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Abstract. Municipal wastewater treatment plants are complex technical facilities that have a
significant impact on the environment and public health. Effective risk management at such
facilities allows timely identification of threats, prevention of accidents, and minimization of
negative consequences for both the environment and the economy. One of the key stages of the risk
management process is risk identification, which involves detecting potential threats, determining
their causes, and forecasting possible consequences. Due to the complexity of technological
processes and the multi-level nature of treatment, municipal wastewater plants have a high potential
for various types of risks: quality, operational, environmental, financial, and those related to the
human factor. Several methods are used to identify these risks, including historical data analysis,
expert assessments (Delphi method), checklists, brainstorming, environmental analysis, and process
mapping. A practical study at the wastewater treatment plant in Aktau showed that the most
vulnerable equipment is located at the beginning of the technological line, such as bar screens and
the activated sludge circulation chamber. The results emphasize the need for a comprehensive and
systematic approach to risk identification and the simultaneous use of multiple methods to enhance
the effectiveness of threat management and ensure safe operation of the facility.
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Introduction

The municipal wastewater treatment plant (MWTP-1) of Aktau (Kazakhstan) was
constructed and commissioned in 1971. At that time, the capacity of MWTP -1 was 42,000 m?/day.
In 1984, an additional treatment unit of the same capacity was built and put into operation. Later, in
1986, a supplementary mechanical treatment unit with a capacity of 30,000 m’/day was
commissioned. Therefore, the total designed capacity of WWTP-1 amounts to 72,000 m?*/day.
However, by 2008, the actual load on MWTP -1 did not exceed 30,000 m3/day. In 1987, the filter
media of the additional treatment unit was replaced from a single-layer (quartz sand) to a two-layer
system (expanded clay and quartz sand), which significantly increased the throughput capacity of
the unit.

The construction of this technological facility was carried out in accordance with the
relevant directive documents for the development of municipal utilities for 1971-1975 [1].

In 2000 [1], due to the considerable operational lifespan of the facilities and following
inspections of the condition of the structures, pipelines, and networks, as well as the need to bring
the level of wastewater treatment in line with current standards, a decision was made to carry out a
major overhaul and partial reconstruction of the MWTP -1 complex.

The industrial site also includes:

v A pump-blower station unit;

Administrative buildings;

Pumping and filtration station;
Mechanical and storage buildings;
Chemical tank laboratory; lathe workshop.
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Figure 1. — Condition of the wastewater treatment facilities in Aktau

Risk is a common phenomenon that occurs in every company and applies to all types of
technical facilities. It is an interdisciplinary concept, defined differently by representatives of
various sciences, industries, and fields of economic activity [1]. However, in the most general
sense, it can be defined as the probability of a specific loss due to the occurrence of an adverse
event [2]. Every company must take all possible measures to eliminate situations that generate risk,
and in case such situations arise, take necessary actions to minimize their negative consequences.
This is the primary goal of the risk management process.

Risk management involves identifying and evaluating types of risks, as well as measuring
and continuously monitoring their level. This process has been divided into stages and
systematized. It includes the following phases: risk identification, analysis and evaluation, risk
management (i.e., decision-making and actions), and control and monitoring. Each phase involves
taking specific measures and drawing conclusions based on them. These conclusions form the
foundation for subsequent stages of the process [2].

To better illustrate the stages of this process and the activities carried out at each stage, they
are presented in Table 1.
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Table 1. Stages of the risk management process [2]

Stage Actions Taken and Resulting Conclusions

Identification of risk types; determination of risk
causes; identification of subjects exposed to the risk
Determination of the level of threat posed by the risk
to the company; assessment of the “destructive” power
Risk Analysis — negative impact of the threat; identification of risk
analysis methods; determination of risk management
tools

Assessment of the company’s ability to manage risks
(and, if lacking, measures to acquire such capabilities);
Risk Evaluation identification of possible management options; cost
analysis of each option; selection of the best option for
the company

Prioritization of the use of specific tools; application of
the optimal combination of management options and
tools

Evaluation of the effectiveness of implemented
measures; modification of the management process to
improve efficiency; continued use of effective options
and tools

Risk Identification

Risk Management: Decisions
and Actions

Control and Monitoring

Risk Identification at a Municipal Wastewater Treatment Plant

Risk identification, which is the focus of this study, represents the first phase of the risk
management process. Its main goal is to determine which threats exist at the facility, identify the
causes of their occurrence, and predict the potential consequences of these events. Essentially, this
stage involves observing and understanding the mechanisms of risk emergence [3].

Types of Risks at a Municipal Wastewater Treatment Plant

A municipal wastewater treatment plant is a specialized facility, the primary objective of
which is to treat wastewater so that the effluent meets legal and environmental standards. The
treatment process involves physical, biological, and chemical stages [4]. Naturally, the number of
treatment steps, their specific characteristics, and the number of devices used lead to multiple risk-
generating situations. The technological line can be exposed to the following risks [5]:

. Quality risk — causing insufficient wastewater treatment;

. Operational risk — causing changes or even disruption of the treatment process, often
related to quality risks;

. Environmental risk — affecting the receiving environment and causing pollution,
linked to quality and operational risks;

. Financial risk — causing financial losses associated with repairing damage, paying

fines, and compensations, related to all the above risks.
In addition to these technical risks, a wastewater treatment plant also functions as a company
and is exposed to other types of risks [2]:

. Economic risk;

. Legal risk;

. Organizational risk;
. Political risk;

. Technological risk.

Human factor risks must also be considered, both for the personnel present at the facility and
for workers as potential sources of risk [6].
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Methods of Risk Identification
Depending on the type of company, processes, activities, and operational stage, appropriate
identification methods should be applied. Among the commonly used methods are:

. Historical data analysis — based on data provided by the company’s manager [7];

. Delphi method — using expert knowledge and experience to assess the probability of
events [8];

. Checklist method — verifying whether specific risks were considered in the project;
effective if applied broadly [9];

. Brainstorming — generating a wide range of potential risk events [8];

. Environmental method — identifying risks arising from current and future conditions
of the external environment [10];

. Process mapping method — defining the workflow and identifying potential threats,

their causes, and consequences [10].

In the examined wastewater treatment facility, all the above methods were applied. The
identification process was primarily based on data analysis provided by the plant’s process
engineer.

Research Findings

The study showed that the most vulnerable equipment at the facility were the bar screens
and the activated sludge circulation chamber. These devices are located at the beginning of the
technological line, which subjects them to significant hydraulic loads, pollutant loads, and potential
accidental contaminants. The bar screens are designed to trap large debris, protecting downstream
equipment, while the activated sludge chamber is the primary unit for biological treatment. The
results indicate that these units are most susceptible to threats due to their function within the
treatment process.

Conclusions

Risk identification is a key and essential stage in the risk management process for any
enterprise, including municipal wastewater treatment plants. This stage involves the systematic
identification of threats, analysis of their causes, and forecasting of potential consequences for
technological processes, the environment, and the economic stability of the facility. Proper and
comprehensive identification enables timely detection of critical elements most susceptible to
threats, which is especially important for complex, multi-level facilities such as wastewater
treatment plants.

Practical research has shown that the most vulnerable components are the bar screens and
the activated sludge circulation chambers, located at the beginning of the technological line. Failure
or damage to these units can trigger a chain reaction of disruptions throughout the treatment system,
increasing the risk of environmental violations and financial losses. Effective risk identification
requires the simultaneous use of several methods — historical data analysis, expert assessments,
brainstorming, checklists, and environmental analysis — to obtain the most accurate and reliable
information about potential threats.

It should be emphasized that risk identification is not a one-time activity; it must be
conducted continuously, with systematic monitoring and adjustment of management decisions. This
approach minimizes negative consequences, enhances personnel safety, reduces the likelihood of
accidents, and strengthens the facility’s resilience in a changing internal and external environment.
Implementing a comprehensive risk identification and assessment system forms the foundation of
effective risk management at municipal wastewater treatment plants.
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KAJIAJIBIK KoMIPCY CYBIH TA3AJIAY CTAHIIUACBIHIA
TOYEKEJIAIJIIKTI BACKAPY: HIEHTU®UKAIIUA KE3EHI

Jxymamesa K.A., Hyp6aeBa ®. K.
Yessenov University, Akray K., Kazakcran
e-mail: kamshat.jumasheva@yu.edu.kz, farida.nurbayeva@yu.edu.kz

AnHoTranusi. Kanmanblk Kopi3 CyJlapelH Taszajay CTaHIUSUIAPBI KYpAETl TEXHUKAIBIK
HBbICAaHJap OOJIBIN TaOBLIAABI KOHE KOpIIaFaH OpTa MEH XaJbIK JICHCAYJBIFbIHA €JICYJIl ocep eTei.
Mynpaait oObekTiIepae THIMII TOoyekemmepal Oackapy Kayinm-Karepli yaKThUIbl aHBIKTayFa,
aBapUSUIBIK JKaFIalIap/IblH AJIJIBIH aTyFa )KoHE KOpIIIaFraH OpTa MEH SKOHOMUKAIBIK IIBIFBIHIAPIbI
azaiiTyra MYMKIHIIK Oepeni. Toyekemmepai Oackapy NpOIECIHIH HETI3T1 Ke3eHJAepiHiH Oipl —
TOyCKeNII UACHTU(DUKAIMIIAY, OJI QJICYeTTI KayilTepHai aHBIKTAay, OJapJIblH ceOenTepiH Tamay
’OHE MYMKIH caliiap/bl O0JpKay bl KaMTuabl. Kanaiblk Tazanay CTaHIUSIIAPBIHAA TEXHOIOTUSIIBIK
IporecTepIiH KYPACTUIri MEH KOICAaThUIbl Ta3auay >KYWeci opTypJi ToyeKeAepHiH — Camlalblk,
OTIEPALIUSUIBIK, SKOJOTHSIIBIK, KApXKbUIBIK JKOHE ajaM (aKkTopbiFa OaiJIaHBICTBI TOYEKEIACPiH
naiga 00Ny BIKTHMAJABIFBIH apTThipaabl. Oyiapabl aHBIKTAY YIIIH TapuUXHW JICPEKTEpIi Tainay,
capamnubiiapasiH Oaranaysl (Jenbdu omici), Oakpimay Ti3iMaepi, MU MIa0ybUIbl, SKOJIOTHSIIBIK
Tajjay >KOHE IMPOIECC auarpaMMaliapblH KYPY CHSKTBI TYpPJi OdicTep KOJJIaHbUIAABL. AKTay
KaJachIHBIH Ta3aJlay CTAHIUSICHIHAA JKYPri3UINeH 3epTTey KOPCETKEHICH, €H ocall XaOabIKTap
TEXHOJIOTHSUTBIK JKEJIiHIH OachbIH/Ia OpHAJACKaH, MBICAJIbI, TOPJIBIK dKpaHAap jKoHE OelceHaipiireH
IUiaM aiHaJIbIM KaMepachl. 3epTTey HOTIDKENepl ToyeKenaepai WACHTUUKAIMsIIAyIa KeleH i
KOHE JKYHeIl TOCUII KOMIaHy KaKEeTTITiH, COHBIMEH Karap OipHerre dicTi Oip yakpITTa maiaanany
apKbLIbI KaylnTep/i 6ackapy THIMALTITIH apTThIPy KaXETTIrH KopceTei.

Tyiinai ce3aep: Toyeken, Tazajnay CTaHIUSUIAPBI, TOYEKeI i Oaraiay.

YIPABJEHUE PUCKAMM HA TOPOJACKOMN CTAHIIMMA OUUCTKH
CTOYHBIX BOJA: OTAII UIEHTUOUKALINU

Jxymamena K.A., Hyp6aesa @.K.
Yessenov University, r.Akray, Kazaxcran
e-mail: kamshat.jumasheva@yu.edu.kz, farida.nurbayeva@yu.edu.kz

AnHOTanus. [OpOJCKHE OYUCTHBIE COOPYKEHHUSI TMPEJCTABISIOT COOOM  CIIOKHBIE
TEXHUYECKHE OOBEKTHI, OKAa3bIBAIOIINE 3HAUMTEIBHOE BIMSHHE HA OKOJOTHIO U 3JI0pOBbE
HaceneHus. D(OPEKTUBHOE YMpaBICHUE PUCKAMHU Ha TaKUX OOBEKTaX IMO3BOJSIET CBOCBPEMEHHO
BBISIBIIATh YIPO3bl, MNPENOTBpAIlaTh aBAPUKWHBIE CUTYallMM M MHUHMMH3UPOBATh HETATUBHBIC
IIOCJIICACTBUA JIA OKPY)KaIOIHeﬁ Cp€abl U 5KOHOMMKH. O)IHI/IM M3 KIOYCBBIX 3TAIllOB IIponecca
PUCK-MEHEDKMEHTa  SIBIISIETCS HJEHTU(UKALMS PUCKOB, KOTOpas BKIIOYACT BBHISBJICHHE
IMOTCHIUUAJIBHBIX YI'p03, ONPCACICHUC WX MPHUYHMH W IMPOTHO3UPOBAHUC BEPOATHBIX HOCHGHCTBHﬁ.
Ha ropoackux OYMCTHBIX COOPYXKEHHUSX  CIOXKHOCTh TEXHOJIOTMUECKMX TPOLECCOB U
MHOT'OYpPOBHEBOCTb OYHUCTKH CO3OArOT BBICOKHH MOTCHIMAJI BO3HUKHOBCHUA PA3JINYHBIX PHUCKOB!:
KAueCTBEHHBIX, OIEPAIMOHHBIX, DJKOJIOTHYECKNX, (UHAHCOBBIX, a TaKXKe CBSI3aHHBIX C
YEJIIOBCYECKUM (baKTOpOM. ZIJ'ISI HNX BBIABJIICHUA IMPHUMCHAIOTCA p33H006p33HBIe METOJbI, BKJIXOYast
aHallM3 UCTOPUYECKHMX JaHHBIX, DKCHEPTHhIE OleHKH (Meron Jlemb(hu), KOHTPOJIBHBIE CIHUCKH,
MO3TOBOM IITYpM, 3KOJOTMYECKHMU aHalIu3 W CO3JaHhe Auarpamm mpoueccoB. lIpakrudeckoe
HCCIIEIOBAaHNE HA OYMCTHBIX COOPYXKEHUSX Topoia AKTay MoKa3ajo, 4yTo Hauboliee MOABEPKEHBI
PHUCKY YCTpOICTBa, pacloyIO)KEHHbIE B Hauaje TEXHOJOTMYECKON JIMHUM, TaKue Kak pelieryaTbie
OKpaHbl W KaMCpa MNUPKYJIAOHUU AaKTHUBHOI'O HIJIA. PCSyHBTaTBI HCCJIICAOBAaHUA TIOAYCPKHUBAIOT
HE00X0IUMOCTh KOMIIEKCHOTO U CHCTEMaTH4YEeCKOro MOoaXoa K UIAeHTU(UKALIMN PUCKOB, a TaKKe
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UCIIOJIb30BAHUE HECKOJIBKUX METOJOB OJHOBPEMEHHO JUIS MOBBINICHHS 3((PEKTUBHOCTH
yIpaBJICHUS YTpo3aMHU U obecrieueHus: 0€30MacHOM HKCILUTyaTallui 0OBEKTa.
KioueBble c10Ba: pUCK, OYMCTHBIC COOPYKECHHUSI, OL[CHKA PHCKA.
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