarios, outlining the system development approach,
key technical points, and implementation logic. Engineering practice demonstrates that this system can
effectively integrate multidimensional monitoring data on hydrological dynamics, geological deformation,
engineering structures, and ecological environments, achieving comprehensive visual management of
hydrogeological and environmental conditions, dynamic early warning of hidden risks, and predictive simulation
of evolution trends, significantly enhancing the precision and intelligence of monitoring.

[Key words] Digital twin; Hydrogeological and environmental engineering; Realistic 3D; Geological

monitoring; Dynamic early warning

518

KIS T 2 & A ST A &R, KCBh 2 Hs
TEAZ . MG AR A M, TOUIRASBE R 25 38 A 8L 5,
BARNENR . DIBTBCS IORAE R A T2, ESBR
TARERREHEDE, f 5 XM SR 454 « K R A s AR R i

ANFEFEEEE . DRI MR AR FIEARR AL
WA AR S A AR I RN, W5 51 AN R AR ST
I HUTTERBE KRS YR 2 e e i, BRI TR sIT #4e s
DXIRAE AR E o A% GEK T B AL ] AR, 22K
DBLAEARNIATBE S BHfE B AAE A, KO0, T PSR A L3

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 61



Engineering Technology Development

LB ARER
7565 8 HeMA 1.0€2026 4
EFEA: WI|TS USSN): 2737-4505(P) / 2737-4513(0)

R, TR A BRI ) M A 2R o [R] I 8 0 Bl SR L — 4 ]
Ry HSHEENE, RAERHLR G BB, A UL E LR
BUBIZER . ARG . TRESS I = 4E 23[R RFE, 1R 2 Filicie
Fe B TE I L i A Bt S AL

1 Ak TIME G IR R ARG

L VST B ik, ZIRER TR &

IKEIRM IS RK ORI HBUEAR . TAREE M), AR 3R
BEANYERE, BRPMSIIFIE, WA B BHREE. FH T
HR IR R, BtZ 48— 8 A 5B T KOOI DREE K AL T
KB HAERR, HUTT ISR AR I3 A% R AR B KR R R AL,
ABWW G KRS A, KRR AT,
Y P B AR R RS, VAR B 3 2 B AR A AL
.

L 285037 5% — 4R AL, 2 1a TR RE AN 2

i G0 7K LA Wi I 25 SR 2 Al — 44 I AR IR T 2R ], A
BB RTI FR AR AR, TEidide I = 423 18137 55 o 1L XTI ey eI 38
IR ST 2 () G5 R 225, o R Bl o, — A 0 el DA UL A
BUIERR EE0 A S R AERVE SEES. K
WHHE TovE S = Y2 AL B, St R I i AR s 58 fr S5 B
By FIWTNE R R S .

L. 3BAS LI BE F 7 55, e B PUH ™ 5

TR IRBCORFAERT TR K S 48 v S I BOAF 8 M
D2 1, e DA B2 T 000 SR A R 18] 14 7 s o SRR Bt U
SRR 5 R A, Sz SRR, T RIS Sl 7k
KA AR S . IR B B, B A H .
LR 5 A e A B, AN 2 22 4 B2 A B TOA L EBhif B
DR,

L A FUERC IR, T & B 2% T O A

ANF K THERZHIE . AUk, TR L%,
TR U 35K 22 S 1, 368 RS TR X DT T JR) R R T 00 - HLASE
Mo Z AR, TR T et . ASBEFLFZ NG
T A S, I S B AL BT, I 2
RGP LI mZ RS Ko

2 HFFAKIAER=ZLKNERZMEHER

2. VSESRIE SRR R, 5 18 = 2 A 7 5t

DU DX I A St . BT S5 . KA LRE . AR Sy
MR, SRE TN HOCHEEAM . DEBEMNT
55 B B, R G A3 S SR A, M R S = R A R
U SURER AR IIF GU/NNIE )= TN LB - M SIS U R €27 AN
WSS ST, FEAEIE I FOK TR ERE RALE . LT
T HERIRHE . W i fE e 8 X KA L /KA LR R TT JR A
AL, AL BRI R S /N BR B, ORAE 2R AR R 5 W i S
Sl 1DGRC . [N ST R ) 3535 AL, AR DA It T b
ekt A 1E R AR S HH S5, B DR R 4G 28U 5 B
BT,

2. 22 RHIE RN G, FIE G — AR R

FTE A2 TR M 00 e 6 5 0 57 2R 4 O B0 B 22, RE B /K SCHR:
W MR TS, ASHE. AN ESF 2R
I, FEEGE— K TR M e e o A% AR L 4R AN A ) J5
SRR MR HEAL AL B, SERRBUETE Ve BEMR . I RHE, 48—
Pt s SRS S A bR 2, SN 2 248 1 T IR 38 5 16 8l 7>
AT o K P M 0 SO A Y 0 2 = 37 50 L A6, S IR 3 T
M BAC BN A SRR, MR T A R B8 7 A [ i,
DR RERIT -5 07 L B 1 5 B T S ) Bl S d

2. SRESEANAS WA, SEEL A3 SN HE

TRITHDIR I SE I A% 50 5 1A SRR, 15 i@ B 5 5 20
AR SN AS LA, BB FHR N &, [FP IRz =4k
RERLIRAS SR AKALEKEE KRBTl WA, AR,
PAAEMP T OUAE = e Serp BRI, I . BOR
NG FEE T 43 00, A HE AR 25 DX % R AL SEI AR AL,
T R I . MIRE RS IRNEIX 2. e, Al
P22 L, S AEAE M L A B ™

2. A RE 07 FLAETE, V& LT B WG T

25 SN M I IS P e 5 0 S A U, R E K T3
Py SR B0 FAEIRR R, STV R R L KL 5K T3 IR AL
KA G MR T, DL AL 3 5 KU v - 2R 4 1 R 31
Hlla e TR FRER FEE S, 458 =4 R M 4ai,
A HERTE A RS S5 20 0 1 Bl fih b 73 e o e 3 S s A
TR ETIZE Faal 5 aERE, AR KISz, M
LB T 78 R 1], SEELA B AL B 2 AT B BRI .

3 BFFALFTZHENERZORXEER

3. L B SR = RLROR

A T ANUBURHRER . WOEE A R 4a L B =
Tl A5 3, HBUR T Pl AR AR 5 HE i i A B A B AL
PROBCRAE SR, 5 A = 4E M T AR 2L ARFE O T IE 1 7
BRI, MR POE RS I, KSR IR AR R PR
T U A R 254, A5 A 20 F5 R0 TS A FEE A AR B 42
UL FR R S A% Lo KR BERE, T R 3 BE BORS AR AL 1348, 4k
CERTRAR  RJZ AR 1T He AR IR S /N R s, Tl A A A M )
Ko [FIN R RS, ORI T,
MBI AT S48, T & KRR E 18T -

3. 22 VRSB R 5 I B ROR

IR IR M IR0 2 7R B e, B 3 O i Py el 2 5 P 158
i 2 TRV BR B 5 22 S A il A% BN e ik BB 7
Bro ZEHIEMEEARTNWE. KAz, KR, K.
W ARE SR EAR AT IR e, 5Bk & 30
PRI A I o RE e, 56 SR R e 5 RS A T o 38 1oL 2 )
AAFRGE— VLHC, H A M I AL B PR B R X I 28 = AR
SR E, LA BE . T — xR [ AN
RIPALHR, MEEAF K T3 E R AR A 2 AR, B AR H
AT IR AR . A R B R

3. SIS RS [RE AT HR

62 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Engineering Technology Development

LB ARER
7565 8 HeMA 1.0€2026 4
WEFEA: W TS USSN): 2737-4505(P) / 2737-4513(0)

ATV W A& 5 5T G FEOR, SCELIL M A 70 4
A S T, SR AN U 5 W S R RD GRS RS
ARG . ARSI KIS BN KRR A S Sk
I o0, B E AR AR R b B R, TEM R AEIR . G H Y
A T B T8 P R O P TRAL B 0708 55 0 A, b B A
715 3835 1), e G Hm AR L ST e, DRI RE S8 5 e L T
o [N SRR 2 43 [F) 20 o, AT AR SE i 2R UK TR s,
S 4 R A AT A ALz R U o

3. 4R I TOUE e HAHEEBOR

BT KICE 1% WU % RS AR RE R, 454 X
THURFAESE 3 o 07 BT SRR, KT S e I Bt 5 D
s F R, B RSN TR TR ER MBS aTH
EES TR N AN BT ST SNIRTE B E I IR R TN S NS AR 97 S T | S
B T RBIERAR . ARG Qe B IR ST R AR, R HETI
HIbS R B IS KI5 R . RS0 H S0 S s 5 2%
S BME, PRI R LA AT A A BUEAE S, RN e
IEEST (N W

4 BFFAEXS=HBNWERTEN RS

4. URSOK SIS B0 A I s 5

WIC =45, BRRTIIE . KPE V5. 1N KR
MR ) A3 A, SERFERNKAL . R Jd . M. KBTS
LEE, B35 R AU . FORSHERTSR I KA 2K )R
PR AV 7K 5 SRR S 0 45 I, 368 1o 015 L HESE T it K st
HAR L VBRI ST A Y . MEUME S 4R SCI, %
W SRBL T K SCEHRE WAL L BT A XU TR, AR
SCEERIIBT R BE . K B UR A BT IE . KRB S0 IR B AR
bR TAE.

4. 2HJF R E R RETE I R

BT L DXL T R TR PE S 5T X 3,
S5 =Yt AT S SR TR ARG T Bl S M RS A
JRZEY K SO AR A SRR . RTINS P
P 5 R NS A, FEHEHERIA O R A . 77 TEOER, Sl
B T . =2 d SRS AR B R A UK 5 Y, D
JE L5 45 400 79 55 DX, DO A B e s A
Kb BB B VR 1A 22 TR B30 S, A 20 AR i o 5 R A U

4. 3K ARG 22 4 el 37 5

XESEIN I PR K TE S KM AT R = Y R]
AL, SE R NGERUTRE . AR TBAR . B IR5 Il Hds,
AR TREBAZATIRE . ORISR NER. R
B R 2 AN A N A LUK I A R SR I, JE L I e 5t o e

GEHT, WA SR 2 AL 45005 BB, $RAT T TR ke . M
B TALGEE S, 1257 5on] S DA AR T T R
BRIEAEHEE AL, AR RKR TREK MRS . K487,

4. AR IRA S IREE Mg 5

HARIARS . MR KL ARRE. TS S AL

W, 75 =428 5 P sl A JE R X AR A PR B I PP AR Ak o S
PREFAKAKRR . MR KB, A S B
FESERZL QAR R, G0 A SR X S 5 38 fh i 34 o T i IS
JP 50 S A, AR X A S A A, T A A8 R 5 St
M, X BEOK IR, ABBE. KRR RT SR AT AL
AR AR %

5 4ig

FE G0 K T34 W B 3R 52 A A R SR, A7 70 3008 25 mT 41
WRRZE S ShATIFIRE S99 B b b B 5 i 22 JAR, Toiki
RPN BB, BRE . ATEIEI R WEireA
SR IR R, RIS SR VR RS | S
BAS WL B AR5 BT VU KA O, Al S8 G s I oA
JRBR, ST T 7K I MW — 4 ER S B S i = 4ESh A T AL
Ty MAFJE Bl sh Ak B ) S T B TR S T ). AR R TT
BROELK MR TRE RS 4 MK, Vg B
Wse UL AR AN e B AR . HEE T ol fb %, MARYE L
FRRISE X 2 . RSHEAAHE. BB T S D . J5
Sl G AR A X IR KL TREHRAE, FFa b @i g
S, BEZIREAE T, U B T A AR
K IR AT IO FH TR

(5% 3CHf)

[11%3, 94, 28,5 0 MR K TR XEKAE iR E
3 2 A KT AR RLIT AR % 41%,2022,53(3):253-269.

(2130 R, T o7 86, oAb 4,40 L AT R fn oy Ak 33 37 K
TR ST 2 & AR AT R[] A6 3E A 4-,2026(2):100—105.

(3% E 4.5 K A2 T M PR M R K R #5851 ]
#ERLJ1.L 7 A F1,2026(2):48-52.

(4170 T2 .4k 5 28 A IR 50 B9 K T 1 R TBMAR o 47 fL 8 B &
G R IR FE B A b 2% 4,2025,61(12):84-86.

(51 K. F M H T A T3 T8 K R 3R A (D] 4
5 ##,2023,43(3):109-111.

EE BT

TR HK(1991—-), B, 5k, A ITAL KA, B B IRAR TR
Fel: RREIPLLKTFEL,

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.

63



