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Impact Assessment of Underwater Drilling and
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Abstract; The water shock wave and seismic vibrations produced during underwater drilling and blasting opera-
tions pose significant risks to adjacent structures,aquatic ecosystems,and maritime safety. To facilitate a comprehen-
sive multi-factor assessment and intuitive classification of construction impacts, this study establishes a detailed three-
tier evaluation framework that integrates hydrogeological conditions, blasting parameters, and safety measures. Con-
struction impacts are categorized into four levels: green, yellow, orange, and red. Addressing the inherent fuzziness
and randomness in evaluation processes, this research introduces an integrated AHP-Cloud Model assessment method-
ology :the Analytic Hierarchy Process( AHP) assigns index weight coefficients to resolve multi-criteria weight subjec-

tivity , while the Cloud Model allows for probabilistic conversion between qualitative impact categories and quantitative
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monitoring data via uncertainty mapping algorithms. Validation was performed utilizing the navigation channel im-

provement project in the Fuling-Fengdu section of the upper Yangtze River as a case study. The results demonstrate

that the impact cloud droplets predominantly cluster within the medium impact ‘ (orange) grade,with minor disper-

sion toward the high impact’ (red) grade, exhibiting strong agreement with field monitoring data across river sec-

tions. This study confirms the efficacy of the AHP-Cloud Model for underwater blasting impact assessment, offering

scientific insights to support adaptive construction planning and ecological conservation strategies.
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Table 1 The meaning of number

B

Numerical value

£
Meaning

FORPIN TR AL, BAT AR E 2

1

Indicating that one element has the same level of importance as the other.

FORMA IR ML, — A ICR IS — A IC R R i 2

Indicating that one element is slightly more important compared to the other element.

TR IR, — IR — e R Y R E %

Indicating that one element is significantly more important than the other when comparing the two elements.

FARPIDICRMLL, —NICR A — e R E

Indicating that one element is more significant and important compared to the other element.

FORMA IR ML, — A ICR S — A ICHR M H

9

Indicating that one element is extremely important compared to the other element.

1£:2,4,6,8 Jy LR HKr Y P E

Note:2,4,6,and 8 represent the median values of the above judgment.
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Table 2 Random consistency indicator value

" e
Dli 'ﬁe R.I D'z’e'ji R.I
1 0.00 6 1.24
2 0.00 7 1.36
3 0.52 8 1.41
4 0.89 9 1.46
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Table 3 Evaluation indices and classification criteria for underwater blasting construction impact

— YRR =Y 7 ) wH{E oAt AN )
Primary indicators Secondary indicator Green Yellow Orange Red
KR
Water depth/m 1, <10 10 ~20 20 ~30 >30
iR
Flow rate m/s I, <0.5 0.5~1.5 1.5~2.5 >2.5
T AR R
Beaufort wind scale [, -3 3~6 6~9 >9
ARSI 1 iy
Engincering A >60 30 ~60 15 ~30 <15
nginecring Rock strength/MPa [,
hydrogeology I,
Eﬁtjﬁ%ﬁ 0.75~1 0.55~0.75 0.35~0.55 0~0.35
Rock integrity /5
HuTE 55 (3% )
Topography and landform(slope) 6/° I, <10 10~20 20~30 >30
BE)Z R
Overlay thickness/m I, <0.5 0.5~1.5 1.5~2.5 >2.5
FBUR K2 B
Maximum charge per delay/kg I,, 0~30 30 ~60 60 ~90 >90
IR
Stemming length/m I,, >1 0.7~1 0.4~0.7 0~0.4
RESEL .
Blating SR 25 2545 45~65 65
asting Delay setting/% 1,, < - - >
parameters [,
FLA w22
Blasthole deviation/m 1,, <0-1 0.1~0.3 0.3~0.5 >0.5
/MR
Minimum resistance line/m 1/ <3 33 5-8 >3
. M}@z <0.02 0.02~0.05 0.05~0.1 >0.1
Misfire rate I,
IR Hp R 2 4
Safety threshold of water shock waves/kPa I, >75 30 ~75 25~30 <25
PR RV 20 3 22 4 B
Safe threshold for blast-induced >3.5 2~3.5 0.5~2 <0.5
vibration velocity/(cm - s7") I,
LAYE 1 SRS
e PRI >7 5~7 3~5 <3
Security control I, Frequency coefficient(f,/f,) I,
Ja& Y
s 0~1 1~2 2~3 3~4
Sensitive building structure classification /55
U R
. IR >500 300 ~ 500 100 ~300 <100
Distance to blast center/m I,
SHURE
E.E & B: 0~1 1~2 2-~3 3~4
Ecological sensitivity 15,
3 fiy 8% i
AU <2 24 4~6 >6

Navigation density/ ( per/hour) Iy
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Table 4 Judgement matrix and weights of first-level indicators

I I, 1, A o,
I, 1 172 173 0. 1692
I 2 1 1 0.3874
I 3 1 1 0.4434

w

A, =3.0183 .CR=0.0158 <0. 1

F S5 TIIEKTHBFIMTAEERNE

Table 5 Judgement matrix and weights of engineering hydrogeological indicators

TR SCHLR 1, (0, =0.1692)
Engineering hydrogeology I, (w, =0.1692)

ZENEHE 0 =0; xo,

! I ha hs h hs he I @ Composite weight value w = w; X w,
I, 1 172 2 1/4 173 3 172 0.083 0.014
I, 2 1 3 173 172 4 2 0. 1503 0. 0254
I 172 173 1 1/5 1/4 2 173 0.0531 0. 009
I, 4 3 5 1 2 5 4 0. 3396 0. 0575
s 3 2 4 172 1 4 3 0.2271 0. 0384
I 173 1/4 172 1/5 1/4 1 173 0.0395 0. 0067
I, 2 172 3 1/4 173 3 1 0.1072 0.0181
Apex =7.210 ,CR =0.026 <0. 1

max

R 6 BRWSHFIETEERNE

Table 6 Judgement matrix and weights of blasting parameter indicators

WS L (0, =0.3874)
Blasting parameters I, (w, =0.3874)

GANEMH 0 =0, Xo,

! L L By Ly b5 e Composite weight value w = w; X w,
L, 1 3 2 3 3 0.3918 0. 1518
L, 173 1 172 172 173 0. 0861 0. 0334
Iy 172 2 172 1 0. 1536 0. 0595
L, 173 2 2 1 2 0.2146 0. 0831
L 173 3 1 172 1 0.1536 0.0595
Apax =5.285 CR=0.064 <0.1

®T REEHIFHERRNE

Table 7 Judgement matrix and weights of safety control indicators

AP L (0, =0.4434)
Security control I; (w5 =0. 4434)

GENEME 0 =0, xo,

! L L Ls Ly Ls L l Ly “y Composite weight value w = w; X ,
L 1 1 4 2 1 2 1 2 0.1726 0. 0765
L 1 1 4 2 1 2 1 2 0.1726 0. 0765
L 1/4 1/4 1 173 1/4 173 1/4 173 0.0371 0. 0164
L, 172 12 3 1 12 172 1 0. 0908 0. 0403
L 1 1 4 2 1 2 1 2 0.1726 0. 0765
Ly 172 12 3 1 12 1 12 1 0. 0908 0. 0403
I 1 1 4 2 1 2 1 2 0.1726 0. 0765
L 172 172 3 1 172 1 172 1 0.0908 0.0403
A =8.350 ,CR =0.035 <0.1

max




216

1/

2026 49 H

M4 ~ 3R 7 Al LUR H, — 36 bn 2 e il
(O A, HEUCO BRI 25, TR K SCHB AR X
AV, T ot T2 v P B U T 2 4 A TR P R
WSRO E . —RARhR T A SR BB R
REGRE AUO2E AR Kb b 22 a2 B A5
A U R IR RS A S HURE S 2 AR
BRI TR e PR A 2 BN, R Al
ZHRFBIEMAN ST . EIRZR S B 5 2k
BRI it TR WA AR F A A S HL

3 FIiTEmattt EE=E

LELBATEARIEE A AL, A (10) 358
13BN ALY A [R)G0) A B E o B R 235 5 B R AE
{8 . 440 9% (Ex =0. 2334 . En =0. 0551 He =0.01) ,
T4 (Ex =0. 4534 En =0. 0463 He =0.01) , 5 (4
%% (Ex =0.7650 . En =0. 0463 He =0. 01) , £T {4 %%
(Ex =0.9827 .En =0. 1009 . He =0. 01) ; F| F & {445
Y 2 BRI LA B R A 32 A e T 5 25 4
FRUERIRIZE AP = I, DL 3

B
1.2 - fk#my Reducedimpact rhsazsyny

o Low impact / Moderate impact B
adl \!} / High impact
208 % 2
I 2 0.6 k 3
=04t % N
L -J R
02} = e e
& X
0 0.2 0.4 0.6 0.8 1.0 1.2

PR E el
Quantified impact rating
K3 frEslE
Fig. 3 Standard cloud image
PRUEEAT 2 PR A P DA I 28 B S Bt T34
et — AT LIS bR, Jo 22 n] LA T3 520
MO AR B 3 B A TR LS o L O
LA TN = B S BB HEPE = AT X L
AR AT 4G4 TR it T 5 I S 2

4 ITENEESH

4.1 TITFEHRiA

VTR B 28 =R B T N L B it T
R I s T i B N NS N N A W R 2 3
A MEB , IZ B R BB K i 2R 2 KRN A2, BT R B
B, CMELI W R LA B MR oK, AR SR R T 1

ERE AT AE G (K 4), BBk
48 km, KL FIiFfiE B FE N 536 ~488 km,

oy
A R
Construction site
KT
e T

The Yangtze river Fonpdi courty

e

Fuling city area

B4 JRBEE RS TR0

Fig. 4 Location of reef clearing project by blasting

AR TR Bk AR 2, TR P A A A T R
s J2 B A S04 , 20 BT B ik 85 s A 4 v T
PR , T AR T A 22 4 UG 5 v o it T /K dm £ 2
PIREN F & A2 D BOR ABOAR R A 07 48
T4 97 EE X 7K A A 25 T B 1 Vs A S ) T L R

PR TRt A vp 3 2 B3 b R 5%
Jit T 77 Z8 LUk , RGUARML T 4 TATAN 16 b 1) il 450
Wit o A HIG BT HE bR 00 S ah I+ L3R 8.

FRAEAS P A B 2 SORI W5 2R, 76 T ik
RGE &SRR FAIE 1 4 LbFEIG T BT T 4 1
LRI 55, TFJE T Z2 B Be Wi, DR B e A5V T B i
BT 5055 -5 W KOS (0 R S o TR /K SCH R
S TR I M R B A 5 R R X el K I T A
G TS5 F AR R S HC IS 510 S 45 3 &
S TS E R 0 R0 T %
FE RSO E RS L R S g a5 R
ML B 5 A SRR BOK AR AR S SR R MR FE Lk,
AV B P 9 A AR o
4.2 HBIHMERITM

BB TLB PN FE AR Bl 20 (7) 5
K (8) HEAThREA AL B, PRI X (1) TH 5 & 48
PREEAR R SR 0T i o PR FR B, 2R A SR A9 245
LB LA S GOTAR a5 5, HEE R 9,

RSB 5 R R D) 2 R i A DR O 11 9T B
Jite T JE) T BB B 52 ) S R B €8 SRR R R
VLBt T J 100 P53 1) 53 i S5 20 Ry 4

PO e YUt ML B ST MANE N2 oo ]
SRR A T3 H g S5 ] X (12) 256
FEFRACE , THRAS B A TR H 256 AR TR
FAFFE R (Ex =0. 8175 .En =0. 0580 He =0.01) ;
0, A5 TR T IR s RS = R S T
FEFRUEPEAN 2 B EA T B, A 5 Brs 3 He =



F43% H3M TRALEE, LR, X, 25 T AHP-ZAR R /KT B LRI T 52 MDA 217
x8 HBiTFMNEHRNER
Table 8 Measurement values of each evaluation index
preyansit 1./
TRILE I,/m & I,  I,/MPa I Le/° Iy/m  Ly/kg  Ly/m 1y/%
Remediated river reach (m-s™")
N :X'
i 10 1.05 4 50 0.65 30 0.7 50 3 43.7
Heshang beach
7
jt.* 9.5 2.10 7 25 0.60 30 0.6 65 3 43.7
Daliang
77
%5%7@ 8.6 2.05 7 25 0.50 40 0.5 65 3 43.7
Laohulliang
KR 12.5 1.00 4 45 0.80 15 0.8 44 3 43.7
Dadukou
LT B 1./ L,/
IR TLEL Lym  Ly/m  L,/% I,/kPa » » Ly  Lym I,  ILy/h
Remediated river reach ’ ’ : (em-s™")y (/) - ’ ’ ’
N :X‘
I 0.2 3.2 0.035 60 2.0 10.2 2 144.4 2 3
Heshang beach
7
j(.m 0.4 3.2 0.07 60 1.0 6.8 2 279.3 3 5
Daliang
7
%ﬁﬁ 0.4 3.2 0.07 60 1.0 6.5 2 466.3 3 5.2
Laohuliang
KREH 0.2 3.2 0.035 60 2.0 10.5 2 251.6 2 2.8
Dadukou

TE : RV BAF A S PIE OGN, 0 R E A A7 DX 2 SR VL B A AE 22 P i AR AL, IR 2 0

Note ; The Daliangjiang section is home to important law enforcement agencies and units, as well as significant fish habitats. The

Laohuliangjiang section,on the other hand,has several shipbuilding units and multiple fish populations.
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Table 9 Assessment results of the impact grade of the regulation river segment
; SREwEE
BIRITE all confidenc PO
Overall confidence level B 2
Remediated .
siver reach w( ) w( ) w( &) w( &) Impact severity
Green Yellow Orange Red
iy e B
0.1096 0.2817 0. 1465 0. 0656
Heshang beach 0 Yellow
7
jt.ﬁ 0.0397 0.1272 0.1287 0.0741 e
Daliang Orange
“h
%r}%ﬁ 0.0408 0.1974 0.2013 0.0934 e
Laohuliang Orange
KN L
0.0864 0. 170 0.0981 0. 0656
Dadukou 0 g Yellow
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ARG, AT, % TR ZR 55
(RER) TERE 20 (& XU A A, Horh =i A
7 TR DX, AR 0 DI 4 W i 1) 1 €
DA, X U WA H AR B Il T AL T 52
KV T X 07 S EAT BRI A , I S5 X g

RERS TR T U] 1 M AT E T 7% T s 15
W 25 4% 7

SN SR B A A, DA ARG T 00 R A 50 5
A B AR

4.3

1S4
)

L35 dE I 25 SR UE 3 4
bR 4.2 Frik it T

Wi S PP Al 2 R 2R T

TAREHT I ZORIAR OG22 A VSR B 19, B S WA 2
it TR 14 T 52 0 A5 48, TR0 S5 B il T 52 W) 45
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On-site seismic monitoring
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Fig. 5 Cloud map of comprehensive evaluation

of construction impact grade
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Hydrodynamic pressure monitoring
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Fig. 6 Monitoring instrument and site diagram
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Table 10 Comparative analysis of evaluation results
Ji s 5l
. 3 o~ B JEig i Yary:
e ET AL TR sy g oA @EEER
WML KB RORZR EME . RA RS PAGEE R
PR W2 . L. Peak Particle e )
Assessment Water Flow Maximum  Navigation 0. Vibration Fish Assessment
. b deoth velocit Rock  Hole b densit pressure/  vibration hvsiological I
river reach depth velocity rength deviation charge ensity \Pa velocity/ response  physiologica resu
per delay . status status
(em+s™)
0 i A LT € I G 1| R - A
Heshang 14.2 0.8 50 0.12 45 53 0.24 Slight Slight No
beach vibration  hyperemia impact
‘%‘JEZH E 2 Ky
gk }Ei)istifct AT I
o 18.6 1.6 45 0.32 68 74 0.38 0 Partial High
Daliang vibration . .
) hyperemia impact
sensation
R N
2 Ei)istifct MO R
ot 3 1.8 48 0.28 60 63 0.28 o Partial High
Laohuliang vibration . .
) hyperemia impact
sensation

; RS - ”

i T 2
RET 65 16 50 015 55 37 0.11 Slight ek LS
Dadukou . . Normal No impact

vibration
TE VPSR N BRAR A PA B £ S T T W RS R X% AR B B EDIERE L o

Note ; “ Evaluation results” should be understood as “the comprehensive grade of model assessment” ,while the previous moni-

toring data serves as “verification evidence” for the rationality of this grade.

(2) FEA YT L Ui T B — - A0 B AR A 1 B T 7%
HR R L R U, A5 R B A A 8RS O A A TR 7T B
AR TR0 25 2 ROV B i s i (£068) , 2%
RTER AR (R, A0 -5 R0 VLB R
BARE W (¥ 6) . BIKTREGE ZE DR, 2 s
i SRR A TR0 DX ) 215 X A 8%, 7 T
PR T KR K- | 5 S 22 S A Fi R A

(3) B4 o 0 R 30 5 A8 R 23 2R AR — B
ok 7 izonk e al S s . BETE R T, AR
TAEG Ik, AHP-S AR T T 2 I R 531
b B VERR T , 8 RESE i 2 P UL 2 B KU A 5
A, AT Ay it T DS ) 2 28 T3 5 By 3 R SR B pE )
AR e TR
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