I[]1
UNIVERSITI PUTRA MALAYSIA

DEVELOPMENT AND APPLICATION OF DESIGN AND INSTALLATION
CHECKLIST FOR GULLY-DRAIN IN A MEAT PROCESSING FACTORY
BASED ON HYDRAULIC AND HYGIENIC ANALYSIS

HENG HUI SHAN

Ip
FK 2020 80




DEVELOPMENT AND APPLICATION OF DESIGN AND INSTALLATION
CHECKLIST FOR GULLY-DRAIN IN A MEAT PROCESSING FACTORY BASED ON

HYDRAULIC AND HYGIENIC ANALYSIS

HENG HUI SHAN

186888

A PROJECT REPORT SUBMITTED IN PARTIALLY FULFILLMENT OF THE

REQUIREMENT FOR THE

BACHELOR OF PROCESS AND FOOD ENGINEERING

DEPARTMENT OF PROCESS AND FOOD ENGINEERING
FACULTY OF ENGINEEERING
UNIVERSITI PUTRA MALAYSIA

2020



ACKNOWLEDGEMENT

I am grateful I have been given health, strength and determination by the God to complete this
final year project. Special thanks to both of my parents and family who had been my backbone

and true supporter since the beginning of my studies until now and then.

I also would like to express my gratitude to Dr. Noor Zafira Noor Hasnan, who has helped,
supporica and closely consulted me throughout the research and thesis writing and for giving me
so much patience, guidance. Dr. Noor Zafira Noor Hasnan, the project supervisor, always
offered me some helpful advice and cares for me. Thank you for your trust on me to work on this
project and allowed me to learn the real scenario in the food industry. With her support, I am
only able to complete this project. I would like to apologize for any imperfection in completing
this project.

I would also like to express my precious thanks to the owner and staffs of the Factory Y who had
given me full cooperation throughout my research. Moreover, thanks to my examiners, lecturers
and staffs in the Department of Process and Food Engineering for your kind assistance and
endless guidance. Last but not least, big thanks to my course mates for the sharing of information

and advice. It such a blessed to have all of you in my study life.



TABLE OF CONTENTS

APPRIOVAL: . cxsvsonsmssnessswmmsscosmsusssmssssnnesssasssessmssnesmapssmsns ahsssnnidis SrAs R4 110584 SoNs 4TSRS ARSI S i
DECLARATION........cccmmumemmsesonnsssanensenssnassnsommisiensss il i sy s osasses s s s 552723 iii
ACKNOAN LEDGEIVIEINT . o.oussasnssssstnn s ssnssissssh s rssss s s s sasmsessts kestones sspvisnssnssanss iv
LIST OF TABIES..... ..oonssnmmuses s 555 s i s R s s s s oo s n s spams s ssssss iii
LIST OOF BIGETRIES . cocnvensnssansssionseism i o i s s s G sss 1 s s el oy ooy iy v e eviss iv
LIST OF BEQUIATICING. .. comsssmissctmnsismmmumoms s s s e s s my smmemenssssomsvsnss s s \
LIST OF APPENDICES.......ccimsssssssssssssssantsnsasssssssssssasurasnssvsassensssonssoasnsnensasennenensennsQomnges N - Hes vi
ABRTRACT s consris: S o B I Moo vii
ABSTRAXK. ..civsnssmsmssrniles B dEllh «»vx» Tl vo W < Jh k- e mts wnsamenanmesn ornre armne W SO 51548554544 535+ viil
CEAPTER 1....ocnsoitih a0l R -4 B i . SRR R AL g -+ 555 s s vasssmas 1
IR0 800 (0] I R L R AR ——————— 1
O 057 o (- A W WETT . 0 MO, SR R— 1
1.2 Problem statemenk i, ... i .- - 8- IR, .. oy cevis oo voscvonsssorsasssse 3
1.3 ObJECHIVES.......cverrereseesunsesnesiobinnrssserssmsasbnesessaens ssoflnns e sneotBusens onseasabsasssscsssos sasssssnssasssssnsasnsnnss 4
1.4 SCOPE OFf WOTK.....couverenneos dhusanssunsatine oo oo ngans obs e -850 csibusahl o oo osiimanns  soomsibssasanesssssssnesssosnvessoses 5
1.5 Thesis STUCKHITE. ...ocucones. SUNTTETIT . . TR SRR .o GRERRE. . o - MY cunsantasaascesesssesnassnassssn 6
SN S A T e 4T S E—————— 7
LITERATURE REVIEW.. .. T 8 PR B N B . I . ocve e cresssnnsnsannens 7
2.1 Floor drainage and its types gl .. B oo e, coteiecieeinsiedicunsannness N R— 7
2.2 Legal and standard reqUiMMEROIE tattiins. 5 . S5 e B8 . Jie ARt RE et aas. o5 smnsss sossnsasssussassnssassarssasses 8
2.3 Wastewater characteristics in meat PrOCESSING. ........ccovvurierrirrirsrreeeecnrneeeenaeeesseeeessssaeaeensens 9
2.4 General gully’s design and Installation........e e eciieiiinsiiiisii st 10

2 5 Hypienic diain OGO el e B BB ......ncesninsnsassssessunsnasssasasansansrass 12
2.6 DrainaggfTstlation for food TACIONESs....... . Bl Gt i siismssnsiversiievaimaoss 15
2.7 Operational and hygienic issues related to the poor drainage.............cccooeeveveiiiiiieiinenenenes 16
2.8 DrainapNQEIIMIINIATICE. ..sussereenrsioncascsssmsnssissssissasasssssasssssassssns sans smannuannsssssnasssnnssessnssvassssasnns 20

5 5.1 Bodranlis siicicncy and CaiiRiihi oo mmss st st s ssassssmins 20
2.8.2 Hygienic PerfOrMANCE........c.couvviruerirreritirienee ettt s et s se s e 20

B AT EO B s w5 5 R A A3 S 22
IMIEOAOLOZY ......eeeeeeeeeeteeeteesseesesses e e seeaeses s e esesa s e et et e e b e st et annenaesne e et e seesensesentensensssensrnnn 22
3.1 050 SIIY PIDDITE 0o xorwsnnsanvuenes issssss st orsammsmbamssssessisn onscn sanxassansxsasns cxssissmmsymssmsmissmpmsrTLEp LIRSS 22



3.2 Oivenall resenrch met Ol o oo o smmmsmenmmncsnssesmmsmminssnsmmssmssentms s 2 i Ss sy 24

3.3 Stage 2: Hydraulic and hygienic analysis of gully in Factory Y.....cccccovvmiivninieniicnnnnin. 24
3.3.1 Assessment of inlet hydraulic efficiency........ccccuveeeeeiiciiiinciiiiiiice e 24
3.3.2 Assessmenit OF BVBIONG. .. cmsiamussomissmmnesansm s esnisss s emmys s s e s i sV s T wes e s 26

3.4 Development of checklist for the design and installation of gully floor drain..................... 30

2 e QU o) i 2 1T 1 o O USSR U S ——— 31

3.6 Checklist demMONSITAtiON.........ccciiiiiiiieiiierieeeireeerrrereesrrreeeeeeeessens e se e s sraranseee s sbasanseneseesesnsses 31

L8 1o 1o NSNS HETY SRR RRCRR————— . . Wh. $ 32
Results 2nd dISCUSSION. ....ccuvieiereiiireeeiieesiieesseesseesie s e s sessesssessrassesantse s nsesesasesnstne s s seeessnssssnnseans 32

4.1 Process and Techrtl O TIERTT I .. M. . Best - io-sersisvanssasacssunssesmsanssnsnnsIuaeUnos - »o onrssewsssans 32

4.2 Current floor drainape Systein allfaGIOLY X .o....ccocccviisniiiivinrrsoiionaasTgesnases e cnsecisssncssnsecnes 38
" e R TE T (T (g L I N AT ., ee—— 42
4.2.2 Subject of stud§aDrallt 2L, ...... ... -0 BN ... Quoh csec N U RSEM R 5 »4s 505100305550 42

4.3 Effect of gully’s design on inletthydrauli..i. ... coo il cesiiiies covninsss cueosncsaessnssnssns 44

4.4 Effect of gully’s design and installation on hygiene............cccoomioeneiiiinieeee 49

4.5 Checklist for gully’s design and installation in meat processing.............ccoceeeerureereresesrenenes 54

4.6 Checklist validation based Onl Factony Y 7. Muisr.. ... it ... ollisl cossnissnssonsvsssssasessonsens 62

4.7 Design checklist demonStration........deee. difeeeres fiseesisessssnenconcenssnnsnnssssssansssssensesssessesssneans 63

CHAPTER 5.....cccrromencemmm B B PR 8. . ... .. . trvssssne -+ osvsaserunsssnnssons 69
- CONCLUSION AND RECOMMENDATION.......c.ccccovseitustrusmamsnsanassasanensseasonsessemssscssensacsesssasns 69

5.1 Evaluation of the impact of design and installation of ﬂoor drainage on hydraulic

efficiency in a meat processing TR .o oe. cor e smt e it tcanansaasenancnsssesasssassnsassanss 69

5.2 Evaluation of the impact of design and installation of floor drainage on hygiene in a meat

g0 U b | W R W MR AR R W RO —————————— 70

5.3 Proposal of design and installation checklist for floor drain in a wet areas for meat

PIOCEESIIE e - N coormsnennsnsnnsnssaihisnsnsaiansansins s ases shmin s Eovess S oA PRSI AR SR SRS TSR ST AR 71

5.4 Research ContriDULION. .......ciiiieiieeiieee ettt et snaeee st e s e seneessnas e s rasenensanass 72

5.5 Research Limitation and Future Work Recommendation.............ccccveiieiieeeieineecccvesecreenenns 72

1424 2 543 St L 2 VP 73
APPENDICES.......cocusivneossracnosnssasisssssisssassssssaasnssssisssssssssss shasassssrss srasssnasssnsess sossnsassasaansnssnsen sasassss 81



LIST OF TABLES

Table 2.6 1: Installation of GUILY.........oee et 15
Table 2.7 1: Characteristic of common pathogenic bacteria found in drain
Table 3.3 1: Microbiological criterion of bacteria on food and non-food contact surface.....30

Table 4.1 1: operation activities & objectives, processing equipment, water consumption and
illustration of each process involved in making of burger patty..........c.ccccceruvriinnnnnene. 33

Table 4.2 1: Location, features design, installation and application of the three floor drains39

Tabie 4.3 1: Changes in hydraulic efficiency of drain Y with increasing number of clogged

holes......ccsosttlh e Bl . ool - 4 1o e e e . ®. .. oo e nssnes 48
Table 44 1: ATP reading (RLU/100cm2), APC, E. coli, Listeria spp., Listeria
monocytogenes and Salmonella spp. (CFU/cm2) at various point of drain Y............... 51

Table 4.5 1: Checklist for design of gully in a wet processing facility for meat products..... 55
Table 4.5 2: Checklist for installation of gully in wet areas for meat products...................... 60

Table 4.7 1: Design features of new designed drain.........co.cocvevvieieeieninniciniiiccce e, 65

--i



LIST OF FIGURES

Figure 2.1 1: GUILY SITUCKUTE.....c..eeiitieiieeeiereirieae st eeee ettt eesb e e smseas e sbse e s sans e s 8

Figure 2.5 1: Possible cross-contamination due to bio aerosol occurrence from drainage.... 13

Figure 2.5 1: Hygienic design of gully( Frank & Patrick, 2015).....c.ccceveeeurviceeeeieeeieeeee. 14
Figure 2.5 2: Poor design of gully (Frank & Patrick, 2015).....ccccceeiiiieiniiiiniieiceeae e 14
Figure 2.6 1 Poor floor-to-drain interface installation that can harbor microbial growth

(BEHEDG 44, 2018).....ccccieiteeitieeieeeeieeiaesseeaeesaeensesseesstessossesssasasssessasesase e saaasssssnseessuassnns 16
Figuie 2.7 1: Cause of fatal falls overboard in food industries (Myers, Durborow & Kane,

2018).ccimserseeitlh il . .. . K. B e e I ... i 17
Figure 3.1 1: LocatiGRhafdiRolRi S et o - sxsa s o= ++v+os5 s ds origoenss 1R TRasfus - o= vovs sorasassomnase 22
Figure 3.1 2: Process flow diagram for burger in Factory Y........ccccccoviviiiniiiniiniiniiniinnnenne. 23
Figure 3.2 1: Projegt floiv. of casalindy i, 5. S el . et it + - anosvoss ssssnssns 24
Figure 3.3 1: Draint2: e i .o R -4 -4 R 3 - - 2Bl ...t csnensnssensonsanase 26
Figure 3.3 2: ATP illuminatoriiis. . ... 508 & . 50 caiaalf.... . .- . 28
Figure 3.3 3: Swab sampling of drain 2 for microbe test.............co.ooieiirimiiie 29
Figure 4.2 1 Floor plan at Factory Y with locations of Drain 1-3 and area A and B that

experience severe flooding during production.............cecceevereeereirnecnnreeneeeeiesenseesennnes 41
Figure 4.2.2: waste water flow down from flaker machine............... & —— 42
Figure 4.2 3: Poor drainage installation and design at Factory Y............ccccooinininiininnneee, 43
Figure 4.2 4:Cross-section for the Drain 2 structural design............cccooovvvvivrnienennenienncnennes 44
Figure 4.3 1: Graph of head above grate,h against number of clogged holes........................ 45
Figure 4.3.2 : Flooding at (a) location A and (b) location B...............ccoiiiiiiiinnnnnnene. 47
Figure 4.4 1: accumulation of soils at floor-drain interface............c.ccoceieininncnenncinnnenne. 49
Figure 4.7 1: Overall 3D structure of the designed drain.............cccccereeinvinvniinincnceeneeenen. 63



LIST OF EQUATIONS

Equation 2.4 1: hydraulic capacity equation.............cccceevurruierirersrennmentieicee et 11
Equation 3.3 1:hydraulic efficiency €quation............c.ccocceiirmmnemninrieniinieniece s 25
Equation 3.3 2: Standard orifice flow equation.............ccoeuimmininenene 26
Equation 4.3.1: polynomial equation of head of flooding and number of clogged pores......45



LIST OF APPENDICES

Appendix 1: Design checklist for drain 2 at Factory Y......ccceecceeeeiiiniiiiineieeeneeeeeeceee e 82
Appendix 2: Installation checklist for drain 2 at Factory Y.....ccccccceeeeoieeeeeccieeeeeceeeeeeeee 90
Appendix 3: Design checklist for new designed drain...........cccccceeeeceeeeeieieciceeeeeeeeeeeeee, 93
Appendix 4: Installation checklist for the new drain............cccooeeiiiniiiiiniiiiiieieeeeee 99
Appendix 5: Nominal Pipe Size for stainless steel (ASME B36.19).......ccccccceeeeirercininnnnen. 103
Appendix 6: Table of Maximum allowable stress for stainless steel pipe AISI304............. 106

vi



ABSTRACT

Floor drainage is an integral part in food processing facility which directs surface wastewater
from production environment to sewage system In Malaysia, most small enterprises have some
issue in hygiene and drainability aspects, since they were designed and installed by the non-
specialist contractor for food processing. Hence, this project was performed to analyse the
occurrence of contamination and flooding due to errors in design and installation of the gully in a
burger mesat patty producer, Factory Y.It was found that as production time progressed, level of
flooding increase with number of clogged holes of Drain Y was observed due to the size of meet

remnants with average length 2 2 cm that flowed with the wastewater into the grating holes of
diameter, 2 =1 cm. In addition, the measured ATP reading was highest for drain edge (10846
RLU/100cm?) followed by perforated holes(5484 RLU/100cm?) and grating surface
(3793RLU/100cm?) which do not meet the benchmark for food industry The swab test results
showed that the alarming presence of microbes which includes aerobic plate count (APC),
Listeria spp. and Escherichia coli. The aerobic plate count is the highest which is 5.3x10° CFU/

cm? in drain edge, followed by 4.5x10° CFU/ cm? in perforated holes, 2.4x10° CFU/ c¢m? in

grating surface and 8.1x10* CFU/ cm? in the soil water inside the drain. Lastly, a new design
and installation checklist was developed for gully-type floor drain in a meat processing factory
(wet production) that can be utilized by small-scale premises when setting up the factory and
demonstrated in a new designed model for Factory Y. The current drain at Factory Y has 2 out
of 12 criteria for drain 2 at factory Y are met (16.67%) for its design, and 3/11 criteria are met
(27.27%) for its installation.It is hope that the insights provided by the study could raise the
awareness of the risk caused by inefficient and unhygienic drain on the overall food company’s

performance
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ABSTRAK

Sistem saliran merupakan satu komponen yang kritikal dalam sesuatu kiliang pemprosesan
makanan untuk mengeluarkan air kotoran ke sistem kumbahan.Namun,kebanyakan kilang
mempunyai masalah dalam aspek kebersihan dan kapaciti hydraulik, kerana ia dirancang dan
dipasang oleh kontraktor bukan pakar. Oleh itu, projek ini dilakukan untuk menganalisis kesan
reka beniuk dan pemasangan saluran terhadap kebersihan dan kapaciti saluran di kilang Y yang
menghadapi masalah tersebut. Melalui analisis, didapati lubang sistem saluran menambah
apabila air taip tidak ditutup. Ketinggian kebanjiran meningkat dengan semakin banyak lubang
yang tersumbat Di samping itu, bacaan ATP yang diukur adalah yang tertinggi untuk pinggir
longkang (10846 RLU / 100cm2) diikuti oleh lubang (5484 RLU / 100cm?2), permukaan parut
(3793RLU / 100cm?2) yang tidak memuaskan.Hasil ujian swab menunjukkan bahawa kehadiran
mikroba yang membimbangkan Bacaan plat aerobik adalah yang tertinggi iaitu 5.3x10° CFU /

cm2 di tepi longkang, diikuti oleh 4.5x10° CFU / cm2 di lubang berlubang, 2.4x10° CFU / cm2

di permukaan parut dan 8.1x10* CFU / cm2 di air tanah di dalam longkang. Akhir sekali, senarai
semak dari aspek reka bentuk dan pemasangan baru diwujudkan untuk longkang lantai jenis
gully di kilang memproses daging basah yang memanfaatkan premis berskala kecil. Saliran
semasa di Kilang Y dapat (16.67%) untuk reka bentuk dan (27.27%) untuk pemasangannya.
Saluran yang baharu juga ditunjukkan berdasarkan senarai semak untuk Kilang Y. Diharapkan
bahawa pandangan yang diberikan oleh kajian ini dapat meningkatkan kesedaran akan risiko

yang disebabkan oleh sistem saluran yang tidak cekap dalam pemprosesan makanan.
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CHAPTER 1
INTRODUCTION

1.1 Overview

Floor drainage system is an integral parts in the food processing plant which directs
wastewaier from inside production facilities to the sewage system for wastewater treatment.
Floor drainage is a critical component which affects the hygienic and operational performance of
food production facilities, by intersecting, conveying fluid from various sources, and serve as a
barrier for protection. Operationally, the floor drainage helps to prevent the pooling of water
especially in wet processing area, which in turns protect operators from slippery risk. Meanwhile
hygienically, it is required by Food Hygiene Regulations 2009 Section 29 that floor drainage
should be adequately designed and constructed to avoid any risk of contamination to food in a

food premise.

There are different types of drains such as trench drain (channel), point drain (gully) and slot
drain. Different drains have their specification. A proper and well-suited drain is important to
ensure its functionality in removing wastewater and to maintain the hygiene of food processing.
The importance of well-designed and installed floor drain is pronounced for meat processing, as
the water consumption for meat processing industry ranges from 5.7-12.7 kL/tonnes meat. (Meat
Processor Corporation, 2017). About 90% of freshwater intake in a meat processing plant will
become wastewater (Baker, 2013). Additionally, wastewater produced from meat processing is
difficult to treat due to its high total suspended solid contents, high oil and grease concentration,

high temperature and biochemical oxygen demand (Kiepper, 2003). This amount of wastewater



is critical to be removed effectively through the internal drainage system to prevent slippery

injuries and potential microbial adhesion (Fairley et al., 2014).

Poor floor drain’s design and installation lead to ineffective removal of wastewater and also
compromised hygiene. According to Myers et al. (2018), highest non-fatal injuries arise in the
food industry are slips, trips and fall (STFs) in which some are due to ineffective removal of
wastewater on the floor. In particular, there have been linked on STFs with the onset of low-back
disorders, which, can leave the worker physically limited both in the workplace and at home
(Kathawala et al., 2018). Meanwhile, based on the hygiene point of view, many drains have
tested positive for undesirable microorganisms particularly Lisferia in meat processing plant. In
fact, a 2004 audit of food processing facilities in a Midwestern state by the United States
Department of Agriculture’s Food Safety and Inspection Service reported that 27.8% of floors
and drains sampled tested positive for Listeria (Makdesi, 2010). This problem has left food
processors puzzled and searching for an effective drain cleaning program. Listeria
monocylogenes is a type of bacteria that causes serious infection known as Listeriosis (Fairley et
al. 2014). Listeriosis can cause severe illness, including severe sepsis, fneningitis, or encephalitis,
sometimes resulting in lifelong harm and even death. Noting that the floor drain is a receptor of
fluids from processes, cleaning or accidental spills, hence it is not surprising that drain
components harbor bacteria. Some studies highlight the drain as the most significant
environment site for microorganisms including Salmonella spp. in pig slaughter houses and
Listeria spp. in meat, dairy and smoked fish processing plant (Parisi et al., 2013; Rotariu et al.

2013).



Against the above background on the importance of well-designed and-installed floor drain,
it can be concluded that there are multiple factors need to be considered during the selection,
design and installation of the drains, such as the cleanability, maintenance cost, traffic, location
of installation, floor-to-drain connection and types of materials used for the construction of the
drain. The motivation of the studies is to investigate the impact of ineffective design and
installation of internal floor drainage at a meat processing factory on the hygiene and its

efficiency in removing waste water from the floor.

1.2 Prapism statement

Components of floor drainage in the food industry are often fabricated by non-drainage-specialist
companies. In the European Union (EU), it is estimated that more than 200 contractors fabricate
and install drainage components, whereby the majority are often fabrication companies with no
specific expertise in drainage (ACO, 2019). Thus, there is huge inconsistencies in how floor
drains are fabricated and installed on-site. As a result, improper drainage system is built within
the premises which does not meet the operational and hygienic requirement of the food
processing plant. In Malaysia, the same challenge is reported by Jali et al. (2016), whereby the
cost for hiring specialist consultant and contractor is not affordable by small-scale food
manufacturers and hence, a well-functioning floor drainage systems are difficult to fabricate and
rarely obtained. Ready-made food-grade drainage components can be purchased from the market,
all of them are foreign products which have to be imported and are costly for local

manufacturers.

In this case study, Factory Y, is an example of a meat processing factory that faces

drainage problem, which was due to faultiness in design and installation. The current drainage,



which is of gully-type drain, was not correctly designed according to production characteristic,
wastewater flow volume and flow rate. The gully is poorly located and the design has overlooked
the linkage with flooring and cleaning activity. Hence, the factory faces issues with pooling of
wastewater during production, too-wet flooring and ineffective cleaning for the gully, which
violates the Food Hygiene Regulations 2009. The pooling of wastewater in certain location risks
workers to slip and fall. In fact, during the audit for the certification of MeSTI and Good
Veterinary Hygiene Practice (GVHP), the wet floor surface was always identified as non-
coaformance finding that needs to be corrected. The retrofit for the gully is however too

expensive io be done and would disturb the production activities.

Nqnetheless, even with better design, one still can expect minor problems related to
drainability as well as hygiene when it is implemented in food factories due to the varied
characteristics of food production. Thus, the study seeks the importance of investigating the
degree of seriousness in problems related to floor drainage in a meat processing facility caused
by faultiness in design and installation. Consequently, the study proposes a guide for the

fabrication and installation of the floor drain for the gully-type.

1.3 Objectives

The project aims to propose a suitable design and installation checklist for gully-type drain in

meat processing based on hydraulic and hygienic analysis.
The specific objectives are:

1. To evaluate the effect of design and installation of gully drain on hydraulic and hygienic

efficiency in an identified case study factory
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2. To propose design and installation checklists for gully-drain in meat processing based on

hydraulic and hygiene analysis in an identified case study factory

3. To test the applicability of the checklist in redesigning a new efficient and hygienic gully-

drain for the case study

1.4 Scope of work

Unon completion of this research, a detailed understanding of the effect and role of floor
drainage’s design and installation on two aspects are obtained, namely 1) hydraulic efficiency
and 2) hygiene efficiency in a meat processing factory.Specifically, the study was carried out in a
wet area of a meat processing plant, Factory Y located in Kajang. In our case study, I will inspect
the drain model in Factory Y which is a producer of burger meat patties which generates large
amount of wastewater daily. The waste water produced contain large amount of perishable meat
waste particulate which can clog the drain holes. The factors that is responsible for the hydraulic
performance of the drain can be relate to its area of opening, sloping and location. While surface
roughness, minimum radius of comer, availability: of minimum hygienic accesorries affects the
drain’s hygienic performance directly. The hydraulic efficiency at draininlet of the specific drain
model in our case study factory, was calculated and discussed in related to its changing hydraulic
capacity of the drain during production. Meanwhile, the hygienic performance of the specific
drain in case study factory was discussed based on ATP bioluminescence assay and microbial
contamination swab test results, where the samples are taken from grating surface, drain edge,
perforated holes and accumulated soil water underside of the gully in the factory according to the
food factory benchmark The study was concluded with the development of general design and

installation checklist for the gully (point drain) in a wet processing area for meat products. The



checlist is illustrated by drawing a new gully drain that is suitable for the replacement of the

current drain model in Factory Y to address their operational and hygiene issue.

1.5 Thesis structure

This thesis consists of 5 chapters which describe this research in detail. Chapter 1
generally introduces the internal drainage in the food industry, the problem faced by the food
industry and research objective. Chapter 2 contains the literature review through an online
database, journals and books. Chapter 3 summarizes the methodology performed for this
rescarch project. Chapter 4 contains all results and discussion obtained from the investigation.
Chapter 5, the final chapter provides the general conclusion on the research followed by

acknowledgement.



CHAPTER 2
LITERATURE REVIEW

2.1 Floor drainage and its types

In food factories, the primary function of floor drain in a food factory is to remove the
waste water for a given period of time particularly in wet processing area. The waste water may
be the fluid from cleaning process, specific equipment discharges or accidental spills. Drainage
converges all the streams together, collects the surface water and drains them away to the sewage
and separate the production area from the sewage system. It is a critical component that affect
the hygienic performance of food production facilities while intercepting and conveying fluids
from a variety of sources whilst providing a barrier function used to segregate areas and separate
the internal environment from the sewer and prevent invasion of pest such as rat, cockroach.
Proper planning is required and need to consider factors such as location for installation,
wastewater characteristics and temperature, types of detergent used and the location before

installation of the drainage (Fairley, Smith, & Timmerman, 2014).

This study has its focus on the gully, one type of floor drain as can be seen in Figure 2.1.1.
Its main function is to sediment sources, store and transfer the flow from the floor with slope
downstream to the drainage piping. The gully consists of removable grating, foul/odor air trap,
foul air trap support, channel body, optional filter basket, earthling, leveling feet and outlet cover
(Blucher, 2011). The bottle gully accepts waste discharged from equipment or cleaning water jet.
The function of the grating is to block the passage of large particulate from flowing into the
drainage. The foul air trap serves as a barrier between the production area and sewage system.

Without the foul air trap, the foul air will escape to the environment, which carrying the



microorganism to the food and will eventually compromise the food safety. Drain pipe helps to
convey the waste water to the sewage system. Filter basket can reduce production downtime by
the need to empty the clogged filter basket. Gullies are height adjustable for ease of installation.

Outlets can be vertical or horizontal.

Grating

Mesh basket

Side outlet

Gully body

Figure 2.1 1: Gully structure

Channel type drain is installed for a greater coverage production area. Especially when the
specific process consume and produce large amount of waste water, channel type drain would be
a preffered choice for example in a large scale meat processing factory such as Nutriplus factory.
Channel drain or trench drain have better hydraulic capacity compared to gully drain because
they drain water along the entire length of the flooring. Most of them functions based on the
natural sloping and gravity. In terms of its structure, channel drain consists of an enclosed

channel with a grating above it.

2.2 Legal and standard requirement

Construction of drainage inside the factory should follow the laws and regulation. The

Street, Drainage and Building Act 1974 which controls the drainage specification of a premises.
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The law stipulates that the waste effluent should not communicate with river, canal, stream, pond,
lake, sea without the prior written permission of the local authority. Any person who contrary to
it, is liable on conviction to a fine not exceeding one thousand ringgits. Besides, the plant
drainage should be built at an area which has sufficient water supply and sewer for efficient
flushing and cleaning and efficient removal of animals or vegetables matters. Besides that, the
owner of the premises should ensure that the drainage have sufficient closet, sink in the

building{The Commissioner of Law, 2007).

Whuen drainage is installed in a food factory, another regulations become substantial
which is the Food Hygiene Regulations 2009. Regulation 13 has stated that the design inside the
food factory should facilitate cleaning and disinfection which also include floor drainage.
Regulation 29 is about the drainage facility should be adequate, smooth type material, fitted with
food trap designed and constructed to avoid any risk of contamination to food (Thangayah, 2009).
Malaysian Standard MS 1514: 2012 Good Manufacturing Practice (GMP) For Food is a food
standard that facilitates the process of meeting the requirements of Food Hygiene Regulations
2009 and Food Regulations 1985. In clause 4.6.2, drainage should be designed and constructed
so that the risk of contaminating food or the potable water supply is avoided. In clause 6.3.3,
facility shall be maintained in a sanitary condition and shall be kept in good repair. The drain
should be able to perform its hydraulic and hygienic performance, in compliance with the one of

the Halal guidelines which is to produce clean and healthy food in Malaysia.

2.3 Wastewater characteristics in meat processing

The site of the study is the meat processing facility generates large volume of wastewater
produced daily. The wastewater generated generally carries with it slurry, meat remnants, blood,

hair, pieces of entrails, and surface fat. Hence, the water has a content of organic matter, material
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in suspension, oils and fats, nitrogen (ammonia and organic), phosphates, and detergents and
disinfectants used during cleaning (Wastewater treatment in meat industry, 2015). Nitrogen and
phosphorus is present in meat processing waste water in several forms and are pollutants termed
a “nutrient”, since they are essential elements for life. They are largely derived from proteins
dissolved into wastewater from meat tissue, blood (nitrogen), paunch liquid and stockyards. The
nitrogen and phosphorus content from wastewater is under stringent control by Australia which
the nitrogza limit is less than S0mg/L and phosphorus limit is less than 10mg/L (Meat Processor
Corporstion, 2017). While total chemical oxygen demand (TCOD) ranged from 2333 to 8627
mg/L. and suspended solids (SS) varied between 736 and 2099 mg/L (Massé et., 2000). The
industrial food waste from meat sector is 13,440,000 tons per year in year 2009. (USEPA,
2012).A poultry processing facility which processes 400,000 birds per day and generates 1.3
million gallons of wastewater (FRC, 2015). The wastewater also includes the wash down from
equipment cleaning.According to National Water Quality Standards for Malaysia, the allowable
limits for class | water to maintain water environment’s cleanliness should not contain more than
0.1mg/L Nitrogen, 1 mg/L biochemical oxygen demand (BOD), 10 mg/L. chemical oxygen
demand (COD), 7mg/l dissolved oxygen (DO), 500mg/l total dissolved solid (TSS), 25mg/1 total

suspended solid. (DOE, 2019)

2.4 General gully’s design and installation

Gully is a square drain design ranges from 100-400mm, and the hydraulic capacity can
reach a value from 0.4-11 L/s (Fairlery et al., 2014). The location, number, size and open area of
gully are important factors in the design. Besides, others factor such as the downstream pipe size,

length and flow rate of the pipe need to be considered.
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Location of installation is influenced by waste water direction, traffic, proximity to waste
water source. If the gully is built at a far place from the source of discharge, the wastewater takes

longer time to flow into the drain.

There are also 3 types of load bearing for drainage such as light, medium and heavy duty
drain. Medium and heavy duty are designed for area with frequent traffic of trucks. Light duty is
for frequent pedestrian traffic. In areas where pedestrian traffic is the norm, floor drains with
heel-proof’ grates should be used with the holes size 0.7mm. Suitable type of drainage should be
selected tc resist the load applied on it. Besides, the drainage should be installed to allows the
flow direction of the waste water is from high risk to low risk area. On the other hand, the drain
should also fastened with frame to ensure stability. Last but not least, point gully should be

installed at a location to receive falls from 4 sides and near to the fluid source.

The ope-area determines the inlet hydraulic capacity of the gully. If hydraulic capacity is
smaller than hydraulic load produced from factory, it will cause flooding at the production area.
Flooding could cause serious problems in terms of operational and hygiene problem. Hydraulic
capacity is the flow rate of water that flows through the inlet drain structure. Insufficient
hydraulic capacity will reduce the hydraulic efficiency of the drainage system. Equation 2.4.1 is

used to calculate the hydraulic capacity of a floor drain is as below (Wood et al., 2010):
Q=C,xAx42gh

Where, Q = Hydraulic capacity, Cq = Discharge coefficient (0.6), A = Cross sectional area ,h
= Allowable height of flooding = max. head above floor.According to the equation of hydraulic

capacity as shown in equation below, minimum total open area of an optimum drainage system

11



depends on the two factors which are 1) hydraulic capacity required for a specific drain, 2)
maximum allowable head in the concerned area (maximum allowable flooding level).

While the maximum allowable flood height,h is 20mm (Holah, & Lelieveld, 2016). But
through our observation we tend to set it at Smm as we discovered that head above 10mm will
make walking difficult. If hydraulic capacity is smaller than hydraulic load produced from
factory, it will cause flooding at the production area. Flooding could cause serious problems in
terms of cperational and hygiene problem. In the context of safety of workers, flooding cause
accidents such as falls down due to slippery surface. On the other hand, food may be
contaminated due to the bio-aerosols from the drain, where the microorganism migrate from the
pool of flood to the food. Wastewater from the flood will splashed to the travelling trolley of raw

materials or finished products.

2.5 Hygienic drain design

In food processing environment, drain components can be considered ‘environmental
surfaces’ — with no direct food contact but with clear potential to act as a source of
contamination (Fairley et al., 2014). Generally, issues related to the component design give rise
to hygienic concern. Hygienic design of drainage includes continuous welding of joints, radiused
corners and drainability (ACO, n.d.). The water trap used should be removable, can be separated
for cleaning, improve water flow as compared to other traps. Drainage design will affect in-situ
hygienic performances, poor drainage design might further facilitate initial microbial adhesion,
promote localized sedimentation or settling of lipids. In fact in 2019, according to white paper by
ACO Building drainage, 70% of positive listeria screens are found in drainage and floor
environment in food and drink factories which can cross-contaminate the food nearby as in

Figure 2.5.1 (ACO, 2019).
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Figure 2.5 1: Possible cross-contamination due to bio aerosol occurrence from drainage

Figure 2.5.2 and Figure 2.5.3 shows a comparison of a good and poor gullies design for hygienic

design. (Frank & Patrick, 2015). The following details indicate the hygienic design of floor

drain:

The edge in-fill is the filling of materials such as resin at the space between the flooring
and drain. This can prevent the build-up of microorganisms.

The radiused corner has higher cleanability compared to the sharp comer. A sharp corner
will form a dead space the brush can’t access to.

The joint of the drainage is welded instead of metal-to-metal contact to increase the
stability and shelf life of the stainless steel materials.

The water trap should be removable for easy access for cleaning. The fixed water trap is
more difficult to clean as biofilm may develop on the surface of the water trap as it
always contains a water surface to absorb the foul smell backflow from the sewage.
Drainage should have a drainable body to avoid the accumulation of water. The drainable
body allow us to remove the solid residue from the drainage system from time to time.
Surface of the drainage is smooth to improve the hydraulic performance of the drainage.

The wastewater is greasy because of the food soil presents which will affect the
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flowability over the drainage. The EHEDG recommends average surface roughness of <
0.8um for food standard, though, values up to 3.2 um would be acceptable as long as the

cleaning fluid flow rate is sufficient enough to remove the soils from the surfaces

(Milledge, 2010).

/Edge infill
") . JS—Radiused inside comers
[ | Welding withoutcrevices

Figure 2.5 1: Hygienic design aof gully( Frank & Patrick, 2015)

o ., - ——-No edge in-fill
e Metal-o-melal contact

YT T erevices
+-~——~-—Sharp inside corners
— Fixed water trap
No drainable body

Figure 2.5 2: Poor design of gully (Frank & Patrick, 2015)

To carry out a dry cleaning, contact surfaces should be fully accessible for safe manual
cleaning and inspection. In order to carry out a hygienic wet cleaning operation, contact surfaces
should not be horizontal, but have a slight slope to facilitate drainability of cleaning solutions.

(Collins & Huey, 2014).
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2.6 Drainage installation for food factories

Installation of gully consists of 6 phases as given in Table 2.6.1. Adequate installation

and maintenance are essential for the proper and lasting performance of drainage system (F.A.O.,

2005).

Table 2.6 1: Installation of gully

Phase Description

1 The outlet cover is removed and connect to a pipe. Ensure seal the pipe
and outlet cover properly. If the gully outlet pipe is horizontal, make sure

there is a minimum gradient of the pipe.

2 Level the gully at the required height and horizontal plane using the

leveling feet.

3 Concrete the gully carefully up to the half-height of its body. Before
placing the concrete over the entire floor, it is necessary to keep the

technological break to ensure the curing of the concrete.

4 Complete the concreting to the required height. Consider the wear layer

thickness of the completed floor.

3 Lay the final floor layerFill the gap around the gully top by a flexible

sealant. Remove all the protective elements (blister or foil).

6 Install the foul air trap by pressing into the foul air trap support. Fill the

foul air trap with water, and install the grating.
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In term of installation, the floor-to-drain interface is a potential spot for accumulation of
wastewater that provide harbourage space for pathogen when not properly sealed off as in Figure

2.6.1.

Figure 2.6 1 Poor floor-to-drain interface installation that can harbor microbial growth (EHEDG Dac 44, 2018)

2.7 Operational and hygienic issues related to the poor drainage

Operationally, insufficient hydraulic capacity will cause ineffective removal of
wastewater. (Fairley et al., 2014). Improper drainage cause flooding of water, blood or grease
which will cause falls. The wet conditions will pose a safety threat to the workers. Since slippery
floors are a major cause of falls, protective clothing such as safety shoes or boots with toe guards
and slip-resistant soles must be worn by workers. Slips, trips, and falls (STFs) represent one of
the leading causes of occupational injuries and fatalities. Slippery can cause mild to severe injury
to the workers if they hit their head. A result of analysis conducted by The European
Commission on the non-fatal accidents at the workplace during 2015, slipping, stumbling and
falling was the largest reported category, which constitutes 14.4%, which is 573,679 out of
3,983,881 cases. Another similar study conducted by US Bureau of Statistics (BLS) in 2014,
17.4% of the non-fatal occupational accidents and disease fell on the same level, while 4.4% of

them were slip that does not cause falls (Kathawala, 2018). In case of slip or trip that does not
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falls down, it will cause low back injuries due to natural instinct of body’s effort to regain
balance. Slips and trips that do not lead to falling, also called “near-accidents,” are known to be
hazardous to the spine - potentially due to the rapid corrective movements made to restore
balance. Researches also proves that 11% of back-pain related claims can be attributed to slips

and falls. (Murphy & Courtney, 2000).

A review has been done on occupational injury and fatigue risk factors that the most
common cause of fish harvester deaths in the Gulf of Mexico Seafood Harvester is falls
overboard with insufficient floating devices due to flooding and slippery surface of the deck
(Myers, Durborow & Kane, 2018). The 2010 study also determined the highest cause of fatal
falls was “trips and slips” on the deck followed by “lost balance as shown in Figure 2.7.1.
(Myers, Durborow & Kane, 2018). Hence, it proves that slippery surface is a hazardous risk in
the working environment. Besides, fatigue will also increase the risk of injury of workers while
working. The operators feel exhausted to sweep water from time to time. Most of the operators

are multitasking all the time.

~_ WShrimp @Other

Fatalties

Figure 2.7 1: Cause of fatal falls overboard in food industries (Myers, Durborow & Kane, 2018)
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Floor drain in food processing facilities play an important role for the persistence of
listeriae and can be a point of contamination (Kouker & Jaeger, 1987). These contaminated food
products will cause food poisoning to the consumer. From a total of 2242 FPE samples from 12
European food processing environment, L. monocytogenes was present in 32% meat processing
facility (Muhierem et al. 2015). Listeria will survive if it does not follow good sanitation
procedures. They are usually present in cold, wet drains within a plant. (Institute of Food Science
and Technology, 2016). Salmonella is usually found from poultry. While Listeria monocytogenes
occurs due to poor cleaning of machines, dirty floor and drains. Salmonellosis and listeriosis
represent important foodborne diseases that continue to pose major challenges to national
economic and public health. (Abatcha, 2017). Another problem which cause the mobilization of
bacteria is the up and down cleaning motion and use of high pressure water jet, will cause the
bacteria splashed to the process line (Makdesi, 2019). Food supplier pioneer food was fined 275k
after in-house testing for the presence of Listeria spp. in their cooked products, the films have
also committed to this mistakes (Matt, 201.7). Table 2.7.1 below shows the characteristics of

common pathogenic bacteria found in drain.

Drains may become the breeding ground for pathogenic and non-pathogenic micro-
organisms. There is a high potential to transfer pathogens including Listeria monocytogenes
from drains to food products. Biofilm is a protective structure formed in drains by
microorganism such as Listeria, Salmonella and Escherichia coli where there is favor condition
to them, they will grow and multiply rapidly. This biofilm is resistant to traditional sanitation
chemical. Sometimes, clogged drains will create a positive air pressure inside the drain, where

the bacteria may be transferred to preparation area through microbial aerosolization.
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Table 2.7 1: Characteristic of common pathogenic bacteria found in drain

Pathogenic bacteria Characteristics

Escherichia coli It is a gram-negative, non-spore-forming, facultative, anaerobic, rod
shaped, mesophilic bacterium that grows in 7-45°C. If consume
food contaminated with pathogenic strain of E.coli, the person
maybe experience symptoms such as severe stomach cramps,
diarrhea, fever, nausea, and/or vomiting. They are found in human
guts and most of the strains are harmless, except some strains such
as Shiga toxin producing E.coli (STEC) can cause severe food borne

diseases.

Coliform It is a type of bacteria which is defined as the bacteria containing the
enzyme enzyme [-galactosidase. They tend to ferment lactose to
produce acid and gas at 35-37°C. They are present in surface water,
soil or even animal waste. They are usually not causing serious
illness, but is usually used to indicate the presence of pathogenic

virus. Hence, they are also being called ‘indicator organisms’.

Listeria monocytogenes It is a foodbome pathogenic bacteria, the infection caused by this
bacteria could be fatal. 20-30% of foodbome disease in high-risk
categories people may cause death. They are active even in cold
environment, even freezing does not stop their activities too. Listeria
monocytogenes cause listeriosis, which is a condition where the
bacteria infests your nervous system, cause infections such as

headache, stiff neck, confusion, loss of balance and convulsions.

Flooding of wastewater above the drain can cause bio-aerosols, and lead to
microorganisms transfer from drainage to the food . This will cause cross-contamination of food

by bacteria such as Listeria monocytogenes, Salmonella and E. coli. Misuse and lack of
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maintenance of drainage also cause the transmission of water-related vector-borne diseases such

as Malaria, and lymphatic filariasis (Madramootoo, 1997).

2.8 Drainage performance

Accoridng to EHEDG (2014) , two aspects indicated the performance of drainage system

when established in food processing facilities namely;

1) Hydrauiic performance i.e. its efficiency in removing wastewater in a given period
2) Hygiene performance i.e. cleaning efficacy that is measured based on soil residue

including microbial level for post cleaning

2.8.1 Hydraulic efficiency and capacity

Hydraulic capacity is how much water a system can handle in a given time in the design,
construction, and management of surface runoff, which is the flow rate of the surface runoff into
the drainage. In our case, we need to evaluate hydraulic capacity based on the inlet flow rate as
given in Equation 2.4.1 in Section 2.4. Higher hydraulic capacity of the drainage meaning that
the drain can remove the waste water more effectively, and thus implies higher hydraulic

efficiency due to their proportional relationship.
2.8.2 Hygienic performance

Drain cleaning has always been a problem (Abhishek, 2017). Cleaning generally is a
combination of four factors: time, temperature chemical, and mechanical forces. There is no
standard cleaning program for all food industry. Hence, cleaning program can be optimized by
own company to achieve a result of most efficient cleaning yet low cost execution. Generic

cleaning for drain is pre-rinse with low pressure water , removal of gross debris, removal of lipid,
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foaming and left for certain time and let the detergent to flow to the drain by gravity, mechanical
brushing, intermediate rinse to remove remaining soil, sanitization, final water rinse, and use of
sanitizer blocks in drain (Rotariu et., 2012). Smooth radius of drainage assists the removal of soil,

effective cleaning of gully can be done with chemical and manual cleaning. (Fairley et al., 2014).

Cleaning efficacy is also affected by the surface finish of the equipment. Stainless steel
surface of the drainage structure can help to resist abrasion which do not affect its hygienic
properties. Surface topography (shape and features) affects cleanability if the crevice is large.
Stainless stec! with surface roughness (Ra, 5.38 pm) is unacceptable (Milledge, 2010). Roughness
affects bacterial and soil adhesion after the cleaning process. The welding process of metals will
a bit increase the roughness of the materials. Surface roughness, Ra with welding range from 1.97
to 4.56 um. E. coli was also found to be more difficult to rinse. In conclusion, surface roughness
of Ra less than 0.8um was appropriate for stainless steel for food industry as recommended by
The European Hygienic Engineering Design Group (EHEDG) and the American Meat Institute
Equipment Design Task Force as Ra values below 0.8 pm surface topography did not affect

cleanablity (Milledge, 2010). ‘

21



Chapter 3:
Methodology

3.1 Case study profile

A frozen meat patties factory in Kajang, Selangor, Malaysia was selected for the case study and
named as Factory Y throughout this study to keep the factory’s anonymity. The factory is a
Small =nd I*zdium Enterprise (SME) facility with an average capacity production of 1000-1500
kg patiics/d: v and the factory operates for 8 hours daily. The factory is located in Industrial Park,

Sg. Chua as shown in Figure 3.1.1 below:
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Figure 3.1 1: Location of Factory ¥
This premise is a single and half storey premise. The ground floor is dedicated to production
only while the second floor is for administration. The neighbouring area consists of variety types
of factories which can pose a hazard to Factory Y such as steel and aluminium factory, car
workshop. There is no dwelling nearby or any nature element that can affect Factory Y. Factory
Y produce various burger meat patties made of chicken, beef and lamb. Weight of each piece of

patty ranges from 70 to 100 g/piece where the process flow is as shown in Figure 3.1.2.
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Figure 3.1 2: Process flow diagram for burger in Factory Y

Prior to the analysis of the drainage’s performance, it is important to understand the
company’s profile and its current production. Information was collected through constant
communication with the company’s staff, site observation and document’s revision. The

following information were gathered:

1. Location of the building and the surrounding infrastructure
2. Product range

3. Production capacity per day

4. Operational hours

5. Layout of the factory and floor area

6. Process description and technology

7. Current wastewater volume and characteristics

8. Floor drainage structure and system, layout and maintenance program
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9. Problem occurring regarding the floor drainage

3.2 Overall research methodology

The project consists of four stages which start with a site visit, data collection and
problem understanding (Stage 1), followed by the hydraulic and hygienic analysis of gully drain
in Factory Y (Stage 2) to achieve objective 1, development of design and installation checklist
for gully in a raeat processing area (Stage 3) to achieve objective 2 and lastly design of new drain
model based ¢ the design and installation checklist (Stage 4) to achieve objective 3 as shown in

Figure 3.2.1.

Development of

design and Design of new:

Sl installation drain model
hygienic vy checklist for . based on the

Sitelvisitydata Hydraulic and
collectioniand .
anal.y51s o ﬂqor B gully in a meat design and
g TR installation

Factory Y (wet) checklist

problem
understanding

Figure 3.2 1: Project flow of case study

3.3 Stage 2: Hydraulic and hygienic analysis of gully in Factory Y

3.3.1 Assessment of inlet hydraulic efficiency

The hydraulic analysis was required in this study as to investigate the factors contributing
to inefficient removal of the wastewater from the floor surface that caused flooding during the

production. An initial investigation found no blockage inside the drain pipeline and therefore,
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eliminating the reason that flooding was caused by interrupted wastewater flow inside the
underground pipeline. It was suspected that the flooding was primarily due to inadequate inlet
hydraulic capacity through the grating and poor location of the gully that reduces the rate of

wastewater removal from the floor surface, and therefore resulted in hazard to workers.

There has been no analysis conducted with regards to inlet hydraulic of the drain for food
processing. However, a study conducted by Gomez and Russo (2005) in the effort to increase the
inlet hydraulic =fficiency as to decrease the flooding risk and slippery among the pedestrians on
the floor surface can be adapted to the study. Gomez and Russo (2005) described hydraulic
efficiency of an inlets as the ratio of Ithe wastewater discharge intercepted by the inlet to the total
discharge approaching the inlet. This definition was translated into the Equation 3.3.1 for this
study, whereby hydraulic efficiency, E, was understood as the ratio of the wastewater intercepted

by the gully’s grating, Hc, to the total wastewater approaching the drain, #, , hydraulic load in

L/s (flowrate) :

Where Hc represents hydraulic capacity i.e. discharge flow rate of the wastewater as
intercepted by the drain in L/s and H: represents the Hydraulic load i.e. discharge flow rate

approaching the drain in L/s (applied on the surface of process area).

H; was measured to be averagely 1.2 L/s which is assumed as 90% of freshwater supplied
to factory Y. Since Hc operating under orifice flow when entering through the perforated holes

on the grate, then the total grating open area and arising head control the Hc. Therefore, Hc can
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be determined using the standard orifice flow equation Equation 3.3.2 based on measurement of

total open holes area, 4, and head of wastewater above grate, # (Brater and King, 1976).

Q=CxAx+J2gh

Where O represents hydraulic inlet capacity or orifice (hole) capacity of grate ( m3/s), C

represents the orifice flow coefficient with value 0.6 when the material thickness (=4.2 mm) is
less than the crifice (hole) diameter (d = 10 mm), 4 represents the total opening area (m?) of the

grate (the iotz! area available for flow), g represents the acceleration due to gravity (9.81 m/s?),

h represents the head above grating (m).

Detailed observation and investigation on the rising head and decreasing hydraulic load were
performed for Drain 2 as in Figure 3.3.1 which is the only drain that functions to remove

wastewater from production at current Factory Y.

Perforated
Holes of 0
10 mm

Figure 3.3 1: Drain 2

3.3.2 Assessment of hygiene

Since drain components in Factory Y receive large volume of waste water, they provide nutrients
and an environment that is ideal for microorganism harborage and growth. The hygienic analysis
of floor drains was evaluated based on cleaning efficacy, which is represented by the soil and

microbial level after cleaning (Parisi et al., 2013; Fairley et al., 2014). In this study, two methods
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were used for investigating cleaning efficacy, namely 1) adenosine triphosphate (ATP)

bioluminescence assay and 2) cultural microbiological method.

i. ATP bioluminescence assay

ATP bioluminescence assay is an analysis based on the measurement of ATP levels present on a
surface after sanitation. Bioluminescence test exploits the chemiluminescence properties of
luciferin-luciferase reagent, which reacts with any ATP residue present on a substrate, emitting
light and measuring the presence of organic matter (Dancer, 2014). It is, therefore, an indicator
of organic material presence, rather than microbial contamination. Some studies have found a
correlation between ATP levels and total viable count (TVC) values ( Amondio and Dino, 2014).
A review on the use of ATP-bioluminescence in healthcare environments shows that the clean
benchmark levels range from 100 to 500 RLU/100 cm? in healthcare or <500 RLU/100 c¢m?

according to food industry practice (Amondio and Dinno, 2014).

In this study, the device used to measure the level of ATP on the drainage’s surface was 3 M™
Clean-Trace™ NGi Luminometer (3 M, Era Bumi , Malaysia) as shown in Figure 3.3.2. It is a
single-use test device containing a chemically impregnated reagent swab for the collection of a
sample from a surface. The device contains a swab and the inactivated reagent inside a tube. The
swab sample was brought to the Factory Y using a chill box to ensure the accuracy of the
measurement. As instructed by the manufacturer, the swab was applied onto the area concerned
with test area of 10 x 10 cm. The swab is rubbed against the area in a lateral direction, back and
forward throughout the square area, in the meantime need to turn the swab to make sure the
whole area of the swab is used for accurate measurement of ATP level. After taking each sample,

the swab is put back to the tube without shaking or mixing the sample with the reagent and
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stored in the chiller box before analysis. Swab test were performed at welding of joint near edge,
drain surface, holes after cleaning event (3 readings for every location and every event and
average reading is calculated). The samples were immediately analysed using 3 M™ Clean-
Trace™ NGi Luminometer (3 M, Era Bumi , Malaysia) which measures the amount of light
generated by chemical reaction, and produces a result expressed in Relative Light Units (RLUs).
The intensity of the light is proportional to the amount of ATP and therefore, indicates the degree

of contaminatio:

Figure 3.3 2: ATP illuminator

The surface roughness of the drain surfaces can be determined visually and qualitatively.
Quantitatively, according to Moerman and Wouters (2016), the recommended surface roughness
of the surface to prevent microbial growth is R, < 0.8um which indicates a smooth surface that is
free from crevices and sharp edges. Higher R, indicates present of rough surfaces, crevices and

sharp edges that result in more difficult cleaning (Moerman and Wouters, 2016).
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ii. Microbiological analysis

Sampling was carried out using the 3M Quick Swab containing Letheen Broth (3M, Era Bumi,
Malaysia) after sanitation step as shown in Figure 3.3.3. Microbe test determines the amount of
bacteria in a certain area to make sure it is within the safety limit. The swab was slowly and
thoroughly rubbed three times over the surface area of drain (at welding of joint near edge, drain
surface, holes and inside drain structure). At the end of sampling, swabs were placed in
refrigerated coniainers and transported to the laboratory for analysis. In the lab, the swabs were
vigorously shake for 10 seconds, to release bacteria from the swab tip. The entire contents of the
tube were poured onto a 3M™ Petrifilm™ plate for culturing aerobic plate count (APC), Listeria
spp., Listeria monocyto'genes and Salmonella spp. After incubation periods, the colony forming

units (CFU) on plates were counted.

Figure 3.3 3: Swab sampling of drain 2 for microbe test
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The following established and validated guidelines in Table 3.3.1 were used as a guide for

evaluating the microbial results on the drain or environmental surfaces in food processing.

Table 3.3 1: Microbiological criterion of bacteria on food and non-food contact surface

Microbiological criterion Guideline References
APC 0-10 CFU/cm? Wirtanen et al. (2012)
& coli 0 -1 CFU/cm? Henroid et al. (2004)

Listeric spp.

Detection of Listeria spp.

Fairley et al. (2014)

Indicates poor hygiene
Listeria monocytogenes Presence of Listeria FDA (2019)
monocytogenes indicates
public health concern
Salmonella spp. Presence of Salmonella spp. FDA (2019)

indicates public health

concem

3.4 Development of checklist for the design and installation of gully floor drain

Based on the resulted analysis of hydraulic and hygiene performance of the Drain 2, this study
proceeded with the development of a checklist for the design and installation of gully floor drain
in a wet meat processing. The checklist was aimed to provide a guideline for achieving an
efficient functioning gully system with simultaneous consideration on the hygiene throughout its
operation. The available criteria in the current guidelines on the general design and installation

for drain were also reviewed and were consolidated with the evidence obtained from the
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hydraulic and hygiene analysis for the checklist development. The checklist was named General
Checklist for Gully in Wet Areas for Meat Products divided into two parts which are design and
installation. The design and installation criteria were developed and formulated based on this
project’s analysis as well as literature and currently available guideline review to achieve

hydraulic efficiency and cleaning efficacy.

3.5 Checkiist validation

The devzioped checklist was applied to the current Factory Y to determine the score
obtained for the design and installation aspects. The scores obtained were used to validate the
usefulness of the checklist in monitoring the design and installation of drain for this case study.
However, in the future, the checklist needs to be validated in more case study samples so that

statistical validation can be deduced for its practical usability.
3.6 Checklist demonstration

The developed checklist was used to guide the design of an efficient and hygienic drain
model that suits the current production environment of Factory Y. Throughout the design process,
items in the developed checklist Part A Design were checked progressively to ensure a correct

drainage design could be obtained.
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Chapter 4

Results and discussion
4.1 Process and Technology Description

The current production for the meat patties begins with the receiving of raw materials, flaking of
the frozen raw materials, pre-mixing of dry ingredients such as textured vegetable protein (TVP)
and isolated sov protein (ISP), mincing of meat, mixing of meat and pre-mixed ingredients,
burger pattizs forming, blast freezing, packing and followed by frozen storage of finished
products. Blast freezing is a rapid freezing process which rapidly cool the patties from ambient to
temperature of -25°C in one hour in order to prevent the microbial growth while keeping the
nutritional and sensory properties at high qualities. Nevertheless, the process is using high
energy and the blast freezer is only used at the event where the products need to be delivered in a
short time. Most of the time, the patties are cooled in cold room ovemnight and will be packed on
the next day. The production processes is semi-automated with the partial process are conducted

manually. The processing of poultry are generating high amount of hydraulic load to the only functional
drain of Factory Y especially the flaking, mixing and mincing steps. Table 4.1.1 summarizes the

information about the processing equipment.
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Table 4.1 1: operation activities & objectives, processing equipment, water consumption and illustration
of each process involved in making of burger patty

Water consumption

Process Operation activities | Processing [llustration
& objectives equipment
1) o Removal | Minor
Preparation of packing | weighing
of the raw materials | electronic
matenals and scale
weighing | (maximal
= Weighing | loading: 5 kg)

Printing of
the
packing
labels with
expiry

dates

Major
weighing
platform scale
(maximal
loading: 300

kg)

Semi-
automatic date
printing
machines : 60-

120 times/min

No water is needed for

this activity.
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2) Flaking

of the
frozcen raw
materials

Cutting of
frozen
materials
(meat, fat
and
chicken
skins) into
2t0 10cm
flakes for
afterwards
mincing
without
having to
thaw

The
reduced
size
avoids
drip
losses,
bactenal
growth
and
discolorati
on  that
often
happen
during

thawing

Flaking:
Flaker
machine (2400
kg/h),
compressed
air necessary
at minimum

4.14 bar

Material
transfer to the
mincer
machine: Euro
bin (capacity

120 Litres)

Large amount of water
is needed to wash ofl
the meat tlakes from

the machine
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8) - Mixing of the | Mixing: Bowl
. Mediun amount of
Premixing textured vegetable | cutter
) . ) water is needed to wash
ot dry | protein (1'VP) and | (maximal
_ . ) . ) the intemal of the bowl
ingredients isolated soy protein | capacity 33
. ) cutter
(ISP) with cold | kg/loading)
water to produce
finely comminute | Matenal
particle transfer to the
- The mixing was | paddle mixer
rea foo S5 minutes | Industrial tray
per lozding by an | of food grade
operator in [ 600 x 400 x
accordance to the | 120 mm
recipe (capacity 23.7
Litres)
4) Mincing | - Refining of flakes
Large amount of water
of the | from the flaker | Mincing:
is needed to remove the
frocen raw | machine was into | mincer

materials

minces of the size 6
mm for round patty
and 4.5 mm for

oblong patty

machine (510

ke/h)

Material

transter to the
paddle mixer:
Industrial tray
of tood grade
600 x 400 x
120 mm
(capacity 23.7

Litres)

minced meat flakes
attached to the surtace

of machine
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5) Mixing

- Mixing of the

Mixing:

Large amount of water

of all | minces with the | Paddle mixer
' _ ) is needed to rinse away
ingredients premixed 1TVP, ISP, | (maximal 420
) the meat fragments
starch and spices to | kg/loading)
obtain a
homogenized patty
batter (visual and
texture check).
- T2 mixing was
run for 15-20
minutes by an
operator in
accordance to the
recipe
6) Forming | - Shaping of patty | Forming:
Large amount of water
of patties into a definite size | Former
is needed to lubricate
and weight — Visual | machine (3600
the movement of the
check on the patty | patties’h),
machine during
shape was carried | compressed
processing

out by an operator
and adjustment was
made to the mould
whenever necessary.
- The forming
station required
minimally three
operators: insert the
batter into hopper,
manually stack the

patties and lay the

paper separator

air necessary
at minimum 8

bar
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between the patties

- The patties were
sampled penodically
for microbial testing
and also for cooking

testing.

7) Slow
freezing 1n

cold room

- Freeeng of the
pattics  (unpacked)
in cold rooms for
17-22 hours in order
to giv= them shape.
- The patties were
placed on trays,
which were then

stacked on trolleys

No water is needed and
constant cleaning 1is
required, which to
remove the ice attached
onto the flooring and

wall.

8) Hand
packing and

boxing

- On the next
moming, the frozen
patties were
retrieved from the
cold room and
brought to  the

packing station.

No water is consumed

at this stage

9) Storage
and

shipping

The product were
shipped to customer
by company own

trucks

No water is consumed

at this stage
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(frozen storage)

(shipping)

4.2 Curresni flosr drainage system at Factory Y

All the processes are accommodated in a factory premise of around 30 m x 9 m for length and
width measurement, while the height is 3 m. The factory’s floor plan is shown in Figure 4.2.1
which shows the location of three floor drains namely Drain 1, Drain 2 and Drain 3. Location A
and B are areas with severe flooding during production as shown in the floor plan in Figure 4.2.1.
Based on the information by the production supervisor, the gully drainage was fabricated by
company with no specific expertise in floor drainage for food processing. The drains are
responsible to remove the waste water discharged during processing. Table 4.2.1 summarizes the

location, features design, installation and application of the three floor drains.
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4.2.1 Wastewater in Factory Y

The wastewater produced by Factory Y is mainly based on two sources namely 1) equipment and
utensil clean down 2) equipment discharge from former and flaker machines as shown in Figure
4.2.2. Wastewater discharged from meat processing contains high total organic content (TOC),
biochemical oxygen demand (BOD) and total suspended solid (TSS), pH range from 7-8 which
is optimum for microbial growth. All wastewater is directed to the wastewater treatment which is

located at the bacl: of factory. The average hydraulic load, A, supplied for production at Factory

Y was estimated at 1.2L/s.

Figure 4.2.2: waste water flow down from flaker machine

4.2.2 Subject of study: Drain 2

Based on our observation during the production and communication with the operators, only
Drain 2 was used to remove the wastewater from clean down and equipment discharge. Poor

gully design and installation of Factory Y are shown in Figure 4.2.3.
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Figure 4.2 3: Poor drainage installation and design at Factory Y

Drain 1 and 3 wers not in use due to the surrounding area that is not involved in wet processing.
This was because the layout design for the drainage locations was not previously planned
according to proximity to the wastewater source. Therefore, our study in the preceding sections
are discussed with respect to only Drain 2. The cross-section for the Drain 2 structural design is
given in Figure 4.2.4. Drain 2 was located under the flaker machine, with the size of 508 mm x
508 mm (L x W) and total open areas of 6361.70 mm? from 81 perforated holes. Drain 2 is to
drain out the daily wastewater with maximum discharge flowrate of 1.2 L/s (maximum hydraulic

load), sourcing from wall faucet for flooring area of 0.258 m?.
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Figure 4.2 4:Cross-section for the Drain 2 structural design

4.3 Effect of gully’s design on inlet hydraulic

The main lacking of the design was that the hole was designed to have diameter of 1 cm which

become increasingly clogged during production operation and therefore, reduced the inlet

hydraulic capacity, H,. As production time progressed, increasing number of clogged holes of

Drain Y was observed due to the size of meat remnants with average length > 2 cm that flowed
with the wastewater into the grating holes of @ = 1 cm. The rise of wastewater above the grating
becomes noticeable at head of 3 mm. These meat remnants were sourcing from meat offcuts at
the flaker and former machines. As the water faucet was running continuously and constantly at
flowrate of 0.0012 m3/s to lubricate the former machines, more blockages of the holes was
observed. Simultaneously, increasing head was observed above the grating as shown in Figure
4.3.1, whereby when the head reached 5.0 mm the flooding was spread to Location A and B and
at this time, the operators felt it was not convenient to traffic on the floor anymore and became

cautious due to the risk of slippery. At head of 9.8 mm, the trafficking on the flood caused
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splashes and carry-over of the wastewater through trolley, operators outer garments and boots to

other stations.

Head above grate, h (mm)

18 +
16 +
Head = 9.8 mm
14 + Traffic on the floor caused
splashes of wastewater and
carry-over through trolleys,
142+ clothing's and boots \
10 £ 2R * BB RS L R
Head =5 mm
8 + Head=3mm Flooding was spread to
Hlooding was noticeable L°gaT“F°'? #gnd 8
6 1 above grating fisks
4 4+
2 -
0 - - - : ' : : : |

20 * 30 & 50 /%% 6 70 80
Number of clogged holes

Figure 4.3 1: Graph of head above grate,h against number of clogged holes

Based on regression analysis, the polynomial-type curve was used to describe the effect of

clogged holes on head above drain at range of 0 to 81 holes for this case study. The proposed

model (R? > 0.99) described the strong positive relationship between head above Drain Y (HYy)

and number of clogged holes, n, is given by the Equation 4.3.1 when the faucet was not stopped

and there was remaining unblocked holes at Drain Y:
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Where Ay represents the head of wastewater above drain, » represents number of clogged holes.
Hence, based on Equation 4.3.1, if » reach maximum number of holes=81, the Ay could reach up
to 19 mm which was considered very hazardous and high risk of falling according to Winter
(1992) and Pijnapel et al. (2001). At present, the operators were recommended to clean the drain
shortly and remove the clog when the number of clogged holes reached 42 (50% of total holes)
to 54 (67%) since this would give head rising from 6 to 9 mm. This recommendations was
supported by the pr=vious findings which have shown that changes in level of as little as 5 to 8
mm can potentially pose a hazard for the normal walking of fit healthy people (Winter, 2001;
Chang et al.,, 2016). Nonetheless, this recommendation was also exhaustive, since in normal
operation, Drain Y came to 50% clogging about 20 to 30 minutes after the forming machine
started operating. Subsequently, one operator is needed to remove the clog and clean the drain
for S to 8 minutes. When considering the total number of batch/day which was nomally 4
batches, this cleaning took time about 60-96 minutes/day. This was a waste of production time
and labor cost, and particularly crucial for small-scale premise, whereby labour cost at rate of

35/h is a major monthly operating cost.

As the flood was spread to location A (a) and location B (b), the maximal rise level of
wastewater were taken for six sampling times during the peak production hour as shown in
Figure 4.3.2. At location A (a) , the maximal wastewater head was 14.2+ 0.8 mm while at
location B (b), the head could reach maximally 15.1 £ 1.1 mm. Both locations as seen in Figure
4.3.2 were informed by the operators to be slippery and have incidences of falling down.
Operators were also reported to be fatigued due to having to cautiously walking and there had

been several incidences whereby the operators had almost lost balance and slipping. Floor
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surfaces of location B (b) was particularly hazardous since the aisle was travelled on most

frequent in the factory (> 18 times/h).

Jastewater

mark on

Location A Location B

Figure 4.3.2 : Flooding at (a) location A and (b) location B

The increasing number of clogged holes has also reduced the inlet wastewater flowrate, O, when
determined using Equation 3.3.2 and therefore, a decreasing hydraulic efficiency, £, based on
Equation 3.3.1 was obtained during the production as given in Table 4.3.1. In this case, the
remaining total open area of Drain Y had a major control on the inlet flow rate, with a strong
polynomial correlationship (R?=0.99) than arising head (R*=0.84), based on regression analysis.
After 71 holes were clogged, the operators were observed to stop the operation shortly, and

cleaning of the clog was performed.
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Table 4.3 1: Changes in hydraulic efficiency of drain Y with increasing number of clogged holes

Number  of | Remaining

clogged total open are, B el A Hydraulic efficiency, £
holes, » A (m?) (m) ') (%)

25 0.)044 0.0031 0.00065 54.23

- [ 0.003s 0.0048 | 0.00064 Seid

10 < 0.0075 | 0.00063 A

52 0.0023 (00095 |000059 |

63 0.0014 0012 | 000041 34.44

0 0.0012 0.014 | 000037 F

7l 0.0008 0.015 0.00026 gl

The increasing blockages of the grating’s holes had reduced the hydraulic efficiency of the drain

down to 21%, at the end of observation, which implied that 79% of wastewater was not removed

and had flooded the other locations during the production time. Hence, Drain Y was not efficient

in removing the wastewater during the production. With such a severe wet flooring, operators

claimed that the flooring was still wet on the next day if cleaning is not thoroughly done. This

was particularly a concern, as the damp environment could provide an ideal condition for

microbial growth and pest attraction.
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4.4 Effect of gully’s design and installation on hygiene

Drain Y showed lack of hygienic design. There have been found that numerous crevices and pit
growth on the surfaces, dead space at the floor-drain interface due to absence of hygienic edge
profile which harbor the growth of bacteria and microorganisms. Besides, drain Y is not installed
with gully body, but is made of concrete (flooring materials) which is not protected by any
screen. No filter basket is available to capture the solid waste. Besides, drain Y has no water trap

to prevent the escape of foul air into the surrounding, and also no frame to hold the grating.

With such poor design, Drain Y could not be effectively cleaned even when the disinfectant was
used. In addition, Drain Y was inappropriately installed below the cutting equipment as seen in
Figure 4.4.1 due to negligence in reconciling the plant and plumbing layout design. It was
therefore difficult to access Drain Y for frequent cleaning and maintenance. The grating is
installed directly on the flooring surface and was not supported by stainless steel frame, which
caused the drain edge to be above the floor surface and led to continuous accumulation of soils
around the drain as shown in Figure 4.4.1.The intricacies of the overall cleaning process has also
demotivated the operators on performing the cleaning of Drain Y, Whéreby in one incidence the

clog were not cleaned at all until the next day of production.

Figure 4.4 1: accumulation of soils at floor-drain interface
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Table 4.4.1 shows the mean ATP results (RLU) and microbial count as determined for the
different point of Drain Y after the cleaning procedure. The clean benchmark was <500

RLU/100 cm? and applied for this analysis (Amondio and Dinno, 2014).

Soil water inside the gully body has high aerobic plate count (APC) is 8.1x10* CFU/cm?
followed by 2.4x10° CFU/cm? in grating surface, 4.5x10° CFU/cm? in perforated

holes, 5.3 x10° CFU/cm? in drain edge.The highest ATP values were also recorded for the soil
water inside the Crain Y body, followed by drain edge, hole surfaces and grating surfaces. On
the other hand ,high izvel of Escherichia coli(1 CFU/cm? ) was found in the soil water inside the
drain, 25 CFU/cm? in grating surface, 2 CFU/cm? in perforated holes, 17 CFU/cm? in drain edge
The inner surface of Drain Y body was highly contaminated due to multiple reasons. The
absence of filter basket allow the solid waste including the fats and proteins to sediment on the
body’s surface. The acidic nature of animal fat and proteins waste had attacked and corroded the
unprotected concrete, weakening their structures and breaking them down little by little.
Additionally, the acidic compounds reacted with the alkaline cement paste, which was the binder
for the concrete structures and making it vulnerable to damage from abrasion, hot water cleaning,
and further chemical attack. Such impacts had left the surfaces underside to be uneven with
crevices and many dead spaces that could not be effectively cleaned and thus, had entrapped and

accumulated organic soil, giving highest ATP value of 11657.
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As can also been seen in Table 4.4.1, aged off-white fat deposits that shows thick greasy in
texture and water-repellant (hydrophobic) characteristics was observed on the inner surface of
gully body. The build-up of this fat deposits contained unsaturated fatty acids which has been
oxidized or polymerized due to exposure to air for some time and became harder and closely
bonded on the concrete surface. Since fat and greasy deposits contain hydrophobic molecules,
the surface enables tiie bacterial cell-surface which possesses hydrophobicity (due to fimbriae,
flagella and lipoyoiv:accharide) to attach and therefore, could form biofilm. Biofilm is a thin but
robust layer of miucii~ge adhering to a solid surface and containing a community of bacteria and
other microorganisms which are more resistant to disinfectants. According to Giaouris et al.
(2014), the biofilms formed by pathogenic and spoilage bacteria may create persistent source of
product contamination, leading to serious hygienic problems and also economic losses due to

food spoilage.

Drain edge also recorded too high contamination with high ATP reading 10846 RLU/100 cm2,
highest APC count of 5.3 X 10®CFU/cm2 and high amount of E.coli (17 CFU/cm? )which is as
well as Listeria spp.. The drain edge was highly creviced, poorly ﬁnished with many sharp
comers that accumulated soil could not be effectively removed after cleaning. Similar sharp and
rough finishes were also observed for the holes and grating surfaces, and hence, implying the
same reason for ineffective cleaning of organic soil and microbial counts. The recommended
surface roughness for meat contact surface equipment is Ra<0.8um (EHEDG Doc 44, 2014).
Too high surface roughness as definitely illustrated in all of Drain Y’s surfaces has hindered the
cleaning process. Nonetheless, the presence of E.coli and Listeria spp. were still concerning as

these violated the guideline of microbes limit on food and non-food contact surfaces as in Table

33.1.
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The recorded APC was unacceptable with 2.4 x 10° CFU/cm?on grating surface, whereby
Listeria spp. and E. coli was also present. During the flooding on the floor, there was a clear
potential for motile pathogens to migrate from colonized areas in the drain to Location A(a) and
Location B(b).Highest level of E coli was recorded at grating surface (25CFU/cm? ) and Listeria
spp is detected. E coli was not removed during cleaning operation as they are able to surve in
large range of temperature ( 7-45 °C) In all cases, Listeria monocytogenes and Salmonella spp,
were not found (threz sampling times). The result proves the formation of biofilm on grating

surface which cannot solely removed by mechanical cleaning action.

Listeria spp. was reported to be able to survive and grow at low temperature with consequent
adverse effects in the ready-to-eat food processing (Chang and Wiedman, 2009; Fairley et al.
2014). The species was noted for its ability to form biofilm as it readily adheres to surfaces. With
these capabilities, drain surfaces when not cleaned effectively provided important niche for the
resilience of Listeria and can be a source of contamination in the processing plant environment
and possibly in food products. Meanwhile E. coli is a common indicator of fecal contamination,
whose detection oﬁ surfaces is impdrtant for hygiene monitoring. Due to increasing stringent
microbiological requirement, the presence of E. coli in RTE foods has caused subsequent
rejection of finished products and substantial economic losses to the food producer (Keeratipibul
et al., 2009). One of the possible food contamination routes is via aerosol created by use of a
high-pressure water hose when cleaning and sanitizing floor and drains. The aerosol with
microbes spread onto cleaned food contact surfaces and contaminated the meat products
(Keeratipibul et al., 2009). It is known that meat products provides a preferable environments for
verotoxigenic E. coli and this microorganism produces significant amounts of verotoxins in

contaminated meat kept in 37°C. Several reports have found that intoxication through
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consumption of undercooked minced meat, sausages and RTE-food contaminated with E.coli,
sourcing from hygiene failure (Ekici and Duemen, 2019). While the meat is cut into pieces as
commonly occur in the production , the E. coli on the surface of the meat reach the inner
sections and can stay alive if a sufficient heat treatment is not applied, turning it into a risk factor

for consumers (Miller et al., 2018; Ekici and Duemen, 2019).

Worryingly, the floodsd area are located at the path where trafficking is frequent by operators
and also by wheelad trolleys (>15 times/day). The wastewater flood was rich with heavy loads of
fats, oils, grease and solids and therefore, the possibility for the microorganism such as Listeria
monocytogenes and Escherichia coli to grow during the production at this area is high as the
ambient temperature is averagely at 27 to 28°C. Flooding of drains causes microorganisms on
the surface to become aerosolized and air disperses them, causing increased levels of aerosolized
bacteria. Besides that, the presence of bacteria can also be detected with smell, in which the
microbial growth was one of the main reason for the development of off odor (Hempell et al.,
2011). In a nutshell, the design and installation faultiness has limits the drain’s cleaning

performance.

4.5 Checklist for gully’s design and installation in meat processing

Table 4.5.1 shows the checklist that can be used to guide the designing or selection of gully’s
design in a wet areas for meat products. User is able to tick V if the criteria is met in the “Yes”
column. When the criteria is not relevant, user can tick for “NA” column for not applicable.
Every “Yes” tick was scored with 1 point, while no point was given for “No” tick. When the

criteria is not relevant, user can tick for “NA” column for not applicable. The salient components
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of the developed checklist are namely 1) availability of the minimum components, 2) design

parameters with their design matrix and sequence and 3) design procedures.

Table 4.5 1: Checklist for design of gully in a wet processing facility for meat products

GULLY’S DESIGN CHECKLIST IN WET AREAS FOR MEAT PRODUCTS
Minimum mz#jor components checklist. Illustrations
Tick X for available components in the design. Grating
-| U-shaped profile
A Grating
B. Frame -| Sediment basket
C. Silt basket
| D. Foul air trap Frame and gully
| body
E. Gully body
S S1PINg +| Foulair trap
' General criteria Yes No NA Remarks
1 All  minimum components are

available in the drain design

2 All components are made of stainless
steel AISI304

*If use chlorine disinfection, AISI316

1s reccommended

3 Full pickle passivation for the
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drainage components

Features of the components

Part A : Grating

Yes

No

NA

Remarks

4 | Al

Surface roughness average for the
drain, R, < 0.8um OR all surfaces
comply to ine following designs:
o {ontinuous welding of
joints
e No crevices and dead-end
e Rounded or radiuses
corners (minimum radii of

3 mm)

Non-slip grating

6 | A3

Removable grating with ladder grating
or cast grating with rounded comners

and no weld

7 | A4

Open grate area (A) and drain
dimensions corresponds to maximal
hydraulic capacity requirement +

allowance:

A= _Q
O.6x1/2gh
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Q

g:

A =

= maximal hydraulic capacity

Cd= 0.6

9.81m/s?

e Examzle when Q

m3/s

0.0012 m?3

requirement + 100% allowance X L/s

h =0.005 m (maximal head allowed)

= 0.0012

0.6-~/2-9.81-0.005

-3
6.39 x 10 m

2
6390 mm

8 | AS | Grating should have load class

according to loading classification:

Light duty : Grates test under 900

kg
Medium duty: Grates

2250 kg

test 900-

Heavy duty: Grates test 2250-3375

kg

4500 kg

Extra heavy duty: Grates test 3375-

—

—

Part B: Frame

Yes

No

NA

Remarks
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9 | Bl | No void space between floor and
frame
e.g. U-edge profile that embedded
deep inside the concrete
10 | B2 | Minimal thickness of Smm
Part C: Silt bask =t Yes No NA Remarks
11 | Cl | Removable silt basket for easy
cleaning
12| C2 | Appropriate area opening to capture
solid soil but not affect the hydraulic
capacity
13| C3 | No dead space, crevices and rough
surfaces
Part D : Foul air trap Yes |[No |NA | Remarks
14 | D1 | Removable water trap with water seal
height minimally 50 mm
Part E : Gully body Yes |[No NA | Remarks

P

15 | E1 | Surface roughness average for the
drain, R, < 0.8um OR all surfaces
comply to the following designs:

e Continuous welding of
joints

-
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e No crevices and dead-end
Rounded or radiuses corners

(minimum radii of 3 mm)

16

E2

Dry sump to avoid accumulation of

water

Part F : Piping tc sewear

Yes

No

NA

Remarks

17 | F1 | Vertical spizot outlet is recommended
with 45° swept bend

18 | F2 | Back flow prevention

19| F3 | The size of the piping can be

determined through equation below,
nominal pipe size (NPS) table as
ASME B36.19 and design stress table
for stainless steel pipe as attached in
appendix.

-
-

O, =v><(]r-{); )

O, = hvdraulic _capacity
v=velocity _of _ flow@ opening

D, =inner _ diameter

Schedide _number =1000x g

P =design _ pressure
S =design _stress

g




t =thickness _of _pipe

Total

Meanwhile, Table 4.5.2 shows the checklist for installation of gully in a wet areas for meat

products. The checklist was developed based on the insights gained through this analyses and

have been consolidated with the available guidelines. Every “Yes” tick was scored with 1 point,

while no point was given for “No” tick. When the criteria is not relevant, user can tick for “NA”

column for not applicable. The salient components of the developed checklist are namely 1)

availability of the minimum components, 2) design parameters with their design matrix and

sequence and 3) design procedures.

Table 4.5 2: Checklist for installation of gully in wet areas for meat products

GULLY’S INSTALLATION CHECKLIST IN WET AREAS FOR MEAT PRODUCTS
5 “ B = -'ﬂ : ,'T.,“: s

X Brang
i

unavoidable, the drain must resist applied

No | Detail Yes | No | Remarks
1 Proximity to the wastewater source distance
at most 5Sm
B3 Location of drainage is accessible for
cleaning, inspection and maintenance
3 Location when possible avoids traffic. If
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load and turning stress

Gully’s design fit to be installed in the
flooring. E.g. Square gully for tiles and resin
flooring, rounded gully for resin and vinyl

flooring

Gullies are secured in the floor with anchor

Frame has to be installed below the final

floor layer

Flooring material around the frame is
increased and use of appropriate sealant at

floor-drain-interface

Drain receive falls from 4 sides with floor

sloping of 1.5 -2 %

Square gully must be installed with shaped
edge profile

* 1.5 mm steel thickness

* Fillant is of waterproof material

* Frame height is deeper than flooring

layer (10-20 mm )

In multiple-storey building, where the drain

is located above ground level
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o Use of membrane to prevent possible
water penetration to the lower ceiling

e Drainage piping must be double-walled
when penetrate into hygienic area and

made from non-flammable material.

11 | Drainage layout allows wastewater to flow

direction from #igh risk to low risk are

12 Pipin_g layout with swept tees and soft bend
to allow wastewater moving towards
cleaning well that is positioned outside

hygienic area.

Total “Yes” and “No” out of 12 criteria

4.6 Checklist validation based on Factory Y

Both checklist can be applied to any commercial and fabricated drain model. When this checklist
was applied to the current Factory Y as given in Appendix 1, the Factory only shows 16.67%
compliance for the the Design Checklist, while 27.27% for the Installation Checklist in
Appendix 2. Based on analysis in Section 4.2 and 4.3, the hygiene problem and hydraulic
inefficiency arised due to poor design and installation. Hence, the low scores of Factory Y has
validated the usefulness of the checklist in monitoring the design and installation of drain for this
case study. However, the checklist need to be validated in more case samples in the future so that

statistical validation can be deduced for its practical usability.
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4.7 Design checklist demonstration

The Design Checklist was also applied to guide the designing of a correct new gully for Factory
Y as in Appendix 3 and Appendix 4. The overall design for the gully structure generated using

Autocad is given by Figure 4.7.1.

Removable grating

U shaped edge profile

3mm rounded comer

Gully body connected with trame

~.| 45° spigot outlet

Double pipe wall " Tl &

Piping with horizontal outlet

Figure 4.7 1: Overall 3D structure of the designed drain

The features of the designed gully are that the drain structure is made of stainless steel
AISI304, with full pickle passivation. Full pickle passivation will be done for the drain to
remove contaminants and assist the formation of continuos chromium-oxide, passive film.
The surface roughness, R, of the drain is less than < 0.8um. Too high surface roughness
will hinder the cleaning process, rough surface is usually indicated by the presence of

pits and crevices where the bacteria can hide themselves in. Back flow prevention is
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located in between the drain and sewage system. The drainage act as a environmental
surface, hence back flow is required in between the environment and sewage system.
Bacteria from the sewage system can reach the environment and contaminate the food
through improper drainage system Several important design features of the new drain that

differed from the current Drain 2 , were summarized as in Table 4.7.1
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Table 4.7 1: Design features of new designed drain

Design details Design drawings
* Removable, and non-slip ladder grating : -
with square frame of thickness 5mm. 2\ ,.-I
The minimum thickness is to ensure the w j E 1
80,00 {
structure can withstand the weight on it ) B!
such as the lozded trolley. The grating | (.l
should be easily removable to facilitate | i |
cleaning and inspection process, with 0 —= '@j
appropriate recommended  surface a
roughness. - —— -
* Rounded corner with minimum radius of a\ i Rbable pitry
3mm 5
~ The rounded comer provides easy-to- | 2
clean and safety features
/.
Thicknessof frames Sm
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o Ldge-in fill

Resin is filled at the floor-drain interface to

prevent the accumulation of waste water ee———
which encourages bacterial growth, the PR o
e ‘
empty space between the floor and drain ‘ /’
allows waste waier tc seep in. U shaped edge / |

profile is used to separate the frame and

U-shaped edge profile

flooring completely, to prevent waste water

accumulation inside dead space.

* Round body gully instead of mortar body

The round body gully is combined with

Rounded corner

frame which is made of stainless steel, to

| —
contain sediment basket and foul air trap. | Bt > | Sediment bisket
Double pipe val
¢ Removable sediment basket and water : — | Removaleou artrap
— ==
P ‘ ? Round body
The sediment basket and water trap must be gl it frame

removable for regular cleaning session,

45° spigot

thorough cleaning is required for these outet

components as biofilm will developed as
waste water flows through it.

* Double wall pipe

The transfer piping is double wall to resists

the thermal shock, sudden change in
e
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temperature of fluid inside the pipe.

e 45° spigot outlet

The 45° bend in the outlet allows easy
mechanical cleaning or jet cleaning of the

piping system

As for the installation, the following aspects must be adhered. (1)Production floor must be
increased around the gully Flooring around the drain is increased to increase the flow as the
sloping of the floor increase. Steep surface can improve the flow across the drain. (2)Silica gel is
filled at the floor drain interface.Silica gel as the common fillant at floor drain interface is
waterproof which can block the flow of solid meat waste or waste water flow into the gap space.
(3) Frame is fixed at the flooring with two 2mm screw lock.The frame is fixed with screw above
the drain. During the cle;ming process, screw is removed to oﬁen the drain.(4) The drain should
not be installed under the machine, near to the water sauce, and receive 4 falls. The gully should
be installed at an appropriate place to receive 4 falls, to make use of its full hydraulic capacity.
() The frame is installed below the final flooring layer.The frame is installed below the final
flooring layer, otherwise the flow of waste water will be impeded by protrusion of the drain on
the surface.(6) The pipe is fitted and sealed properly at the outlet. The piping is sealed and fitted
properly with the gully body to prevent leakage of waste water. (7)The drain in installed in a
direction so that it flows from high risk to low risk.The drain is installed at a direction of flow

from high risk to low risk, to prevent the contaminants from the low risk place such as meat
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preparation area flows to high risk place.(8) The outlet piping is installed with minimum gradient
to allow efficient flow of waste water. The outlet piping with appropriate diameter connected to
gully body vertically and followed by a 45° spigot outlet to make sure efficient flow rate inside
the pipe. The flow of fluid also influenced by pipe size and their orientation. If the outlet piping
is horizontal, then minimum gradient is required for efficient flow.(9)The gully installation is
installed according to the installation manual as in Table 2.6.1.The gully should be installed
based on the instructicn manual to make sure it is installed in a correct way to perform the
drainage’s functionality when it is installed. Physical fabrication and installation of the new
drain was not proceeded due to time and cost limitation. These are recommended to be continued

in the next projects based on the design and installation information obtained from this project.
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CHAPTER §

CONCLUSION AND RECOMMENDATION

3.1 Evaluation of the effect of design and installation of floor drainage on hydraulic
efficiency in a meat processing facility

The results recognized that hydraulic efficiency depends on area of opening, sloping of floor.
The open area of floor Drain 2 at Factory Y( 6361 mm?®) is less than minimum required area

calculated using the formula of hydraulic flow rate (6390 mm?®). The design of the Drain 2 is a
simple gully made of mortar covered with a rough grating. Besides, there is no increased flooring
around Drain 2 cause the flow of waste water at Drain 2 is slow. As if the flow of water is non-
stop, which the tap is not closed, the area of opening of the grating were clogged and getting
smaller and flood level (head) will starts to increase. The flooding level can be up to maximum
value of 1.5cm at production area, which is considered high . The flood condition has makes the
walking movement of operators difficult and thereby affects the working efficiency,while safety
of the workers is also compromised. Flooding cause the surface become slippery, which poses
the nisk of falling down. Drain flooding are sources of viable aerosol which lead to risk of cross-
contamination. Based on the analysis of hydraulic efficency of drain Y, the head of flooding and
number of clogged pores shows a strong positive relationship on a polynomial curve with R?>
0.99., The hydraulic efficiency of drain Y drops from 54.23% to 21.37% corresponds to 25
clogged pores to 71 clogged pores in just 40 minutes. Meanwhile the head of flooding is also
increased from minimum of 3.1cm increased to a maximum value of 15cm. The 15cm height of
flooding level pose a high risk to slip, trips and falls down. Hence, The faucet has to be stopped
to prevent further increase of flooding head and sweeping will be carried out by operators

manually.
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5.2 Evaluation of the effect of design and installation of floor drainage on hygiene in a
meat processing facility

Based on results, Drain 2 has no hygienic design with high surface roughness, non-rounded
comers, surface with perforated holes and crevices, no edge infill at floor drain interface and no
gully body made of stainless steel. The measured ATP reading was highest for drain edge
(10846 RLU/100cm?) followed by perforated holes(5484 RLU/100cm?) and grating surface
(3793RLU/100cm?) wiiich do not meet the benchmark for food industry which is less than 500

RLU/100 cm?

The microbiological test measured the 1) aerobic plate count (APC), 2) Escherichia coli, 3)
Listeria monocytogenes and Salmonella spp. based on culture method. The aerobic plate count is

the highest which is 5.3x10° CFU/ cm? in drain edge, followed by 4.5x10° CFU/ cm? in

perforated holes, 2.4 x10° CFU/ cm? in grating surface and 8.1x10° CFU/ cm?in the soil water

inside the drain.

On the other hand, the level of Escherichia coli in soil water is recorded as lowest of 1 CFU/
cm? in the soil water inside the drain, followed by 2 CFU/ cm? in perforated holes, 17 CFU/
cm’in drain edge and the highest in grating surface of 25 CFU/ cm?,While for all the samples,
Listeria spp was detected in the sample , yet without the pathogenic Listeria monocytogenes,

and Salmonella spp was not isolated.

The surface of the grating should not contain microbes to make sure food safety and hygiene as
microbial contamination of food will also occur through bio-aerosols transmission especially

drain 2 is a frequent traffic area.
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5.3 Proposal of design and installation checklist for floor drain in a wet areas for meat
processing

Based on the results obtained, a design and installation checklist of gully in wet meat processing
area has been proposed. The checklist will be useful when it comes to setting up a drainage
system in a meat processing facility. The design checklist was divided to 2 parts which are :

1)Design part, and 2) Installation part.

Meanwhile, the instaliztion checklist was divided to 12 criteria including drain proximity to
water source, location for easy cleaning, inspection and maintenance, avoids traffic. gully
secured on suitable flooring, frame is installed below the final flooring layer,flooring material
around the frame is increased and use of appropriate sealant at floor-drain-interface, drain
receive falls from 4 sides with floor sloping of 1.5 -2 % ,Square gully must be installed with
shaped edge profile, drain is located above ground level in a multiple-storey building, drainage
layout allows waste water to flow direction from high risk to low risk area, piping layout with
swept tees and soft bend to allow waste water moving towards cleaning well that is positioned
outside hygienic area.

On the other side, the design checklist was divided into 19 criteria which includes all minimum
required components, made of stainless steel 304, fully pickle passivated for the drainage
components, surface roughness,R, < 0.8um, non-slip, removable grating with ladder, open grate
area, A and drain dimensions corresponds to maximal hydraulic capacity requirement, grating
with appropriate load class, no void space between floor and frame, grating with minimum
thickness of Smm, removable silt basket, appropriate opening area to capture solid waste, no
dead space inside the silt basket, removable water trap with water seal height minimally 50 mm,

dry sump and stainless steel gully body, vertical pipe, suitable pipe size and with backflow. In a
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nutshell, the minimum components for a hygienic drain design should contains grating, frame,
silt basket, foul air trap, gully body and transfer piping.

3.4 Research Contribution

The drain model designed through analysis of the hydraulic load of Factory Y can be a reference
for owner of Factory Y in case of retrofit in the future. Besides, the checklist developed serves
as a guideline for other sinall and medium enterprise of meat, poultry industry as these industry
generates large amount cf waste water per day. Hence, it is important for the wastewater to be
drained quickly and effectively. With a standard food processing drainage model, the production
environment will be able to meet the criteria to secure the MesTI, Good Veterinary Hygiene
Practice (GVHP) certificate. Hygiene of food is important for food industry to maintain the

image of industry and prevent theoutbreak of foodborne diseases.
5.5 Research Limitation and Future Work Recommendation

While performing this research project, there were some limitation encountered. One of the
limitations is time constraints. The project was halted for more than 1 months due to the outbreak
of Covid-19 in March, April, May. Analysis and lab work only start after June.In addition, there
is only little reference of drain model, calculation about the point gully in meat processing area
in Malaysia and globally.As for recommendation, for future testing of model designed, the
engineering software such as ANSYS can be used to simulate the flow in the production area

towards the drain model and determine the hydraulic efficiency of the designed drain.

Besides, it is also encouraged to understand more on the effect of design and installation on other
types of drainage model such as channel type. Thus, more research is necessary to support the

findings and convince the society.
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Appendix 1: Design checklist for drain 2 at Factory Y

GULLY’S DESIGN CHECKLIST IN WET AREAS FOR MEAT PRODUCTS

Minimum major components checklist.

Illustrations

A.

w

o O

I

Tick X for available components in the design.

Trating X

Frame

Silt basket

Foul air trap

Gully body

Piping

GRATE

General criteria

Yes

No

NA | Remarks

All  minimum components are

available in the drain design

All components are made of
stainless steel AISI304
*If use chlorine disinfection,

AISI3 16 is recommended
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3 Full pickle passivation for the X Not passivated
drainage components
Features of the components
Part & : Croting Yes | No | NA | Remarks
4 [ A1 ] Surface roughness average for the X Stainless steel of drain 2
drain, R, < 0.8um OR all surfaces at Factory Y is observed
comply to the following designs: to have some pit, and is
e Continuous welding of corroded
joints
e No crevices and dead-
end
e Rounded or radiuses
comners (minimum radii
of 3 mm)
5 | A2 | Non-slip grating 4
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A3

Removable grating with

grating or cast grating with rounded

comners and no weld

ladder

The grating of Drain 2
are difficult to Dbe
removed since it is
located wunder flaking
machines which cause
the drain cannot be

cleaned effectively.
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A4

Open grate area (A) and drain
dimensions corresponds to maximal

hydraulic capacity requirement +

allowance:
A= 2 pe—
0.6x+/2gh

Q = maximmal hydraulic capacity

requirement + 100% allowance X

L/s
Cd= 0.6
g=981m/s’

h = 0.005 m (maximal head
allowed)
e Example when Q = 0.0012
m3/s

0.0012 m?
0.6-4/2-9.81:0.005

-3 2
= 6.39 x 10 m

2
6390 mm

The current opening area
of drain 2 (6361 mm”) is
slightly lower than the
minimum area

required(6390 mm®)
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8 | AS | Grating should have load class|X The designed drain have
according to loading classification: medium load class.
e Light duty : Grates test under
900 kg
e Medium duty: Grates test 900-
2250 kg
e Heavy duty: Grates test 2250-
3375 kg
Extra heavy duty: Grates test 3375-
4500 kg
Part B: Frame Yes | No | NA | Remarks
9 | Bl | No void space between floor and X | Drain 2 has no frame
frame
e.g. U-edge profile that embedded
deep inside the concrete
10 | B2 | Minimal thickness of Smm X
Part C: Silt basket Yes | No | NA | Remarks
11 [ C1 | Removable silt basket for easy X | Drain 2 has no silt basket
cleaning
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o s

12 | C2 | Appropriate area opening to capture X
solid soil but not affect the hydraulic
capacity
13| C3 [ No dead space, crevices and rough X
!
surfaces
Part D : Foul air irap Yes |No |NA | Remarks
14 | D1 | Removable water trap with water X |Drain 2 has no foul air
seal height minimally 50 mm trap
PartE; Gully body Yes | No | NA | Remarks
15 [ E1 | Surface roughness average for the X The gully body of drain

drain, R, < 0.8um OR all surfaces
comply to the following designs:
e Continuous welding of
joints
e No crevices and dead-

end
Rounded or radiuses comers

(minimum radii of 3 mm)

2 is made of mortar,
surface is rough with

crevices and dead spaces
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116 | E2 | Dry sump to avoid accumulation of X The inside of the gully
water body is always wet and
has foul smell, with
waste water
accumulation
FPart F : Piping to sewer Yes | No | NA | Remarks
17 [F1 | Vertical spigot outlet  is X The outlet piping is also
recommended with 45° swept bend made of mortar and is
horizontal
118 | F2 | Back flow prevention X Not at Drain 2 but
located at the sewer
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119

F3 | The size of the piping can be X
determined through equation below,
nominal pipe size (NPS) table as
ASME B36.19 and design stress
table for stzinless steel pipe as
attached in appendix.
D?
O, =vx(T-—=
Oc =vx(7-—5)
Q¢ = In'draulic _capacity
v=velocity _of _ flow@ opening
D; =inner _ diameter
P
Schedude _nmuomber =1000 x S
P =design _ pressure
S =design _stress
DO = 'DI' +2xz
t=thickness _of _ pipe
Total | Total only 12 out of 19 are applicable. Only
2 out of 12 criteria for drain 2 at factory Y
are met (16.67%).
L
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Appendix 2: Installation checklist for drain 2 at Factory Y

Installation checklist for hydraulic efficient gully

-—

No | Detail Ye | No | Remarks
S
1 Proximity to the wastewater source | V
distance at most Sm
2 Location of drainage is accessible for v |[Drain 2 is installed under the
cleaning, inspection and maintenance machinery, the drainage is difficult
to clean
3 Location when possible avoids traffic. | v Drain 2 is not accessible for
If unavoidable, the drain must resist traffic.
applied load and turning stress
4 Gully’s design fit to be installed in the v
flooring. E.g. Square gully for tiles
and resin flooring, rounded gully for
resin and vinyl flooring
5 Gullies are secured in the floor with vV | No anchor
anchor
6 Frame has to be installed below the V |The frame structure is not

final floor layer

available, only the grate is

installed.
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Flooring material around the frame is
increased and use of appropriate

sealant at flocr-drain-interface

Both frame and sealant are not

installed.

Drain receive falls from 4 sides with

floor sloping of 1.5 -2 %

Drain 2 is found to receive 2 falls
only.

The current floor sloping at both
directions are 0.45% and 2.18%
respectively and do not meet the

required minimum slope.

Square gully must be installed with
shaped edge profile

e 1.5 mm steel thickness

e Fillant is of waterproof material
deeper than

e Frame height is

flooring layer (10-20 mm)

Structure for edge and frame are

not installed.

10

In multiple-storey building, where the
drain is located above ground level
e Use of membrane to prevent

possible water penetration to the

lower ceiling

Not applicable
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T Drainage piping must be double-
walled when penetrate into
hygienic arez and made from non-

flammable n:aterial.

11 | Drainage layout allows wastewater to | V

flow direction from high risk to low

Effluent flow from high risk

(packing area) to low risk (wet

bend to allow wastewater moving
towards cleaning well that is

positioned outside hygienic area.

risk are production) due to overall floor
sloping.
12 | Piping layout with swept tees and soft Vv | Drain 2 did not has proper piping

and the wastewater is directed
through horizontal outlet towards
man sewer. Thus, swept tees and

soft bend are not applicable.

Total “Yes” and “No” out of 12 criteria

Only 11 criteria are applicable.

3/11 criteria are met (27.27%).
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Appendix 3: Design checklist for new designed drain

GULLY’S DESIGN CHECKLIST IN WET AREAS FOR MEAT PRODUCTS

Misimum major components checklist. Illustrations
Tick X for available components in the design. e | . GRATE
A. Grating X PN
B. Frame X
C. Silt basket X __—FRAVE
D. Foul air trap X JE
E. Gully body X
F. Piping X
General criteria Yes | No |NA [ Remarks
1 All minimum components are |X
available in the drain design
2 All components are made of |X
stainless steel AISI304
*If wuse chlorine disinfection,
AISI316 is recommended
\ .
3 Full pickle passivation for the|X The drain structure
drainage components material is
passivated  with
\

g3




nitric  acid to
remove free iron
from the surface
hence has long

shelf life and

resistant to
corrosion.
Features of the components
Part A : Grating Yes (No [NA | Remarks
4 Al Surface roughness average for the | X
drain, R, < 0.8um OR all surfaces
comply to the following designs:
e Continuous welding of
joints
e No crevices and dead-
end
e Rounded or radiuses
comners (minimum radii
of 3 mm)
> | A2 | Non-slip grating X
\G\\hTL\B Removable grating with ladder | X The grating can be
grating or cast grating with rounded removed easily for
i W S
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corners and no weld

cleaning and

according to loading classification:

inspection
A4 | Open grate area (A) and drain The designed drain
dimensions corresponds to open grate area is
maximal hydraulic capacity greater than the
requirement + allowance: maximal hydraulic
4o 0] capacity
0.6x+[2gh
s requirement for the
Q = maximal hydraulic capacity gully.
requirement + 100% allowance X The open grate
L/s area of designed
0= i drain  is =
- 2
g=9.81m/s A = (200)x (200)mm
h = 0.005 m (maximal head —200mm(20mm)(8)
=8000mm’
allowed)
e Example when Q = 0.0012
m®/s
0.0012 m>
4 = §76-729.81-0.005
-3 2
= 6.39 X 10 m
2
= 6390 mm
A5 | Grating should have load class The designed drain

have medium load
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LHIL

e Light duty : Grates test under class
900 kg
e Medium duty: Grates test 900-
2250 kg
e Heavy duty: Grates test 2250-
3375kg
Extra heavy duty: Grates test 3375-
4500 kg
Part B : Frame Yes |[No |NA | Remarks
9 B1 |No void space between floor and | X
frame
e.g. U-edge profile that embedded
deep inside the concrete
10 | B2 | Minimal thickness of 5Smm X The frame
’ thickness is Smm
Part C: Silt basket Yes |[No [NA | Remarks
11 |Cl [Removable silt basket for easy | X
cleaning
—
12 1 C2 | Appropriate area opening to|X
capture solid soil but not affect the
hydraulic capacity
F C3 | No dead space, crevices and rough | X The silt basket has
S
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surfaces

minimum radius of

3mm at the corer

Part D : oul air trap Yes (No |NA | Remarks
14 | D? Removable water trap with water | X
seal height minimally 50 mm
Part E : Gully body Yes |(No |NA [ Remarks
15 |E1 Surface roughness average for the | X
drain, R, < 0.8um OR all surfaces
comply to the following designs:
e Continuous welding of
joints
e No crevices and dead-
end
Rounded or radiuses corners
(minimum radii of 3 mm)
16 |E2 |Dry sump to avoid accumulation of | X The gully body has
water a vertical
connection  with
outlet piping which
transfer the waste
water to sewage
system
T~
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Part F : Piping to sewer Yes |No |NA | Remarks
17 | F1 Vertical spigot outlet is| X
recommended with 45° swept bend
18 | F2 Back flow prevention X
19 | F3 The size of the piping can be | X
determined  through  equation
below, nominal pipe size (INPS)
table as ASME B36.19 and design
stress table for stainless steel pipe
as attached in appendix.
D?
=vx(mr-—&
Oc =vx( yl )
O¢ = lyvdraudic _ capacity
v=velocity _of _ flow@ opening
D; =inner _ diameter
P
Schedule _number =1000 x =
P =design _ pressure
S =design _stress
D 0= Di -+ 2xt
t = thickness _of _ pipe
Total | All criteria are applicable. All 19/19
criteria are met with 100%.
\
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Appendix 4: Installation checklist for the new drain

Installation checklist for hydraulic efficient gully

No | Desail Yes | No | Remarks
1 Proximity to the wastewater source distance | V
at most 5m
2 Location of drainage is accessible for |V The new drain is installed
cleaning, inspection and maintenance at 2m away from
machinery instead of
directly under the
machinery as drain 2 of
Factory Y
3 Location when possible avoids traffic. If | v The new drain is installed
unavoidable, the drain must resist applied at area that can avoids
load and turning stress traffic.
4 Gully’s design fit to be installed in the |V The designed gully is a

flooring. E.g. Square gully for tiles and

resin flooring, rounded gully for resin and

vinyl flooring

round gully body with
square frame, which is
concrete

suitable for

flooring.
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The frame is fixed and
anchored to the ground

with two 2mm screw lock

Flooring is layered as last
step according to the
installation manual in
Table 2.6.1 after the drain

is installed completely.

5 Gullies are secured in the floor with anchor |V

6 Frame has to be installed below the final | V
floor layer

7 Flooring material around the frame is |V

increased and use of appropriate sealant at

floor-drain-interface

Flooring is increased
after final concreting,
followed by filling the
gap between the frame

and floor with silica gel.

8 Drain receive falls from 4 sides with floor | v

sloping of 1.5-2 %

The designed drain is
installed at a place
between point A and
point B as shown in the
floor layout in Figure
4.2.1 so that it receives 4

falls from 4 sides from
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both the burger former

and flaker.

9 Square gi:lly must be installed with shaped The square frame edge is
edge profile rounded and frame are
e 1.5 mm steel thickness anchored to the ground
e Fillant is of waterproof material with screw lock.
e Frame height is deeper than flooring
layer (10-20 mm)
10 In multiple-storey building, where the drain Not applicable

is located above ground level

e Use of membrane to prevent possible
water penetration to the lower ceiling

e Drainage piping must be double-walled
when penetrate into hygienic area and

made from non-flammable material.
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11

Drainage layout allows waste water to flow | V

direction from high risk to low risk area

Effluent flow from high
risk (packing area) to low
risk (wet production) due
to overall floor sloping.
The drainage piping
outlet is also installed
according to the flow

direction of the factory.

12

Piping layout with swept tees and soft bend | V
to allow wastewater moving towards
cleaning well that is positioned outside

hygienic area.

Horizontal PVC piping
with fittings are installed
at the outlet of the drain,
and sealed properly with

minimum gradient.

Total “Yes” and “No” out of 12 criteria

11/11 crtenia are met
(100%). Only 11 criteria
out of 12 criteria are

applicable.
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Appendix S: Nominal Pipe Size for stainless steel (ASME B36.19)

ASME/ANSI B36.10/19
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Appendix 6: Table of Maximum allowable stress for stainless steel pipe AISI304

Table HF-300.1
Maximum Allowable Stress Values for Ferrous Materials, ksi
(Multiply by 1,000 to Obtain psi) (Cont'd)
Extermal Spec. Min. Spec. Min. Maximom Allowsble Stress Value, ksl

Pres-  Temsile  Yield

Croup sure Stremgth Strength, Upts

Spee. Ko. Grads Nominal Compesiion P-Ne. No.  Chart i ks Nete(s) 100°F 350 200 250 300 150 400 450 SOO
Plate
Allgy Steel (Cont'd)

£43732 1BCr-Ti-Co 7 2 2 650 00 (12)13) 130 130 130 128 126 124 12 21 e

(15)

904L 44Fe-25Ms-21Cr-Ma 45 NFN-9 710 e - 142 142 142 139 136 133 131 129 17
Tube
Alloy Steel
SA-213 TP304 Smls. 18Cr-BNi B 1 1A 750 300 (I7(18) 150 150 142 136 132 130 18 17 17

SA-789 S3NN fr.‘-"fl',r-SF.(n-l‘SNi-Q.s—N 104 1 HA-5 101 0 (25) 202 202 202 198 193 188 136 185 185

S3210! Smis Z1Cr-5Ma-1.5N-Cu-N  10H 1 HA-5 040 650 (26) 188 188 188 185 179 175 173 172 172
Sa0! Wid 21CrSMa-1 6Ni-Cu-N 10H 1t HA-5 101 70 (25 172 172 172 169 164 160 158 157 187
/ S22101 Wid 21Cr-5Mn-1.5Ni-CuN 10H 1 HA-S o0 €50 (29 160 160 160 157 152 149 147 15 WE

SA-268 544400 18Cr-2Mo 7 e 2 600 400 (13) 120 120 120 1B 16 1S 14 12 1)
TP439 18Cr-Ti 7 2 o2 600 300 (12)(13) 120 120 120 115 116 114 13 12 1w
S44735 Smls. 29Cr-4Mo 1) 1 HAS 750 €0 [19) 150 1S IS0 147 M5 14 14 14 14
5447315 Wid. 29Cr-4Mo 1€) 1 HA-6 750 600 (M9 128 128 127 125 123 112 2 122 122

Pipe

Alloy Steel

sA312 P304 Smls. 1BCr-8Ni s A HA1 750 300 (1)(17) 150 158 42 136 132 110 128 127 W
TP304L Smls. 16Ce-8Ni s 1 HA3 708 250 (18)12) 140 139 12 127 122 120 117 113 109
TPI16  Smis16Cr-12N-ZMe B 1 HA2 7580 300 (16)(12) IS0 150 150 MB M6 44 13 118 11
TP316L Smis. 16Cr-12N1-2Me B | HA4 700 750 (16)(12) 140 140 116 133 127 121 17 113 19
TP304 Wid. 18Cr-8K1 B 1 HAL 750 300 ()B)17) 128 127 121 116 113 110 109 108 1ed
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Table HF-300.1

Maximum Allowable Stress Values for Ferrous Materials, ksi

(Multiply by 1,000 to Obtain psi) (Cont'd)

External Sper. Min. Spec. Min

Maximum Allowable Stress Value, ksi

Pres-  Tensile Yield
Group sure Strength, Suenpgth, Upto
Spee. Noo Grade Neminal Compesiti P-No. No Chart | ) Josi Note(s) 100°F 150 200 250 300 350 400 450 S00
Pipe
Alloy St=e) (Comn'd)
TPICEL Wid 18Cr-8Ni 8 1 HA-3 700 250 (7)(18)(12) 119 118 112 108 164 182 99 96 93
TP316 Wid 16Cr-12N1-2Mo0 8 1 HA-2 75.0 300 (7)(10)(12) 128 12B 12B 126 124 123 121 1L7 113
T TRILAL Wid 16Cr-12N1-2Ma 8 1 HA-4 700 250 (7)(18)(12) 119 119 116 112 1c8 103 99 96 93
ﬂ-‘:-
oy Stee)
1A 2107 Smis 21Cr-5Mn-1.5N-Cu-N 10H 1 HA-5 101 770 (29) 202 202 202 138 191 188 18C 185 18S
332101 Smis 21Cr-5Mn-1.5N-Cu-N 10H 1 HA-5 a94c 650 (25) 788 188 8B 135 179 175 173 172 172
! S32CY Vi2 21C-SM'n-1 SNiCu-N  1ICH 1 HA-S 101 70 (25) 172 172 T2 169 €4 160 158 157 157
|
)
532107 W2 21C-5Mn-1 5N-CuN 1CH 1 HA-S o410 650 (26) 60 16C 160 157 152 149 147 46 148
(20)
31e 16Cr=12Ni-2ZMo 3] 1 HA-2 750 oo (10)(12) 1S0 1S5S0 150 148 146 144 143 138 113
(20)
Forgings
Alloy Steel
SA-102 Fio4 18Cr-BNi <] 1 HA 750 300 [(1¥)(12) 1S0 150 142 136 132 130 128 127 127
(21)
Flo4L 18Cr-8X) B H HA- 700 250 (18)(12) 140 139 132 127 122 120 1.7 113 109
(21)
Fl16 16Cr-1ZN-2Meo a 1 HA-2 750 300 (18)(12) 150 150 IS0 148 1456 144 143 138 133
21)
F316L 16Cr-12N1-2Mo [:] 1 HA-4 700 250 (18)(12) 140 140 1356 131 127 121 117 113 109
1)
Castings
Alloy Strel
SA-351 [=3:]4 18Cr-10N:-C e 1 = 700 - (9)(12)(22) 112 132 107 102 98B 95 93 91 %0
CFIM 16Cr-12N1-2Ma ] 1 - 70.0 -~ (9)(12)(22) 112 11.2 112 110 109 108 106 107 107

107

ST0Z-AIDAJE ISV



	Binder1.pdf
	image00002
	image00004
	image00006
	image00008
	image00010
	image00012
	image00014
	image00016
	image00018
	image00020
	image00022
	image00024
	image00026
	image00028
	image00030
	image00032
	image00034
	image00036
	image00038
	image00040
	image00042
	image00044
	image00046




