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Abstract

Sewer construction projects are a critical component of urban infrastructure.
The associated worksites often involve high-risk environments such as confined
spaces, work at heights, and underground excavation. This study analyzes occupa-
tional accident cases in sewer and wastewater projects over the past eight years
(2017-2024), identifying the most common types of incidents. Statistical results
indicate that collapses and cave-ins are the main causes of occupational injuries,
followed by exposure to hazardous substances (such as oxygen deficiency or poi-
soning) and explosions. Notably, the number of occupational accidents signifi-
cantly decreased in 2021 due to government efforts, but showed an upward trend
again from 2022 to 2024, suggesting that current safety management measures
still require improvement. The findings reveal that most incidents were caused by
inadequate monitoring and human error during operations. To effectively reduce
the frequency of occupational accidents, it is recommended to actively promote
smart monitoring and mechanical automation technologies. Implementing real-
time monitoring systems, remote-controlled equipment, and Al-based risk alert
systems can significantly minimize human error and monitoring failures, thereby

advancing toward the long-term goal of zero occupational accidents.

Keywords : Sewer construction, Occupational safety and health, Occupational

accident analysis, Smart monitoring
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Abstract

This study compiles and analyzes common occupational hazards associated
with the open-cut construction method. Through the examination of real-world
cases from recent years, it identifies frequent risks in open-cut operations, includ-
ing object collapse, being struck or caught in machinery, drowning, explosions,
falls, and electric shocks. The causes of these incidents are often linked to insuffi-
cient pre-construction investigations of geological conditions and underground
utilities, the absence of shoring for deep excavations, inadequate protective
measures, poor gas monitoring, and workers not wearing appropriate personal
protective equipment. In response to these hazards, this study proposes multiple
preventive strategies, such as pre-task risk assessments, standardization of protec-
tive installations, on-site monitoring, and occupational safety training for workers,

with the aim of enhancing construction site safety and reducing accident rates.

Keywords: Open-cut Construction Method, Occupational Accident Case Analysis,
Occupational Safety Training



i
a_-l|:
it

SXEUERBAEE NETERE
R BESRANEERESARIFE
Tk - BETLAZRE B EEEZREF
FRE - REZEEBE - SclBBLIE
BINBHREBERFEEZRIGE TEREB
B - FEEASERENERET -
MRt L 222

EIFAOBEME - i FERHRE
BIRAPEZEETE - ERIANEMZ
FEMKIRERET BB IFAERY) - HEEBE

ARTZ 1A~ BR 5 KR R RS S A Afr B2 YRR SRS

ST TSR - BRMARS -
KBENRGEERZRERBINMmEE -

> ESh - TIERRHERY

TrekitmbEzizs

R E D]
it L - MREEE AT

oE Sy

BEE

BolpEEI MM T ANSHEMRIE -

PEZ=E

EERINREBIRBRE
[

mEES

Bl - MIRESSRE 72 A

RIZAFIZ IR

=55 <4 =
BEKESR

21

B
i

BHZIRESEMM N S8

AHE

Ll

7

AR L AT R

(& 1) REBXFR (KR 2) dlUR

A —RinE - 247 - Epuapsse N REBEEEENEF (2017 £5
2024 £ ) HAR ST EEDERERK
=1 BRI TARF S A I SOER b
BE - | IR - BAZY I8
SRR wiE , mE | me | szt
) w=E | g (BEHhE) = =
481 0 6 1 0 0 2 9
Bath 0% 67% 11% 0% 0% 22% | 100.0%
ERAGR - ABEIE TEIEE (2020 ~ 2022 ~ 2024) - FKETIEBKEF =4 (106 — 112 F£) ; KX
EZIE .
=2 fJ\E (2017 £F 2024 £ ) BEEBEE KA E
i /81 (2F) 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 a&t
52 3 1 1 1 0 1 1 1 9
ERAE - ABEE T EIEE(2020 ~ 2022 ~ 2024) - FKBEIEBKZEMNEZLSE (106 — 112 F) ; AX

g -



22 FKE - KBEHT F 455 3H

S BELE - BB EEALEESIX
EHB (6167 %) H_BIRIE (2
22 %) BERBHIE (1 # 11
%) ; Lﬂtﬁbﬁégﬁﬁﬁiﬁalt_ﬂﬁﬁ
ZLAFTETHEREZESE  EUAESR
RNEH L ZBFFRESRI L EER -
FERMENR - KREERERELTIERR
SETERRE - BHERLTHIEE - S
REIEKE ; BIEKZRZREREZRR
gt NRRER - NERAIFEZEARO
RRAEARZZBREE -

UMt SRR T E R T R A
"YESBE - BREL &R TR, BETTEE
BB MNAKREELTEESE.
2024 )

— -~ MBS - BB

MITRIZ TR - BEAABRELH
EREMRTIREMENR - BHRZREKX
R L5 ARE - EARRERELIREUER
FIZRIEERRS - IRERMERIS - BIEX
ERRE -

R <343

HETRRIZIESRR - BARERM TN E
MUBHRZBERE - CJEERIZARR
HHESHNERERRR - HIRBRER

BEREERAZE  RITRRERENSR
MREENIRIEPERSEE XA T T
B . BalBES| RIS -

2 - BFEEBIHER

HRIZ ARZ BRI M EAR BT K
ZpEs - BEEAARE - it LEivE%

EEERFENS  HEAREXENEER
& - RBOEFRASFEERERN - BB
EEBAR PR BB SRR SR A - 55
15 BIFSW - RERBKE  £E2RHE
ZEARREETE  RZREEAER
Pat i AR SR B U R Z B S A
REABEER - AXREEFERKAHE

TRERE(AHRSBELEEE 2020 ;
2022 ; 2024) .31 8 F#atHA 9 #E
BERSW AMAEZEEPZERAE

15~ BRIR - BWIERBIETIAT - LIl E
RZBELEEMAENNERT - BBZ

FEBRSEMEANBTSN - MREARE
REEBEEELEZRB 2B -

- T HERIBERG

20179811 HEF 8K - I
BEATHABRFEANEBEKERS &
HIEETETURERNZ BB InERA TR
IBERER B ERST ZEREE - Y
ZIREERREZEKENEL  SRHEZ
REXR 2 PR - AREFIRK 307 -
ZIRBIMSER BAKE R KB E
ZES  BEAREXETENSE . B
%E%%MEAEE/\EHUEIQ%EHM BiEE
ARAIZHE - G2
R - ERRE %}*iiﬁsf ’ Jtlsﬁjﬁij
I 2 BRI AR - EE&'E%%?@:‘:



A - B8 ARMIEDE T SHERR -
SRIBFOARKEIZE - BERNE %J YNSTIIY
BEDEL BRI MERERE

[RA D
o ZERBIAMEERIT

o EHWIBEEL 15 ARMEYER
BRI RN B+ 1Y

0 HEAKRREEIIEZEXMIZHFH
— - EERESRINEIBRIFSEH

2017 #4H29H EbmiAER
EITFK N KEREZEEEZER SR %
EFEER 3 ARE  KELRERGHE
ZLEEBERIANR RE: TR /&

220k 8B 1R - FEHN 1R
R; REEREER 3 =N - i@ ey

B2R21 1R - FXE1LR - K
TIEEFZZ2ETHEEE L m%—r‘%ﬁ'ﬁ
12 IRSHTHMEa s NETEE
RERZIHETEBRIZMHEE 3 28
KEBFRRMEETIZE I HEEREE - AR
NF 385 30 OEF HHﬁEﬁLTWiH%Eﬁ
PESBERIZAK - IEAELETINGE - 2 255
)\g}ﬁWLﬁEHﬁE%ﬁﬂi}FﬂWﬁ% 1 %
FINREEL - RIERBEPESE
KAGEE A KK (BLZ[I. 1) EBXEFEZEL
WABBEIBENR  IREXE 8 ¥WiE
ZIBEEEERE -

ARIZ 10A-BRi5 RIRNFRS SIS AT EA TR N 2R MG 23

BERRIR . NIEE T EEE - 106~108 F KB

T A2 B S 22 42 4(2020) -
B 1 JEFRERA

[RA D

il

£

o HERHE:@ 3 BEKXE

1% -

A

KK B

d

o M[EERR :BEESTLUZEIHILS
EEEEF‘%T’WE% - ERZRMBERA
BEREMNERY  mBEESLZ
J;'%Z% C RERIREZEM 2K T
& - BIZ T RIZ ELETE AR ELET S
B RIERBREESE KIESIE KK 3
A .

o EAXRR : KRHBIER—MRELEH
EHEAIR -

= LEREIREH

2020 £12 B 7 H 1415 14 7&F -
HMITHETSK MK ERFEEFERS
REELIXE  EFREZE 3 KZ - Bk
IT%® HEXZNEZREZERES - ]IE-%QA
BAFR5KE (1%& 25 AR) -



24 hoKE - KBEHT F4EFX3H

7 2 X5KEHBETHE  BKES
m LAESKEERER NEZRAER
D RKEBEZ T ERERIREE - KRR
WREIHTFF 5 F 39 pEFEBUIEEAR
BT 2 - REHTF 6 5 8 2
BT - BRIGRZ5KEBRIZEE 80
no - REMN 6 AR - REN 38 AR
mitfEE LR (WE2) -

[RA D

BEEE MBS AE TR R
KEHBEBET -

o EEERHA:

1. RAEEERE 15 ARMLE - K&
BISIEN LIRS -

2. REEEXREEZ 15 ARMUE K&
EEXREZEEZERERRGRE

2. RAlEZZHE

TEZETT0A - RS TR -

e EAXEH :

1. REREHRE
IETIESTRI -
3. RBHBEIRK -

M- EBNAERSEN

2023 £ 11 B 28 H " 5MA#t 994
RHSKEETLR (Ehoh) 4 - RBFIAEF
BEANASTRAERHAEEERHSH
EEALAR RY2ARKAN3LA
ReVEBER - STURBRIEZEIHINSIAT
EANEBNA - EEGIFSKEERZRE
HFEZEERAKRERELE  E8N%
ThRmEIE (WE 3) - BB ABREK
HEBNEEERSREST -

EIHX/J? WH“B.:EEI@% 109 llOE—Fﬂ( B T2 K EM=4%2022) -
B 2 THEEFIBEREA



ARIZ 10A-BRS RUR B ST EATREA SRS 25

BERRR : AREIELEEEE  111~112 F FKETRRE KX EAR4F(2024) -
3 SEMBARBSEXKERSGREE

[RA D 2. REJERANTHELZEZ@BESES
£ BEREREEARERE EE

ZRE - WSS KEERIEE - & _
o ERERA: WESKEEREE B S ERA BT -

BB T AR ETE, -
3. REMTERENFEBEREH
s EE -

L AZERR 4, FETEBREZIEZREEETET

1) HREEZEEERE 31 ARZER Al
FIZ  E5 TEARIZEEXEE
RIABEBREZEE KAREETL
< Ig R -

o RBERHA:

5. REIEBE#mESTE EMBEEE
=

6. REBHBEEHESIERKEUNERK

(2) EETIHSERREEE BIZE -
1

BEXE 31 AR ReEBXFEZ
fFEEXE  EHRSEZE - 7. REBZZREHEIR S5IBE

) ARSHAT -
(3) BRBEZEAR - 7lE (LUTH

WELIXE)FE KERKELX
BIFEXE  EHRBZ= -

i

TRp ¥ SREER

AAVHHRIZLEPE RAVREK
BRI ENZEEEMAIRTENY
- it TRIRIEREEABETIRGE
Arlh - WARIRFEEIR HRVIR R E AR RS

e EAXFEHR :

1. RKEHSBHEZUE BEREBFREZ
EEEAE -

[



26 hKE - KBEHT F4EHE3H

MiREREE - BEMERBREZZHE
mEMmRE ABRRIEEEEEET - It
o - BEERBURARSE  BEESE
ARMRAKEREARBES - &E -
BUucE=NESBEE L EHER - 1
RABZZBERERSEKERVRERR -

— ~ BRIR - BIIBTEREIR

EENRBREIRKREFEAEH TFEE
ETHENN - WESHZIEFER - BR
BMERE REBEZEIXE B
RRESRNE (WE 4) - #EMHLEL
BRI ERBEKE -

— - BAFTREAEIER

it LRI BRI FERUE - 2B
ARR - HESZHRERAERHE -

—— - —— -
-————

4 ELIXEFRGRERR

WERERERE  REZRME ; FFE
B EERRERAZ (WE 5) WiE
TERALCE (WE 6) - BERERI TR
MRENEEZL , EEIBEES -

BEZSREEEARIERAZ
BERRR . SBRRERAT - BEEREMS
R - 2025 -

]

5 mEEAER



INDUS TRIAL

SCIENTIFIC

B6 M40 IAEEENE (%) -

J,TZHEDFJJ:VE%]I%HWEMFBE > [3]
EERECRREFENERARE
%%EEX?EE@E&IIE - DUREIRTESR

ZE -

h- %

2

RETAHRERZ FKETDE - If
TS KRIZEE  EREBRRN
BfEiat - SERWMEKEZZHRE - 1t
BEFESHRHOR - KERAZEPRSE
Al EAE - PR ERAR MRS E RN
R BRYEREE  BIFEBKERN -
RAVPHBEUSHER - ERMtLTAE
HEXASNTHEREREZLRENZL
EFERE | MIFERER %T*:I:S'Z?sf
BIRIRERTKRRN ; IR ER

BRE R BE?EU?F’I‘HE%AELAJ—LFW
B, EEREEEENESERLEE

2 EHETHEZZHEIIREERS

ﬁ

70N

HRIZ 1A-FR IS RO IER KA AT ER TR R RS 27

TEERIR AR AS BUEA ﬁ*EHHF'EEEH—ME/EJ (A)

SRR LUREBIRBIEEAR °
&3k

1. ABEE+TEERE  111~112 &
KET B EA R4 - 2024 -

2. NHEE+EEE - 109~110 F£F
KETERK A =4 - 2022

3. NHEEELE®EE  106~108 £
KBTS EAI24R - 2020 -

4. RHRRBRAE - BEESFREMSR
HE - 2025 -



28 hKE - KBEHT F4553H



i A-BE - R%E - WiE - BEYERBRIEERIGAITEIERRE 29

l

e = = S =
& ks
£ ] &7
| % '1
T — i
}{ 2 i
-5 1
TH —l W
1; & WS
3 v |
=
r— 3

vi ™

i}

¥

AR T kERE A TRRTER YEKE i
ETRAEBARRDN - BBEE T KEEMEEH - HE y =]
MTERE Y KRR 5% RENDE - 615 =%
BES ENTRSHBREMELEY - hENRE R %
avd

i

K

BEAE  REENEBRAR - HERMREK - FXERA
2RI AERERREIARER - X E—L
HERNRURAIZERE[ERA  BALSHEKENE

FIREAERERR - WIREHEZIRMER - BEFEFRRER

WA  ERFERFRY - FEABHB KRS =

22 BBE NHRAREIRETIES  REKCRE WE iR

(R IREERBERSHEE 2 SEKIE - it %=
>

= 7=
" i
2

RART . HET L  BEXEXRGOFT  BEZEZHEIIR _ %

LEEETRBOAERAS / LHHE HE Hg

2&ETRERAT /) THEE = H
|t

3o EABIEIE TR / Mgk b



30 FKE - KBEHT F455%3H

Abstract

This study examines occupational hazards associated with sewer jacking con-
struction method, focusing on accidents such as explosions, falls, suffocation, poi-
soning, collapses, and impact injuries. Those causes often involve confined space
operations, inadequate site investigations, poor ventilation, insufficient protective
measures, and lack of safety awareness. Four representative cases are analyzed to
identify direct and indirect causes. Based on these findings, the study proposes
preventive strategies including risk assessment, standardized procedures, safety
training, and on-site management to reduce accident rates and improve occupa-
tional safety performance in trenchless engineering projects.

Keywords: Jacking Method, Occupational Accident Case Analysis, Occupational

Safety Training
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Abstract

This study analyzes occupational hazards in pipeline and facility maintenance
under sewer renewal methods. Renewal work often takes place in confined spaces
with low oxygen and hazardous gases, thus elevating the accident risk. Data from
2017 to 2024 indicate that the most common incidents involve exposure to haz-
ardous substances and falls. Four representative cases were examined to identify
both direct and indirect causes, including insufficient gas monitoring, inadequate
ventilation, lack of control during oxygen-deficient operations, and insufficient pre
-operation risk assessments and training. Based on these findings, preventive
measures for confined space operations are proposed to enhance practical and

occupational safety management in sewer renewal methods.

Keywords: Renewal Method, Occupational Accident Case Analysis, Occupational

Safety Training
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Abstract

In accordance with the Sixth Phase of the Sewer Construction Project, Taiwan
continues to accelerate the development of various aspects of its sewerage infra-
structure to enhance national competitiveness. Despite ongoing efforts over the
years, occupational accidents continue to occur, resulting in injuries and fatalities.
Therefore, ensuring a safe working environment for sewer system construction re-
mains a key issue, with the ultimate goal of achieving zero accident. This study
consolidates the latest international research to find the referential solutions. Pub-
lished by the International Society of Ecotoxicology and Environmental Safety
suggest that airborne exposure indicators can be utilized to assess health risks
posed by microorganisms and endotoxins in wastewater treatment plants. Such
indicators offer valuable insights for policymakers in formulating strategies to mit-
igate infection risks. Moreover, research by the International Water Association
highlights the use of quantitative modeling techniques to evaluate the risks of res-
piratory and gastrointestinal illnesses among wastewater plant workers. These
models enable precise risk quantification, allowing for swift assessment of the risk
levels associated with various personnel roles and operational units, and thereby
supporting the development of effective risk-reduction measures. The Journal of
Japan Sewage Works Association has documented the development of a sustaina-
ble ventilation device that operates without occupying the manhole opening,
thereby enhancing safety within sewer pipelines. Results demonstrate that the
system can efficiently deliver a large volume of air into pipelines using minimal en-
ergy, significantly improving the safety of the working environment. The collection
of these cutting-edge studies serves as a valuable reference for advancing techno-
logical solutions to occupational health and safety issues in Taiwan’ s sewer sys-
tems, aiming to continuously enhance the safety of construction operations.

Keywords : sewage system, technology solution, occupational safety and health
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@ WELCOME B CALCULATOR

Wastewater Exposure Calculator

This tool serves as a proof of concept for a risk |ngeStiOn Risk Inhalation Risk
calculator that could be used to evaluate potential

risks for WWTP workers.

The total ingestion risk is ABOVE the
desired risk level.

Average risk: 7.7e-04

The total inhalation risk is BELOW the

Choose a pathogen(s) of interest o a
SELE desired risk level.

Adenovirus
Cryptosporidium
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Giardia
Influenza A
Legionella
Norovirus
Rhinovirus
Rotavirus

Average risk: 7e-05

Exposure Setting

Infection Risk
Infection Risk

1. Walking the plant 24
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Late morning and after (9am-5am) b 1e-10-
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& INGESTION DATA & INGESTION GRAPH & INHALATION GRAPH

ERKIR : Heida et al,, Quantitative microbial risk assessment (QMRA) tool for modelling pathogen

PPE usage !
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Risk comparison level
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infection risk to wastewater treatment plant workers(2024).
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Ingestion and Inhalation Risks
High contact during early morning hours (5am-9am)
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o
[}
—
=
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«Q
[(]
3
n

H Cryptosporidium

E. coli

Giardia

Norovirus

Rotavirus

Total Ingestion

Infection Risk

Adenovirus
o Influenza A

Legionella
le-07- % Rhinovirus

Total Inhalation

AT T I T T {1 -

Ingestion Inhalation

ERAR : Heida et al, Quantitative microbial risk assessment (QMRA) tool for modelling pathogen

infection risk to wastewater treatment plant workers(2024).
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Inhalation Risks
Usage of masks during high contact and early morning hours (5am-9am)

le-01-

le-04-
Pathogens
m Legionella

le-07-

Infection Risk

ERHIR : Heida et al., Quantitative microbial risk assessment (QMRA) tool for modelling pathogen infection
risk to wastewater treatment plant workers(2024).
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Abstract

This study presents a construction case from the second phase of the Tainan
City Rende District sewerage system project, focusing on the use of the steel ring
press-in caisson method and curved pipe jacking technique. The steel ring caisson
method was adopted as earth-retaining support for working shafts, providing en-
hanced safety and precision in narrow urban spaces with complex underground
utilities. To address challenges where conventional circular shafts could not be in-
stalled due to major pipeline obstacles, elliptical steel ring caissons were designed
and implemented. In addition, curved pipe jacking was applied to navigate around
immovable utilities, guided by a gyroscopic navigation system to ensure accuracy
in alignment. The combined approach significantly reduced the need for pipeline
relocation, minimized construction costs and delays, and ensured structural safety.
Upon completion, the project is expected to improve the living environment and
enhance residents’ quality of life.

Keywords: steel ring press-in caisson, elliptical caisson, curved pipe jacking, sew-

erage construction
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Abstract

To address the needs of urban —rural development and the challenges of en-
vironmental protection, and to enhance the coverage and effectiveness of Tai-
wan’ s sewerage systems, the National Land Management Agency has imple-
mented an annual evaluation program since 2012. Through both document re-
view and on-site inspection, the program comprehensively assesses the perfor-
mance of municipal governments in three major aspects: Project Implementation
and Control, Construction Quality and Management, and Facility Operation and
Management.

This paper analyzes the 2024 evaluation results, examining how local govern-
ments have implemented policies in sewerage system construction, as well as
trends and differences in construction quality, manpower allocation, operation
and maintenance management, and sewer user connection coverage. In addition,
key issues such as occupational safety, septic tank removal, fee collection, and
clearance of construction obstacles are also reviewed.

By synthesizing the evaluation findings, this study highlights the achieve-
ments and policy directions of sewerage system development, provides a refer-
ence for improving local governments’ construction and management strate-
gies, and proposes future strategies for continuous enhancement to promote the

nationwide sustainable development of sewerage systems.

Keywords: Sewerage System, Annual Evaluation, Sustainable Development .
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Abstract

This article presents the experience of participating in the National Sewer
Confined Space Entry and Pit Operation Evaluation, aimed at promoting safety in
sewer operations and raising occupational safety awareness. A confined space is
defined as a non-routine work environment with restricted ventilation, which may
cause oxygen deficiency and hazardous gas exposure. Common accidents and re-
lated regulations are reviewed to highlight the importance of occupational safety
and health.

The evaluation focused on two aspects of confined space work: general oper-
ations and emergency response, with on-site drills covering work procedures,
equipment setup, and rescue measures. Our company received an Excellence
Award by applying innovative safety equipment and improved techniques. Key
features included a five-piece fall protection system, stainless steel ventilation
pipes, life detection devices, protective safety harnesses, and movable guardrail
designs. These measures effectively enhanced both safety and efficiency in con-
fined space operations.

Looking ahead, it is essential to continuously review and optimize safety
measures. The integration of smart technologies and the strengthening of voca-
tional training will further improve the working environment. Through these ef-
forts, the construction industry in Taiwan can make greater contributions to ensur-

ing workplace safety and sustainability.

Keywords: Confined Space - Occupational Safety - Fall Protection Equipment -
Sewerage Engineering
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Abstract

This article explores the innovative applications of Artificial Intelligence (Al) in
sewerage system governance. With the rapid development of Al technology, its
influence has expanded from industries to public infrastructure. For Taiwan, inte-
grating Al into sewerage system governance can enhance efficiency and safety in
policymaking, engineering design, operation and maintenance. At the policy level,
Al can optimize administrative efficiency and support decision-making, though
issues of transparency and responsibility must be carefully addressed. In engineer-
ing design, generative Al accelerates and enhances flexibility in workflows but also
brings systematic and ethical challenges. In construction and inspection, Al ena-
bles real-time monitoring and anomaly detection, reducing risks and improving
precision. Overall, the integration of Al into sewerage system governance is not
only a technological innovation but also a transformation of system, processes,
and data governance. Only within a transparent, safe, and trustworthy framework,
supported by cross-department collaboration and talent cultivation, can Al truly
become a driving force for smart water management and sustainable develop-
ment.

Keywords: Artificial Intelligence (Al), Public Governance, Engineering Digital
Transformation, Intelligent Safety Management
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