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SUMMARY	
The	drinking	water	system	is	dependent	on	many	different	parameters	in	order	to	attain	a	reliable	distribution.	
The	Sustainable	Development	Goals	call	for	complete	drinking	water	and	sanitation	coverage	by	2030	worldwide	
(United	Nations,	2015).	Central	Asia	is	one	of	the	five	developing	regions	that	met	neither	the	drinking	water	
nor	the	sanitation	target	(United	Nations,	2015).	Tussupova	(2016)	states	that	Kazakhstan	has	incomplete	access	
to	clean	water	and	that	around	70%	of	the	country's	developmental	problems	are	due	to	freshwater	shortage.	
The	rural	areas	in	Kazakhstan	are	extra	vulnerable	when	it	comes	to	lack	of	access	to	clean	water,	hence	the	
Kazakhstani	water	program	aims	that	80%	of	the	rural	population	will	have	access	to	centralized	water	in	2020	
(Tussupova,	2016).	Rural	areas	 in	Kazakhstan	are	regularly	not	connected	to	a	centralized	water	system	and	
need	to	use	other	sources	in	order	to	obtain	water	(Ibid.).	Expansion	of	centralized	water	systems	into	the	rural	
areas	may	be	a	solution	for	this	problem.	With	an	adaption	like	this,	many	risks	regarding	the	reliability	in	terms	
of	quality	and	quantity	would	arise.	Thus,	risk	management	processes	could	contribute	to	facilitate	an	efficient	
and	sustainable	transition.		

The	 aim	 of	 the	 Thesis	 Project	 was	 to	 develop	 a	 general	 risk	 management	 approach	 for	 the	 expansion	 of	
centralized	 drinking	 water	 systems	 in	 Central	 Asia.	 With	 this	 in	 mind,	 a	 literature	 study	 regarding	 existing	
research	on	 the	 topic	was	 conducted	and	provided	an	 idea	 for	 the	model,	which	 resulted	 in	 a	 Layered	Risk	
Assessment	Approach	containing	the	following	steps:	Scope	Definition,	Stakeholder	Identification,	Stakeholder	
Opinions,	Risk	Scenario	Formulation,	Risk	Ranking	and	Mitigating	Measures.	

The	approach	was	then	 implemented	 in	a	Case	Study	 in	Pavlodar,	Kazakhstan.	With	help	 from	the	 literature	
study,	interviews,	observations	and	a	focus	group	discussion,	risk	scenarios	were	identified	and	explained.	The	
authors	 of	 the	 Thesis	 recommend	 that	 Gorvodokanal	 in	 Pavlodar	 implement	 some	 mitigating	 measures	
discussed	in	Chapter	7.	The	authors	suggested	thirteen	different	measures	but	generally	recommend	the	facility	
to	implement	these	individually.	The	measures	that	should	be	prioritized	are	e.g.	add	a	second	intake	of	water	
to	 the	 drinking	 water	 facility	 and	 increase	 the	 capacity	 of	 the	 water	 treatment	 facility.	 The	 priority	 of	 the	
measures	was	based	on	the	risk	ranking	and	with	regard	to	the	economic	situation	of	the	enterprise.			

Through	the	Case	Study,	the	authors	were	able	to	analyze	the	applicability	of	the	suggested	approach	and	get	a	
clearer	picture	regarding	the	current	and	future	risks	when	implementing	an	expansion	of	the	drinking	water	
distribution	system	in	Pavlodar	and	how	to	mitigate	the	risks.	The	authors’	opinion	regarding	the	application	of	
the	developed	approach	is	that	it	is	straightforward	and	easy	to	implement.	It	leaves	room	to	adapt	it	to	different	
situations,	 however,	 it	 raises	 a	 concern	 that	 it	 might	 be	 too	 adaptable.	 Nevertheless,	 the	 authors	 find	 it	
necessary	 to	 perform	more	 case	 studies	with	 the	 approach	 to	 provide	more	 input	 regarding	 its	 design	 and	
applicability,	which	will	enable	a	thought-through	development	of	the	approach.		
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ABSTRACT	
The	aim	of	this	Thesis	Project	was	to	develop	a	general	risk	management	approach	for	assessing	the	expansion	
of	a	centralized	water	system	in	Central	Asian	countries.	In	order	to	develop	the	general	approach,	a	case	study	
was	 performed	 in	 Pavlodar,	 Kazakhstan.	 The	 basis	 for	 developing	 the	 approach	 was	 literature	 study,	 data	
collection,	interviews,	focus	group	discussion	(FGD)	and	observations	made	in	the	field.	The	result	was	a	Layered	
Risk	 Assessment	 Approach	 which	 has	 the	 following	 steps;	 Scope	 Definition,	 Stakeholder	 Identification,	
Stakeholder	Opinions,	Risk	Scenario	Formulation,	Risk	Ranking	and	Mitigating	Measures.	

The	stakeholders’	opinions	were	gained	through	surveys,	which	targeted	the	end-users,	 interviews	and	FGD,	
which	 both	 targeted	 the	 experts	 within	 the	 field.	 Information	 from	 the	 literature	 search,	 collected	 data,	
interviews	and	FGD	was	used	to	create	15	risk	scenarios	which	were	ranked	with	likelihood	and	consequence.	
The	risk	scenarios	were	separated	into	two	categories;	current	risks	and	risks	that	would	occur	with	an	expansion	
of	 the	 system.	 Mitigating	 measures	 were	 suggested,	 and	 to	 show	 a	 holistic	 picture,	 pros	 and	 cons	 of	
implementing	the	measures	were	included.	Examples	of	measures	the	authors	suggest	to	be	implemented	are	
Add	a	second	intake	of	water	and	Increase	the	capacity	of	the	drinking	water	treatment	facility.	

As	a	conclusion,	the	authors	think	that	the	approach	worked	well	on	the	system	in	Pavlodar.	However,	the	lack	
of	transparency	and	the	language	barrier	presented	difficulties	that	affected	the	result	for	this	Thesis	Project.	In	
addition,	 the	approach	should	be	 implemented	 in	other	case	studies	 for	 further	development	and	 increased	
reliability.	

	 	



 

iii	

ACKNOWLEDGEMENT	
A	special	thank	you	to	the	supervisors	and	examiners.	Thank	you	for	spending	time	on	reading	this	long	report,	
giving	us	feedback,	and	answering	our	questions.	We	would	also	thank	the	scholarship	committee	for	believing	
in	our	idea,	without	your	support	we	would	not	have	been	able	to	embark	on	this	journey.	

Our	mentor	and	friend	Sergey	Royev,	for	your	assistance	throughout	the	entire	field	study	and	for	showing	us	
your	hometown.	Ivan	Radelyuk,	for	your	thorough	support	and	input.	Marianne	Franke,	for	the	great	guidance	
and	help	regarding	drinking	water	quality	and	drinking	water	treatment.	Without	your	knowledge,	we	would	be	
stranded.	Elin	Ossiansson,	for	letting	us	visit	Källby	ARV	and	for	all	the	valuable	inputs	regarding	the	wastewater	
treatment.	Aliya	Aldungarova,	Akmaral	Kanatbekovna	and	Kapar	Aryngazin,	for	arranging	our	stay	in	Pavlodar	
and	for	connecting	us	with	the	right	people	in	order	get	our	questions	answered.	Kulshat	Zhapargazinova	for	
joining	 us	 at	 the	 industry	 visits	 and	 all	 your	 valuable	 input	 and	 feedback.	 Kabidolla	 Kistaubayevich	 for	 the	
valuable	 consultations	 regarding	 the	 water	 and	 wastewater	 systems.	 Thank	 you	 Zhanar	 Samenova	 for	
connecting	us,	and	all	 the	additional	support.	Sabid	Mausumbaev	for	answering	our	questions	regarding	the	
drinking	water	and	wastewater	facility	in	Pavlodar.	To	the	Calcination	Unit,	the	NFD	Unit,	the	Oil-	and	the	Gas	
Refinery	 for	 letting	us	come	and	visit	 your	plants.	We	gathered	a	 lot	of	valuable	 information	 thanks	 to	you.	
Shynar	Arynova,	 Alexander	Nikiforov	 and	Madi	Madiniet	 for	 all	 the	 valuable	 information.	 To	 all	 of	 our	 new	
friends	that	we	met	there,	thank	you	for	supporting	and	helping	us!	

Last	but	certainly	not	least,	a	great	thanks	to	our	family	and	friends	for	always	supporting	us	and	keeping	us	
sane	during	these	months.	You	know	who	you	are.			

		

	 	



 

iv	

TABLE	OF	CONTENTS	
	

1.	Introduction	.......................................................................................................................................................	1	

1.1	Background	..................................................................................................................................................	1	

1.2	Purpose	........................................................................................................................................................	1	

1.3	Research	Questions	.....................................................................................................................................	2	

1.4	Project	Boundaries	.......................................................................................................................................	2	

1.5	Water	Supply	in	Kazakhstan	and	Pavlodar	...................................................................................................	2	

	2.	Methodology	.....................................................................................................................................................	5	

2.1	Literature	Study	...........................................................................................................................................	5	

2.2	Visits	to	Swedish	Water	Systems	.................................................................................................................	5	

2.3	Development	of	General	Approach	.............................................................................................................	5	

2.4	Stakeholder	Participation	............................................................................................................................	6	

2.5	Survey	..........................................................................................................................................................	6	

2.6	Observations	of	Water	Treatment	Processes	..............................................................................................	6	

2.7	Focus	Group	Discussion	and	Interviews	.......................................................................................................	6	

2.8	Drinking	Water,	Wastewater	and	Pipeline	Data	..........................................................................................	7	

3.	Theoretical	Background	.....................................................................................................................................	9	

3.1	Risk	Definition	..............................................................................................................................................	9	

3.2	Risk	Perception	............................................................................................................................................	9	

3.3	Risk	Management		.......................................................................................................................................	9	

3.3.1	Risk	Assessment	..................................................................................................................................	10	

3.3.2	Risk	Analysis	........................................................................................................................................	10	

3.3.3	Risk	Presentation	and	Risk	Treatment	................................................................................................	11	

3.4	Water	Treatment	Systems	.........................................................................................................................	11	

3.4.1	System	Overview	................................................................................................................................	12	

3.4.2	Systems	in	Central	Asia	&	Central-	and	Eastern	Europe	.....................................................................	13	

4.	Water	Capacity	.................................................................................................................................................	15	

4.1	Capacity	of	Drinking	Water	Source	............................................................................................................	15	

4.2	Capacity	Water	Treatment	System	............................................................................................................	16	

4.3	Capacity	Wastewater	Treatment	System	...................................................................................................	16	

4.4	Risk	Management	and	Mitigating	Measures	for	Water	Supply	Systems	...................................................	17	

4.5	Literature	Study	Conclusion	.......................................................................................................................	17	

5.	Case	Study	Pavlodar			.......................................................................................................................................	19	

5.1	Drinking	Water	Regulations	in	Kazakhstan	................................................................................................	19	

5.2	Wastewater	Regulations	in	Kazakhstan	.....................................................................................................	19	

5.3	Drinking	Water	Consumption	in	Kazakhstan	.............................................................................................	20	



 

v	

5.4	Water	Source	Irtysh	River	Facts	and	Observations	....................................................................................	20	

5.5	Drinking	Water	Treatment	.........................................................................................................................	22	

5.6	Domestic	Wastewater	Treatment	..............................................................................................................	22	

5.7	Industrial	Water	and	Wastewater	Treatment	............................................................................................	24	

5.8	Distribution	of	Centralized	Water	and	Wastewater	System	......................................................................	25	

5.9	Visit	to	Kenzhekol	.......................................................................................................................................	25	

5.10	Other	Investigations	.................................................................................................................................	25	

6.	Layered	Risk	Assessment	Approach	.................................................................................................................	27	

	6.1	Idea	of	Approach	.......................................................................................................................................	27	

6.2	Development	of	the	Approach	..................................................................................................................	27	

	6.3	Discussion	of	Implementation	of	the	Approach		.......................................................................................	30	

7.	Results	from	Application	..................................................................................................................................	33	

7.1	Scope	Definition	.........................................................................................................................................	33	

7.2	Stakeholder	Identification	..........................................................................................................................	33	

7.3	Gathering	of	Opinions	................................................................................................................................	33	

7.4	Risk	Scenario	Formulation	.........................................................................................................................	35	

7.5	Risk	Ranking	...............................................................................................................................................	46	

7.6	Mitigating	Measures	..................................................................................................................................	48	

7.7	Risk	Reduction	Evaluation	..........................................................................................................................	63	

7.8	Cost	of	Measures	.......................................................................................................................................	64	

7.9	Mitigating	Measure	Priority	.......................................................................................................................	66	

7.10	Concluding	Remark	..................................................................................................................................	67	

8.	Discussion	.........................................................................................................................................................	69	

8.1	Evaluation	of	the	Layered	Risk	Assessment	Approach	..........................................................................	69	

8.2	Overall	Validity	of	the	Results	....................................................................................................................	71	

9.	Conclusion	........................................................................................................................................................	73	

10.Bibliography	....................................................................................................................................................	75	

11.	Appendices	.....................................................................................................................................................	79	

11.1	Appendix	A		..............................................................................................................................................	79	

11.2	Appendix	B		..............................................................................................................................................	81	

11.3	Appendix	C		..............................................................................................................................................	93	

11.4	Appendix	D	...............................................................................................................................................	98	

11.5	Appendix	E	.............................................................................................................................................	102	

11.6	Appendix	F	.............................................................................................................................................	117	

11.7	Appendix	G	.............................................................................................................................................	124	

11.8	Appendix	H		............................................................................................................................................	125	

11.9	Appendix	I		.............................................................................................................................................	128	

	



 

vi	

ABBREVIATIONS	
ALARP=	As	Low	As	Reasonably	Possible	
BOD=	Biochemical	Oxygen	Demand	
COD	=	Chemical	oxygen	demand	
DNV=	Det	Norske	Veritas	
EPC=	Environmental	Protection	Committee	
FGD	=	Focus	Group	Discussion	
JMP=	Joint	Monitoring	Programme	(between	UNICEF	and	WHO)	
MSB=	Myndigheten	för	Samhällsskydd	och	Beredskap	
PP=	Polypropylene	
PSU=	Pavlodar	State	University	
SDG	=	Sustainable	Development	Goals	
SWOC	=	Strengths	Weaknesses	Opportunities	Challenges	
SMI=	Smittskyddsinstitutet	
UV=	Ultraviolet	light	
WHO=	World	Health	Organization	
WSP=	Waste	Stabilization	Pond	
WTP	=	Willingness	to	Pay	
	
	

	 	



 

vii	

DEFINITIONS	
Here	is	a	summary	of	definitions	used	in	the	report,	where	the	definitions	are	given	with	references.	

Centralized	water	=	Water	that	is	supplied	through	a	pipe	system	to	the	end	users.	

Corrosion	=	When	metal	ions	dissolve	and	form	more	stable	compounds,	most	commonly	oxides.	

Decentralized	water	=	Water	that	comes	directly	from	the	raw	water	source,	usually	delivered	though	a	borehole	
or	well.	

Reliability	of	distribution	=	The	ability	to	deliver	water	of	enough	quality	and	quantity	to	the	defined	group	of	
households.		

Residual	effect	=	The	ability	of	free	chemical	particles	to	disinfect,	in	this	case	free	chlorine	that	disinfects	the	
water	in	reservoirs	and/or	distribution	pipes.		

Risk	analysis	=	Analysis	of	risks	in	terms	of	the	likelihood	combined	with	the	consequences	that	something	might	
deviate	from	the	wanted	outcome.		

Risk	assessment	=	Consists	of	risk	analysis	and	risk	evaluation.	

Risk	evaluation	=	Risks	are	evaluated	in	terms	of	acceptability.	

Risk	management	=	The	process	involving	risk	identification,	risk	analysis,	risk	evaluation,	and	risk	reduction.			

Risk	reduction	=	Treatment	of	risks	in	terms	of	reduction	of	their	likelihood	and/or	consequence.		

Risk	scenario	=	A	disturbing	event	that	could	occur	in	a	defined	system.	

Safe	drinking	water=	Water	consumed	over	a	lifetime,	which	does	not	represent	any	significant	risk	to	health.	

Turbidity	=	Related	to	the	transparency	of	water,	where	high	turbidity	equals	to	low	transparency,	visible	to	the	
naked	eye.	This	is	caused	by	small	suspended	particles	in	the	water	
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1.	INTRODUCTION	
This	chapter	aims	to	introduce	the	context	of	the	project	and	what	it	aims	to	achieve.	It	presents	the	background	
for	selecting	the	theme	of	the	Thesis	Project,	the	aim	of	the	investigation,	the	research	questions,	the	project	
boundaries,	area	description	of	the	field	study	and	the	methodology	for	answering	the	research	questions.		

1.1	BACKGROUND 
Every	20	years	the	global	consumption	of	water	is	doubled	(DHI	Group,	2018).	With	this	rate	of	consumption	by	
2025	the	water	demand	will	exceed	the	supply	with	56%.	Additionally,	there	 is	an	uneven	distribution	of	the	
freshwater	and	much	water	is	wasted,	polluted	or	badly	managed.	The	Sustainable	Development	Goals	(SDGs)	
call	 for	 full	 drinking	 water	 and	 sanitation	 coverage	 by	 2030	 worldwide	 (United	 Nations,	 2015a).	 The	 Joint	
Monitoring	Programme	(JMP)	by	UNICEF	and	WHO	assessed	the	global	achievement	towards	the	progress	 in	
access	to	drinking	water	and	sanitation	in	terms	of	the	 level	of	services.	The	highest	 level	 is	piped	water	and	
sanitation	on	premises	and	the	lowest,	untreated	surface	water	for	drinking,	and	practice	of	open	defecation	
(UNICEF,	WHO,	2015).	Central	Asia	is	one	of	the	five	developing	regions	that	met	neither	the	drinking	water	nor	
the	sanitation	goals	(United	Nations,	2015b).	It	is	the	only	region	in	the	world	where	the	share	of	surface	water	
users	 increased	from	5	to	6%	during	1990-2015.	The	dismantled	state	apparatus,	 lack	of	 investment	 into	the	
infrastructure	 during	 ten	 years	 after	 the	 dissolving	 of	 the	 Soviet	 Union,	 led	 to	 a	 quick	 ageing	 and	 poor	
maintenance	of	water	pipelines	causing	people	to	use	water	from	other,	mostly	untreated	sources	(UNDP,	2006).	
In	Kazakhstan,	the	main	water	supply	systems	are	either	centralized	or	decentralized.	Decentralized	systems	take	
raw	drinking	water	from	the	course	usually	without	any	treatment.	Borehole	and	water	wells	are	common	types	
of	decentralized	water	supply	systems.	The	centralized	systems	use	a	distribution	system	to	provide	water	to	the	
inhabitants	of	 the	area,	 provided	either	 through	pipes	 to	 the	household	or	 as	public	 standpipes.	 In	 areas	of	
Kazakhstan	the	wastewater	collection	varies.	The	reason	for	this	is	that	during	the	Soviet	Union	it	was	decided	
that	the	wastewater	collection	and	treatment	would	be	performed	by	the	inhabitants	themselves.	Kazakhstan	
has	expressed	Agenda	2030	as	a	priority,	where	clean	water	for	all	is	included.	Avoidance	of	drinking	low-grade	
water	is	further	emphasized	in	The	Strategy	of	Kazakhstan	2030	(President	of	Kazakhstan,	2017).	The	aim	for	the	
water	distribution	for	the	Pavlodar	Region	is	to	increase	the	water	distribution.	Every	5	years	the	plan	is	updated1.		

Tussupova	 (2016)	 further	 states	 that	 in	 rural	 areas	of	 Pavlodar,	 Kazakhstan,	 there	 is	 a	 tendency	 that	people	
choose	to	purchase	water	in	tanks	instead	of	drinking	from	the	water	source.	Additionally,	in	Tussupova’s	PhD	
research	the	result	revealed	that	there	is	a	Willingness	to	Pay	(WTP)	in	order	for	the	local	population	in	the	rural	
areas	to	receive	treated	water	at	their	households.	Half	of	the	respondents	were	ready	to	pay	1120	KZT/month	
(€2.84),	and	an	additional	connection	fee	of	20000	KZT	(€50.7)	(Tussupova,	2016).	In	order	to	connect	more	rural	
areas,	 research	 regarding	 expansion	 possibilities	would	 be	 relevant.	 However,	 due	 to	 the	 complexity	 of	 the	
system,	 a	 safe	 and	 sustainable	 expansion	 may	 be	 challenging.	 In	 order	 to	 develop	 a	 safe	 and	 sustainable	
expansion,	a	risk	management	approach	is	viewed	as	a	possibility	to	be	explored.	The	investigation	is	a	combined	
Master	Thesis	for	the	master	programs	Risk	Management	and	Safety	Engineering	and	Chemical	Engineering	at	
LTH.	It	is	also	a	part	of	a	SIDA	financed	program	called	Minor	Field	Study.		

1.2	PURPOSE 
The	Master	Thesis	aims	to	explore	the	use	of	risk	assessment	for	expanding	water	distribution	systems	in	Central	
Asia,	by	developing	a	general	approach	for	this	purpose	to	work	towards	the	sixth	SDG.	Additionally,	the	Thesis	
aims	to	gain	an	understanding	of	the	centralized	water	distribution	system	in	Pavlodar,	Kazakhstan	and	how	to	

                                                
1	Personal	contact	with	Kamshat	Tussupova,	Post-doc	Water	Resources	Engineering	at	Lund	University,	2018-03-
26	and	2018-05-30.	
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perform	risk	assessment	on	the	current	system	as	well	as	the	desired	expanded	system.	This	will	be	achieved	be	
implementing	this	general	approach.	More	specifically	the	aim	is	to:		

• Develop	 a	 general	 risk	 assessment	 approach	 for	 expansion	 of	 a	 current	 centralized	 drinking	 water	
system.	

• Apply	the	general	approach	through	a	Case	Study.	

• Briefly	evaluate	the	general	approach	and	its	applicability.		

1.3	RESEARCH	QUESTIONS 
The	research	questions	aim	to	mirror	the	purpose	of	the	Master	Thesis	with	emphasis	on	reliability	of	the	water	
distribution	system,	where	reliability	is	defined	as	the	ability	of	the	system	to	deliver	water	of	high	quality	and	
right	quantity	within	a	reasonable	amount	of	time.		

• How	 can	 an	 approach	 for	 assessing	 risks	 facing	 the	 expansion	 of	 a	 centralized	 water	 system	 be	
developed?	

The	 results	 and	 outcome	 of	 the	 first	 research	 question	will	 enable	 answering	 the	 second	 research	 question	
below.	

• What	risks	 regarding	the	reliability	of	 the	drinking	water	system	 in	Pavlodar	would	 interfere	with	an	
expansion	of	the	current	centralized	water	system	when	using	the	conducted	general	approach?	

1.4	PROJECT	BOUNDARIES 
Below	the	boundaries	of	the	Thesis	Project	are	clarified.	

Character	of	Risk	

The	risk	analysis	focuses	on	the	technical	and	physical	risks	within	the	water	treatment	and	delivery	processes	
that	may	affect	the	ability	to	deliver	water	of	the	right	quality	and	quantity	within	a	reasonable	amount	of	time.	
In	order	to	get	a	somewhat	more	holistic	perspective,	economical	and	managerial	issues	are	also	treated	briefly.	
Thus,	 the	 risks	 identified	 are	 accidental	 and	 unexpected	 events	 that	might	 occur	 in	 the	 system.	 The	 risk	 of	
sabotage	and	terror	attacks	are	not	included	in	this	Thesis.	

System	Boundaries	

Drinking	water	and	wastewater	distribution	systems	consist	of	both	centralized	and	decentralized	systems.	This	
study,	however,	focuses	on	investigating	the	centralized	drinking	water	system,	with	the	goal	of	investigating	the	
potential	for	expansion.	The	decentralized	systems	are	briefly	treated	to	provide	a	broader	picture	for	the	reader.			

1.5	WATER	SUPPLY	IN	KAZAKHSTAN	AND	PAVLODAR	
The	Case	 Study	was	 performed	 in	 Pavlodar	 Region,	 Kazakhstan,	which	was	 chosen	 since	 the	 authors	 gained	
knowledge	about	it	through	contacts	at	the	Department	of	Water	Resources	at	Lund	University.	By	reading	the	
report	Supplying	rural	Kazakhstan	with	safe	water	and	sanitation	by	Tussupova	(2016)	the	idea	to	perform	an	
additional	study	within	the	same	area	appeared.		

In	Kazakhstan,	water	 is	distributed	 through	 centralized	or	decentralized	 systems.	 In	 cities,	water	 is	 generally	
distributed	via	centralized	systems	directly	to	the	tap	or	to	public	standpipes.	Decentralized	systems	are	common	
in	rural	areas,	where	water	comes	directly	from	the	raw	water	source	and	usually	supplied	to	a	well	or	borehole	
(Tussupova,	2016).	
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Classified	 safe	water	 sources	 are	 tap	water,	 standpipe,	well	with	 pump,	 borehole,	 spring	water	 or	 collected	
rainwater	(WHO,	2006).	Since	the	rural	areas	suffer	more	from	a	lack	of	access	to	clean	water,	the	Kazakhstani	
water	program	aims	that	80%	of	the	rural	population	by	2020	has	access	to	centralized	water	(Tussupova,	2016).		

As	displayed	in	Figure	1.1,	the	Pavlodar	Region	is	in	northeast	Kazakhstan,	450	km	from	the	capital	Astana	and	
405	km	from	the	Russian	border.	The	temperatures	vary	from	-	40°C	to	40°C	over	the	year	(Tussupova,	2016).	

	

FIGURE	1.1	DISPLAYS	THE	FIELD	STUDY	AREA,	PAVLODAR	REGION,	IN	KAZAKHSTAN	(TUSSUPOVA,	2016). 

There	are	745,000	inhabitants	in	Pavlodar	Region	and	about	325,000	of	these	live	in	Pavlodar	City	(Press	service	
of	the	Prime	Minister	of	the	Republic	of	Kazakhstan,	2018).	The	treatment	center	in	Pavlodar,	which	treats	and	
distributes	 centralized	 water,	 is	 Gorvodokanal.	 They	 use	 surface	 water	 from	 Irtysh	 River	 as	 water	 source2.	
Zharpargazinova,	who	will	be	referred	to	as	Respondent	1,	states	in	an	interview	that	the	center	distributes	water	
to	households,	operations	and	industries.		

Domestic	 wastewater	 is	 treated	 through	 either	 Gorvodokanal’s	 centralized	 system	 or	 private	 decentralized	
systems.	Tussupova	(2016)	explains	that	pit	latrines	are	common	in	rural	areas	and	that	septic	tanks	are	common	
for	 greywater	 collection.	 However,	 there	 is	 a	 lack	 of	 reliable	 information	 on	 rural	 household	 wastewater	
management	in	Pavlodar.	

 	

                                                
2	Personal	contact	with	Ivan	Radelyuk	Ph.D.,	Water	Resource	Engineering	Department,	Lund	University,	2018-
01-30.	
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	 	 	2.	METHODOLOGY	
This	chapter	presents	the	methods	that	were	used	for	the	data	collection.	The	majority	of	the	methods	for	data	
collection	 was	 performed	 as	 a	 part	 of	 a	 Case	 Study,	 which	 investigated	 the	 centralized	 drinking	 water	 and	
wastewater	treatment	systems	in	Pavlodar,	Kazakhstan.	The	literature	study	was	not	performed	during	the	Case	
Study.	Additionally,	water	systems	in	Sweden	were	visited.	

2.1	LITERATURE	STUDY	
A	literature	study	was	performed	before	the	Case	Study	started.	First,	general	literature	about	drinking	water	
and	wastewater	treatment	processes	and	risk	analyses	was	identified	and	read.	For	further	information,	that	was	
more	niched	into	the	specific	field	of	study,	the	search	words	were	angled	to	have	a	focus	on	water	safety,	critical	
points	 regarding	 drinking	 water	 and	 wastewater	 distribution	 systems,	 risk	 analyses	 for	 water	 systems,	
recommendations	and	risks	related	to	expansion	of	water	systems,	and	water	systems	in	areas	similar	to	the	
systems	in	Kazakhstan.	Additionally,	literature	regarding	study	approaches	and	interview	techniques	was	found.	
The	 process	 in	 terms	 of	 search	words	 or	 cross	 references	 of	 the	 literature	 study	 is	 provided	 in	Table	A.1	 in	
Appendix	A.	Whether	the	literature	was	further	investigated	or	excluded	was	decided	by	identifying	the	theme	
of	the	articles	through	the	titles.	If	the	title	seemed	relevant	for	addressing	the	research	questions,	the	abstract	
was	overviewed.	If	the	abstract	was	found	interesting,	the	article	was	read.	The	literature	in	Table	A.1	does	not	
include	all	the	literature	that	was	found,	but	only	displays	the	literature	that	was	found	most	relevant.	Thus,	the	
table	only	displays	part	of	the	work	with	the	literature	study.	Additionally,	some	literature	that	is	used	in	the	
report	was	accessed	through	recommendations	or	through	old	course	material.		

During	the	literature	search,	it	was	noted	that	there	were	few	articles	found	on	the	extension	of	capacity	of	water	
supply	systems	with	a	risk	perspective.	Most	of	the	articles	either	used	simulations	like	Ilaya-Ayza	et	al.	(2016),	
Chang	et	al.	(2012)	or	Lan	et	al.	(2015)	to	calculate	what	process	steps	needed	to	be	altered	to	expand	or	applied	
a	 risk	 perspective	when	 constructing	 a	 new	drinking	water	 system	 like	Hidayatno	 et	 al.	 (2015).	 They	do	not	
combine	a	risk	assessment	on	a	water	system	expansion,	but	separately	discuss	an	implementation	of	a	system	
expansion	or	assess	risks	of	a	current	treatment	facility.	Additionally,	some	of	the	articles	with	interesting	titles	
were	not	further	accessible	through	the	search	engines	used	for	the	literature	study.	Through	this,	the	authors’	
perception	 is	 that	 the	 research	 within	 this	 specific	 subject	 is	 to	 a	 certain	 extent,	 limited	 and	 inaccessible.	
Additionally,	it	should	be	noted	that	some	search	words	or	cross	references	provided	literature	in	Russian.	These	
were	neglected	since	the	authors’	knowledge	in	the	Russian	language	is	highly	limited.	However,	some	relevant	
information	was	found	through	the	literature	study,	which	is	thoroughly	displayed	in	Chapter	4.	

2.2	VISITS	TO	SWEDISH	WATER	SYSTEMS	
Two	water	system	plants	in	Sweden	were	visited	prior	to	the	Case	Study	in	order	to	observe	the	processes	and	
ask	relevant	questions.	The	first	plant	visit	was	arranged	by	Elin	Ossiansson	at	Källby	Reningsverk,	which	 is	a	
wastewater	treatment	plant.	The	second	plant	visit	was	arranged	by	Marianne	Franke	at	Sydvatten	Vattenverk	
in	 Stehag,	 which	 is	 a	 drinking	 water	 treatment	 plant.	 The	 authors	 had	 never	 visited	 a	 drinking	 water	 or	
wastewater	treatment	facility	before,	so	the	visits	were	aimed	to	provide	further	understanding	of	the	treatment	
processes	and	how	these	kinds	of	plants	may	 look	 like.	Staff	at	Lund	University	provided	the	contacts	 to	 the	
treatment	facilities.	

2.3	DEVELOPMENT	OF	GENERAL	APPROACH	
Through	 the	 results	 of	 the	 literature	 study	 and	 the	 visits	 to	 the	 Swedish	 Water	 Systems,	 a	 general	 risk	
management	approach	for	expansion	of	centralized	drinking	water	systems	was	developed.	This	is	termed	as	the	
Layered	Risk	Assessment	Approach	and	is	presented	in	Chapter	6.	
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2.4	STAKEHOLDER	PARTICIPATION	
Meyer	et	al.	(2016)	state	the	importance	of	including	all	stakeholders	in	studies	that	treat	water	systems.	The	
study	performed	by	Karatayev	et	al.	(2017)	also	focused	on	including	different	stakeholder	opinions.	The	authors	
agree	 that	 this	 is	 important,	 since	 it	 provides	 a	 holistic	 picture	 of	 who	 are	 affected	 by	 the	 system	 and	 the	
foundation	regarding	what	stakeholder	opinions	to	include	in	the	study.	Additionally,	by	actually	spending	time	
on	 defining	 the	 stakeholders,	 it	mitigates	 the	 risk	 of	 forgetting	 an	 important	 actor	 of	 the	 system.	 Hence,	 a	
stakeholder	analysis	was	performed.	The	stakeholders	were	defined	through	brainstorming	and	discussion	with	
experts	at	Pavlodar	State	University	(PSU).		

2.5	SURVEY	
The	 aim	 of	 the	 survey	 was	 to	 collect	 the	 domestic	 end-users’	 perception	 of	 the	 water	 services,	 as	 well	 as	
understanding	 the	 distribution	 of	 the	 different	 drinking	 water	 and	 wastewater	 sources	 in	 the	 city	 and	 the	
communities	close	to	the	city.	Questions	regarding	domestic	drinking	water	and	wastewater	management	were	
constructed.	The	questions	were	written	in	English	before	arrival	to	Pavlodar	and	then	translated	into	Russian	
with	the	help	of	a	translator.	In	total,	the	authors	collected	124	surveys.	The	survey	was	handed	out	to	students	
at	PSU	during	different	lectures,	which	resulted	in	101	answers,	where	91	participants	lived	in	Pavlodar	City	and	
10	participants	lived	in	smaller	nearby	communities	and	in	another	city.	With	help	from	a	professor	at	PSU,	the	
survey	was	also	distributed	in	the	nearby	community	Leninskiy,	which	resulted	in	19	answers.	Additionally,	the	
authors	visited	the	community	Kenzekhol,	which	resulted	in	4	answers.	Thus,	the	majority	of	participants	in	the	
survey	was	students	at	PSU.	Some	adults	participated	in	survey	as	well;	however,	since	the	authors	did	not	go	to	
Leninskiy	 themselves,	 the	 age	 distribution	 of	 the	 respondents	 there	 is	 unknown.	More	 specific	 information	
regarding	the	distribution	of	the	survey	and	its	results	is	presented	in	Chapter	7.	The	questions	of	the	survey	and	
a	summary	of	the	answers	are	presented	in	Appendix	F.			

2.6	OBSERVATIONS	OF	WATER	TREATMENT	PROCESSES	
The	Gorvodokanal	drinking	water	and	wastewater	treatment	facilities	were	aimed	to	be	visited.	However,	the	
authors	were	not	allowed	access,	since	the	treatment	facilities	are	critical	to	the	city	of	Pavlodar.	Because	of	this,	
the	authors	decided	to	visit	three	industrial	plants	that	have	their	own	drinking	water	and	wastewater	treatment	
units,	in	order	to	observe	the	treatment	system	functions	and	to	collect	data	regarding	the	water	quality	of	the	
water	 entering	 the	plant	 and	how	 they	manage	 the	wastewater.	 The	 industries	 visited	were	 the	Calcination	
Industry,	Naphthalene	LTD	Factory	and	the	Oil	Refinery.	

2.7	FOCUS	GROUP	DISCUSSION	AND	INTERVIEWS	
A	 focus	group	discussion	 (FGD)	was	performed	with	experts	within	 the	 field	as	part	of	 the	 risk	 identification	
process	and	in	order	to	rate	the	identified	risks.	Participants	in	the	FGD	were	selected	according	to	expertise	and	
knowledge	within	the	area	with	the	idea	to	obtain	as	broad	spectrum	of	knowledge	as	possible.	After	presenting	
the	aim	of	the	Thesis	and	the	FGD	to	the	supervisor	at	PSU,	the	invitation	of	the	FGD	was	sent	to	the	Chemistry	
Department	at	PSU,	the	Environmental	Safety	Department	at	PSU	and	Employees	of	Gorvodokanal.	As	a	result,	
the	FGD	was	performed	with	a	total	of	ten	participants,	excluding	the	two	authors.	Five	participants	of	the	FGD	
are	experts	whereas	four	of	the	participants	are	water	treatment	experts	at	PSU.	Two	of	the	experts	are	from	
the	Department	of	Chemical	Engineering,	where	one	is	the	former	Head	of	Department	and	have	over	30	years	
of	experience	within	the	field	and	the	other	is	the	current	Head	of	Department.	Two	experts	are	researchers	and	
lecturers	at	the	Environmental	and	Safety	Department.	The	last	expert	is	a	Gorvodokanal	employee,	where	he	
has	been	working	for	around	one	year.	In	addition,	five	students	participated	in	the	FGD.	Further	information	
regarding	the	participants	as	well	as	the	asked	questions	and	noted	answers	of	the	FGD	are	displayed	in	Appendix	
B.	Through	the	FGD	a	SWOC-analysis,	where	strengths,	weaknesses,	opportunities	and	challenges	of	the	system	
were	identified,	was	performed.	A	SWOC-analysis	was	used	since	it	is	considered	to	have	a	more	positive	tone	
than	a	regular	risk	definition	process,	as	Karatayev	et	al.	(2017)	also	argue.	Further,	by	exchanging	the	SWOT-
analysis’	threats	to	challenges,	the	analysis	is	considered	even	less	aggressive.	Additionally,	a	foundation	for	risk	
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rankings	and	mitigating	measures	to	decrease	these	risks	were	discussed.	Part	of	the	discussion	was	performed	
in	Russian;	however,	all	conclusions	were	presented	in	English.		 

Interviews	 were	 performed	 in	 order	 to	 get	 information	 about	 the	 water	 treatment	 systems	 and	 to	 further	
investigate	 the	 same	 topics	 as	 the	 FGD.	 The	 people	 interviewed	were	 selected	 according	 to	 knowledge	 and	
availability.	In	total	nine	people	were	interviewed.	Unfortunately,	due	to	secrecy	or	lack	of	valuable	information,	
only	four	interviews	provided	valuable	information.	Three	of	these	interviews	required	a	translator.		In	the	report	
interviewee	 Zhapargazinova	 will	 be	 referred	 to	 as	 Respondent	 1,	 as	 mentioned	 previously.	 Professor	
Zhapargazinova	has	over	30	years	of	experience	in	the	field	and	used	to	be	Head	of	the	Chemical	Engineering	
Department.	 Nikiforov,	 Head	 of	 Hydroelectric	 Department,	 and	 Antonsev,	 Vice	 Dean	 of	 Hydroelectric	
Department	are	referred	to	as	Respondents	2.	Kistaubayevich	is	referred	to	as	Respondent	3	and	has	over	30	
years	of	experience	within	the	field	and	worked	at	the	Gorvodokanal	for	over	20	years.	Mausumbaev	is	referred	
to	 as	 Respondent	 4	 and	 is	 currently	 working	 at	 Gorvodokanal.	 The	 valid	 information	 of	 the	 interviews	was	
transcribed	and	is	presented	in	Appendix	B	together	with	further	information	about	the	interviewees.	

Choice	of	Method	

Guest	et	al.	 (2017)	performed	a	comparison	study	where	the	results	of	 individual	 interviews	and	focus	group	
discussions	are	compared;	the	authors	explain	that	both	types	of	questioning	are	rather	similar	with	open-ended	
questions.	However,	the	structure	of	the	procedures	is	rather	different.	With	an	FGD	one	might	be	more	likely	
to	collect	information	that	may	not	be	extracted	from	a	single	person.	On	the	other	hand,	individual	interviews	
are	supposed	to	reveal	more	detail	and	produce	more	data.	However,	FGDs	tend	to	reveal	more	sensitive	and	
personal	information.	

Both	 approaches	 were	 used	 in	 the	 Thesis.	 Thus,	 since	 somewhat	 sensitive	 topics	 were	 discussed,	 the	 FGD	
approach	was	picked	to	discuss	the	risk	assessment	steps.	When	 it	came	to	facts	about	the	water	treatment	
system	the	interview	approach	was	picked,	in	order	to	get	as	much	unfiltered	information	as	possible.	However,	
during	the	interviews,	some	risk	factors	were	discussed	as	well.	

Constructing	Questions	

The	 semi-structured	 interview	 technique	 was	 applied	 for	 the	 interview	 questions.	 By	 planning	 open-ended	
questions	this	technique	utilizes	a	constraint	on	the	answer,	however,	the	interviewee	is	not	forced	into	a	limited	
verbal	response.	The	constraint	on	the	answer	improves	the	reliability	of	the	answer	and	since	the	respondent	
is	not	forced	into	a	limited	verbal	response,	there	is	no	complete	loss	of	data.	In	other	words,	the	formulation	of	
the	questions	secures	an	expanded	answer	within	a	specific	subject	area	(Mandel,	1974).	

2.8	DRINKING	WATER,	WASTEWATER	AND	PIPELINE	DATA	
The	drinking	water	quality	data	was	gathered	through	the	visit	at	the	Calcination	Unit,	the	visit	at	the	Oil	Refinery,	
the	 website	 Kazhydromet,	 and	 literature	 study.	 The	 collected	 data	 consisted	 of	 water	 quality	 parameters,	
contamination	 data	 and	weather	 data.	 This	 data	was	 evaluated	 and	 relevant	 data	was	 either	 compiled	 into	
summarized	graphs	or	used	in	the	analysis	of	the	report.	The	capacity	of	the	drinking	water	treatment	facilities	
was	gathered	through	interviews	with	experts	and	the	Gorvodokanal	website.	Data	regarding	demand	of	chlorine	
in	the	processes	was	gathered	through	the	interviews.		

The	wastewater	quality	data	was	gathered	through	Ivan	Radelyuk,	PhD-student	at	Water	Resource	Engineering	
at	 Lund	 University,	 and	 former	 employee	 at	 Gorvodokanal.	 The	 authors	 were	 handed	 an	 excel-sheet	 with	
information	about	the	chemicals	in	the	wastewater	leaving	the	treatment	facility.	The	data	was	used	to	compare	
the	quality	of	the	water	when	it	enters	Pavlodar	and	the	quality	when	it	leaves	Pavlodar,	in	order	to	see	how	the	
city	affects	the	water	quality	in	Irtysh	River.		
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Through	 literature	 study,	 interviews	 and	 the	 Gorvodokanal	 website,	 information	 about	 pipelines	 such	 as	
material,	 age	 and	 distribution	 maps	 from	 the	 drinking	 water	 and	 wastewater	 systems	 was	 gathered.	 This	
information	was	used	to	make	conclusions	regarding	secondary	pollution	of	water	and	to	understand	what	areas	
have	access	to	centralized	water.		 	
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3.	THEORETICAL	BACKGROUND	
This	chapter	presents	the	relevant	theory	on	risk	management	and	water	treatment	systems	in	order	to	provide	
general	understanding	and	knowledge	regarding	the	issues	that	the	Thesis	Project	assesses.	Firstly,	the	general	
risk	assessment	procedure	that	is	used	as	an	investigation	tool	for	the	Thesis	Project	is	presented.	Secondly,	an	
overview	 of	 the	 drinking	 water	 and	 wastewater	 cycle,	 water	 recommendations	 and	 Central	 Asian	 systems	
dynamics	are	provided.		

3.1	RISK	DEFINITION	
Cedergren	and	Hassel	(2015)	define	the	level	of	risk	as	the	severity	of	a	hazard	and	the	vulnerability	of	what	is	
valued	 to	be	protected.	On	 the	one	hand,	 if	 there	 is	only	a	hazard	but	no	vulnerability,	 there	 is	no	 risk	 that	
something	of	human	value	will	be	damaged.	On	the	other	hand,	if	there	is	only	a	vulnerable	site,	but	no	hazard	
to	harm	it,	the	risk	does	not	exist.	Further,	Kaplan	and	Garrick	(1981)	qualitatively	define	risk	as	a	combination	
of	the	possible	damage	impact	and	the	likelihood	of	the	event	to	occur.	The	risk	analysis	is	used	to	foresee	the	
future	regarding	the	impact	of	decisions	and	actions.	Through	this,	the	risk	analysis	tries	to	answer	the	following	
fundamental	questions: 

• What	can	go	wrong?	

• How	likely	is	it	to	happen?	

• What	are	the	consequences?	

In	order	to	rate	the	risk	Kaplan	et	al.	(2001)	state	that	the	risk	is	the	product	of	multiplying	the	likelihood	and	the	
consequence.	However,	more	accurately,	the	risk	is	a	set	of	triplets,	which	is	displayed	in	Equation	1	below:	

R	{	Si,	Li,	Xi	},	(1)	

Si	is	the	risk	scenario,	Li	the	likelihood	of	that	scenario,	and	Xi	the	resulting	consequences.	The	Si	are	defined	by	
answering	the	question	“what	can	go	wrong?”	with	the	system	or	process	being	analyzed.	By	looking	into	the	
specific	scenario,	the	Li	and	Xi	may	be	quantified	(Kaplan	et	al.,	2001).	

3.2	RISK	PERCEPTION	
When	it	comes	to	the	risk	definition	and	the	risk	assessment,	it	is	important	to	be	aware	of	the	fact	that	different	
people	comprehend	risks	differently.	Experts	tend	to	consider	the	risk	assessment	process	and	therefore	tend	to	
base	 their	 perception	 on	 likelihood	more	 than	 laypeople,	 who	 are	more	 likely	 to	 consider	 the	 catastrophic	
potential	when	accessing	a	risk	(Coppola,	2011).	Rosén	et	al.	(2007)	mention	that	technical	risk	analyses	tend	to	
forget	the	public	opinion	about	risks.	Hence,	it	is	important	to	keep	in	mind	when	discussing	risks	that	different	
people	and	stakeholders	have	different	opinions	regarding	what	is	a	risk	and	what	is	not.		

3.3	RISK	MANAGEMENT		
The	general	risk	management	process	consists	of	a	risk	assessment	and	a	risk	reduction	process.	These	in	their	
turn	consist	of	smaller	building	blocks.	These	are	depicted	in	Figure	3.1.		
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FIGURE	3.1	DISPLAYS	THE	GENERAL	RISK	MANAGEMENT	STEPS.	THE	AUTHORS'	OWN	INTERPRETATION	OF	AN	IMAGE	BY	NILSSON	(2003).		

3.3.1	RISK	ASSESSMENT	
Risk	assessment	concerns	the	identification	and	analysis	of	risks	and	it	provides	a	foundation	for	how	to	treat	
risks	(ISO	31000).	According	to	Nilsson	(2003),	there	are	three	different	ways	to	assess	risks:	qualitatively,	semi-
quantitatively,	 and	 quantitatively.	 In	 a	 quantitative	 approach,	 the	 risks	 and	 consequences	 are	 estimated	
numerically,	while	a	qualitative	approach	estimates	 the	risks	and	consequences	by	written	explanations.	The	
semi-quantitative	approach	assesses	the	risks	within	a	quantitative	 interval	 (Nilsson,	2003).	 In	 this	study,	 the	
risks	 are	 semi-quantitatively	 estimated,	 since	 a	 qualitative	 scale	 is	 not	 considered	 concrete	 enough	 and	 a	
quantitative	scale	considered	unobtainable	due	to	lack	of	available	empirical	data.		

3.3.2	RISK	ANALYSIS	
The	first	step	of	the	risk	analysis	is	to	identify	risk	scenarios,	which	are	the	hazards	that	may	affect	a	vulnerable	
site	(Coppola,	2011).	Risk	scenarios	may	be	identified	by	proceeding	from	S0,	which	is	the	desired	scenario,	and	
then	define	what	could	deviate	on	the	way	towards	this	scenario	(Kaplan	et	al.,	2001).	The	Si	are	the	undesired	
scenarios	that	could	occur	through	these	deviations,	where	i	indicates	what	number	the	scenario	has	(Ibid).	This	
is	depicted	through	an	illustration	by	the	authors	in	Figure	3.2.	

	

FIGURE	3.2	SHOWS	HOW	DISRUPTIONS	MAY	LEAD	TO	UNWANTED	SCENARIOS	AND	INTERRUPT	THE	WAY	TO	THE	PREFERRED	SCENARIO.		

When	the	risk	scenarios	have	been	 identified,	the	value	of	the	risks	may	be	calculated	through	evaluation	of	
likelihood	 and	 consequence	 (Nilsson,	 2003).	 Through	 this,	 the	 risks	 can	 then	 be	 rated	 as	 acceptable	 or	
unacceptable.	There	are	different	guidelines	that	may	be	used	in	order	to	decide	this.	Det	Norske	Veritas	(DNV)	
and	Myndigheten	för	Samhällsskydd	och	Beredskap	(MSB)	are	two	example	organizations	that	provide	guidelines	
for	risk	evaluation.		
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3.3.3	RISK	PRESENTATION	AND	RISK	TREATMENT	
It	is	important	to	clearly	present	the	estimated	risks	in	order	for	stakeholders	to	understand	what	the	calculated	
values	mean	(Coppola,	2011).	Risks	may	be	presented	in	graphs,	event	trees	or	matrixes.	 In	the	risk	matrix	 it	
becomes	clear	what	the	level	of	likelihood	and	what	the	level	of	consequence	that	were	estimated	for	a	risk.	If	a	
risk	is	within	the	red	zone	it	is	considered	high,	within	the	yellow	zone	it	is	considered	medium,	and	within	the	
green	zone	it	is	considered	low.	Figure	3.3	below	displays	a	template	for	a	risk	matrix,	where	the	risks	are	ranked	
according	to	frequency	and	consequences	(Räddningsverket	(MSB),	2003).		

	

FIGURE	3.3	DISPLAYS	AN	EXAMPLE	OF	WHAT	A	RISK	MATRIX	MAY	LOOK	LIKE	WITH	AN	OCCURRENCE	AXIS	AND	CONSEQUENCE	AXIS.	
PICTURE	MADE	BY	THE	AUTHORS	THEMSELVES	WITH	INSPIRATION	FROM	RÄDDNINGSVERKET’S	HANDBOOK	FROM	2003.		

An	additional	step	of	the	risk	assessment	process	is	to	try	to	adapt	measures	to	mitigate	the	risks	(Coppola,	2011).	
There	 are	 two	different	 kinds	 of	 approaches	 for	 this	 step:	 reduce	 the	 likelihood	of	 a	 risk	 and/or	 reduce	 the	
consequence	of	the	risk	(Livsmedelsverket,	2007).	The	yellow	zone	is	the	As	Low	As	Reasonably	Possible	(ALARP)	
zone.	The	red	risks,	which	are	above	the	ALARP,	are	considered	unacceptable	and	need	treatment.	For	the	risks	
within	ALARP,	risk	reduction	measures	should	be	evaluated.	For	the	green	risks,	below	the	ALARP,	mitigating	
measures	are	not	necessary.	However,	whether	a	risk	is	unacceptable	or	not	depends	on	the	values	of	the	axes.	
These	axes	should	be	appropriately	adapted	according	to	the	system	that	is	investigated.	Nilsson	(2003)	presents	
that	 Morgan	 and	 Henrion	 highlight	 the	 importance	 to	 be	 clear	 concerning	 the	 decision	 criteria.	 Thus,	 it	 is	
important	to	remember	that	the	decision	criteria	is	not	a	universal	law,	but	normative.	 

3.4	WATER	TREATMENT	SYSTEMS	
A	general	description	of	drinking-	and	wastewater	systems,	regulations	and	recommendations	on	regional	and	
worldwide	level	as	well	as	systems	in	Central	Asia	and	Eastern/Central	Europe	are	described	below.	

Drinking	Water	Recommendations	WHO	
The	primary	reason	for	World	Health	Organization	(WHO)	to	establish	guidelines	for	drinking	water	is	to	protect	
the	health	of	the	public.	WHO	(2006a)	explains	the	requirements	to	ensure	safe	drinking	water.	The	guidelines	
are	simply	a	recommendation,	and	hence	a	basis	for	national	regulations.	The	national	regulations	for	Kazakhstan	
are	presented	in	Chapter	5.	The	guidelines	present	the	maximum	acceptable	concentration	of	contaminants	in	
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drinking	 water,	 where	 contaminants	 are	 divided	 into	 biological	 and	 chemical	 contamination	 (Gadgil,	 1998).	
Biological	 contaminations	 may	 be	 bacteria,	 viruses	 or	 parasites,	 and	 chemical	 contaminations	 are	 due	 to	
chemicals	 (Ibid.).	 For	example,	WHO	(2006a)	 states	 that	 the	 recommended	value	 for	 the	chemical	arsenic	 in	
drinking	water	should	not	exceed	0.01	mg/L.	The	table	for	WHO’s	guideline	values	for	chemicals	occurring	 in	
drinking	water	is	displayed	in	Appendix	C.	

In	developing	countries,	the	occurrence	of	bad	management	of	wastewater	and	waste	commonly	interfere	with	
the	 drinking	 water	 management,	 and	 it	 is	 common	 that	 waterborne	 diseases	 are	 transmitted	 through	
contamination	of	the	water	source	with	excreta	from	humans	or	animals	that	are	carriers	of	the	disease	(Gadgil,	
1998).	Additionally,	during	recent	years’	chemicals	 in	drinking	water	have	become	more	common	in	different	
places	of	the	world,	due	to	for	example	modern	agribusiness	and	industrialization	(Ibid.).	

Wastewater	Recommendations	WHO	
In	the	authors’	understanding,	the	wastewater	guidelines	provided	by	WHO	are	not	directed	towards	domestic	
wastewater	 management,	 but	 agriculture	 and	 aquaculture	 (WHO,	 2006b).	 The	 countries	 set	 up	 their	 own	
regulations	regarding	wastewater	management.	For	example,	the	European	Union	has	set	up	regulations	that	
the	member	states	must	follow.	In	the	EU,	industries	collaborate	with	wastewater	treatment	facilities	to	treat	
the	industrial	wastewater1.	A	similar	set	up	might	be	available	for	Central	Asia,	however	the	authors	have	not	
been	able	to	find	anything	towards	this	despite	literature	review	and	asking	experts	during	the	Case	Study.	More	
regarding	this	is	provided	in	Chapter	5.	

3.4.1	SYSTEM	OVERVIEW	
The	general	centralized	water	system	consists	of	a	raw	water	source,	treatment	plant,	distribution	pipes,	and	
(hopefully)	wastewater	management	in	a	closed	system.	This	is	depicted	in	Figure	3.4.	

	

FIGURE	3.4	AN	OVERVIEW	OF	THE	WATER	SYSTEM.	THE	OVERVIEW	INCLUDES	THE	WATER	SOURCE,	THE	DRINKING	WATER	TREATMENT,	
THE	DOMESTIC	HOUSEHOLDS,	INDUSTRIES	AND	THE	WASTEWATER	TREATMENT	FACILITY.	

A	raw	water	source	may	be	from	surface	water	or	groundwater.	Surface	water	is	water	that	has	been	in	contact	
with	 the	atmosphere	 (Nationalencyclopedin,	2018)	 and	 is	hence	 sensitive	 to	weather	 related	events	 such	as	
heavy	rains	or	storms	(American	Water	Works	Association,	1990).	Lakes	and	rivers	are	common	surface	water	
sources.		Groundwater	is	water	from	the	underground	and	has	a	more	constant	quality	than	surface	water	(Ibid.).		

Depending	on	the	quality	of	the	raw	water	the	drinking	water	treatment	process	varies.	Quality	parameters	are	
in	example:	hardness,	pH	and	alkalinity.3.	In	general,	the	drinking	water	treatment	process	consists	of	mechanical	

                                                
3	Personal	contact	with	Marianne	Franke,	Laboratory	Manager	of	Ringsjöverket,	2018-03-12.	
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steps	 (sedimentation),	 biological	 steps	 (filters),	 and	 chemical	 steps	 (coagulation,	 flocculation	 and	
chlorination/UV).	 Depending	 on	 the	 raw	water	 characteristics,	 adjustments	 on	 these	 characteristics	may	 be	
performed	for	each	process	step	to	be	as	effective	as	possible.	For	example,	if	iron	salts	are	used	for	flocculation,	
they	operate	at	their	best	when	the	water	has	a	pH	of	5.13.	These	adjustments	are	included	in	the	treatment	
process.	The	water	flows	through	the	treatment	facility	either	by	self-flow	or	by	assistance	of	pumps.	

After	being	treated,	water	is	distributed	through	a	pipe	network	to	end-users.	The	material	of	the	pipes	is	either	
metallic	or	non-metallic	materials.	The	most	used	materials	for	drinking	water	supply	pipes	are	galvanized	steel	
or	iron,	copper,	unplasticized	polyvinylchloride	and	polyethylene	(WHO,	2006c).	The	water	will	flow	through	the	
pipes	with	assistance	of	pumps.	

When	 the	 end-users	 have	 used	 their	 water,	 the	wastewater	 is	 (hopefully)	managed	 carefully.	 A	 centralized	
system	collects	the	wastewater	and	waste	through	a	pipe	network	connected	to	a	wastewater	treatment	facility.	
The	general	wastewater	treatment	steps	are	generally	the	same	as	for	the	drinking	water	treatment	steps.	The	
wastewater	should	be	of	enough	quality	without	damaging	the	environment	before	deposed	to	nature	(VASYD,	
2017).	The	sludge	should	be	managed	in	order	to	extract	energy	(biogas)	or	soil	for	agriculture	purposes	(Ibid.).	
However,	the	fact	that	wastewater	and	waste	are	treated	properly	is	not	a	given,	especially	in	low-	and	middle	
income	countries	(UNESCO,	World	Water	Assessment	Programme,	2017).	The	wastewater	and	waste	may	simply	
be	 dumped	 into	 nature,	 through	 poor	 or	 no	 treatment	 at	 all.	 For	 the	 curios	 reader,	 the	 general	 water-and	
wastewater	treatment	steps	are	further	explained	in	Appendix	D.	

3.4.2	SYSTEMS	IN	CENTRAL	ASIA	&	CENTRAL-	AND	EASTERN	EUROPE	
A	literature	search	was	conducted	to	find	information	on	treatment	facilities	in	Central	Asia	and	the	former	Soviet	
Union,	however,	the	search	was	somewhat	unsuccessful,	probably	since	the	investigations	in	the	regions	were	
written	 in	Russian	and	 therefore,	not	accessible	 to	 the	authors.	Since	 the	 treatment	 facilities	 in	Central-	and	
Eastern	Europe	are	similar	to	those	of	Central	Asia,	the	authors	extended	the	search	to	these	regions4.		

Somlyódy	and	Shanahan	(1998)	investigated	the	current	water-	and	sanitation	systems	in	Poland,	Czech	Republic,	
Hungary,	Bulgaria	and	Slovenia,	which	showed	that	the	water	supply	was	acceptable;	however,	generally	the	
treatment	of	wastewater	was	poor.	Less	than	half	of	the	collected	wastewater	received	secondary	treatment.	
The	sludge	was	disposed	in	fields,	lagoons	and	in	agriculture.	Changes	in	environmental	legislation	would	alter	
the	options	for	disposal;	however,	the	changes	required	were	expensive.	Additionally,	the	average	water	supply	
per	capita	was	very	high,	for	example	due	to	large	losses	from	old	pipe	networks	and	low	water	prices.	Some	of	
the	water	sources	were	also	of	bad	quality,	for	example	Kundzewicz	(2001)	states	that	71	%	of	the	rivers	in	Poland	
were	 beyond	 use.	 Somlyódy	 and	 Patziger	 (2012)	 state	 that	 the	 situation	 in	 Central	 and	 Eastern	 Europe	 has	
improved	significantly,	but	some	countries	still	have	a	long	way	to	go.	Most	countries	in	the	region	now	have	an	
EU	membership	and	hence	follow	EU	legislation	on	the	water	treatments,	which	has	worked	as	a	driving	force	
for	the	countries.	EU	has	additionally	contributed	with	funding	to	improve	the	facilities.		

As	discussed	above	 there	were	serious	problems	with	 the	wastewater	management	and	 in	some	extent,	 the	
water	supply	in	Eastern	Europe.	Since	the	Central	Asian	system	is	similar	to	the	Eastern	European,	it	is	assumed	
that	some	of	the	problems	in	Eastern	Europe	might	still	be	present	in	the	water	systems	in	Central	Asia.	

 	

                                                
4	Personal	contact	with	Kenneth	M.	Persson,	Professor	at	Water	Resources	Engineering	at	Lund	University	and	
Kamshat	Tussupova,	Post-Doc	at	Water	Resource	Engineering	at	Lund	University,	2018-03-09.	
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4.	WATER	CAPACITY	
The	aim	of	the	Thesis	Project	is	to	conduct	a	general	approach	to	investigate	how	the	drinking	water	distribution	
in	 an	 area	 in	 Central	 Asia	 can	 be	 expanded.	 Most	 importantly,	 the	 aim	 of	 this	 chapter	 is	 to	 present	 what	
parameters	 a	 general	 approach	 regarding	 risk	 assessment	 for	 drinking	 water	 system	 expansion	 needs	 to	
consider.	This	is	achieved	by	presenting	what	research	is	already	performed	and	what	research	that	is	missing	
within	the	field.		

Through	literature	study,	interviews	and	FGD,	it	has	been	concluded	that	the	following	factors	put	constraints	
on	the	objective	to	increase	the	drinking	water	and	wastewater	distribution:	

• The	capacity	of	the	raw	water	source	

• The	capacity	of	the	treatment	facilities	

• The	capacity	of	the	pipeline	distribution	network	

These	constraints	go	hand	in	hand.	If	the	raw	water	source	has	a	high	capacity,	the	distribution	system	has	the	
prerequisite	to	provide	a	high	distribution,	and	vice	versa.	However,	if	the	water	source	has	a	high	capacity	but	
the	distribution	system	provides	a	low	capacity,	the	high	capacity	of	the	water	source	cannot	reach	its	potential.	
Further,	the	capacity	of	the	wastewater	system	may	affect	the	capacity	of	the	drinking	water	distribution	system,	
since	 wastewater	 may	 be	 used	 as	 a	 water	 source	 in	 terms	 of	 reused	 water.	 The	 last	 parameter	 that	 put	
constraints	on	the	amount	that	can	be	distributed,	is	the	distribution	system.	Thus,	the	authors	have	chosen	to	
further	look	into	these	capacities	in	order	to	answer	the	research	questions.		

The	research	within	the	field	that	has	already	been	conducted	and	what	is	missing,	according	to	the	literature	
study,	will	provide	the	context	of	how	the	Thesis	will	contribute	to	new	knowledge.	First,	a	discussion	regarding	
what	affects	 the	capacity	of	a	drinking	water	source	 is	presented,	 followed	by	what	affects	 the	capacity	of	a	
drinking	 water	 system	 and	 what	 affects	 the	 capacity	 of	 a	 wastewater	 management	 system.	 How	 risk	
management	may	be	used	as	a	tool	to	increase	these	different	capacities,	in	regards	to	risks,	is	also	mentioned.		

4.1	CAPACITY	OF	DRINKING	WATER	SOURCE	
Scott	et	 al.	 (2012)	 state	 that	 climate	 change	 is	defined	as	one	of	 the	biggest	 threats	on	water	 systems.	One	
problematic	factor	is	the	increased	demands	due	to	change	of	population	and	the	adequacy	of	the	current	water	
supplies	 to	meet	 these	demands.	Further,	Chen	et	al.	 (2015)	 state	 that	climate	change	 is	one	of	 the	defined	
threats	to	water	systems	due	to	temperature	changes,	rainfall,	and	evapotranspiration.	Additionally,	the	runoff,	
capacity	of	surface	water	reservoirs,	and	the	performance	(in	terms	of	reliability,	resilience,	vulnerability,	and	
sustainability)	of	water	sources	infrastructures	(e.g.	reservoirs)	will	be	impacted	by	climate	change.	The	initial	
raw	water	source	may	be	cut	short	and	needed	to	be	complimented	with	other	sources	or	other	techniques	in	
order	to	overcome	this	problem.	Especially	if	a	water	system	is	to	expand,	the	initial	water	source	may	not	be	
enough.	Additionally,	Meyer	et	al.	(2016)	mention	how	climate	change	threatens	water	sources	in	Kazakhstan.	
It	 is	stated	how	there	 is	a	trend	of	 increasing	 levels	of	water	consumption	by	agriculture,	 industry	and	urban	
areas	at	the	same	time	as	there	is	a	reduction	in	water	source	levels.	The	surface	water	sources	of	Kazakhstan	
are	usually	somewhat	dependent	on	run-off	water,	which	has	a	decreasing	trend	due	to	climate	change.	 It	 is	
additionally	mentioned	that	the	quality	of	surface	water	and	groundwater	is	poor,	which	is	partially	due	to	poor	
treatment	 of	 effluents	 from	 chemical	 industries	 and	 petroleum	 processing.	 To	 solve	 this	 problem,	 risk	
management	is	mentioned,	where	risks	connected	to	infrastructure	failures	or	pollutants	ought	to	be	prioritized.	
Risk	management	is	presented	as	a	tool	to	develop	capacity,	where	a	rather	general	risk	management	tool	 is	
presented	as	an	instrument	to	make	an	impact	at	a	political	level	(Meyer	et	al.,	2016).	Additionally	the	surface	
water	potential	is	also	dependent	on	the	quality	of	the	water,	and	hence,	equally	important	to	discuss.	Karatayev	
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et.	al.	(2017)	state	that	50-70	%	of	surface	water	sources	in	Kazakhstan	are	classified	as	“polluted”	or	“highly	
polluted”.	Further,	only	7%	of	wastewater	is	fully	treated	before	returning	to	the	water	sources.		

4.2	CAPACITY	WATER	TREATMENT	SYSTEM	
Karatayev	et	al.	(2017)	state	that	water	infrastructure	is	in	poor	condition	in	Kazakhstan.	An	estimation	of	60-
75%	of	water	to	the	agricultural	sector	is	lost	during	transport,	for	example	due	to	old	and	cracked	pipelines.	In	
addition,	many	of	the	hydraulic	structures,	e.g.	the	pipelines,	are	in	poor	technical	condition.	This	situation	leads	
to	low	efficiency	in	the	distribution	network,	leakage	and	loss	of	water.	Alhassan	et	al.	(2015)	discussed	what	
parameters	to	take	into	consideration	when	expanding	a	water	supply	system.	These	factors	are	environmental,	
economic	and	technical,	as	displayed	in	Figure	4.1.		

	

FIGURE	4.1	DISPLAYS	FACTORS	FOR	EXTENSION	OF	THE	CAPACITY	FOR	A	WATER	SUPPLY	OR	A	WASTEWATER	MANAGEMENT	FACILITY.	
IMAGE	MADE	BY	THE	AUTHORS,	INSPIRED	BY	ALHASSAN	ET	AL.	(2015)	

The	 environmental	 factors	may	 be	 the	 ecological	 impact	 due	 to	waste	management.	 Examples	 of	 economic	
factors	are	the	capital	cost	and	the	cost	for	chemicals	used	in	the	process.	The	technical	factors	may	be	the	land	
area	 and	 the	 expertise	 of	 the	 employees.	 Additionally,	 the	 consumption	 of	 energy	 and	 chemicals	 for	water	
treatment	depend	on	the	quality	of	the	water	source.	Hence,	the	raw	water	source	affects	what	sort	of	treatment	
that	is	required	(Alhassan	et	al.,	2015).	

Greenberg	(2016)	highlights	that	in	order	to	deliver	drinking	water	of	high	quality	through	a	centralized	system	
the	treatment	process	is	not	the	only	critical	point,	the	pipe	distribution	network	is	as	important,	if	not	more.	If	
the	 treated	 water	 flows	 through	 pipes	 that	 are	 too	 old,	 do	 not	 reach	 the	 quality	 requirements	 or	 are	 not	
protected	enough,	there	is	a	risk	that	the	pipe	network	will	contaminate	the	treated	water	and	the	end-users	
will	not	receive	water	of	high	quality.	

4.3	CAPACITY	WASTEWATER	TREATMENT	SYSTEM	
The	Swedish	organization	Svenskt	Vatten	 (2012)	provides	advice	on	how	wastewater	should	be	 treated.	Risk	
reducing	 agents	 to	 decrease	 environmental	 and	 health	 risks	 are	mentioned,	 however,	 no	 guideline	 for	 risk	
management	 is	 presented.	 In	 general,	 the	 literature	 study	 exploits	 a	 lack	 of	 guidelines	 for	 wastewater	 risk	
management,	which	indicates	that	there	is	a	lack	of	risk	management	on	wastewater	facility	expansion.	However,	
the	threat	of	chlorine	as	part	of	the	treatment	process	has	been	investigated	in	different	articles.	Hubly	et	al.	
(1985)	present	a	risk	assessment	on	the	different	disinfection	steps,	such	as	chlorination.	Ozonation,	UV,	and	
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chlorination-dechlorination	were	also	attempted	to	be	investigated,	however,	there	was	a	lack	of	data	of	these	
steps	in	order	to	draw	any	conclusions.	Additionally,	United	States	Government	Accountability	Office	(2007)	has	
investigated	 the	 pros	 and	 cons	 with	 replacing	 the	 chlorine	 treatment	 with	 other	 alternatives.	 Chlorination	
appears	the	cheapest	alternative;	however,	options	such	as	UV	or	sodium	hypochlorite	may	be	less	expensive	in	
the	end	after	the	investment	costs.	The	challenges	of	making	a	general	conclusion	is	also	stated,	since	variables	
such	as	 the	 size	and	arrangement	of	 the	 facility	 vary	depending	on	each	 individual	 case.	How	 the	 threats	of	
chlorination	or	other	disinfection	steps	will	be	affected	due	to	an	expansion	of	the	wastewater	treatment	facility,	
however,	is	not	displayed.		

4.4	RISK	MANAGEMENT	AND	MITIGATING	MEASURES	FOR	WATER	SUPPLY	SYSTEMS	
Guidelines	 for	 risk	management	with	 the	angle	of	water	 system	expansion	 in	 the	 context	of	 a	Central	Asian	
country	 seems	 to	 be	 lacking.	 The	 Swedish	 National	 Food	 Agency	 Livsmedelsverket	 (2007)	 has	 conducted	 a	
handbook	for	risk	management	and	vulnerability	analysis	for	Swedish	drinking	water	circumstances	based	on	the	
standard	 risk	management	methodology	mentioned	 in	 Chapter	 3.	 Further,	 Livsmedelsverket	means	 that	 by	
understanding	 where	 the	 target	 is	 most	 vulnerable	 and	 by	 judging	 the	 cause	 of	 the	 hazard,	 the	mitigating	
measures	will	be	easier	to	manage.	Another	approach	to	manage	the	risks	for	a	Swedish	drinking	water	system	
is	conducted	by	Lindhe	(2010).	The	article	presents	how	fault	tree	analyses	may	be	used	in	order	to	calculate	the	
risk	 of	 supply	 failure.	 The	 fault	 tree	 visualizes	 how	 supply	 failure	 could	 be	 due	 to	 either	 raw	water	 failure,	
treatment	 failure	 or	 distribution	 failure,	 which,	 in	 their	 turns,	 depend	 on	 other	 failures	 that	 might	 occur.	
Unfortunately,	no	literature	regarding	expansion	of	water	systems	in	Central	Asian	countries	connected	with	risk	
management	were	found	during	the	literature	study.		

Naeg	(2014)	states	that	in	order	to	reduce	the	risks	on	water	supply	systems,	measures	that	reduce	the	likelihood,	
extent	of	 damage,	 and	 time	of	 disturbance	 if	 an	event	would	occur	on	 the	 system	will	 reduce	 the	 risk.	 This	
requires	 a	 multidisciplinary	 and	 interdepartmental	 approach	 that	 incorporates	 technical,	 management	 and	
educational	solutions	at	the	level	of	industry,	government	and	public	administration.	Another	option	to	protect	
water	supply	systems	from	threats	 is	what	Bieker	et	al.	 (2010)	refer	to	as	a	semi-centralized	system.	A	semi-
centralized	system	is	a	smaller	system	where	the	distance	of	delivery	to	household	is	shorter	than	in	a	centralized	
system.	This	reduces	water	and	energy	losses.	The	idea	of	a	semi-centralized	system	is	to	reuse	wastewater,	for	
example	for	toilet	flushing,	where	the	criteria	for	water	quality	is	not	as	high	as	for	drinking	water.	This	way	of	
reusing	water	is	possible,	thanks	to	the	shorter	distances.	Thus,	the	threat	of	raw	water	shortage	reduces.	The	
system	is	also	less	vulnerable	for	damages,	since	their	coverage	is	not	as	big,	hence	a	whole	region	will	not	suffer	
if	a	hazard	would	occur.		

4.5	LITERATURE	STUDY	CONCLUSION	
Even	though	there	are	articles	that	provide	separate	discussion	regarding	different	challenges	that	water	and	
wastewater	systems	face	in	order	to	maintain	or	improve	their	capacity,	there	is	a	lack	of	studies	that	combine	
these	 discussions.	 There	 is	 no	 compiled	 risk	 assessment	 and	 mitigating	 measures	 guideline	 that	 provides	
recommendations	 regarding	water	 supply	 expansion	 and	how	drinking	water	 and	wastewater	 processes	 are	
connected,	which	motivates	this	Master	Thesis	Study.	Additionally,	there	are	few	studies	performed	in	Central	
Asia,	which	are	written	in	English,	regarding	expansion	of	water	systems,	which	also	motivates	the	study.		
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5.	CASE	STUDY	PAVLODAR			
In	order	to	gain	understanding	regarding	the	drinking	water	situation	in	Pavlodar	City,	the	management	of	water	
in	the	water	cycle	is	presented	in	this	chapter	through	the	findings	of	the	Case	Study.	This	includes	investigations	
regarding	the	 intake	of	water	from	the	river,	the	treatment	of	water	at	Gorvodokanal,	the	water	distribution	
network	and	the	wastewater	treatment	of	the	water	before	it	is	returned	to	the	river.	The	management	of	the	
water	and	wastewater	at	different	industries	were	also	investigated.		

5.1	DRINKING	WATER	REGULATIONS	IN	KAZAKHSTAN	
The	water	 regulatory	 framework	 in	 Kazakhstan	 sets	 up	 guidelines	 that	 the	water	 treatment	 facilities	 should	
follow.	The	Water	Code	article	103	states	that	all	industrial	and	heat-and-power	water	users	must	perform	water	
recycling,	water	re-use,	and	water	savings.	These	plans	should	be	submitted	to	the	River	Basin	Organisations	
(RBOs)	or	the	Water	Reuse	Committee	(WRC),	however,	nothing	had	been	submitted	by	2017	(Karatayev	et	al.,	
2017).		Article	86	of	the	Water	Code	states	that	there	should	be	a	reduction	in	water	usage,	and	thus	a	review	of	
the	technical	norms	should	be	performed	at	least	every	5	years.	However,	the	water	legislation	does	not	include	
how	to	restore	the	rivers	that	are	used	as	drinking	water	sources.	Additionally,	the	Water	Code	does	not	include	
how	 water	 resource	 data	 should	 be	 aggregated	 and	 shared	 among	 the	 stakeholders,	 natural	 disaster	
management	in	regards	to	flooding	risks,	nor	assessment	on	preparation,	preparedness	and	protection	measures	
(Ministry	of	Justice	of	the	Republic	of	Kazakhstan	Republican	Center	of	Legal	Information,	2003).	The	regulations	
are	displayed	in	Appendix	E.	

A	comparison	between	regulations	in	Sweden	(SLVFS	2001:30,	2001),	United	States	(Environmental	Protection	
Agency,	2009)	and	Kazakhstan	was	performed	to	observe	if	there	are	any	differences	in	drinking	water	quality	
standards	 between	 the	 countries,	 which	 are	 situated	 in	 different	 continents.	 The	 difference	 in	 regulations	
between	the	countries	is	displayed	in	Appendix	E3.	It	might	look	like	more	parameters	are	tested	in	Kazakhstan	
and	the	United	States,	however,	Sweden	e.g.	puts	all	pesticides	together	while	Kazakhstan	and	The	United	States	
have	 regulations	 regarding	 every	 individual	 pesticide.	 However,	 in	 general,	 Sweden	 has	 stricter	 regulations	
regarding	 the	 chemical	 composition	 in	 the	 drinking	 water,	 e.g.	 the	 content	 of	 selenium	 and	 nitrates	 in	 the	
drinking	water.	 In	 addition,	 Sweden	 has	 two	 different	 quality	 limits,	 one	 for	 not	 potable	water	 and	 one	 for	
potable	water	with	remarks,	in	order	to	improve	the	process	and	not	risk	a	higher	value.	This	does	not	seem	to	
be	the	case	in	neither	Kazakhstan	or	the	US.		However,	the	United	States	has	future	goals	regarding	the	limits	of	
pesticides	 and	other	 chemicals,	which	 the	other	 countries	do	not	have.	 If	 the	quality	 of	 the	water	 from	 the	
Gorvodokanal	 in	Appendix	E2	 is	 compared	with	 the	 regulations	 in	Sweden	and	United	States,	all	parameters	
tested	are	accepted.	However,	 the	water	 in	Pavlodar	would	 in	Sweden	be	categorized	as	potable	water	with	
remarks	due	to	the	high	chlorine	content.	

The	drinking	water	facility	Ringsjöverket	in	Sweden	tests	the	water	according	to	the	SLVFS	2001:30	once	a	week	
but	additionally	tests	are	also	done	for	other	parameters	once	or	twice	a	week.	The	other	parameters	are	for	
example	iron	residue,	alkalinity	and	UV	absorbance3.	Whether	these	additional	tests	are	performed	in	Pavlodar	
is	unclear	due	to	lack	of	shared	information.	However,	automatic	quality	control	is	not	performed	in	Pavlodar,	
according	to	Respondent	3,	unlike	Sweden,	where	it	is	often	controlled	automatically.	

5.2	WASTEWATER	REGULATIONS	IN	KAZAKHSTAN	
During	 the	 Case	 Study	 the	 authors	 tried	 to	 find	 information	 regarding	 domestic	 wastewater	 regulations	 in	
Kazakhstan.	This	question	was	asked	in	the	interviews,	at	the	FGD	and	in	meetings	with	professors	and	faculty	
members.	The	only	guideline	provided	was	that	the	wastewater	needs	to	be	turned	back	to	the	water	source	as	
clean	as	before	usage1.	In	addition,	a	literature	search	on	the	subject	was	conducted	to	find	more	information.	
The	only	literature	found	on	this	subject	was	a	report	from	the	Danish	Environmental	Protection	Agency	(2001)	
that	treated	the	subject	on	municipal	water	services	 in	Kazakhstan.	They	state	that	all	wastewater	treatment	
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processes	 in	Kazakhstan	must	have	a	permit	 issued	by	the	Environmental	Protection	Committee	 (EPC),	which	
specifies	concentration	limits	for	various	compounds.		

5.3	DRINKING	WATER	CONSUMPTION	IN	KAZAKHSTAN	
The	water	use	in	the	urban	areas	of	Pavlodar	is	the	highest	urban	use	of	water	in	all	Kazakhstani	regions,	with	
almost	150	L/person/day	while	almost	all	other	regions’	water	use	is	around	or	below	100	L/person/day.	The	
rural	drinking	water	usage	per	person,	however,	is	average,	as	depicted	in	Figure	5.1	(Pavon	Kazakhstan,	2017).	

	

FIGURE	5.1	THE	WATER	USAGE	PER	CAPITA	FOR	DIFFERENT	REGIONS	IN	KAZAKHSTAN.	IT	REVEALS	THE	URBAN	AREAS	OF	PAVLODAR	HAS	
THE	HIGHEST	CONSUMPTION	OF	ALL	REGIONS.	THE	RED	NUMBERS	ARE	FOR	URBAN	AREAS	AND	THE	BLUE	NUMBERS	ARE	FOR	THE	RURAL	
AREAS.	

5.4	WATER	SOURCE	IRTYSH	RIVER	FACTS	AND	OBSERVATIONS	
The	water	 used	 for	 drinking	water	 purposes	 in	 Pavlodar	 is	 the	 Irtysh	 River.	 The	 treated	wastewater	 is	 also	
disposed	back	into	the	river.	The	Irtysh	River	reaches	from	the	Altai	Mountains	in	China	up	to	the	Arctic	Ocean.	
An	approximated	depiction	of	the	river	is	displayed	in	Figure	5.2	below,	where	the	blue	line	represents	the	Irtysh	
River	and	the	big	black	arrow	marks	out	Pavlodar	City.	The	river	holds	great	importance	to	the	inhabitants	and	
the	industries	along	the	riverbank.		

	

FIGURE	5.2	DISPLAYS	THE	IRTYSH	RIVER,	WHICH	RUNS	FROM	CHINA	TO	KAZAKHSTAN	AND	RUSSIA.	THE	CITY	OF	PAVLODAR	IS	MARKED	
WITH	A	BLACK	ARROW	WHICH	WAS	ADDED	BY	THE	AUTHORS.	THE	IMAGE	IS	FROM	THE	USER	SHANNON1	ON	WIKIPEDIA	AND	IS	USED	
UNDER	THE	CREATIVE	COMMONS	ATTRIBUTION-SHARE	ALIKE	LICENSE.	
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During	the	Case	Study,	the	Irtysh	River	was	visited	four	times	in	order	to	observe	the	changing	river	dynamics.	
Figure	5.3	displays	these	changes	between	March	27	and	April	30.	The	top	left	picture	displays	Irtysh	covered	in	
snow	and	the	other	pictures	display	how	everything	has	melted	and	formed	a	browner	river	of	high	turbidity.	

	

FIGURE	5.3	DISPLAYS	THE	IRTYSH	RIVER	IN	PAVLODAR	ON	DIFFERENT	DATES	IN	2018	IN	ORDER	TO	PROVIDE	UNDERSTANDING	OF	THE	
HEAVY	SNOW	DYNAMICS.	FROM	TOP	LEFT	TO	BOTTOM	RIGHT:	MARCH	27,	APRIL	8,	APRIL	23	AND	APRIL	30.		

Regarding	the	quantity	of	water	in	the	Irtysh	River,	there	are	no	problems	today.	The	annual	average	flow	of	the	
river	in	Pavlodar	is	870	m3/s.	Respondents	2	state	that	the	capacity	can	be	up	to	5000	m3/s	during	spring.	The	
pumps	 supplying	 the	 city	 with	 water	 have	 a	 capacity	 of	 4,90	 m3/s	 and	 is	 currently	 operating	 at	 1,81	 m3/s	
(Gorvodokanal,	Pavlodar,	2018).	Karatayev	et	al.	(2017)	additionally	present	that	the	potential	of	Irtysh	River	is	
30.41	km3/year	and	today	the	consumption	of	the	river	basins	is	only	at	2.89	km3/year.	However,	the	inflow	from	
other	countries	is	estimated	to	drop	from	today’s	44.6	km3/year	to	31.6	km3/year	by	2030.	This	problem	is	more	
thoroughly	discussed	in	Chapter	7.		

Hrlak	 et	 al.	 (2006)	 question	 whether	 the	 river	 will	 manage	 as	 a	 source	 for	 water	 until	 2030	 with	 today’s	
consumption	due	to	the	prevailing	quality	problems.	It	is	further	stated	that	the	major	source	of	pollutants	are	
the	 industries	 in	Pavlodar,	Ust-Kamenogorsk	and	Semipalatinsk,	which	pollute	disturbing	 levels	of	radioactive	
contaminants	 and	 heavy	 metals,	 such	 as	 copper,	 iron	 and	 manganese.	 The	 industrial	 waste	 from	 Ust	
Kamenogorsk	exceeds	over	30	million	tons.	Since	the	sources	of	pollution	occur	close	to	the	river,	the	pollutants	
quickly	 reach	 the	 river	 and	 leaves	 its	 imprint	 on	 the	 quality.	 Additionally,	 between	 1975-1993	 there	 was	 a	
mercury-cell	chlor-alkali	plant	located	in	the	Pavlodar	area,	which	did	not	manage	their	waste	properly.	Ullrich	
et	al.	(2007)	performed	a	study	on	the	sediments	and	surface	water	of	the	Irtysh	River	and	Balkyldak	Lake,	which	
showed	that	the	lake	was	heavily	contaminated	in	both	the	sediments	and	the	surface	water	with	mercury.	The	
sediments	from	the	river	contained	a	detectable	amount	of	mercury	while	the	mercury	content	of	the	surface	
water	was	generally	below	detection.	Even	though	Respondent	1	states	that	this	issue	is	taken	care	of,	this	raises	
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concern.	Today,	other	industries	also	dump	their	wastewater	and	waste	into	lakes,	which	might	travel	and	infect	
the	groundwater	and	surface	waters5.	The	quality	of	Irtysh	is	further	investigated	in	Chapter	7.	

5.5	DRINKING	WATER	TREATMENT	
The	capacity	of	the	drinking	water	facility	in	Pavlodar	is	according	to	Respondent	3:	200,000	m3/day	but	operates	
at	156,600	m3/day	(Gorvodokanal,	Pavlodar,	2018).	The	equipment	that	uses	the	most	energy	are	the	pumps.	
Between	every	step	of	the	process,	manual	tests	are	performed.	Only	pH	is	measured	automatically.	According	
to	Respondent	3,	if	the	surface	water	would	display	a	low	pH	value,	addition	of	NaCO3	and	CaO	will	be	added	
manually,	the	dosage	will	be	calculated	by	using	formulas.	

Respondent	3	explained	the	treatment	process	with	inputs	from	Respondent	1	and	Respondent	4.	The	water	is	
pumped	to	the	treatment	facility	through	one	intake	and	goes	through	a	filtration	step	and	is	treated	with	a	small	
dosage	of	chlorine,	approximately	0.1	mg	/L.	After	the	filtration	step	a	coagulant,	Al2(SO4)3,	is	added	to	the	water.	
This	enters	a	mixer,	where	the	mixing	velocity	is	low.	Then	it	enters	a	flocculation	tank	for	about	30	minutes,	
where	flocs	are	generated.	Then	water	goes	through	a	sedimentation	tank,	where	the	flocs	created	will	sink	to	
the	bottom	of	the	tank	along	with	other	larger	particles.	After	approximately	2	hours	the	water	goes	to	a	rapid	
sand	filter,	with	a	velocity	of	7	m/h,	which	will	remove	smaller	particles.	After	the	filtration,	the	water	receives	a	
second	dose	of	chlorine.	The	dosage	varies	depending	on	the	quality	of	the	water	but	it	never	exceeds	1.5	mg/l.	
The	treated	water	is	stored	in	a	reservoir	and	is	later	distributed	to	the	inhabitants	of	the	city.	An	overview	of	
the	process	is	displayed	in	Figure	5.4.	The	sludge	from	the	treatment	facility	is	collected	and	stored	in	a	pool	and	
is	later	disposed	in	compost	areas.		

	

FIGURE	5.4	DISPLAYS	THE	WATER	TREATMENT	OF	GORVODOKANAL	IN	PAVLODAR.	

5.6	DOMESTIC	WASTEWATER	TREATMENT	
Respondent	 3	 provided	 information	 about	 the	 process	 scheme	 of	 the	 wastewater	 treatment	 facility	
Gorvodokanal	in	Pavlodar.	The	wastewater	is	taken	to	the	facility	through	the	force	of	gravity	and	an	additional	
pump	station.	Firstly,	the	wastewater	goes	through	a	screening	process	and	a	sand	trap.	The	wastewater	then	
goes	through	a	primary	sedimentation	step.	The	effluent	from	the	first	sedimentation	step	is	transferred	to	an	
aeration	tank,	where	a	flow	of	O2	is	running.	This	step	works	as	an	activated	sludge	system.	A	flocculation	agent	
is	 added	 in	 the	 secondary	 sedimentation	 step.	Both	 sedimentation	 steps	are	of	 radial	 types.	 The	 inactivated	
sludge	from	the	treatment	steps	are	collected	in	a	sludge	pool,	which	is	later	dewatered	and	disposed	in	landfills.	
Respondent	4	states	that	the	sludge	pool	is	15	ha.	The	effluent	from	the	secondary	sedimentation	is	treated	with	
around	 3	mg/L	 of	 chlorine.	 The	water	 and	 the	 chlorine	 then	 undergo	 a	 contact	 time	 of	 30	minutes	 before	
disposed	back	to	the	Irtysh.	The	process	is	displayed	in	Figure	5.5.	
	

                                                
5	Personal	contact	with	Zhanar	Samenova,	Employee	and	lecturer	at	the	Environmental	and	Safety	Department,	
2018-04-05.	
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FIGURE	5.5	DISPLAYS	THE	WASTEWATER	TREATMENT	OF	GORVODOKANAL	IN	PAVLODAR.	

The	average	wastewater	treated	is	92,640	m3/day	(during	the	period	of	April	1	-	13),	which	is	interesting	since	
the	drinking	water	facility	treats	156,600	m3/day.	This	might	be	explained	due	to	losses,	as	further	investigated	
in	Risk	Scenario	2,	or	that	the	 industries	treat	their	own	wastewater.	The	maximum	capacity	of	 the	facility	 is	
180,000	m3/day.	Table	5.1	displays	 the	parameters	 tested	for	 treated	wastewater	between	April	3	 -	8.	Some	
parameters	 are	 tested	daily;	 others	 are	 tested	2-3	 times	 a	week.	 The	 average	 content	 of	 total	 nitrogen	 and	
phosphorus	in	the	effluent	between	April	1	-	13	is	43.9	mg/L	and	12.6	mg/L	respectively6.		

TABLE	5.1	DISPLAYS	QUALITY	DATA	OF	TREATED	WASTEWATER	FROM	THE	WASTEWATER	FACILITY	 IN	PAVLODAR.	BOD	STANDS	FOR	
BIOCHEMICAL	OXYGEN	DEMAND.	COD	STANDS	FOR	CHEMICAL	OXYGEN	DEMAND.	

Parameters	 180403	 180404	 180405	 180406	 180407	 180408	

pH	 7.60	 7.60	 7.70	 7.70	 7.70	 7.80	

NH4
+	(mg/L)	 3.5	 3.6	 1.5	 1.7	 2.2	 1.3	

NO2
-	(mg/L)	 0.5	 0.9	 2	 1.3	 3.2	 1.1	

NO3
-	(mg/L)	 30.2	 30.1	 51.2	 50.8	 48.7	 48.6	

PO4
3-	(mg/L)	 10.8	 15.4	 9.6	 10.1	 11.3	 10.8	

Cl-	(mg/L)	 350	   250	   

SO4
2-	(mg/L)	 250	   100	   

Al	(mg/L)	 0.2	   0.17	   

Fe	(mg/L)	 0.25	   0.1	   

Cu	(mg/L)	 0.56	   0.44	   

BOD	(mg	O2/L)	 2.2	   1.8	   

COD	(mg	O2/L)	 14.7	   15.6	   

Volume	of	treated	wastewater	(m3)	 98,742	 83,670	 90,032	 98,234	 88,308	 92,381	

                                                
6	Personal	contact	with	Ivan	Radelyuk,	Ph.D.	Student	at	Water	Resources	Engineering	at	Lund	University,	2018-
04-13.		
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5.7	INDUSTRIAL	WATER	AND	WASTEWATER	TREATMENT	
Respondent	1	states	that	there	are	eight	main	industrial	factories	connected	to	the	drinking	water	system.	These	
are:	Calcined	Oil	Coke	factory,	Oil	refinery,	Naphthalene	LTD	factory,	Aluminum	plant,	Electrolysis	plant,	Thermal	
Power	plant,	Iron	Supply	factory,	and	a	pipeline	production	plant.	The	industries	in	Pavlodar	are	the	main	users	
of	the	water.	Some	industries	get	water	delivered	from	Gorvodokanal	and	others	treat	the	water	that	they	take	
from	the	Irtysh	River	themselves.	Respondent	1	states	that	the	industries	process	the	wastewater	themselves	
before	dumping	it	into	lakes	or	evaporated	to	open	air,	hence	the	industry	water	does	not	go	back	to	the	Irtysh	
River.	The	Calcination	Unit,	the	NFD	Unit,	and	the	Oil-	and	Gas	Refinery	were	visited.	All	industries	use	water	for	
their	different	processes	and	treat	the	wastewater	in	different	ways.		

The	Calcination	Unit	is	a	rather	new	plant,	which	opened	in	2015	and	uses	1000-1500	m3	water/day	for	technical	
purposes	and	60-65	m3	water/day	for	drinking	purposes.	The	wastewater	 from	the	processes	goes	through	a	
treatment	process,	which	include	mechanical	filtration,	sedimentation,	coagulation	and	flocculation.	The	treated	
wastewater	is	used	as	cooling	water	for	the	heat	exchange	of	the	processes,	where	it	is	evaporated.	The	steam	
goes	through	a	combustion	process	where	the	small	particles	of	coke	and	dust	are	removed.	The	clean	steam	is	
then	let	out	into	the	atmosphere.	The	raw	water	that	the	facility	takes	from	the	Irtysh	River	is	hence	not	turned	
back.	However,	 the	unit	 recycles	 the	water	and	hence	does	not	need	 to	use	as	much	 raw	water	as	 it	would	
otherwise7.	The	unit	 carefully	manually	measures	42	parameters	 continually	at	 least	once	a	day.	Example	of	
parameters	are	pH,	nitrate	amount,	sulfate	amount	and	amount	of	phosphate7.	Through	this,	the	authors	were	
able	to	get	ahold	of	quality	data	of	the	treated	water	at	Gorvodokanal.		

The	NFD	unit	produces	MTB	and	PP.	The	amount	of	freshwater	they	use	is	30-40	m3/h.		The	main	reason	to	why	
freshwater	is	needed	is	since	the	recycled	water	used	in	the	processes	eventually	will	evaporate.	The	freshwater	
is	taken	from	the	oil	refinery,	which	in	their	turn	take	the	water	from	the	Gorvodokanal	and	hence	Irtysh	River7.	

The	oil	refinery	uses	2400	m3/day	of	fresh	water.	As	mentioned	above,	however	the	plant	takes	more	water	than	
this	from	the	Irtysh,	since	it	delivers	to	other	plants	as	well.	After	the	water	is	treated	and	cannot	be	recycled	
further	it	will	be	dumped	in	Lake	Samsak,	which	is	located	outside	the	city.	The	sludge	that	is	collected	through	
the	treatment	processes	will	be	sent	to	a	Flottweg	machine.	Here	the	sludge	will	be	divided	into	three	layers:	
crude	oil,	water	and	kek,	which	looks	similar	to	soil.	The	kek	will	be	dumped	at	a	land	field	far	from	the	city.	The	
crude	oil	and	some	of	the	kek	will	be	used	in	the	processes8.	

	

FIGURE	5.6	DISPLAYS	THE	VISIT	TO	THE	OIL	REFINERY	IN	PAVLODAR.	

	

                                                
7	Visit	to	industries	2018-04-12.	

8	Visit	to	industry,	2018-04-18.	
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5.8	DISTRIBUTION	OF	CENTRALIZED	WATER	AND	WASTEWATER	SYSTEM	
Distribution	maps	 for	 the	drinking-,	 industrial-	and	wastewater	 systems	were	provided	by	 Ivan	Radelyuk	and	
displayed	in	Appendix	G.		The	maps	for	the	centralized	water	distribution	systems	do	not	reach	out	to	all	of	the	
districts	in	the	city	nor	to	the	communities	Leninskiy	and	Kenzhekol.	However,	some	participants	of	the	survey	
that	stated	that	they	have	centralized	water	live	in	parts	of	the	town	that	are	not	included	in	the	maps,	which	
indicates	the	maps	have	slight	errors.	Respondent	4	stated	that	the	distribution	pipes	were	made	of	iron.	

5.9	VISIT	TO	KENZHEKOL	
In	order	to	conduct	more	surveys	and	to	get	a	clearer	picture	of	the	situation	in	the	rural	areas,	which	are	not	
connected	to	the	centralized	water	system,	the	rural	area	Kenzhekol	was	visited.	The	houses	and	buildings	were	
very	old.	During	our	visit,	we	came	upon	a	standpipe	that	the	inhabitants	use	as	a	drinking	water	source.	Images	
of	the	area	and	the	standpipe	are	presented	below.		

	

FIGURE	5.7	DISPLAYS	THE	AREA	OF	KENZHEKOL	AND	A	STANDPIPE	THAT	SERVES	AS	A	WATER	SOURCE	IN	KENZHEKOL		

5.10	OTHER	INVESTIGATIONS	
During	the	Case	Study,	other	investigations	and	data	collections	were	performed	in	order	to	answer	the	research	
questions.	These	were	a	Focus	Group	Discussion,	nine	 interviews,	a	survey	collection,	and	data	collection	on	
water	quality.	The	results	of	these	investigations	are	presented	in	Chapter	7.		
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6.	LAYERED	RISK	ASSESSMENT	APPROACH	
This	chapter	presents	the	construction	of	the	general	approach,	which	the	authors	formed	through	literature	
study	and	the	information	from	the	visit	and	contact	with	Stehag	Drinking	Water	Treatment	Facility	in	Sweden.	
The	chapter	further	explains	how	to	implement	the	model.	Later	on	in	the	report,	the	implementation	of	the	
model	through	the	Case	Study	 in	Pavlodar,	Kazakhstan,	 is	presented.	Additionally,	the	 implementation	of	the	
model	is	evaluated	in	Chapter	8.		

6.1	IDEA	OF	APPROACH	
As	concluded	during	the	literature	study,	risk	assessment	for	an	expansion	of	centralized	drinking	water	systems	
with	 the	 impacts	 of	 wastewater	 systems	 are	 rare.	 Through	 this,	 the	 authors	 decided	 to	 develop	 a	 general	
approach	regarding	this	matter. 

The	 result	 is	 a	bottom-up	 triangle.	This	 idea	came	 to	 the	authors	after	 reading	 literature	by	Karatayev	et	al.	
(2017),	Meyer	et	al.	(2016)	and	Chalker	et	al.	(2018).	The	common	focus	in	this	literature,	which	discusses	risk	
factors	for	water	system	management,	is	how	water	is	organizationally	managed	through	policy,	regulations	and	
governance.	This	includes	facing	problems	such	as	cross-border	relations	for	shared	surface	water	sources,	how	
to	translate	corporate	risk	management	strategies	into	practice,	and	businesses	strategies	to	decrease	the	risk	
of	economic	loss.	Meyer	et	al.	(2016)	specifically	state	the	need	of	developing	strategic	approaches	to	integrate	
data	 from	 specialists	 within	 different	 areas.	 Through	 this,	 communication	 between	 the	 organizational	
stakeholders	is	 important.	The	authors	of	the	Thesis	agree	that	the	focus	of	risk	governance	is	one	necessary	
approach	for	long-term	maintenance	of	water	sources	and	high	quality	systems.	However,	the	core	of	the	water	
system	quality	and	in	its	turns,	water	system	quantity,	is	the	water	distribution	system	itself.	Through	this,	the	
authors	found	the	necessity	of	developing	an	approach	that	focuses	of	the	risks	in	the	actual	water	distribution	
system.	Due	to	the	rapid	worldwide	urbanization,	industrialization	and	modernization	the	authors	also	found	it	
interesting	to	adapt	this	risk	management	model	related	to	expansion	of	a	centralized	water	system.	In	addition,	
with	the	literature	of	Karatayev	et	al.	(2017),	Meyer	et	al.	(2016)	and	Chalker	et	al.	(2018)	in	mind,	the	authors	
wanted	to	investigate	an	approach	where	a	stakeholder	analysis	was	included	as	a	base,	with	two	purposes	in	
mind.	Firstly,	not	to	forget	the	input	of	end-users	and	other	relevant	stakeholders	that	might	be	overlooked	if	
excluding	this	step.	Secondly,	through	the	mapping	of	stakeholders,	provide	easier	interactions	between	studies	
within	other	areas	of	the	water	section,	such	as	the	risk	governance	area.	It	should	be	noted	that	water	systems	
and	water	quality	regulations	vary	around	the	world,	which	put	constraints	on	the	worldwide	applicability	of	the	
approach.	 Thus,	 the	 readers	 should	 be	 aware	 that	 the	 authors	 conducted	 the	 approach	 with	 post-Soviet	
countries	in	mind. 

6.2	DEVELOPMENT	OF	THE	APPROACH	
The	 dynamics	 of	 the	 raw	 water	 source,	 the	 treatment	 facility	 and	 the	 distribution	 system	 are	 essential	 to	
understand	in	order	to	investigate	the	issue	of	expansion	of	a	centralized	system.	In	other	words,	a	water	system	
is	complex	and	when	constructing	the	general	risk	assessment	framework,	this	complexity	of	a	centralized	water	
system	needs	to	be	considered.	In	Figure	6.1,	the	authors	try	to	depict	this	complexity. 
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FIGURE	6.1	DISPLAYS	HOW	THE	QUALITY	AND	QUANTITY	OF	THE	RAW	WATER	SOURCE,	THE	TREATMENT	FACILITY	AND	THE	DISTRIBUTION	
SYSTEM	AFFECT	THE	CAPACITY	OF	EXPANSION.	IN	ORDER	TO	PROVIDE	ENOUGH	QUANTITY	OF	DRINKING	WATER,	THE	QUALITY	OF	THE	
WATER	 IS	 ESSENTIAL.	 THE	RAW	WATER	 SOURCE	 SETS	 THE	 FOUNDATION	 FOR	THE	CAPACITY	OF	 EXPANSION,	 THEN	THE	 TREATMENT	
FACILITY	AND	IN	ITS	TURNS	THE	DISTRIBUTION	NETWORK.	ADDITIONALLY,	THE	USED	WATER	MAY	INTERFERE	WITH	THE	DRINKING	WATER	
SYSTEM,	WHICH	IS	IMPORTANT	TO	KEEP	IN	MIND	WHEN	ASSESSING	AN	EXPANSION	OF	A	DRINKING	WATER	SYSTEM.			

As	displayed	in	Figure	6.1,	the	potential	for	expanding	a	centralized	water	system	is	dependent	on	the	capacities	
of	the	raw	water	source,	the	treatment	facility,	and	the	distribution	network.	These	capacities	are	influenced	by	
the	quantity	and	the	quality	of	the	water.	The	black	arrows	display	how	the	raw	water	source	is	the	foundation	
for	the	capacity,	then	the	treatment	facility	and	in	turn	the	distribution	network.	The	red	arrows	further	explain	
how	the	wastewater	also	have	an	impact	regarding	the	capacity	of	the	drinking	water	system,	especially	if	the	
wastewater	is	dumped	back	into	the	drinking	water	source,	or	where	there	is	a	risk	of	infecting	the	drinking	water	
distribution	pipes.	This	is	important	to	keep	in	mind	when	developing	a	model	for	risk	assessment	of	expansion	
of	a	centralized	drinking	water	system. 

In	order	to	develop	a	general	risk	assessment	approach	for	drinking	water	expansion,	the	general	risk	assessment	
model	 was	 used	 as	 a	 foundation,	 which	 is	 displayed	 in	 Figure	 6.2	 below.	 It	 also	 displays	 the	 preferred	
implemented	methods	in	order	to	perform	the	analysis.	These	preferred	methods	are	in	pink	boxes. 

	
FIGURE	6.2	DISPLAYS	WHAT	METHODS	SHOULD	BE	IMPLEMENTED	IN	ORDER	TO	PERFORM	A	RISK	ANALYSIS	OF	A	CENTRALIZED	WATER	
SYSTEM.	THESE	METHODS	ARE	PRESENTED	IN	PINK	BOXES.	

Since	 the	 approach	 is	 based	 on	 this	 general	 risk	 management	 model,	 they	 have	 similarities.	 However,	 by	
highlighting	 or	 adding	 steps	 and	 making	 concrete	 method	 suggestions,	 increased	 practical	 applicability	 is	
achieved	for	the	context	of	study,	as	further	detailed	below. 
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The	scope	definition	consists	of	literature	study,	observations,	data	sheets	and	perhaps	interviews	in	order	to	
grasp	the	extent	of	the	problem.	A	stakeholder	identification	is	important	in	order	to	map	all	the	stakeholders,	
since	 input	 from	 many	 different	 stakeholders	 will	 be	 necessary	 in	 order	 to	 attain	 enough	 data	 for	 the	
assessment.		Further,	the	authors	recommend	the	risks	to	be	identified	through	SWOC-analysis9	and	input	from	
stakeholders.	In	order	to	investigate	the	risks	that	will	interfere	with	an	expansion,	it	is	important	to	consider	
both	current	risks	of	the	system	that	influence	the	quality	and/or	quantity	of	the	water,	as	well	as	considering	
the	risks	that	will	occur	with	an	expansion.	The	reason	the	current	risks	are	important	to	consider	is	that	the	risks	
that	are	affecting	 the	system	today	will	probably	grow	bigger	with	an	expansion,	 since	 they	will	 affect	more	
people.	Through	this,	a	holistic	view	of	the	system	is	provided,	which	is	especially	 important	when	discussing	
mitigation	measures,	as	well	as	for	the	decision-making	regarding	the	expansion.	After	the	risks	are	identified,	
they	are	ranked	in	a	risk	matrix,	with	a	likelihood	and	consequence	scale	that	is	adapted	for	the	specific	purpose.	
The	severity	of	these	risks	are	decided	though	the	ALARP	zone	in	the	risk	matrix.	Measures	are	suggested	in	order	
to	 mitigate	 the	 risks,	 including	 the	 pros	 and	 cons	 of	 each	 measure.	 Through	 this,	 the	 advantages	 and	
disadvantages	of	 each	measure	will	 become	explicit.	 Important	 to	note	 is	 that	 the	mitigating	measures	 step	
should	be	performed	after	all	risks	have	been	identified	and	ranked,	since	the	different	parameters	in	a	water	
system	are	highly	dependent	on	each	other,	and	through	this,	one	mitigating	measure	is	likely	to	affect	several	
different	 risks.	This	attempted	 to	be	highlighted	 in	 the	Layered	Risk	Assessment	Approach	by	 separating	 the	
different	steps	by	layers,	where	the	mitigating	measure	step	is	presented	at	the	top.	As	a	part	of	the	mitigating	
measures	step,	a	budget	reflection	of	the	water	treatment	facility	should	be	performed,	in	order	to	understand	
what	resources	the	facility	has	available	in	order	to	apply	the	mitigating	measures.	The	approach	was	constructed	
after	all	these	methods	were	extracted	from	the	general	risk	assessment	model,	which	is	displayed	in	Figure	6.3	
below.		 

                                                
9	 SWOC-analysis	 is	 similar	 to	 the	 more	 well-known	 SWOT-analysis,	 but	 where	 “Threat”	 is	 exchanged	 with	
“Challenges”	
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FIGURE	6.3	DISPLAYS	THE	GENERAL	TRIANGULAR	BOTTOM-UP	APPROACH,	CONSTRUCTED	BY	THE	AUTHORS.		

Through	its	triangular	shape,	it	advocates	a	bottom-up	approach	for	risk	assessment	of	a	water	supply	system.	
By	 its	appearance,	 it	might	be	applicable	 for	other	complex	systems;	however,	 it	 is	constructed	with	a	water	
system	in	mind.	To	perform	the	three	top	steps	of	the	approach,	a	fault	tree	might	be	used	as	a	tool.	An	example	
of	 a	 relations	 diagram	 for	 a	 centralized	 drinking	 water	 system	 in	 Post-Soviet	 countries	 is	 constructed	 and	
displayed	in	Appendix	I,	which	has	a	similar	design	as	a	fault	tree.		

6.3	DISCUSSION	OF	IMPLEMENTATION	OF	THE	APPROACH		
Through	the	explanation	regarding	the	development	of	the	approach,	the	authors	have	provided	arguments	to	
why	and	how	the	final	approach	was	constructed.	In	order	to	provide	the	reader	with	further	understanding	of	
the	 composition	of	 the	approach,	 additional	 arguments	 for	 each	 individual	 step	of	 the	 triangle	 are	provided	
below.	

As	a	first	step	of	the	approach,	a	scope	definition	is	performed,	in	order	to	understand	the	context	of	the	specific	
area	and	facility.	This	step	may	be	performed	through	observations,	interviews,	field	visits,	literature	study	etc.	
In	order	to	perform	the	scope	definition,	the	Circular	Figure,	as	displayed	in	Figure	6.1	needs	to	be	considered.	
Through	this,	the	water	facility	may	set	up	a	goal	regarding	the	expansion.	For	example,	what	areas	should	be	
included	 in	 the	expansion,	what	 type	of	 end-users	 should	be	 included,	 and	deadline.	 Thus,	 the	 facility	has	a	
concrete	 goal	 regarding	 how	many	more	 people	 are	 included,	 and	 hence	 has	 an	 idea	 of	what	 capacity	 and	
economical	requisites	it	would	take	to	implement	this.		

A	stakeholder	identification	is	performed	in	order	to	understand	who	will	be	affected	by	the	expansion	and	how	
the	 capacities	 are	 affected	 by	 the	 stakeholders.	 Examples	 of	 stakeholders	 are	 current	 end-users	 in	 terms	 of	
households,	 industries,	 hospitals	 and	 agricultural	 businesses.	 These	 type	 of	 stakeholders	 are	 important	 to	
identify	in	order	to	define	how	they	affect	the	water	distribution	capacity.	Examples	of	other	stakeholders	are	
different	experts,	employees	at	the	water	facility,	and	the	local	government.		
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Additionally,	 the	 opinions	 of	 the	 stakeholders	 should	 be	 provided.	 Here,	 the	 opinions	 of	 the	 end-users	 are	
emphasized	to	also	be	included,	since	these	are	often	forgotten.	The	opinions	could	be	gathered	through	asking	
relevant	questions	in	a	survey.	This	is	a	great	way	to	get	an	idea	of	how	the	end-users	rank	the	use	of	the	system	
today,	 and	provides	 an	 idea	of	how	 the	 system	could	be	 improved.	 These	opinions	may	be	 considered	with	
benefit	when	planning	for	the	expansion.	How	the	survey	may	be	constructed	is	displayed	in	Appendix	F1.	 In	
addition,	the	opinions	of	experts,	the	water	facility	itself	and	perhaps	other	stakeholders	with	a	high	knowledge	
of	the	system	are	of	great	importance.	For	this,	the	authors	would	recommend	a	mix	of	individual	interviews	and	
focus	groups	of	reasons	described	in	Chapter	2.	By	combining	the	knowledge	of	experts	within	different	fields,	
and	the	additional	end-user	opinions,	a	holistic	picture	of	the	risks	of	water	system	expansion	can	be	provided.		

The	next	 step	of	 the	process	 is	 to	perform	risk	 scenario	 formulations.	This	 step	 is	 rather	 integrated	with	 the	
previous	steps,	especially	with	the	stakeholder	opinions.	The	authors	recommend	to	conduct	a	SWOC-analysis	
rather	than	a	regular	risk	definition	process,	since	a	SWOC-analysis	is	considered	to	be	perceived	as	being	less	
aggressive,	as	described	in	Chapter	2.	It	is	recommended	to	include	the	SWOC-analysis	in	an	interview	or	an	FGD	
with	 participants	 with	 different	 background	 and	 experience	 of	 the	 system.	 Through	 this,	 the	 analysis	 is	
performed	through	input	from	different	angles.	Additionally,	the	authors	recommend	compiling	a	SWOC-analysis	
from	the	information	collected	from	the	Scope	Definition	step	as	well,	such	as	the	literature	study	and	inspection	
of	the	facilities.	The	opinions	of	end-users	might	also	be	relevant.	Especially	if	the	end-users	are	hospitals	or	extra	
vulnerable	objects.	Throughout	the	risk	formulation	step	it	is	important	to	consider	both	the	current	situation	of	
the	system,	as	well	as	the	situation	that	will	develop	with	an	expansion	in	order	to	provide	a	holistic	picture	of	
the	risks,	as	more	thoroughly	explained	in	the	section	above.	Further,	all	identified	SWOC-factors	are	thoroughly	
discussed	and	through	this,	risk	scenarios	are	formulated. 

The	ranking	of	the	formulated	risk	scenarios	is	the	next	step	of	the	approach.	The	risks	are	ranked	according	to	
likelihood	 of	 occurring	 and	 consequence.	 The	 likelihood	 and	 the	 consequences	 may	 be	 ranked	 through	
qualitative,	semi-quantitative,	or	quantitative	measurements,	as	discussed	in	Chapter	3.	The	ranking	of	the	risks	
is	performed	with	input	from	different	experts	of	the	system	and	employees	at	the	drinking	water	facility.	It	is	
important	to	include	many	opinions	and	perspectives	of	this	matter	in	order	to	get	the	ranking	as	accurate	as	
possible.	If	the	facility	is	able	to	provide	historical	data	for	all	the	identified	risk	scenarios,	a	quantitative	scale	of	
the	 risk	 ranking	may	be	performed.	 In	general,	however,	 the	authors	would	 recommend	a	 semi-quantitative	
scale,	for	reasons	mentioned	in	Chapter	3.			

Through	 the	 risk	 scenario	 ranking	 the	priorities	of	mitigating	measures	are	 suggested.	Options	 for	mitigating	
measures	should	be	discussed	in	terms	of	the	pros	and	cons	of	implementing	them	into	the	process.	If	there	are	
any	problems	with	 the	 implementation	of	 the	measure,	 these	 should	be	discussed,	 as	well	 as	 the	economic	
situation.		

 	



 

32	

	

	 	



 

33	

7.	RESULTS	FROM	APPLICATION	
The	developed	Layered	Risk	Assessment	Approach	for	the	centralized	system	in	Pavlodar	was	conducted	in	order	
to	come	up	with	recommendations	in	terms	of	quality,	safety	and	risk	mitigating	measures	with	the	purpose	of	
a	system	expansion.	The	approach	was	also	applied	in	order	to	evaluate	it.		
	

7.1	SCOPE	DEFINITION	
The	system	expansion	that	is	discussed	is	referred	to	the	expansion	to	one	or	two	more	nearby	communities.	
As	an	example,	the	communities	of	Leninskiy	and	Kenzhekol	are	included	in	this	investigation,	which	would	
mean	an	approximate	number	of	15000	more	users1.	The	scope	of	the	specific	system	was	defined	according	to	
the	approach	through	literature	study,	observations	and	interviews.	The	result	of	the	literature	study	is	
presented	in	Chapter	4,	the	information	provided	through	observations	and	visits	is	presented	in	Chapter	5,	
and	the	interviews	are	presented	in	Appendix	B.	Other	relevant	information	for	the	scope	definition,	such	as	
data	sheets,	was	also	collected.	This	information	is	presented	in	the	steps	below.				
	

7.2	STAKEHOLDER	IDENTIFICATION	
The	 stakeholder	 identification	 step	 serves	as	 ground	 to	 know	who	play	an	 important	 role	 for	 the	water	 and	
wastewater	systems.	In	this	study,	the	stakeholder	identification	was	used	as	a	tool	to	decide	whose	opinions	
should	be	included	in	the	risk	analysis	for	the	water	systems.	The	defined	stakeholders	are	displayed	in	Figure	
7.1.	 The	 stakeholders	 were	 identified	 by	 the	 authors,	 and	 in	 order	 to	 get	 extra	 opinions	 of	 which	 further	
stakeholders	to	include	it	was	presented	during	the	FGD,	but	the	participants	did	not	have	any	further	input.	

	

FIGURE	7.1	DISPLAYS	THE	DEFINED	STAKEHOLDERS.	

Through	the	stakeholder	identification	step,	it	was	decided	that	opinions	from	different	stakeholder	groups	were	
important	to	include	to	attain	a	holistic	picture	of	the	system’s	risks.	Through	this,	the	opinion	of	the	household	
end-users,	 potential	 household	 end-users,	 industries,	 experts,	 and	 Gorvodokanal	 employees	 were	 targeted.	
Household	and	potential	household	end-users	that	might	be	connected	in	the	future	were	targeted	since	they	
are	 the	majority	of	end-users	and	 the	 industrial	 end-users	were	 targeted	 since	 they	 contribute	 to	 the	major	
drinking	 water	 consumption	 (Gorvodokanal,	 Pavlodar,	 2018).	 Through	 this,	 it	 was	 considered	 important	 to	
understand	their	opinion	regarding	the	water	systems,	in	order	to	understand	what	could	be	improved	and	what	
risks	 that	might	 appear	 from	an	end-user	perspective.	 For	 example,	 the	domestic	 end-users	have	 significant	
knowledge	about	the	final	drinking	water	product,	which	has	passed	through	the	distribution	pipes,	such	as	taste,	
smell,	turbidity,	and	the	time	it	takes	to	gather	the	water.	Through	this	knowledge,	further	risks	with	the	system	
could	be	identified.	The	opinions	of	experts	and	employees	at	Gorvodokanal	seemed	relevant	to	include	for	the	
application	of	 the	approach.	Their	different	 inputs,	 information	and	experiences	were	considered	valuable	 in	
order	to	identify	and	analyze	risks	with	a	system	expansion.		

7.3	GATHERING	OF	OPINIONS	
The	gathering	of	opinions	was	performed	through	conducting	a	survey	on	the	end-users,	interviews	with	experts	
and	 employees	 of	 Gorvodokanal	 and	 an	 FGD	with	 experts,	 employees	 of	 Gorvodokanal	 and	 end	 users.	 The	
interviews	 are	 displayed	 in	Appendix	 B2	 and	 the	 FGD	 is	 displayed	 in	Appendix	 B1.	 The	 detailed	 information	
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- Government of other regions

(including other countries 
that share the raw water 
source)

- The water treatment plant 

- Experts within relevant fields
- Ecologists
- Chemists
- Water experts
- Scientists

- End-users
- Schools - Agriculture
- Hospitals - Other operations
- Households - Potential end-users
- Industries - Competitors



 

34	

regarding	the	survey	is	presented	in	Appendix	F.	However,	the	summary	of	the	results	of	the	survey	is	presented	
below.	

To	get	the	end-user	opinion	on	the	drinking	water	and	wastewater	management,	a	survey	was	performed,	with	
124	responses.	The	survey	is	displayed	in	Appendix	F1.	The	answers	were	divided	depending	on	what	area	the	
participants	lived:	Pavlodar,	Leninskiy	(located	20	km	from	Pavlodar),	Kenzhekol	(located	14	km	from	Pavlodar)	
and	other	areas,	which	include	participants	that	live	in	the	nearby	city	Aksu	and	inhabitants	of	rural	areas.	As	
mentioned	in	Chapter	1,	the	majority	of	the	participants	from	Pavlodar	City	were	students	at	PSU.	It	should	be	
noted	that	the	majority	of	the	population	of	the	city	is	connected	to	the	centralized	system	for	both	drinking	
water	and	wastewater,	and	therefore,	have	a	chance	to	choose	to	use	it	or	not.	However,	the	inhabitants	of	the	
communities	close	to	Pavlodar	do	not	have	the	same	possibilities.	

The	participants	of	the	survey	are	generally	pleased	with	both	the	drinking	water	and	wastewater	management.	
However,	a	clear	majority	of	the	participants	perform	some	additional	treatment	on	the	water	before	usage.	
These	treatments	are	often	boiling	and/or	filtering	the	water.	The	reason	for	these	additional	treatments	were	
usually	to	get	rid	of	bacteria	in	the	water	and	to	remove	the	chlorine.		

Figure	7.2	displays	what	kind	of	water	that	is	used	for	drinking	purposes	in	Pavlodar	City	and	in	Kenzhekol	and	
Leninskiy.	In	Pavlodar	City,	80%	treat	their	water	by	either	boiling	or	filtering	it,	which	is	interesting	since	the	
water	seems	to	follow	the	regulations	including	the	Swedish	and	the	US	ones,	while	8%	use	bottled	water	for	
drinking	 purposes.	 For	 the	 smaller	 communities,	 the	most	 common	 alternative	 for	 drinking	water	 is	 bottled	
water,	followed	by	water	from	a	private	borehole.		

	

FIGURE	7.2	PRESENTS	THE	DISTRIBUTION	OF	DRINKING	WATER	ALTERNATIVES	IN	PAVLODAR	CITY	AND	THE	COMMUNITIES	KENZHEKOL	
AND	LENINSKIY.	

The	participants	in	the	city	of	Pavlodar	are	generally	pleased	with	the	wastewater	management	at	their	homes.	
The	 most	 common	 alternative	 is	 an	 indoor	 toilet	 connected	 to	 the	 centralized	 system.	 However,	 some	
participants	 are	 not	 connected	 to	 the	 centralized	 system	 and	 not	 satisfied	 with	 their	 current	 wastewater	
management.	 In	 Leninskiy,	 most	 of	 the	 participants	 have	 an	 outdoor	 toilet	 which	 is	 not	 connected	 to	 the	
centralized	system.	The	participants	are	not	satisfied	with	the	solution	but	gave	no	comments	to	why.	Figure	7.3	
displays	how	wastewater	is	managed	in	Pavlodar	and	the	communities	of	Kenzhekol	and	Leninskiy.	
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FIGURE	7.3	DISPLAYS	THE	DISTRIBUTION	OF	WASTEWATER	MANAGEMENT	IN	PAVLODAR	AND	IN	KENZHEKOL	AND	LENINSKIY.	

When	the	surveys	were	handed	out	to	students,	the	responses	from	the	classes	were	very	similar.	Almost	all	of	
the	participants	in	the	city	used	the	tap	water	with	additional	treatment.	In	Kenzhekol	and	Leninskiy	the	situation	
was	different.	 Since	 the	authors	got	almost	 the	 same	 information	 from	all	 of	 the	participants	at	PSU,	 it	was	
decided	to	not	distribute	more	surveys	to	students.	When	Kenzhekol	was	visited,	it	was	hard	to	hand	out	surveys	
since	 not	 many	 people	 were	 outside	 and	 it	 did	 not	 feel	 safe	 to	 knock	 on	 doors.	 Some	 people	 declined	
participating	in	the	survey	and	after	a	few	hours	only	four	surveys	were	collected	from	Kenzhekol.	In	the	end,	
the	authors	decided	to	consider	the	survey	collection	a	finished	step	of	the	approach	to	assess	the	risks.			

7.4	RISK	SCENARIO	FORMULATION	
The	risk	scenarios	were	constructed	by	using	a	SWOC-analysis	as	a	tool	for	discussion	during	the	interviews	and	
the	 FGD.	 The	 authors	 also	 added	 additional	 SWOC-factors	 collected	 from	 the	 Scope	 Definition	 step.	 As	
mentioned	more	thoroughly	in	Chapter	6,	a	SWOC-analysis	was	used	since	it	was	considered	a	great	tool	to	start	
a	discussion	regarding	the	risks	of	the	system	without	forgetting	to	define	the	strengths	and	opportunities,	which	
might	in	turn	consist	of	different	critical	points	or	risks	that	are	important	to	acknowledge	for	the	holistic	risk	
assessment.	The	questions	and	summaries	of	the	FGD	and	the	interviews	are	displayed	in	Appendix	B,	which	also	
includes	the	amount	of	participants	and	their	professions.		
In	order	for	an	expansion	to	be	as	successful	as	possible	the	current	system	needs	to	be	as	optimal	as	possible.	
Through	this,	both	current	SWOC-factors	and	factors	that	would	appear	through	an	expansion	were	identified.	
The	factors	were	then	translated	into	15	risk	scenarios;	8	current	ones	and	7	expansion	ones.	These	are	displayed	
in	Table	7.1	below.		
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TABLE	7.1	DISPLAYS	THE	IDENTIFIED	CURRENT	AND	EXPANSION	RISKS	RESPECTIVELY.	

No.	 Identified	Risks	 Consequence	

Quality	

Consequence	

Quantity	

Current	Risks	

1	 Old	underground	and	household	pipelines	lead	to	contamination	of	
drinking	water	

X	  

2	 Contaminated	groundwater	leaks	into	distribution	pipes	 X	 X	

3	 High	turbidity	leads	to	excess	use	of	chlorine	 X	  

4	 Chemical	and	biological	contamination	of	drinking	water	due	to	
lacking	treatment	process	

X	  

5	 No	automatic	quality	controls	 X	  

6	 Only	one	intake	of	raw	water	  X	

7	 Chlorine	usage	in	wastewater	treatment		 X	  

8	 High	content	of	nitrogen	and	phosphorus	in	effluent	of	wastewater	
treatment	

X	  

Expansion	Risks	

9	 Poorly	protected	water	source	 X	 X	

10	 High	operation	of	drinking	water	facility	  X	

11	 Quality	prognosis	of	Irtysh	River	 X	  

12	 Excess	water	use	  X	

13	 Higher	constraints	on	wastewater	distribution	pipes	 X	  

14	 Water	disruptions	  X	

15	 Compromising	maintenance	of	current	pipes	 X	  
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The	risks	are	rated	in	regards	of	likelihood	and	consequence.	The	scale	of	likelihood	is	translated	on	a	1-5	scale	
and	is	based	on	the	frequency	axis	displayed	in	the	risk	matrix	in	Figure	3.3	in	Chapter	3.	The	consequences	are	
divided	into	two	different	categories:	water	quantity	and	water	quality.	The	water	quantity	consequence	refers	
to	compromising	the	quantity,	 like	shortage	of	water	in	the	tap,	and	the	water	quality	consequence	refers	to	
compromising	 the	 quality,	 for	 example,	 metal	 corrosion	 in	 pipes	 gives	 water	 an	 unsatisfactory	 taste.	 The	
consequence	scale	is	translated	into	a	1-5	sale	and	is	based	on	the	consequence	axis	displayed	in	the	risk	matrix	
in	Figure	3.3.	Table	7.2	summarizes	the	risk	rating	system.		

TABLE	7.2	DISPLAYS	THE	DEFINITION	OF	THE	RISK	RANKING	SYSTEM.		

Matrix	 Rating	 Matrix	 Rating	

Frequency	 Likelihood	
scale	

Consequence	 Consequence	
scale	

>1	time/year	 5	 Many	deaths/dozens	severely	infected	 5	

1	time	/	1-10	year	 4	 Sporadic	deaths/many	severely	infected	 4	

1	time	/10-100	year	 3	 Small	amount	of	severely	infected/long	lasting	daily	
discomfort	

3	

1	time	/	100-1000	year	 2	 Small	amount	of	infected/middle	lasting	daily	
discomfort	

2	

<1	time	/	1000	year	 1	 Small	discomfort	 1	

	

The	identified	risk	scenarios	are	either	current	ones	that	will	interfere	with	an	expansion	or	future	risk	scenarios	
that	will	occur	if	the	system	is	expanded.	The	risk	scenarios	are	presented	below	with	an	explanation	including	a	
discussion	 regarding	 the	 likelihood	 and	 consequence	 ratings.	 The	 information	 regarding	 each	 scenario	 is	
collected	through	the	FGD,	 interviews,	data	sheets,	observations	or	additional	 literature,	which	 is	 referred	 in	
each	scenario	description.	The	rating	of	the	likelihood	and	consequences	are	also	presented	in	each	individual	
scenario	 and	 is	 performed	 by	 the	 authors	 based	 on	 the	 information	 from	 the	 FGD,	 interviews,	 data	 sheets,	
observations	or	additional	 literature.	Due	to	 lack	of	transparency	the	authors	additionally	had	to	make	some	
estimations	themselves	out	of	the	information	provided.	What	the	rating	of	risks	are	based	on	is	presented	in	
each	individual	scenario. 

Current	Risk	Scenarios	

The	current	state	of	the	water	and	wastewater	treatment	facilities	will	compromise	a	sustainable	drinking	water	
expansion.	Current	risks	of	the	systems	are	identified	to	mitigate	spreading	and	to	understand	how	an	expansion	
may	affect	these	scenarios.		

Scenario	1:	Old	underground	and	household	pipelines	leading	to	precipitation	of	metals	and	contamination	of	
the	drinking	water.		
The	underground	pipelines	in	the	city	are	up	to	50-60	years	old,	which	explains	why	72%	of	the	drinking	water	
distribution	pipelines	require	exchange	(Gorvodokanal	Pavlodar,	2017).	Respondent	1	states	that	the	pipelines	
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in	the	households	are	also	considered	old	and	might	be	exchanged	on	the	expense	of	the	owner.	Respondent	3	
states	that	the	pipelines	consist	of	metal	materials	such	as	iron,	and	thus	the	water	might	be	infected	with	metal	
residuals.	It	was	stated	during	the	FGD	that	the	city	is	responding	to	this	problem	every	summer,	since	the	city	
usually	performs	construction	work	on	the	pipelines	in	order	to	improve	their	quality.	

A	study	by	Wang	et	al.	(2012)	showed	that	chlorine	could	promote	corrosion	in	iron	distribution	pipes.	The	facility	
uses	a	lot	of	chlorine	in	the	treated	water,	as	stated	previously,	thus	there	is	a	risk	for	increased	metal	residuals.	
Due	to	this	and	the	age	and	material	of	the	pipelines,	the	likelihood	of	metal	residuals	in	the	water	is	considered	
high.	Whether	the	extra	treatment	that	the	households	perform	on	the	delivered	water,	as	the	survey	indicated,	
would	be	able	to	remove	these	is	unclear.	However,	no	reported	incidents	could	be	traced.	The	consequence	is	
limited	to	a	small	inconvenience	for	the	population,	due	to	the	additional	treatments.		

With	 a	 future	 expansion,	 not	 only	 the	 amount	of	 people	using	 the	water	 that	 is	 affected	by	 this	 scenario	 is	
increased.	Since	the	expansion	would	require	new	pipelines,	this	would	most	likely	have	a	negative	effect	on	the	
capacity	to	exchange	the	old	pipelines	in	the	current	network.	Thus,	the	level	of	repairs	would	decrease	and	this	
problem	will	be	unsolved	during	a	longer	period	of	time.	This	is	further	discussed	in	Risk	Scenario	15.	However,	
the	future	planned	expansion	does	not	affect	the	ratings	of	the	current	likelihood	and	consequence.		

Current	likelihood:	5	 	 	 Expansion	likelihood:	5	

Current	consequence	water	quality:	2		 	 Expansion	consequence	water	quality:	2	

Scenario	2:	Contaminated	groundwater	leaks	into	the	underground	pipelines.		
There	is	also	a	risk	of	leakages	of	water	from	the	pipelines,	which	also	contributes	to	the	risk	of	groundwater	and	
other	material	in	the	ground	into	the	pipes.	The	current	state	of	the	problem	is	displayed	in	Figure	7.4. 

	

FIGURE	7.4	DISPLAYS	THE	LOSSES	OF	WATER	IN	THE	DISTRIBUTION	NETWORK	AND	AT	THE	TREATMENT	FACILITY	OVER	THE	YEARS.	THE	
BLUE	AND	THE	GREY	LINES	REPRESENT	THE	NORMATIVE	LOSSES	IN	THE	PIPE	NETWORK	AND	THE	NORMATIVE	LOSSES	AT	THE	TREATMENT	
FACILITY	RESPECTIVELY.	THE	ORANGE	AND	THE	YELLOW	LINES	REPRESENT	ACTUAL	LOSSES	IN	THE	PIPE	NETWORK	AND	ACTUAL	LOSSES	
AT	THE	TREATMENT	FACILITY	RESPECTIVELY.	NORMATIVE	LOSSES	CORRESPOND	TO	THE	EXPECTED	LOSSES,	WHILE	THE	ACTUAL	LOSSES	
CORRESPOND	TO	THE	LOSSES	THAT	ACTUALLY	OCCURRED.		

As	the	graph	displays,	the	leaking	water	from	the	pipelines	is	almost	20%	each	year,	and	no	decreasing	trend	is	
displayed.	However,	it	is	unclear	if	the	losses	during	treatment	of	drinking	water	is	included	in	the	technical	losses	
or	if	the	numbers	from	the	lower	graph	should	be	added	to	the	numbers	from	the	upper	graph	to	get	the	total	
loss.	It	is	also	unclear	if	the	water	losses	at	the	drinking	water	facility	is	recycled	back	into	the	process.	These	
water	losses	might	be	one	reason	to	why	the	wastewater	treatment	manages	less	water	than	the	drinking	water	
facility	distributes.	This	also	means	 that	 there	 is	a	 risk	of	 leakages	of	groundwater	and	other	material	 in	 the	
ground,	such	as	wastewater	and	excreta	bacteria,	which	might	leak	into	the	pipes.	Additionally,	as	mentioned	
during	the	FGD	the	sludge	from	the	water	facilities	and	industries	is	disposed	in	nature,	which	might	travel	into	
these	pipes.		
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With	 a	 future	 expansion,	 not	 only	 the	 number	 of	 people	 using	 the	water	 that	 is	 affected	 by	 the	 scenario	 is	
increased.	Since	the	expansion	would	require	new	pipelines,	this	would	most	likely	have	a	negative	effect	on	the	
capacity	to	exchange	the	old	pipelines	in	the	current	network.	Thus,	the	level	of	repairs	would	decrease,	which	
will	lead	to	longer	lasting	problems.	Additionally,	an	expansion	to	areas	such	as	Leninskiy	or	Kenzhekol,	where	
most	the	population	are	not	connected	to	the	centralized	wastewater	management	system,	there	is	a	greater	
risk	of	pipeline	incubation	of	excreta.	In	the	beginning,	when	the	newly	added	pipelines	are	of	good	quality,	this	
is	probably	not	 a	problem.	However,	 after	 some	10	years	 the	pipelines	may	 require	maintenance	and	 these	
bacteria	may	leak	into	these	pipes.		

Through	 this,	 the	 likelihood	of	pollution	 through	 leakages	 into	 the	pipelines	 is	 considered	high,	however	 the	
residual	chlorine	in	the	pipelines	will	decrease	the	likelihood	of	infected	population	due	to	the	pollution.	On	the	
other	hand,	some	parasites	are	resistant	to	chlorine3.	An	example	of	this	is	the	incident	in	Östersund,	Sweden,	
where	 the	 water	 needed	 to	 be	 boiled	 for	 three	 months	 after	 detection	 of	 parasite	 in	 the	 water	
(Smittskyddsinstitutet,	2011).	With	this	in	mind,	the	consequence	on	the	water	quality	is	set	as	medium,	with	a	
small	amount	of	infected	but	a	long	discomfort.	A	likelihood	of	one	occurrence	every	1-10	years	was	agreed	upon	
in	the	FGD	group.	As	displayed	in	Figure	7.4	above,	this	scenario	also	affect	the	quantity	of	the	water,	since	the	
leaking	pipes	lose	big	amounts	of	water	during	the	transportation	and	is	ranked	high	even	without	the	expansion.	
An	expansion	would	not	affect	this	consequence.		

Current	likelihood:	4	 	 	 Expansion	likelihood:	4	

Current	consequence	water	quality:	3		 	 Expansion	consequence	water	quality:	3	

Current	consequence	water	quantity:	5		 	 Expansion	consequence	water	quantity:	5	

Scenario	 3:	 High	 turbidity	 leads	 to	 ineffective	 use	 of	 chlorine	 in	 the	 treatment	 process,	 which	 leaves	 a	
distinguishing	taste	of	chlorine,	ineffective	use	of	the	chemical	and	excess	water	use.		
Today	the	disinfection	at	the	Gorvodokanal	is	through	the	use	of	chlorine.	Chlorine	has	a	residual	effect,	which	
makes	it	an	attractive	option	for	disinfection.	Respondent	1	states	that	in	the	Pavlodar	Region	there	is	also	great	
access	to	NaCl,	which	is	transported	to	the	facility	where	the	chlorine	also	is	produced.	During	snow	melting,	
heavy	rainfall	and	other	extreme	weather	conditions,	the	quality	of	the	surface	water	changes	rapidly,	such	as	
increased	turbidity.	The	current	means	for	confronting	the	changes	are	to	add	a	larger	amount	of	chlorine	to	the	
water	before	distribution	to	end-users.	The	larger	amount	is	added	to	ensure	that	the	water	is	safe	to	drink,	and	
does	 not	 contain	 excess	 bacteria	 and	 viruses.	 However,	 the	 increased	 turbidity	 lowers	 the	 effect	 of	 the	
disinfectant,	which	in	turn	may	lead	to	even	higher	dosages	of	chlorine.	Through	this,	the	treatment	might	be	
unsatisfactory	as	indicated	in	the	results	of	the	survey	Additionally,	during	the	FGD	some	participants	stated	that	
during	these	times,	they	would	leave	the	tap	on	for	5-10	minutes	because	of	the	chlorine	taste.	

With	an	expansion	in	mind,	during	the	current	circumstances	it	is	assumed	that	the	amount	of	chlorine	in	the	
treatment	would	increase	linearly.	The	employees	would	therefore	have	to	manage	and	produce	a	larger	amount	
of	chlorine,	which	increases	the	cost	and	the	risk	of	a	chlorine	overdosage.	The	number	of	people	to	drink	this	
water	would	naturally	increase.	Additionally,	it	is	assumed	that	the	amount	of	people	leaving	the	tap	running	for	
longer	periods	due	to	bad	taste	would	increase	linearly	as	well.	In	other	words,	the	current	risk	scenario	would	
follow	the	expansion	and	 involve	more	people,	more	excess	water	and	more	overuse	of	chlorine.	Due	to	the	
additional	excess	use	of	water	it	will	put	higher	constraints	on	the	wastewater	treatment	facility	than	necessary,	
which	is	discussed	more	thoroughly	in	Risk	Scenario	13.	

With	the	current	conditions,	the	likelihood	of	spreading	of	disease	is	ranked	low	since	there	is	no	historical	data	
on	this.	The	quality	consequence	is	ranked	as	relatively	low,	since	during	the	FGD	it	was	stated	that	the	common	
diseases	would	be	diarrhea	or	a	light	flu,	which	is	considered	a	medium	lasting	consequence.	With	an	expansion	
considered,	the	likelihood	is	ranked	the	same.	The	consequence,	on	the	other	hand,	would	risk	to	affect	more	
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people.	 Nevertheless,	 since	 the	 population	 generally	 treat	 the	 water	 prior	 to	 usage	 the	 ranking	 2	 of	 the	
consequence	is	decided.	Considering	the	high	losses	of	water	in	the	distribution	network,	these	quantity	losses	
are	insignificant	and	hence	the	quantity	consequence	is	not	considered.	However,	even	though	this	is	a	low	risk,	
this	is	an	ineffective	part	of	the	treatment	process,	and	the	level	of	sustainable	improvement	is	considered	high.		

Current	likelihood:	1	 	 	 Expansion	likelihood:	1	

Current	consequence	water	quality:	2		 	 Expansion	consequence	water	quality:	2	

Scenario	4:	Parasites,	microbes	and	chemical	contamination	of	the	water	due	to	lacking	treatment	steps.		
As	mentioned	in	Risk	Scenario	2	some	parasites	and	bacteria	are	resistant	to	chlorine.	Since	there	is	only	one	
disinfection	step,	there	is	a	risk	that	some	of	the	resistant	bacteria	and	parasites	will	be	present	in	the	delivered	
tap	water.	There	is	also	only	a	rapid	sand	filter	at	the	treatment	facility,	which	is	not	as	good	as	the	slow	sand	
filter	for	removing	bacteria	and	other	parasites.	There	is	hence	a	risk	that	the	population	will	suffer	health	effect	
due	to	insufficient	treatment.	

Since	 local	data	was	unavailable,	the	authors	decided	to	 include	outside	statistics	 in	order	to	rate	the	risk.	 In	
Örnsköldsvik,	 Sweden,	 there	was	 an	outburst	 due	 to	 insufficient	 treatment	 in	November	 2010.	Over	 20	000	
people	were	infected	and	the	inhabitants	of	the	city	had	to	boil	the	water	for	3	months	(Smittskyddsinstitutet,	
2011).	Therefore,	the	consequence	on	water	quality	is	considered	to	be	a	large	amount	of	infected	that	could	
also	last	long	term,	and	hence	considered	medium.	Berman	(2009)	has	conducted	international	data	regarding	
this	 matter,	 which	 indicates	 for	 a	 somewhat	 higher	 likelihood	 worldwide.	 The	 fact	 that	 the	 inhabitants	 of	
Pavlodar	has	the	tendency	of	performing	additional	treatments,	which	was	displayed	in	the	survey,	on	the	water	
in	their	homes	speaks	for	a	lower	likelihood	of	health	effects.			

With	a	future	expansion	in	mind,	assuming	that	chlorine	is	still	used	as	the	only	disinfection	step	and	that	there	
is	only	a	 rapid	 sand	 filter	 in	 the	process,	 the	number	of	people	affected	will	 increase	 since	more	people	are	
connected	to	the	centralized	system.	The	amount	of	chlorine	will	also	increase,	if	the	same	dosage	is	used	to	
disinfect	the	water.	Regarding	the	likelihood	of	a	waterborne	disease,	it	remains	at	the	same	level	since	the	end-
users	 will	 likely	 continue	 to	 perform	 additional	 treatment	 on	 the	 tap	 water,	 unless	 improvements	 are	
communicated.	The	consequence	 for	quality	also	 remains	at	 the	same	ranking	as	before,	 since	an	expansion	
would	not	increase	the	consequence	to	sporadic	deaths	or	many	severely	infected.		

Current	likelihood:	2	 	 	 Expansion	likelihood:	2	

Current	consequence	water	quality:	3		 	 Expansion	consequence	water	quality:	3	

Scenario	5:	No	automatic	quality	controls	of	the	treated	water	leads	to	potential	quality	errors.		
Ideally,	in	all	water	treatment	facilities	there	should	be	automatic	quality	controls	that	will	alarm	if	there	is	an	
abnormal	 quality	 value.	However,	 this	 is	 not	 the	 case	 in	 Pavlodar.	 The	 interviews	 reveal	 that	 there	 are	only	
manual	quality	controls.	Respondent	3	states	that	there	is	only	one	manual	control/day.	Respondent	4	states	
that	there	are	quality	controls	every	hour.	With	an	expansion	considered,	the	risk	of	undetected	contaminations	
reaching	more	consumers	would	increase.	

Considering	the	lack	of	automatic	quality	controls,	the	likelihood	of	delivering	water	of	unacceptable	quality	to	
the	consumers	is	high.	However,	during	the	FGD	it	was	stated	that	the	high	concentration	of	chlorine	in	the	water	
treatment	facility	increases	the	acceptance	of	contaminations	and	hence	limits	its	consequences.	Additionally,	
the	result	from	the	survey	displayed	that	inhabitants	usually	perform	extra	treatment	of	their	tap	water,	which	
also	limits	the	consequences.	Through	this,	if	something	were	to	happen	the	number	of	inhabitants	that	would	
be	reached	with	the	unsatisfactory	water	is	high	but	the	number	of	people	affected	would	be	limited	due	to	their	
extra	treatments.	However,	the	extra	treatments	themselves	are	considered	a	long-lasting	inconvenience	for	the	
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inhabitants,	and	a	small	amount	of	people	may	be	infected	by	sometimes	accidentally	using	tap	water	without	
any	additional	treatments.	In	addition,	with	an	expansion	even	more	people	would	be	involved	in	this	problem.	
In	regards	of	likelihood,	due	to	the	low	quality	measures,	the	likelihood	of	missing	quality	errors	is	supposed	as	
high.	However,	the	chlorination	step	and	the	additional	treatment	decreases	the	likelihood	of	an	actual	infection.	
Through	this,	the	frequency	is	argued	to	be	occurring	once	every	1-10	years.		

Current	likelihood:	4	 	 	 Expansion	likelihood:	4	

Current	consequence	water	quality:	3		 	 Expansion	consequence	water	quality:	3	

Scenario	6:	Only	one	intake	of	water	from	the	raw	water	source	to	the	treatment	facility	leads	to	increased	
vulnerability.		
Respondent	4	 states	 that	 the	Gorvodokanal	 in	Pavlodar	have	only	one	 intake	of	water	 to	 the	drinking	water	
treatment	facility.	It	is	unknown	where	the	intake	is	located,	how	large	the	intake	is	and	if,	and	in	that	case,	how	
it	 is	 protected.	 However,	 the	 authors	 speculate,	 by	 only	 having	 one	 intake	 of	 water	 the	 consequences	 if	
something	were	to	happen	are	large.	If	the	pipe	were	to	break	down	or	would	need	maintenance,	there	would	
be	less	water,	or	worst	case	scenario,	no	water	entering	the	process.	This	 leads	to	increased	pressure	on	the	
treatment	 facility	 to	 solve	 the	 problem	 as	 quickly	 as	 possible	 and	 also	 inform	 the	 citizens	 of	 the	 situation.	
Respondent	4	also	states	that	the	Gorvodokanal	has	extra	reservoirs	to	satisfy	the	inhabitants	of	Pavlodar	for	a	
time.	 The	 authors	 were	 informed	 with	 the	 information	 regarding	 how	 long	 time	 the	 reservoirs	 would	 last,	
however,	the	information	is	not	official.	Respondent	3	revealed	that	if	some	accidents	were	to	happen,	nearby	
waterworks	might	be	able	to	provide	Pavlodar	with	drinking	water.		

The	 likelihood	of	 this	 scenario	 is	 rated	 through	considering	 input	about	 the	Bolmen	Tunnel	canal	 in	Sweden.	
Bolmen	has	a	record	of	collapsing	approximately	ones	every	10	years3.	One	of	the	reasons	for	this	is	due	to	the	
poor	grounds	around	Bolmen3.	The	 intake	 in	Pavlodar	probably	undergoes	 regular	 inspections,	however,	 the	
authors	were	not	accessed	with	this	information.	In	regards	to	a	collapse	of	the	intake,	the	authors	also	find	it	
important	 to	 consider	 the	 heavy	 weather	 conditions	 that	 Pavlodar	 is	 faced	 with	 due	 to	 extremely	 cold	
temperatures	during	the	winter	and	heavy	snow	melting	in	the	spring.	With	this	background,	the	likelihood	is	
ranked	as	a	3,	since	a	larger	damage	that	is	not	able	to	be	solved	by	the	backup	plans	is	considered	probable	to	
occur	once	every	10-100	years.		

If	 the	 reservoirs	 and	 the	 extra	water	works	were	not	 able	 to	 help	 until	 the	 intake	 situation	was	 solved,	 the	
consequences	would	be	 great.	 The	whole	 city	would	be	without	water.	 Probably	hospitals	 and	other	 critical	
organizations	have	their	own	water	reservoirs	and	are	prioritized	help	from	the	backup	plans,	however,	this	is	
unknown.	Through	this,	the	consequence	is	ranked	as	a	4,	since	the	event	could	lead	to	deaths	due	to	water	
needs	 for	 accidents,	 fires,	 surgeries	 and	 other	 emergency	 needs.	 However,	 it	 is	 assumed	 that	 most	 critical	
situations	have	planned	for	a	critical	event	like	this.		

With	an	expansion	considered,	more	water	has	to	pass	though	the	 intake.	Through	this,	the	 intake	would	be	
under	 even	 more	 pressure,	 which	 could	 wear	 out	 the	 pipe	 and	 increase	 the	 likelihood	 of	 an	 accident.	
Additionally,	if	no	more	reservoirs	are	constructed	for	this	event,	this	emergency	water	would	last	fewer	days.	
In	addition,	the	waterworks	that	would	be	able	to	provide	water	for	Pavlodar	in	case	of	need,	might	not	be	able	
to	 satisfy	 the	 increased	demand.	 Through	 this,	 the	 likelihood	of	 an	accident	 is	 argued	 to	 increase.	 Since	 the	
consequence	of	the	current	state	is	ranked	as	a	4,	it	will	stay	the	same.		

Current	likelihood:	3	 	 	 Expansion	likelihood:	4	

Current	consequence	water	quantity:	4		 	 Expansion	consequence	water	quantity:	4	
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Scenario	7:	The	wastewater	treated	with	excess	chlorine	that	is	dumped	in	the	river	will	have	negative	effects	
of	the	river	ecosystem.		
As	mentioned	previously,	the	wastewater	is	treated	with	up	to	3	mg	chlorine/L	water.	This	means	that	there	may	
be	 a	 large	 amount	 of	 chlorine	 that	 is	 dumped	 into	 the	 water	 source	 Irtysh	 River	 every	 day,	 however	 the	
concentration	of	free	chlorine	in	the	effluent	is	unknown.	As	stated	in	Chapter	5	the	wastewater	facility	treats	
about	92,600	m3	of	water/day.	The	chlorine	kills	microbes	and	has	a	residual	effect.	This	means	that	when	the	
treated	wastewater	is	dumped	into	the	river,	the	chlorine	possibly	kills	other	natural	and	necessary	bacteria	in	
the	river.	This	might	affect	the	ecosystem	of	the	river.	The	exact	effects	of	this	 is	not	known,	however,	many	
studies	 have	 been	 performed	 on	 this	 subject.	 Berninger	 Da	 Costa	 et	 al.	 (2014)	 exposed	 different	 species	 of	
organisms	to	different	kinds	of	disinfection	alternatives,	where	chlorine	was	one.	The	study	displays	that	chlorine	
was	the	most	toxic	disinfectant	to	the	organisms	tested	in	the	study.	The	residual	chlorine	in	the	effluent	was	
argued	to	be	a	reason	for	this.	The	amount	of	chlorine	in	the	effluent	varies	throughout	the	year,	and	thus	the	
ecosystem	 consistently	will	 undergo	 changes	 of	 chlorine	 dynamics.	 However,	 it	 is	 likely	 that	 the	 amount	 of	
chlorine	in	the	wastewater	raises	a	peak	of	3	mg/L	water	at	least	once	a	year.		

If	more	people	would	be	connected	to	the	wastewater	treatment	facility,	the	amount	of	wastewater	treated	per	
day	would	increase.	Assuming	that	the	same	amount	of	chlorine	is	used	per	m3	of	wastewater,	the	amount	of	
chlorine	would	also	increase.	Having	more	wastewater	with	a	high	dosage	of	residual	chlorine	put	into	the	river,	
will	change	the	ecosystem	faster	and	to	a	higher	extent.	The	changes	of	the	ecosystem	are	linked	with	the	quality	
of	the	water,	which	will	decrease	with	increasing	amount	of	wastewater	returning	to	the	river.		

Through	this,	the	likelihood	that	the	ecosystem	and	that	necessary	organisms	in	the	river	will	be	affected	is	rated	
as	high.	The	consequences	affect	the	natural	ecosystem	of	the	river,	and	thus	also	the	quality	of	its	water.	The	
quality	consequence	is	considered	as	having	a	long-term	effect	and	the	rank	is	thus	a	medium	consequence.	

Current	likelihood:	5	 	 	 Expansion	likelihood:	5	

Current	consequence	water	quality:	3		 	 Expansion	consequence	water	quality:	3	

Scenario	8:	High	content	of	nitrogen	and	phosphorus	in	effluent	of	wastewater	treatment,	which	will	affect	
the	quality	of	the	Irtysh	River.	
Data	 received	 from	 the	 wastewater	 treatment	 facility	 in	 Pavlodar	 shows	 that	 the	 content	 of	 nitrogen	 and	
phosphorus	in	the	effluent	of	the	wastewater	treatment	plant	is	quite	high.	The	mean	values	of	total	nitrogen	
and	total	phosphorus	in	the	effluent	were	43.9	mg/L	and	12.6	mg/L	respectively	for	the	period	of	April	1	until	
April	13,	2018.	The	authors	of	the	Thesis	here	assume	that	this	 is	similar	to	the	annual	mean	value.	 It	would	
however,	be	more	accurate	to	receive	an	annual	mean	value	for	this	analysis.	Excessive	inputs	of	nitrogen	and	
phosphorus	 in	 Irtysh	 River	 lead	 to	 changes	 within	 the	 ecosystem	 and	 an	 increase	 of	 algal	 blooming.	 Algal	
blooming	will	lead	to	lower	oxygen	levels	in	the	water	and	increase	the	turbidity	(European	Environment	Agency,	
2015).		

If	more	people	would	be	connected	to	the	wastewater	treatment	facility,	the	amount	of	released	wastewater	
containing	high	concentration	of	nutrients	would	increase	accordingly.	This	will	in	turn	lead	to	a	higher	turbidity	
of	the	raw	water	and	increase	the	likelihood	for	algal	blooming.	Higher	turbidity	of	water	makes	the	disinfectant	
step	of	the	drinking	water	process	less	effective,	in	this	case,	more	chlorine	would	have	to	be	added.	It	would	
also	put	pressure	on	the	rapid	sand	filters	to	remove	more	impurities.	Due	to	similar	problems	in	Risk	Scenario	
7,	the	consequence	on	quality	is	rated	the	same.	With	expansion	in	mind,	the	likelihood	is	ranked	as	a	4,	since	
the	average	content	of	nutrients	in	the	effluent	is	already	relatively	high.	

Current	likelihood:	4	 	 	 Expansion	likelihood:	4	

Current	consequence	water	quality:	3	 	 Expansion	consequence	water	quality:	3	



 

43	

Expansion	Risk	Scenarios	

The	risk	scenarios	that	will	appear	with	the	expansion	are	mentioned	below.	

Scenario	9:	Poorly	protected	raw	water	source	leads	to	decreased	capacity	and	increased	pollutions.			
From	the	authors’	understanding	through	literature	study,	interviews,	FGD	and	observations,	there	is	no	actual	
protection	measures	or	regulation	of	the	Irtysh	River	in	Pavlodar	when	it	comes	to	pollutions	and	depositions	
into	the	river	from	corporate	buildings,	petrol	stations,	private	houses,	etc.	The	loose	or	non-existing	regulations	
make	it	easier	for	enterprises	to	dispose	insufficient	treated	wastewater,	which	will	find	its	way	into	the	river.	
This	might	explain	why	only	7	%	of	the	wastewater	generated	in	Kazakhstan	is	properly	treated	before	being	
returned	to	a	watercourse	(Karatayev,	et	al.,	2017).	This,	however,	presents	risk	of	pollutants,	such	as	domestic	
wastewater	and	oil	residuals,	which	might	end	up	in	the	river	through	leakages,	deposition	or	other	reasons.	As	
mentioned	in	Risk	Scenario	11,	the	quality	of	the	river	around	the	Pavlodar	area	is	not	a	problem	today,	however,	
the	prognosis	 in	Risk	Scenario	11	 indicates	 it	might	be	 in	the	future	with	the	 increasing	contamination	 index.	
Thus,	the	need	for	water	source	protection	of	the	Irtysh	is	exposed.	

The	poor	protection	of	the	river	does	not	only	lead	to	compromised	quality.	It	additionally	leads	to	compromised	
quantity	of	 the	river.	Since	the	 Irtysh	passes	through	China	before	entering	Kazakhstan,	 the	planned	Chinese	
expansion	of	water	demanding	industries,	such	as	cotton	manufacturing,	will	decrease	the	inflow	of	the	river	to	
Kazakhstan	and	Pavlodar.	The	inflow	is	estimated	to	drop	from	today’s	44.64	km3/year	to	31.6	km3/year	by	2030	
(Karatayev,	et	al.,	2017).		

Due	 to	 the	 lacking	 regulations	 regarding	 the	 protection	 of	 the	 water	 source	 in	 Kazakhstan	 and	 China,	 it	 is	
estimated	that	an	expanded	system	would	meet	additional	quality	and	quantity	obstacles	over	time.	Since	an	
expanded	system	would	deliver	more	water,	this	system	would	suffer	more	from	this	than	the	capacity	of	the	
current	one.		

With	the	30%	drop	of	capacity	by	2030	in	mind,	which	is	a	noticeable	decrease	within	the	coming	10-100	years,	
the	likelihood	is	ranked	medium.	Due	to	lack	of	other	guidelines	to	base	the	likelihood	estimation,	the	authors	
set	the	value	of	3	as	the	likelihood	with	this	occurrence	as	a	foundation.	The	consequence	for	water	quantity	is	
ranked	medium	since	the	scenario	of	poor	water	source	protection	is	considered	to	lead	to	long-term	effects	
such	as	potential	water	shortage,	due	to	the	pollutions	and	lacking	cross-border	agreements	(Karatayev,	et	al.,	
2017).	With	this	same	reasoning,	the	consequence	for	water	quality	is	also	considered	medium.	

Likelihood:	3	

Consequence	water	quantity:	3	

Consequence	water	quality:	3	

Scenario	10:	The	high	operation	of	the	drinking	water	treatment	facility	decreases	the	possibility	for	higher	
water	demand	with	the	current	facility.		
Respondent	3	states	that	the	capacity	of	the	water	treatment	facility	Gorvodokanal	today	is	200,000	m3,	and	the	
daily	 usage	 is	 approximately	 156,600	 m3.	 This	 means	 that	 the	 level	 of	 operation	 is	 at	 78%	 (Gorvodokanal,	
Pavlodar,	2018).	This	is	considered	a	high	operation	rate.	Hence,	the	distribution	is	not	reasoned	to	be	able	to	
expand	much	 further	without	 removing	 the	 safe	margin	of	water	 supply	 for	 critical	 events,	 such	as	extreme	
temperatures,	fire	events,	or	other	emergencies.	Especially	since	Pavlodar	is	a	big	industry	region,	the	22%	room	
of	 capacity	 is	 considered	 extra	 relevant,	 since	 industries	 increase	 the	 likelihood	 of	 critical	 events	 due	 to	
management	of	hazardous	chemicals	and	process	steps.	To	expand	to	other	areas	without	risking	the	excess	
capacity	for	emergencies	the	treatment	facility	would	require	development	of	the	process	in	terms	of	efficiency	
measures	or	adding	of	another	production	 line.	Through	this,	 the	consequence	of	water	quantity	shortage	 is	
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rated	as	high.	Without	having	the	extra	22%	of	water	margin,	it	may	cause	many	deaths	in	case	of	emergency.	
The	likelihood	is	also	rated	as	high;	however,	since	there	is	no	historical	data,	the	frequency	is	expected	to	occur	
at	least	once	every	1-10	years.		

Likelihood:	4	

Consequence	water	quantity:	5	

Scenario	11:	The	quality	prognosis	of	the	Irtysh	River	displays	a	trend	towards	worsened	water	quality,	which	
will	compromise	a	water	expansion.			
With	a	future	expansion	in	mind,	it	is	of	interest	to	carefully	follow	the	trends	in	quality	from	the	water	source,	
in	 this	 case	 the	 Irtysh	 River.	 Kazhydromet	 has	 performed	 classifications	 on	 the	 quality	 of	 surface	waters	 in	
Kazakhstan,	where	the	Irtysh	River	is	included.	The	authors	have	received	information	regarding	the	quality	of	
the	Irtysh	performed	by	Kazhydromet	from	Professor	K.	Aryngazin.	The	level	of	contamination	is	estimated	from	
a	pollution	index,	which	is	used	to	compare	and	identify	dynamics	within	the	changes	of	water	quality.	However,	
the	authors	do	not	know	how	the	contamination	index	is	calculated.	A	watercourse	is	considered	clean	if	the	
contamination	index	varies	from	0-1	(class	2).	If	it	is	moderately	polluted	the	contamination	index	varies	from	
1.01-2.50	(class	3).	If	it	is	polluted	the	contamination	index	varies	from	2.51-4	(class	4).	Figure	7.5	displays	how	
the	contamination	index	for	Irtysh	changes	throughout	the	years.		

	

FIGURE	7.5	DISPLAYS	THE	CONTAMINATION	INDEX	OF	THE	IRTYSH	RIVER	AT	DIFFERENT	PLACES	DURING	2003-2017	(MINISTRY	OF	ENERGY	
OF	THE	REPUBLIC	OF	KAZAKHSTAN,	2018).	

As	displayed	here	the	data	seems	to	follow	a	trend;	the	quality	of	Irtysh	(in	both	Pavlodar	and	East	Kazakhstan)	
and	Black	Irtysh	has	become	worse	since	about	the	year	2011,	after	a	trend	of	increasing	quality.	The	Black	Irtysh,	
which	the	 Irtysh	originates	from,	was	classed	as	a	clean	river	until	2013-2015.	Then	the	water	quality	rapidly	
decreased,	and	if	the	quality	were	to	decrease	with	the	same	trend	in	the	years	to	come,	it	will	be	classified	as	a	
polluted	river.	The	authors	have	previously	mentioned	that	China	is	expanding	industrial	sites	and	urban	areas	
in	the	area	where	Irtysh	originates	from.	The	authors	speculate	that	the	decline	in	water	quality	might	be	a	result	
from	this	expansion.	Additionally,	the	deposition	of	industrial	wastewater,	which	affects	the	groundwater	and	
further	the	Irtysh	River,	might	be	another	reason,	which	might	grow	worse	due	to	the	expanded	industrial	site	
in	 Pavlodar5.	 If	 the	 quality	would	 decrease	 further	 and	 impact	 the	 Irtysh	 in	 the	 Pavlodar	 area,	 it	would	 put	
constraints	 on	 the	 treatment	 steps	 on	 the	 drinking	water	 facility	 and	 increase	 the	 demand	 of	 chemicals	 to	
manage	the	change.		

The	 authors	 speculate	 that	 the	water	quantity	 and	quality	will	 not	be	 affected	 in	 an	extent	 that	 a	domestic	
expansion	 in	Pavlodar	 that	 includes	more	 suburbs	will	be	 jeopardized.	However,	with	other	 facts	mentioned	
earlier	in	the	report,	such	as	the	Irtysh	being	used	as	a	water	source	for	more	industries,	the	authors	estimate	
that	a	domestic	expansion	would	be	affected	on	a	frequency	of	one	per	100-1000	years.	Due	to	lack	of	other	
guidelines	to	base	the	likelihood	estimation,	the	authors	set	the	value	of	2	as	the	likelihood	with	this	occurrence	
as	a	foundation	and	thus	set	the	value	of	2	as	the	likelihood.	The	scenario	affects	the	quality	of	the	water	by	
compromising	an	expansion,	which	 leads	to	a	 long	 lasting	daily	discomfort	 for	the	people	affected.	Thus,	 the	
consequence	is	a	3.		
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Likelihood:	2	

Consequence	water	quality:	3	

Scenario	12:	Excess	water	use	when	connected	to	the	centralized	system.		
As	depicted	in	Figure	5.1	in	Chapter	5,	the	urban	area	water	consumption	per	capita	in	the	Pavlodar	regions	is	
higher	 than	the	rural	water	consumption	 in	any	of	 the	other	regions	 in	Kazakhstan.	This	 indicates	 that	when	
connected	to	the	centralized	system	people	will	use	more	water.	Through	this,	the	conclusion	regarding	excess	
water	use	due	 to	connected	 to	 the	centralized	 system	 is	made.	From	a	water	 sustainability	perspective,	 this	
means	that	it	is	better	that	the	system	is	not	further	expanded,	since	less	water	is	used	that	way.	As	mentioned	
in	Risk	 Scenario	 9,	 the	 capacity	 of	 the	 Irtysh	 River	 in	 Kazakhstan	 is	 estimated	 to	 decrease	 by	 30%	 by	 2030	
(Karatayev,	 et	 al.,	 2017).	 Through	 the	 same	 reasoning	 as	 presented	 in	 Risk	 Scenario	 9,	 the	 water	 quality	
consequence	 is	 considered	medium.	 The	 likelihood	 of	 excess	water	 use	 is	 ranked	 high,	with	Figure	 5.1	 as	 a	
reference,	 which	 greatly	 implies	 that	 the	 consumption	 will	 increase	 with	 certainty	 when	 connected	 to	 the	
centralized	system.		

Likelihood:	5	

Consequence	water	quantity:	3	

Scenario	13:	Higher	constraints	on	wastewater	distribution	network	due	to	increased	water	distribution.		
This	scenario	aims	to	frame	the	importance	of	a	balance	between	water	distribution	and	wastewater	treatment.	
When	the	water	treatment	facility	is	expanded,	the	need	for	proper	wastewater	treatment	is	increased.	In	the	
suburban	areas	of	the	city	today,	the	most	common	way	to	dispose	used	water	is	through	pit	latrine	or	septic	
tanks	(Tussupova,	2016),	which	also	could	be	extracted	from	the	results	from	the	survey.	 If	these	areas	were	
added	to	the	centralized	system,	there	is	a	risk	that	the	septic	tanks	will	be	filled	quicker	and	the	grounds	will	be	
more	infected	with	wastewater,	since	a	tap	connection	to	the	centralized	water	system	is	assumed	to	increase	
the	daily	usage	of	water	as	mentioned	in	Risk	Scenario	12.	However,	the	current	wastewater	treatment	facility	
operates	at	around	50%,	meaning	that	 there	 is	 room	for	connecting	more	people.	However,	 the	wastewater	
pipeline	networks	need	to	be	expanded.	Through	this,	the	likelihood	of	constraints	on	the	wastewater	pipeline	
network	 is	 ranked	 as	 one	 time	 per	 1-10	 years.	 The	 quality	 consequence	 is	 ranked	 as	 a	 3,	 since	 the	 excess	
wastewater	in	the	grounds	may	infect	drinking	water	pipelines	and	lead	to	a	long-lasting	effect	of	a	small	amount	
of	infected	people	as	described	in	Risk	Scenario	2.	

Likelihood:	4	

Consequence	water	quality:	3	

Scenario	14:	Water	disruption	during	construction	work	on	pipe	expansion.	
Construction	of	the	new	pipelines	would	most	likely	lead	to	disruptions	in	the	established	pipeline	network.	It	
was	revealed	during	the	FGD	that	this	is	a	problem	that	occurs	every	summer	when	the	pipelines	are	repaired.	
Through	this,	it	may	be	concluded	that	the	same	problem	would	occur	when	expanding	the	pipelines,	since	the	
current	pipeline	would	have	to	be	incorporated	with	the	old	pipes.	Thus,	the	likelihood	is	set	to	occur	once	every	
year,	assuming	that	they	will	perform	pipeline	expansion	work	every	year.	The	consequence	is	set	as	a	2,	since	
the	number	of	people	affected	is	limited	to	different	areas	of	the	city	and	the	problem	lasts	for	a	medium	amount	
of	time.	

Likelihood:	5	

Consequence	water	quantity:	2	

Scenario	15:	Compromising	maintenance	of	current	old	pipes	when	pipes	are	needed	for	expansion	purposes.	
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If	 financial	 resources	 are	 put	 into	 pipelines	 for	 expansion	 purposes,	 the	 finances	 for	 repairing	 the	 current	
pipelines	that	are	in	need	of	repair	may	be	cut	short.	Pipes	are	currently	being	exchanged	in	Pavlodar,	but	the	
majority	 of	 pipelines,	 both	 for	 drinking-	 and	wastewater,	 need	 repairing.	 Figure	 7.6	 displays	 the	 number	 of	
pipeline	 incidents	 for	water	 supply	 from	 2011-2016.	 It	 also	 displays	 the	 number	 of	 incidents	 per	 km	 of	 the	
drinking	water	distribution	network	and	how	many	kilometers	that	were	repaired	during	the	years.	However,	
what	is	defined	as	an	incident	is	unclear.	

	

FIGURE	7.6	DISPLAYS	INCIDENTS	IN	THE	WATER	DISTRIBUTION	PIPELINES.	THE	NUMBER	OF	INCIDENTS	(BLUE),	NUMBER	OF	INCIDENTS	
PER	KM	OF	PIPELINES	(ORANGE)	AND	THE	REPLACED	PIPELINES	IN	KM	(GREY).		

There	 is	 a	 trend	 that	 the	 incidents	 decrease	 with	 increasing	 repairs.	 However,	 the	 incidents	 are	 still	 quite	
frequent,	more	specifically	an	average	of	1.12	 incidents/day	 in	2016.	Nevertheless,	 the	 information	gathered	
from	Gorvodokanal	displays	that	the	company	exceeded	their	budget	2016,	which	is	not	an	optimal	position	for	
investing	in	new	pipelines	and	replacing	old	ones	simultaneously.	With	this	information,	the	likelihood	that	the	
maintenance	of	pipelines	would	decrease	during	the	construction	of	pipeline	expansion	is	ranked	as	high.		

Additionally,	 if	 there	are	no	 funds	 for	exchanging	 the	old	pipelines,	as	 the	budget	 implies,	 it	means	 that	 the	
current	 problems	 regarding	 secondary	 pollution	 will	 spread	 as	 more	 people	 are	 connected,	 rather	 than	 be	
treated	 and	 improved.	 How	 the	 current	 situation	 looks	 like	 is	 explained	 thoroughly	 in	 Risk	 Scenario	 2.	 The	
consequences	are	considered	the	same	as	for	Risk	Scenario	2.	

Likelihood:	5	

Consequence	water	quantity:	2	

Consequence	water	quality:	3	

7.5	RISK	RANKING	
The	 risks	 are	 ranked	 in	 accordance	 to	 their	 estimated	 likelihood	 and	 consequence.	 The	 likelihood	 and	
consequences	of	the	risks	were	rated	on	a	scale	 from	1-5	according	to	Table	7.2.	The	reasoning	behind	each	
rating	is	presented	in	the	Risk	Scenario	Formulation	step.	Here,	the	risks	are	presented	in	a	risk-matrix,	see	Figure	
7.7	below,	which	is	inspired	by	the	matrix	by	MSB,	as	displayed	in	Figure	3.3	in	Chapter	3.	Both	axes	have	been	
given	the	value	1-5	and	the	different	squares	in	the	matrix	have	been	given	the	multiplied	value	of	the	likelihood	
and	the	consequence,	 in	order	to	provide	each	risk	scenario	with	a	risk	value	for	presentation	purposes.	The	
importance	of	the	risk	is	whether	the	risk	is	considered	high,	middle	or	low,	which	depends	on	the	color	of	the	
square	that	the	risk	will	be	provided.	This	coloring,	i.e.	determining	risk	acceptance	levels,	have	been	conducted	
solely	 by	 the	 authors	 and	 have	 not	 been	 developed	 together	 with	 the	 stakeholders	 involved.	 The	 adapted	
approach	with	the	risk	values	and	their	colors	is	displayed	in	Figure	7.7	below.		
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FIGURE	7.7	DISPLAYS	HOW	THE	RISKS	ARE	RATED	DEPENDING	ON	RATED	CONSEQUENCE	AND	RATED	LIKELIHOOD.		

Through	 this	 matrix,	 the	 defined	 risk	 scenarios	 are	 ranked	 in	 Table	 7.3	 below.	 An	 average	 value	 of	 the	
consequence	 was	 calculated,	 since	 the	 quality	 and	 the	 quantity	 consequences	 were	 considered	 equally	
important,	as	depicted	in	the	circular	capacity	model	in	Figure	6.1,	which	is	constructed	by	the	authors.		
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TABLE	7.3	DISPLAYS	THE	RATING	OF	THE	RISKS.		

Risk	Scenario	 Likelihood	 Consequence	 Risk	

Quantity	 Quality	 Average	

1	 5	  2	 2	 10	

2	 4	 5	 3	 4	 16	

3	 1	  2	 2	 2	

4	 2	  3	 3	 6	

5	 4	  3	 3	 12	

6	 4	 4	  4	 16	

7	 5	  3	 3	 15	

8	 4	  3	 3	 12	

9	 3	 3	 3	 3	 9	

10	 4	 5	  5	 20	

11	 2	  3	 3	 6	

12	 5	  3	 3	 15	

13	 4	 3	  3	 12	

14	 5	 2	  2	 10	

15	 5	 2	 3	 2,5	 12,5	

	
7.6	MITIGATING	MEASURES	
To	treat	the	identified	risks,	mitigating	measures	to	reduce	the	risks	are	suggested.	Two	approaches	have	been	
used	for	identifying	these	measures:	likelihood	reducing	and	consequence	reducing.		

The	mitigating	measures	are	discussed	 separately	under	each	 title,	 and	under	each	 title	 it	 is	 explained	what	
scenarios	 the	measure	will	 affect.	 Under	 each	 individual	mitigating	measure,	 the	 level	 of	 effect	 on	 the	 risk	
scenarios	 is	 rated	 as	 eliminate,	 direct	 decrease	 or	 indirect	 decrease.	 Eliminating	 effect	 means	 that	 the	 risk	



 

49	

scenario	will	disappear.	Direct	decrease	means	that	the	scenario	will	decrease	in	likelihood	and/or	consequence	
directly	where	the	measure	itself	will	contribute	to	the	decrease.	Indirect	decrease	means	that	the	scenario	will	
decrease	 in	 likelihood	and/or	 consequence	 indirectly	where	 the	measure	will	 create	better	 circumstances	 in	
order	to	decrease	the	risk,	such	as	a	domino	effect.		

Suggestions	regarding	mitigating	measures	were	discussed	at	the	FGD	and	the	interviews.	Additionally,	literature	
search	and	data	sheets	were	used	to	support	the	suggested	mitigating	measures.		

Replacement	of	Pipelines:	Plastic	vs	Concrete	

The	 old	metal	 pipelines	 that	 are	 currently	 in	 use	 need	 exchange.	 Putting	 in	 resources	 and	 a	 project	 plan	 to	
exchange	all	the	pipelines	that	need	repair	in	the	city	in	an	effective	and	reliable	way	should	be	priority	to	reduce	
secondary	pollution,	metal	precipitation,	and	leakages,	which	Scenario	1	and	2	acknowledge.	The	city	has	already	
begun	this	project;	however,	72%	of	drinking	water	pipelines	and	80%	of	wastewater	pipelines	still	need	repair	
(Gorvodokanal	Pavlodar,	2017).	The	pros	and	the	cons	of	implementing	this	measure	is	displayed	in	Table	7.4.	

TABLE	7.4	DISPLAYS	THE	PROS	AND	THE	CONS	OF	THE	RISK	TREATMENT	MEASURE.	

Pros	 Cons	

-Reduces	pollutions	of	metals	and	bacteria	

-Reduces	leakages		

-Expensive	investment	

-	Interruptions	and	other	problems	during	
construction	

	

The	benefit	of	plastic	and	concrete	pipelines	are	that	they	do	not	precipitate	metals	into	the	water	and	they	do	
not	rust,	which	reduces	the	risk	of	leakages.	In	addition,	Respondent	1	states	that	plastic	and	concrete	pipelines	
could	last	up	to	50-60	years.	Plastic	pipelines	are	considered	more	resistant	since	they	are	bendable	and	hence	
able	to	manage	higher	pressures	from	its	environment.	The	pipelines	are	also	considered	easier	to	install	due	to	
this.	The	thinner	walls	also	enable	greater	water	quantity	transport	(PIPA,	2018).	However,	some	sources	mean	
that	the	plastic	pipes	require	more	maintenance	than	the	concrete	ones	(Oldcastle	Building	Solutions,	2018).	

The	main	concern	is	the	financial	situation	regarding	this	matter.	As	mentioned	in	the	FGD	the	government	has	
a	financial	aid	program	for	upgrading	the	water	distribution	system.	An	exchange	of	pipelines	has	already	begun	
as	stated	previously.	These	pipelines	are	not	in	plastic	material,	and	hence	the	idea	of	plastic	pipelines	may	meet	
constraints.	 Further,	 there	 is	 a	 pipeline	 industry	 in	 Pavlodar,	 which	 does	 not	 produce	 pipelines	 of	 plastic	
according	to	participants	of	the	FGD.	Thus,	the	authors	speculate	that	the	idea	of	using	plastic	pipelines	is	likely	
to	become	a	conflict	of	interest.	Through	this,	the	easiest	and	most	manageable	measure	is	considered	a	pipeline	
exchange	with	products	from	the	local	pipeline	industry.	In	addition,	this	might	be	considered	an	advantage	in	
the	sense	that	plastic	pipelines	are	newer	and	hence	the	effects	are	less	known	(Oldcastle	Building	Solutions,	
2018).	By	exchanging	the	pipelines	the	risks	that	will	be	decreased	and	how	is	displayed	in	Table	7.5	below.		
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TABLE	7.5	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	HIGH	RISK.	
THE	L	INDICATES	THAT	THE	MEASURE	HAS	AN	EFFECT	ON	THE	LIKELIHOOD	OF	THE	RISK.		

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 1L,	2L	

Indirect	decrease	 -	

Increase	 15L	

	

Through	the	discussion	provided	at	the	FGD,	it	is	reasoned	that	this	measure	would	decrease	the	likelihood	of	
secondary	pollution,	which	scenarios	1	and	2	discuss.	However,	the	secondary	pollution	is	not	totally	neglected.	
Bacteria	will	 gather	 in	 the	pipes	eventually,	which	does	not	necessarily	have	 to	be	bad,	 there	are	also	 good	
bacteria	that	will	leave	a	positive	consequence	on	the	distributed	water10.		However,	this	is	a	completely	different	
discussion.	Nevertheless,	the	level	of	effect	for	Risk	Scenarios	1	&	2	 is	set	as	direct	decrease.	Due	to	financial	
constraints,	 however,	 this	 measure	 would	 imply	 a	 challenge	 for	 expansion	 purposes,	 as	 more	 thoroughly	
explained	in	the	Cost	of	Measures	discussion.	As	Risk	Scenario	15	implies,	when	resources	are	put	into	repair	of	
current	pipelines,	it	will	compromise	the	possibility	to	perform	expansion	of	the	network.	Therefore,	the	level	of	
effect	for	Risk	Scenario	15	is	set	to	increase.	

Notifying	the	Population	of	Upcoming	Reparations	and	Expansions	
As	 mentioned	 in	 the	 mitigating	 measure	 above,	 Pavlodar	 has	 problems	 with	 their	 pipeline	 distribution	 for	
drinking-	and	wastewater	and	they	need	repairing.	Today,	all	consumers	are	not	informed	when	and	where	these	
repairs	will	be,	which	became	explicit	during	the	FGD.	By	informing	the	population	beforehand,	it	would	decrease	
the	inconvenience	for	the	people	affected.	The	pros	and	cons	of	the	measure	is	displayed	in	Table	7.6.	

TABLE	7.6	PRESENTS	THE	PROS	AND	CONS	OF	IMPLEMENTING	THIS	MEASURE	

Pros	 Cons	

-	Less	complaints	from	costumers	 -	Additional	work	task	

	

It	might	require	additional	administrative	work	to	inform	the	population	about	the	repairs.	This	is	a	measure	of	
low	effort	to	implement,	but	will	facilitate	the	situation	for	the	end-users,	since	they	will	be	able	to	plan	for	the	
inconveniences	that	would	occur.	This	measure	would	directly	decrease	the	consequence	of	Risk	Scenario	14,	
which	is	rated	as	high	risk,	due	to	the	increased	planning	opportunities	for	the	affected	consumers.		

                                                
10	Personal	contact	with	Catherine	Paul,	Associate	Professor	at	Water	Resources	Engineering	Department	Lund	
University,	2017-10-18.	
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TABLE	7.7	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	HIGH	RISK.	
THE	RISK	IS	MARKED	WITH	A	C	SINCE	IT	REDUCES	THE	CONSEQUENCE.		

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 14C	

Indirect	decrease	 -	

	

Implement	Automatic	Quality	Control	in	Drinking	Water	and	Wastewater	Processes	
As	mentioned	previously,	Gorvodokanal	has	no	automatic	controls	of	the	quality	in	the	facilities	in	Pavlodar.	This	
increases	the	risk	of	undetected	chemical	contaminations.	Through	logical	reasoning:	if	one	of	the	manual	tests	
would	display	an	unsatisfactory	value,	 it	 is	uncertain	when	 the	contamination	occurred.	This	means	 that	 the	
contaminated	 water	 may	 already	 have	 reached	 the	 end-users.	 Since	 1991	 there	 must	 be	 an	 automatic	
measurement	of	turbidity	in	all	the	waterworks	that	have	filters	in	Sweden.	All	waterworks	that	use	chemicals	
to	 change	 the	 water	 quality,	 which	 are	 mostly	 facilities	 that	 treats	 surface	 water,	 also	 must	 measure	 pH	
automatically.	 It	 is	 estimated	 that	 half	 of	 the	 waterworks	 in	 Sweden	 have	 some	 kind	 of	 automatic	 quality	
control11.	With	this	background,	it	is	considered	that	manual	tests	should	work	as	additional	controls	to	make	
sure	the	automatic	controls	are	correct	and	to	measure	the	parameters	that	cannot	be	automatic.	Pros	and	cons	
of	implementing	the	measure	are	displayed	in	Table	7.8.	

TABLE	7.8	DISPLAYS	THE	PROS	AND	CONS	OF	IMPLEMENTING	THIS	MEASURE.	

Pros	 Cons	

-More	reliable	system	

-Fewer	employees	

-	Educated	personnel	

-	Compromised	treatment	lines	

-Investment	costs	

-	Lay	off	employees	

	

A	negative	aspect	would	be	that	the	treatment	lines	may	be	compromised	due	to	installations	of	the	automatic	
controls.	However,	 the	 installations	are	estimated	 to	 last	 for	 a	 shorter	 time	 relative	 to	other	 changes	 in	 the	
process	and	not	cause	much	 inconvenience.	A	consequence	of	 implementing	the	automatic	controls	 is	 fewer	
personnel.	As	mentioned	earlier,	Respondents	3	and	4	gave	contradictory	 information	 regarding	 the	manual	
quality	control	routine.	Depending	on	the	reality,	the	measure	might	decrease	the	need	for	manual	controls,	
which	implies	a	decreased	need	of	employees.	It	is	considered	positive	due	to	decreased	costs.	To	lay	off	people,	
on	 the	 other	 hand,	 might	 lead	 to	 bad	 reputation,	 which	 is	 important	 for	 the	 organization	 to	 consider.	
Additionally,	 the	authors	estimate	 that	 the	 implementation	of	 this	measure	may	 require	a	change	 in	 today’s	
manual	control	routine.	Another	cost	would	include	education	for	the	personnel	in	order	to	understand	how	the	

                                                
11	Personal	contact	with	Kenneth	M.	Persson,	Professor	at	Water	Resources	Department	Lund	University,	2018-
05-06.	
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automatic	controls	work.	However,	Respondent	1	states	that	the	employees	already	need	education	in	order	to	
perform	 certain	work	 tasks,	 for	 example	 to	 be	 allowed	 to	work	with	 the	 chlorine	 production.	 Through	 this,	
education	of	 the	automatic	 controls	 should	be	attainable.	Additionally,	 educated	personnel	 is	 considered	an	
asset	to	the	enterprise	and	it	is	therefore	stated	as	a	pro.	The	risks	affected	by	implementing	this	measure	are	
displayed	in	Table	7.9.	

TABLE	7.9	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	HIGH	RISK	
AND	 YELLOW	 BACKGROUND	 A	 MEDIUM	 RISK.	 THE	 L	 MARKS	 A	 DECREASE	 ON	 LIKELIHOOD	 AND	 THE	 C	 MARKS	 A	 DECREASE	 IN	
CONSEQUENCE.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 5L	

Direct	decrease	 -	

Indirect	decrease	 4L	 7l,	C,	8L,	C	

Risk	Scenario	5	will	be	eliminated	when	installing	the	automatic	controls,	since	the	lack	of	automatic	controls	
would	not	be	the	reason	for	undetected	contaminations.	Risk	Scenario	4	is	estimated	to	indirectly	decrease,	since	
the	amount	of	contaminants	are	better	and	more	frequently	measured,	and	through	this,	the	facility	can	adapt	
their	process	better	to	decrease	the	contaminants.	The	financial	situation	is	also	estimated	to	drop	as	a	result,	
especially	due	to	optimization	of	employees.		

By	implementing	automatic	controls	in	the	wastewater	treatment	as	well,	it	would	be	easier	to	detect	chlorine	
and	nutrients	in	the	effluent	and	hence	adapt	the	treatment	process	accordingly.	Through	this,	Risk	Scenario	7	
and	8	would	indirectly	decrease	by	this	measure.		

Expanding	the	Maximum	Capacity	of	the	Drinking	Water	Treatment 
As	mentioned	 previously	 the	 water	 treatment	 facility	 currently	 operates	 at	 78%	 of	maximum	 capacity.	 The	
maximum	capacity	should	be	increased	for	a	safe	expansion.	

The	current	system	operating	at	Gorvodokanal	is	displayed	in	Figure	5.4,	which	was	established	at	the	FGD.	The	
authors	of	the	Thesis	do	not	know	the	arrangement	of	the	facility;	e.g.	how	much	area	is	available	and	if	there	
are	several	parallel	production	lines	that	operate	at	the	facility.	However,	for	this	measure	parameters	like	land	
area	and	personnel	need	to	be	included	in	the	analysis.	The	pros	and	cons	of	expanding	the	maximum	capacity	
is	displayed	in	Table	7.10.		
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TABLE	7.10	DISPLAYS	THE	PROS	AND	THE	CONS	OF	THE	RISK	TREATMENT	MEASURE.	

Pros	 Cons	

-		Increase	capacity	of	the	facility	

-	Foundation	for	more	connected	households,	thus	a	
higher	income		

-	Higher	emergency	capacity	

-	Possible	financial	aid	

-	Expensive	investment	

-	Increased	chemical	costs	

-	More	personnel	

-	Increased	maintenance	costs		

-Increased	amount	of	formed	sludge	

-	Interruptions	and	other	problems	during	
construction	

By	adding	more	identical	production	lines	or	upgrading	the	current	equipment,	in	means	of	area	or	the	possibility	
to	 treat	 larger	 volumes	 of	 water	 per	 hour,	 the	 capacity	 of	 the	 treatment	 process	 would	 increase.	 This	 will	
contribute	 to	 increased	possibility	 for	more	households	 to	connect	 to	 the	centralized	system,	 if	 the	 required	
expansion	of	the	distribution	system	is	also	implemented.	As	an	effect	to	more	connected	households,	there	is	
a	potential	of	larger	income	for	the	company.	Another	positive	effect	of	expanding	the	capacity	of	the	treatment	
system	is	the	higher	maximum	of	water	delivery	if	the	Gorvodokanal	needs	to	provide	a	larger	amount	of	water	
i.e.	for	unusually	dry	and	hot	summers	or	for	emergencies.		

The	 negative	 aspects	 of	 implementing	 the	 measure	 is	 the	 expensive	 investment.	 However,	 the	 cost	 for	
Gorvodokanal	 might	 be	 lower	 than	 expected	 if	 the	 government	 would	 be	 able	 to	 provide	 financial	 aid.	
Information	regarding	the	possibility	to	receive	financial	aid	for	a	UV	light	was	presented	at	the	FGD.	Thus,	the	
government	might	be	able	to	provide	financial	aid	to	increase	the	capacity	of	the	Gorvodokanal.	However,	this	
information	is	not	confirmed	by	the	FGD	or	other	sources.	There	will	be	additional	expenses	that	come	with	the	
expansion	of	the	treatment	process,	such	as	maintenance	costs,	chemical	costs	and	increased	amount	of	sludge,	
which	would	 also	 contribute	 to	more	 costs	 due	 to	 larger	 depositions.	 The	 increase	 of	 the	 system	would	 in	
addition	require	more	personnel,	which	might	be	tough	to	arrange,	due	to	the	low	average	salary	that	the	center	
offers.	Interruptions	during	the	construction	period	would	most	likely	appear,	but	this	is	only	for	a	limited	time.		

Respondent	1	mentioned	that	the	area	needed	for	an	expansion	of	the	water	treatment	facility	was	available.	
However,	the	authors	did	not	visit	the	plant	to	confirm	this.	A	possible	purchase	of	land	might	be	necessary	to	
increase	the	capacity.	The	risks	that	will	be	decreased	through	this	measure	are	displayed	in	Table	7.11.	

TABLE	7.11	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	EQUALS	A	HIGH	RISK.	THE	
RISK	IS	MARKED	WITH	AN	L	SINCE	THE	LIKELIHOOD	OF	THE	SCENARIO	WILL	BE	REDUCED.		

Level	of	Effect	 Risk	Scenarios	

Eliminate	 10L	

Direct	decrease	 -	

Indirect	decrease	 -	
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Risk	 Scenario	 10	 discusses	 the	 currently	 high	 operation	 rate,	which	 is	 a	 risk	 that	 appears	 if	 an	 expansion	 is	
implemented.	 Due	 to	 this,	 by	 increasing	 the	 capacity	 of	 the	 facility,	 the	 operation	 rate	would	 decrease	 and	
through	this,	the	likelihood	that	the	capacity	of	the	facility	is	too	small	decreases	drastically	and	the	risk	will	be	
eliminated.	However,	by	implementing	the	expansion,	with	more	people	connected	to	the	centralized	system,	it	
will	lead	to	higher	production	costs	and	higher	amounts	of	wastewater.		

Add	a	Slow	Sand	Filter	to	the	Drinking	Water	Treatment	Facility		
During	a	short	period	of	the	year,	snow	melting	and	heavy	rains	might	occur.	This	puts	pressure	on	the	drinking	
water	treatment	since	the	raw	water	quality	changes.	During	the	FGD,	this	scenario	was	discussed.	The	only	way	
to	handle	the	change	in	quality	was	simply	to	add	more	chlorine	at	the	last	stage	of	the	process,	which	alters	the	
stakeholders’	opinion	of	the	tap	water.	By	adapting	to	the	changes	in	quality	and	alter	the	treatment	process,	it	
would	increase	the	flexibility	of	the	process.	Additionally,	it	opens	the	possibility	to	decrease	the	chlorine	dosage	
long-term.	Especially	the	first	chlorine	dosage,	since	the	second	dosage	might	still	be	required	for	the	pipelines.	

By	implementing	a	slow	sand	filter	more	contaminants	would	be	removed	and	therefore	decrease	the	chlorine	
demand.	Slow	sand	filters	are	quite	inexpensive	but	demand	a	large	area	(American	Water	Works	Association,	
1990).	However,	land	is	available	in	abundance	in	Kazakhstan	as	mentioned	in	the	FGD.	The	pros	and	cons	of	
implementing	this	measure	are	displayed	in	Table	7.12.		

TABLE	7.12	DISPLAYS	THE	PROS	AND	THE	CONS	OF	THE	RISK	TREATMENT	MEASURE.	

Pros	 Cons	

-	Lower	chemical	costs	

-	More	satisfied	end-users	

-	Higher	quality	of	water	

-Expensive	investment	

-	Possible	purchase	of	land	

-Interruptions	and	other	problems	during	
construction	

-	Possible	increased	maintenance	costs	

Construction	 of	 slow	 sand	 filters	 at	 the	 facility	 would	 require	 an	 investment	 cost.	 Additional	 costs	 such	 as	
increased	maintenance	and	possible	purchase	of	land	could	also	appear.	Another	negative	aspect	would	be	the	
possible	disruptions	and	decreased	efficiency	due	to	the	installation.	However,	this	negative	aspect	is	limited	to	
the	construction	and	adjustment	time.	On	a	positive	note,	the	chemical	cost	will	decrease	due	to	higher	quality	
before	the	disinfection	step.	The	effect	on	the	risks	by	implementing	the	measure	is	displayed	in	Table	7.13.			

TABLE	7.13	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	YELLOW	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	
MEDIUM	RISK	AND	GREEN	BACKGROUND	LOW	RISK.	THE	L	MARKS	THAT	THE	LIKELIHOOD	OF	THE	RISK	WILL	DECREASE.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 4L	

Indirect	decrease	 3L	
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Risk	Scenario	4	discusses	the	risk	of	risk	of	parasites,	bacteria	and	chemical	contamination	of	drinking	water	due	
to	insufficient	treatment.	By	implementing	a	slow	sand	filter,	the	likelihood	will	decrease	since	it	is	likely	that	
fewer	pathogens	and	chemical	contaminations	will	pass	through	a	rapid-	and	a	slow	sand	filter.	However,	this	
risk	cannot	be	neglected	since	there	might	be	some	particles	that	pass	through	the	filters	and	is	resistant	towards	
chlorine.	Therefore,	this	measure	is	set	to	directly	decrease	Risk	Scenario	4.	In	addition,	the	slow	sand	filter	is	
likely	to	remove	some	of	the	suspended	particles	and	therefore,	decrease	the	turbidity.	This	is	considered	to	be	
an	indirect	decrease	of	Risk	Scenario	3,	since	a	lower	turbidity	in	the	river	will	lead	to	less	need	of	chlorine	when	
the	water	is	entering	the	water	distribution	cycle	again.	

Add	UV	to	the	Disinfection	Step	in	the	Drinking	Water	Treatment	Process	
The	survey	conducted	by	the	authors	displayed	that	it	was	common	to	perform	some	sort	of	additional	treatment	
on	the	drinking	water	by	the	end-user	before	use.	The	reasons	stated	were	often	to	kill	microbes	and	remove	
the	smell	and/or	taste	of	chlorine.	Both	reasons	can	be	traced	back	to	the	disinfection	process.	At	Gorvodokanal	
the	only	disinfection	step	consists	of	adding	chlorine	in	liquid	form	to	the	water	before	distribution.	Chlorine	is	
added	both	in	the	beginning	and	the	end	of	the	treatment.	As	mentioned	in	Risk	Scenario	2,	chlorine	does	not	
kill	some	parasites	and	cysts	present	in	the	water.	By	adding	a	UV	treatment	to	the	process,	this	problem	is	solved	
since	the	UV	light	damages	the	DNA	of	the	parasites	and	cysts	hence,	limits	their	reproduction	(Gadgil,	1998).	
Due	to	this,	many	facilities	in	Sweden	has	adopted	this	measure.	Approximately	61%	of	the	treatment	facilities	
use	 UV	 treatment	 in	 Sweden	 in	 2015	 (Svenskt	 Vatten	 AB,	 2016).	 Additionally,	 this	 opens	 the	 possibility	 to	
decrease	the	chlorine	dosage	long-term3.	Especially,	the	first	chlorine	dosage,	since	the	second	chlorine	dosage	
might	still	be	required	to	achieve	a	residual	disinfection	in	the	pipelines.	The	pros	and	cons	of	implementing	this	
measure	is	displayed	in	Table	7.14.	

TABLE	7.14	DISPLAYS	THE	PROS	AND	THE	CONS	OF	THE	RISK	TREATMENT	MEASURE.	

Pros	 Cons	

-	Lower	chemicals	costs	

-	More	satisfied	end-users	

-	Less	time	consuming	

-	Financial	aid	from	government	

-	Incapacitate	parasites	and	cysts	that	chlorine	can’t	

-	Educated	personnel	

-	Less	risks	of	accidents	due	to	chlorine	

-Expensive	investment	

-	Attitude	towards	UV	treatment	

-	Requires	stable	electricity	source	

-	Educate	personnel		

	

	

By	implementing	the	UV	treatment,	the	usage	of	chlorine	would	decrease	long	term.	At	Ringsjöverket	in	Sweden,	
a	UV	treatment	was	installed	2015.	However,	they	use	the	same	dose	of	sodium	hypochlorite	(chlorine)	as	before	
but	 plan	 to	 decrease	 the	 amount	 in	 the	 upcoming	 years3.	 A	 similar	 approach	 is	 recommended	 in	 Pavlodar.	
Nevertheless,	the	attitude	towards	the	need	for	UV	treatment	is	mixed.	The	implementation	was	discussed	at	
the	FGD	where	some	of	the	participants	were	positive	and	some	considered	the	water	to	be	of	such	high	quality	
that	 is	 was	 not	 necessary.	 However,	 according	 to	 the	 FGD,	 the	 government	 financial	 aid	 to	 implement	 UV	
treatment	is	currently	on	topic.	Through	this,	the	UV	implementation	may	be	possible.		
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Education	of	personnel	was	considered	both	a	positive	and	a	negative	effect	of	the	measure,	since	it	costs	money	
and	takes	time	to	educate.	However,	through	the	FGD	it	is	revealed	that	employees	are	already	offered	education	
for	 management	 of	 chlorine.	 Due	 to	 this,	 the	 facility	 seems	 to	 have	 a	 routine	 for	 employee	 education.	
Additionally,	the	likelihood	is	higher	that	the	employees	in	question	would	be	able	to	solve	problems	and	help	
other	 employees	 thanks	 to	 this,	which	 is	 considered	 a	 positive	 effect.	 The	 risks	 that	will	 be	 affected	 of	 this	
measure	and	at	what	level	of	effect	is	displayed	below.		

TABLE	7.15	DISPLAYS	HOW	THE	MEASURE	WOULD	AFFECT	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	
HIGH	RISK,	YELLOW	BACKGROUND	A	MEDIUM	RISK,	AND	GREEN	BACKGROUND	LOW	RISK.	THE	L	MARKS	THAT	THE	RISK	WILL	DECREASE	
IN	LIKELIHOOD.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 4L	

Indirect	decrease	 3L	

	

Through	the	implementation	of	the	measure,	likelihood	for	Risk	Scenario	4	is	predicted	to	directly	decrease	since	
the	UV	will	 contribute	 to	 incapacitate	parasites.	Additionally,	 the	need	 for	 chlorination	 is	 less,	 since	 the	 first	
chlorination	step	would	not	be	required.	The	second	chlorination	may	be	necessary,	due	to	the	old	pipelines.	
However,	with	this	background,	the	likelihood	for	Risk	Scenario	3	is	predicted	to	decrease	indirectly.	

Expansion	of	Wastewater	Treatment	Distribution	Network	
To	decrease	Risk	Scenario	13,	which	displays	the	risk	of	constrained	wastewater	pipeline	network	due	to	the	
expanded	drinking	water	system,	the	centralized	wastewater	distribution	network	needs	to	be	expanded.	The	
importance	 of	 balance	 between	 the	 drinking	 water	 system	 and	 the	 wastewater	 treatment	 is	 thoroughly	
discussed	by	Gadgil	(1998),	which	emphasizes	that	the	phenomena	of	lacking	wastewater	treatment	is	common	
in	middle-income	and	low-income	countries.	Increased	drinking	water	distribution	means	more	wastewater	to	
treat,	which	will	increase	the	operation	rate	at	the	facility.	As	stated	in	Chapter	5	the	current	operation	rate	is	
92,640	m3/	day	and	the	maximum	capacity	 is	180,000	m3/day.	Since	there	 is	more	room	for	management	of	
wastewater	it	is	only	necessary	to	expand	the	wastewater	distribution	pipes	and	to	adapt	the	treatment	steps	
according	to	the	new	dynamics.	The	pros	and	cons	of	expanding	the	wastewater	distribution	is	displayed	in	Table	
7.16.	
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TABLE	7.16	DISPLAYS	THE	PROS	AND	THE	CONS	OF	THE	RISK	TREATMENT	MEASURE.	

Pros	 Cons	

-Increased	sanitation	of	grounds	

-	More	connected	households	

-	Possible	financial	aid	

	

-	Expensive	investment	

-	More	personnel	

-Increased	amount	of	formed	sludge	

-	Increased	consumer	price	due	to	return	of	
investment	

-	Interruptions	and	other	problems	during	
construction	

	

By	implementing	the	measure,	more	households	would	be	connected	and	hence	less	ground	would	be	infected	
with	wastewater	 particles.	 The	 sanitation	 in	 the	 ground	would	 thus	 be	 increased.	 It	would	 be	 an	 expensive	
investment,	 however,	 as	 discussed	 during	 the	 FGD,	 the	 Government	 offers	 financial	 aid.	 If	 financial	 aid	 is	
provided,	this	would	at	least	decrease	the	investment	cost	for	the	facility.		

The	 expansion	 of	 wastewater	 distribution	 would,	 similarly	 to	 expansion	 of	 drinking	 water	 system,	 lead	 to	
increased	demand	of	personnel,	increased	amount	of	formed	sludge,	increased	consumer	price	and	interruptions	
during	 the	 construction	 period.	 The	 reason	 for	 these	 negative	 aspects	 are	 displayed	 under	 the	 mitigating	
measure	 for	 Expanding	 the	 Maximum	 Capacity	 of	 the	 Drinking	 Water	 Treatment.	 The	 cost	 to	 expand	 the	
wastewater	pipes	is	considered	high	with	respect	to	current	available	budget,	since	the	budget	during	the	recent	
years	have	been	exceeded.	The	risk	scenarios	that	will	be	affected	by	the	measure	is	displayed	in	Table	7.17.	

TABLE	7.17	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	EQUALS	A	HIGH	RISK.	THE	L	
MARKS	A	DECREASE	IN	LIKELIHOOD.		

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 13L	

Indirect	decrease	 2L	

	

By	developing	the	wastewater	treatment	distribution,	the	likelihood	of	Risk	Scenario	13	will	be	decreased,	due	
to	a	better	balance	between	the	drinking	water	and	wastewater	systems	(Gadgil,	1998).	Indirectly,	the	ground	
will	also	be	infected	with	less	wastewater	bacteria.	Through	this,	the	likelihood	of	Risk	Scenario	2	is	considered	
to	 decrease	 indirectly,	 due	 to	 less	 contaminated	 grounds.	 However,	 if	 something	 were	 to	 happen	 the	
consequences	would	be	the	same	for	both	risk	scenarios.	
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Add	a	WSP	to	the	Process	to	Decrease	the	Concentration	of	Nutrients	and	Chlorine	in	the	
Wastewater	Effluent	
As	mentioned	 previously,	 the	 content	 of	 nitrogen	 and	 phosphorus	 in	 the	 effluent	 is	 at	 high	 levels,	which	 is	
disposed	directly	into	the	Irtysh	River.	Additionally,	the	chlorine	added	before	disposal	in	the	Irtysh	River	is	at	3	
mg/L.	There	is	a	risk	that	the	ecosystems	of	the	Irtysh	River	changes	due	to	this,	which	also	will	affect	the	water	
quality	of	the	river.	Waste	Stabilization	Ponds	(WSP)	are	effective	for	removing	nutrients	and	other	contaminants	
in	the	wastewater,	which	would	decrease	the	amount	of	chlorine	needed	before	disposal.	Heaven	et	al.	(2003)	
discuss	 the	possibility	 to	 have	WSPs	 as	 a	wastewater	 treatment	 in	 the	 former	 Soviet	Union	due	 to	 extreme	
climate.	Even	 though	many	advantages,	 like	 low	costs	and	possibility	 to	use	effluent	 for	agriculture,	 it	 is	not	
commonly	used	in	former	Soviet	Union.	In	North	America,	which	has	a	similar	climate,	the	WSPs	have	shown	
good	results.	However,	due	to	the	extreme	climate,	the	residence	time	in	the	ponds	would	be	long	(Heaven	et	
al.,	2003).	The	pros	and	cons	of	implementing	this	measure	is	displayed	in	Table	7.18	below.	

TABLE	7.18	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-	Environmentally	friendly	solution	

-	Increased	quality	of	water	

-	Lower	chemicals	costs	

-	Less	risks	of	accidents	due	to	chlorine	

-	More	successful	removal	of	parasites	and	cysts	

-	High	land	field	potential	

-	Educate	personnel	

-	Replacing/adapting	current	equipment	

-	Increased	maintenance	costs	

-	No	current	regulations	

-	Installation	costs	

-	More	time	consuming	

-	Educate	personnel	

	

The	Gorvodokanal	adheres	to	(as	the	authors	have	interpreted	it)	current	regulations	on	the	chemical	content	in	
the	 effluent,	 therefore,	 there	 is	 no	 driving	 force	 to	 adapt	 the	 process	 accordingly.	 By	 adding	 the	WSP,	 the	
consequences	are	increased	maintenance	cost.	Personnel	would	have	to	be	educated	to	be	able	to	manage	the	
new	equipment.	Additionally,	the	implementation	would	require	a	large	land	area.	However,	during	the	FGD	the	
participants	concluded	that	land	area	is	not	a	problem,	which	speaks	for	this	implantation.	An	advantage	of	this	
measure	 is	 that	 the	water	quality	of	 Irtysh	would	be	higher.	Through	 this,	 the	authors	propose	 to	 launch	an	
investigation	 to	 see	 if	WSPs	would	 be	 appropriate	 to	 install	 at	 the	wastewater	 facility	 in	 Pavlodar.	 The	 risk	
scenarios	that	will	be	affected	by	the	measure	are	displayed	in	Table	7.19.	 	
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TABLE	7.19	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	EQUALS	A	HIGH	RISK	AND	YELLOW	A	MEDIUM	
RISK.	THE	L	MARKS	THAT	THE	RISK	WILL	DECREASE	IN	LIKELIHOOD	AND	THE	C	THAT	THE	RISK	WILL	DECREASE	IN	CONSEQUENCE.		

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 7L,	C,	8L,	C	

Indirect	decrease	 11C	

Risk	Scenario	7	and	8,	which	mention	the	problem	with	high	content	of	nutrients	and	chlorine	in	the	water,	will	
be	decreased	directly	since	the	incorporation	of	WSP	will	remove	some	of	the	nutrients	and	other	contaminants.	
The	consequence	of	Risk	Scenario	11	will	be	affected	indirectly	since	the	quality	of	the	Irtysh	may	increase	over	
time	if	the	content	of	nutrients	in	the	wastewater	effluent	will	be	decreased.		

Add	a	Second	Intake	of	Water	to	the	Drinking	Water	Facility	
A	second	 intake	of	water	would	decrease	 the	 risk	of	wide	disruption	of	water	 supply	due	 to	 issues	with	 the	
primary	intake,	according	to	Risk	Scenario	6.	Table	7.20	displays	the	effects	of	the	measure	implementation.	

TABLE	7.20	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-Backup-plan	 -	Installation	costs	

-	Adapting	current	equipment	

Since	 this	measure	 provides	 a	 backup-plan	 if	 something	were	 to	 happen	with	 the	 primary	 intake,	 this	 is	 an	
advantage12.	The	negative	aspects	are	installation	costs	and	adapting	the	current	equipment	of	the	facility	to	be	
able	to	connect	with	the	new	intake.	Through	this,	interruptions	during	this	adaption	might	occur;	however,	this	
is	during	a	limited	time.	Table	7.21	below	displays	what	scenarios	would	be	affected	by	the	measure.		

TABLE	7.21	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	EQUALS	A	HIGH	RISK.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 6L	

Indirect	decrease	 -	

                                                
12	Personal	contact	Kenneth	M.	Persson,	Professor	at	Water	Resources	Engineering	Department	Lund	University,	
2018-01-26.	
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Through	this	measure,	it	would	decrease	the	likelihood	of	Risk	Scenario	6,	due	to	the	new	intake12.			

Introduce	Protection	Guidelines	for	the	Irtysh	River	
Due	to	the	lacking	regulations	regarding	the	protection	of	the	Irtysh	River,	the	contamination	index	is	at	risk	of	
increasing,	as	described	in	Risk	Scenario	11.	The	authors	hence	argue	for	an	introduction	of	a	guideline	or	an	
agreement	 regarding	 pollutants	 in	 the	 river;	 how	 industries,	 wastewater	 treatment	 facilities	 and	 other	
corporations	need	to	relate	to	these.	This	is	something	that	Karatayev	et	al.	(2017)	and	Meyer	et	al.	(2016)	are	
discussing	in	their	articles.	They	propose	cross-boundary	agreements	in	order	to	improve	the	increasingly	bad	
quality	and	capacity	of	the	Irtysh.	The	pros	and	cons	of	implementing	this	measure	is	displayed	in	Table	7.22.	

TABLE	7.22	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-Increased	capacity	of	river	

-Already	established	research	on	this	

-	Implementation	costs	

-	Time	spending	process	

-People	activity	

-Effect	on	corporations	

	

Since	this	measure	would	provide	an	official	guideline,	and	 if	 it	 is	adhered	to	by	all	 included	actors,	 the	river	
would	increase	the	quality	and	quantity,	in	essence	the	river	capacity	would	be	increased.	To	come	up	with	this	
guideline,	it	would	require	effort	from	policy	makers	in	China,	Kazakhstan	and	Russia,	since	all	these	countries	
share	Irtysh	as	a	water	source.	This	would	require	a	lot	of	time	and	finances	for	the	production	of	this	regulation	
(Karatayev,	et	al.,	2017).	To	introduce	this	regulation	might	affect	the	way	industries,	the	wastewater	treatment	
facility	and	other	corporations	that	perform	wastewater	treatment.	Exactly	how	depends	on	the	organization,	
however,	the	authors	speculate	that	it	might	include	repairs	and	reconstruction	of	certain	steps	of	the	treatment	
facilities	or	management	of	wastewater.	The	risks	that	will	be	affected	by	this	measure	is	displayed	in	Table	7.23.		

TABLE	7.23	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	EQUALS	A	HIGH	RISK	AND	
YELLOW	BACKGROUND	A	MEDIUM	RISK.	THE	L	MARKS	A	DECREASE	IN	LIKELIHOOD	AND	THE	C	MARKS	A	DECREASE	IN	CONSEQUENCE.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 9L,	C	

Direct	decrease	 -	

Indirect	decrease	 7L,	C,	8L,	C	 11C	

	

By	introducing	guidelines	on	wastewater	depositions,	it	would	eliminate	Risk	Scenario	9.	This	scenario	discusses	
how	 the	 poorly	 protected	 water	 source	 leads	 to	 decreased	 quality	 and	 quantity.	 By	 introducing	 guidelines	
regarding	this	matter,	it	could	have	a	positive	effect	on	river	quality	and	quantity.	Additional	scenarios	that	would	
be	affected	are	the	scenarios	related	to	the	concentration	of	different	chemicals	in	the	treated	wastewater	from	
the	Gorvodokanal,	which	is	dumped	in	the	river.	It	is	estimated	that	the	regulations	would	demand	better	quality	
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of	the	effluent	and	hence,	quality	of	the	effluent	would	be	improved.	The	poor	quality	prognosis	for	the	Irtysh	
River	would	also	improve	(Karatayev,	et	al.,	2017).		

Expansion	of	Reactive	Lake	Restoration	Measures	
As	mentioned	in	Risk	Scenario	11,	industries	influence	the	river	by	polluting	the	environment	with	wastewater.	
Through	this,	the	need	for	reactive	measures	in	order	to	restore	the	lakes,	and	thus	decrease	the	groundwater	
infection,	which	in	turn	also	infects	the	river,	are	necessary.	Currently,	there	are	studies	at	PSU	that	explore	both	
reactive	and	proactive	measures	regarding	the	poorly	disposed	waste	and	wastewater	from	industries	in	order	
to	 improve	 this	 problem5.	 The	 authors	 would	 recommend	 a	 development	 of	 these	 studies	 and	 their	
implementation,	 with	 the	 goal	 to	 improve	 the	 long-term	 quality	 prognosis	 of	 the	 Irtysh	 River	 and	 other	
sustainability	parameters.	Implementation	effects	are	displayed	in	Table	7.24	below.	

TABLE	7.24	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-	Increased	long-term	quality	of	river	

-	Already	established	research	on	this	

-	Unclear	effect	

-	Implementation	costs	

-Maintenance	costs	

	

This	measure	has	already	begun	application	in	Samsak	Lake	in	the	Pavlodar	area,	and	improvements	have	been	
observed5.	However,	the	level	of	effect	is	unclear	due	to	the	new	adaption.	The	risks	that	will	be	affected	by	this	
measure	are	displayed	in	Table	7.25.		

TABLE	7.25	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	YELLOW	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	
MEDIUM	RISK.	THE	C	MARKS	A	DECREASE	IN	CONSEQUENCE.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 -	

Indirect	decrease	 9C,	11C	

	

By	introducing	the	measure,	the	consequences	of	the	scenarios	regarding	the	capacity	of	the	Irtysh	River	are	
argued	to	be	affected	indirectly,	since	this	measure	creates	a	better	environment	in	the	lakes,	which	limits	the	
travel	of	contaminants	to	the	Irtysh	River.		

Promotion	Meter	Installation	for	Drinking	Water	Usage	
Today,	Gorvodokanal	offers	the	consumers	of	the	drinking	water	system	the	possibility	to	purchase	a	private	
meter,	which	measures	the	amount	of	water	consumed.	Through	this,	 the	consumers	tend	to	decrease	their	
water	consumption.	If	this	device	is	not	installed	the	consumption	price	will	be	higher	since	the	water	will	be	
paid	through	a	standardized	tariff	(Gorvodokanal	Pavlodar,	2017).	Thus,	meter	installations	may	decrease	the	
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consequence	of	Risk	 Scenario	12,	which	discusses	 the	excess	water	use	due	 to	 connected	 to	 the	 centralized	
network.	The	pros	and	cons	of	implementing	the	measure	is	displayed	in	Table	7.26	below.	

TABLE	7.26	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-	Less	water	consumption	 -	Individual	investment	cost	

-	Less	income	

The	measure	would	require	an	investment	cost	for	each	individual	household.	However,	if	all	connected	houses	
installed	meters	Risk	Scenario	12	is	estimated	to	have	an	indirect	decrease,	as	depicted	in	the	Table	7.27	below.	
The	 likelihood	 of	 increased	water	 consumption	 is	 the	 same,	 however,	 the	 amount	might	 decrease	with	 this	
measure.	Therefore,	Gorvodokanal	may	promote	this	measure	to	the	new	consumers	of	the	system.	

TABLE	7.27	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	RED	BACKGROUND	OF	THE	RISK	SCENARIO	EQUALS	A	HIGH	RISK.	THE	C	
MARKS	A	DECREASE	IN	CONSEQUENCE.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 -	

Indirect	decrease	 12C	

Improved	Sludge	Treatment	
During	the	FGD	and	the	industry	visits	 it	became	apparent	that	the	sludge	treatment	at	the	facilities	today	is	
poor.	It	simply	consists	of	a	dewatering	step	followed	by	a	collection	step	before	dumped	into	land	fields.	Positive	
and	negative	aspects	for	improving	the	sludge	treatment	is	presented	in	Table	7.28	below.		

TABLE	7.28	DISPLAYS	THE	ADVANTAGES	AND	DISADVANTAGES	WITH	IMPLEMENTING	THE	MEASURE.		

Pros	 Cons	

-	Increased	long-term	quality	of	river	

-	Biogas	production	

-	Soil	production	

-	Lower	deposition	costs	

-	Investment	costs	

-	Implementation	costs	

-Land	at	treatment	facility	

-Increased	demand	of	skilled	employees	

-Conflict	of	interest	

At	Källby	Reningsverk	Wastewater	Treatment	facility	in	Lund,	the	sludge	treatment	extracts	biogas	energy	and	
soil,	which	they	sell.	This	could	be	done	at	the	facility	in	Pavlodar	if	there	is	a	market	for	this	type	of	products;	
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however,	the	investment	cost	would	be	high13.	If	the	treatment	facility	would	have	the	economy	and	decide	to	
go	through	with	this	major	change,	it	would	require	skilled	employees,	which	Gorvodokanal	has	a	hard	time	to	
attract,	as	they	mention	in	a	comment	in	their	budget	(Gorvodokanal	Pavlodar,	2017).	Additionally,	an	increase	
in	staff	would	 lead	to	additional	operation	costs.	Further,	this	 implementation	might	require	an	expansion	of	
land	usage	for	the	treatment	facility.	Another	challenge	with	the	implementation	of	this	measure	is	the	fact	that	
Kazakhstan	have	significant	oil	production	and	hence	there	might	not	be	a	market	for	biogas.	In	addition,	there	
is	a	 large	oil	refinery	situated	in	the	Pavlodar	region.	On	a	positive	note,	the	adaption	of	an	upgraded	sludge	
treatment	 would	 mean	 less	 deposition	 of	 sludge,	 due	 to	 production	 of	 biogas	 and	 agricultural	 soil.	 These	
products	are	something	Gorvodokanal	could	sell	as	a	source	of	income.	Additionally,	the	amount	of	sludge	that	
needs	to	be	deposited	will	decrease,	and	thus	the	deposition	costs	will	decrease.	The	risks	that	would	be	affected	
by	the	implementation	of	this	measure	is	displayed	in	Table	7.29.		

TABLE	7.29	DISPLAYS	HOW	THE	MEASURE	AFFECTS	THE	RISKS.	A	YELLOW	BACKGROUND	OF	THE	RISK	SCENARIO	NUMBER	EQUALS	A	
MEDIUM	RISK.	THE	C	MARKS	A	DECREASE	IN	CONSEQUENCE	OF	THE	RISK.	

Level	of	Effect	 Risk	Scenarios	

Eliminate	 -	

Direct	decrease	 -	

Indirect	decrease	 9C,	11C	

By	introducing	the	measure,	the	consequences	of	Risk	Scenario	9	and	11,	which	both	manage	the	quality	of	the	
Irtysh	River,	are	considered	to	indirectly	decrease.	The	measure	creates	increased	sustainability	and	environment	
in	the	grounds,	which	limit	the	travel	of	contaminants	to	the	Irtysh5.		

7.7	RISK	REDUCTION	EVALUATION	
The	risk	reduction	evaluation	has	been	presented	for	each	mitigating	measure	individually.	The	summary	of	all	
the	different	mitigating	measures	and	their	 level	of	effect	 is	presented	 in	Table	7.30.	This	 table	also	displays	
whether	the	risk	will	be	reduced	due	to	likelihood	or	consequence.	When	reduced	due	to	reduced	likelihood	the	
risk	scenario	number	is	marked	with	a	raised	L.	When	it	is	reduced	due	to	reduced	consequence,	it	is	marked	
with	a	raised	C.		

 	

                                                
13	Personal	contact	with	Elin	Ossiansson,	Employee	at	Källby	Avloppsreningsverk,	2018-03-08	
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TABLE	7.30	DISPLAYS	HOW	THE	DIFFERENT	MITIGATING	MEASURES	WOULD	AFFECT	THE	RISK	SCENARIOS.			

																																		
Level	of	Effect	

	Measure	

Eliminate	 Direct	
decrease	

Indirect	
decrease	

Increase	

Exchange	pipelines	  1L,	2L	  15L	

Notifying	population	  14C	   

Quality	control	 5L	  4L,	7L,	C,	8L,	C	  

Increase	capacity	of	drinking	water	treatment	 10L	    

Add	slow	filter	drinking	water	treatment	  4L	 3L	  

Add	UV	to	drinking	water	facility	  4L	 3L	  

Expand	capacity	wastewater	pipes	  13L	 2L	  

Decrease	 concentration	of	 nutrients	&	 chlorine	
in	wastewater	effluent	

 7L,	C,	8L,	C	 11C	  

Add	second	drinking	water	intake	  6L	   

Introduce	protection	of	Irtysh	River	 9L,	C	  7L,	C,	8L,	C,	11C	  

Reactive	lake	restoration	   9C,	11C	  

Promote	meters	for	drinking	water	   12C	  

Sludge	treatment	   9C,	11C	  

This	summary,	together	with	the	more	thorough	descriptions	on	each	mitigating	measure,	it	is	revealed	how	the	
measures	and	the	risk	scenarios	interacts.	This	provides	an	understanding	towards	what	measures	will	decrease	
what	risks,	and	thus	how	the	systems	may	be	adapted	in	order	to	perform	a	sustainable	expansion	with	a	risk	
perspective.	 In	 order	 to	make	 the	 analysis	more	 complete,	 a	 discussion	 regarding	 the	budget	 related	 to	 the	
measurement	implementation	is	given	in	the	nest	section.	

7.8	COST	OF	MEASURES	
To	implement	the	suggested	measures	would	require	financial	resources.	Thus,	the	authors	have	considered	the	
financial	situation	of	the	Gorvodokanal	facility	through	old	budgets	and	results.	All	information	in	this	section	is	
gathered	from	(Gorvodokanal	Pavlodar,	2015)	and	(Gorvodokanal	Pavlodar,	2017).	The	budgets	for	2015	and	
2016	are	displayed	in	Appendix	H.		
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The	result	of	2016	states	that	the	facility	in	total	ended	up	with	a	profit	of	118.3	million	Tenge	(about	300,000€	
at	the	time	of	writing).	This	was	64%	more	than	budgeted,	which	means	that	the	facility	in	2017	should	have	
some	resources	available	for	upgrading	parts	of	the	system.	However,	it	is	unclear	if	the	facility	has	any	debts	or	
mortgages	that	need	to	be	taken	care	of.		

Looking	at	the	2016	budget	and	result,	the	material	costs,	electricity	costs	and	the	labour	costs	were	lower	than	
budgeted.	This	trend	was	also	the	same	in	2015.	However,	in	2016	it	appears	that	the	material	costs	are	almost	
twice	as	high	as	in	2015	for	the	drinking	water	but	rather	similar	for	wastewater.	An	explanation	for	this	is	not	
provided.	However,	the	authors	speculate	that	it	could	be	due	to	the	decreased	quality	of	the	Irtysh	River	or	the	
pipes.	Through	the	measures	suggested	under	Mitigating	Measures,	there	are	measures	that	would	potentially	
decrease	the	cost	for	material	and	labor	at	the	drinking	water	treatment	facility.	Through	this,	if	the	organization	
invested	money	into	a	measure	with	a	decreasing	effect	of	these	costs,	the	plant	would	be	able	to	invest	into	
other	mitigating	measures	and	work	towards	a	sustainable	expansion.		

It	can	also	be	seen	in	the	budget	for	both	the	drinking	water	and	the	wastewater	system	that	the	energy	costs	
have	decreased	thanks	to	the	modernization	of	pumps.	The	planned	budget	for	electricity	and	the	factual	values	
of	2016	were	similar	to	the	numbers	in	the	budget	for	2015.	If	the	trend	is	the	same	during	the	upcoming	years,	
the	plant	would	be	able	to	budget	 for	 lower	energy	costs,	which	would	 lead	to	available	money	for	 funds	or	
mitigating	measures.		

Regarding	the	“other	cost”-category,	the	drinking	water	facility	seems	to	approximately	follow	the	planned	costs	
for	both	2016	and	2015.	For	wastewater,	the	same	category	is	budgeted	for	about	20%	more	than	actually	spent	
both	years.	A	reason	for	the	significantly	 lower	cost	 is	explained	with	a	comment	in	the	budget,	which	states	
decrease	of	emissions	and	waste.	If	the	trend	is	the	same	during	the	upcoming	years,	the	plant	would	be	able	to	
plan	for	lower	costs	in	this	category,	which	would	possibly	lead	to	available	money	directed	towards	funds	or	
mitigating	measures.	Additionally,	if	the	measure	suggested	in	the	Mitigating	Measures	part,	which	would	lead	
to	a	decrease	of	nutrients	and	chlorine	in	the	wastewater,	the	costs	here	might	drop	even	further.		

When	looking	at	the	budget	for	2015	and	2016	it	becomes	apparent	that	the	post	concerning	repairs	is	higher	
than	budgeted	each	year	and	the	material	costs	are	lower.	Due	to	this,	the	authors	speculate	that	the	demand	
for	chlorine	in	the	drinking	water	may	decrease	due	to	upgrading	of	the	pipes,	and	could	explain	why	the	budget	
post	regarding	material	use	for	the	drinking	water	facility	has	decreased.	Since	exchange	of	pipes	is	a	suggested	
measure	for	the	company,	the	authors	view	the	exceeded	budget	post	as	positive.	However,	due	to	other	budget	
posts	that	are	less	than	their	planned	value,	the	authors	see	possibilities	to	plan	for	even	higher	costs	for	this	
post,	in	order	to	continue	adopting	this	mitigating	measure.		

The	 income	 exceeds	 the	 costs	 for	 both	 drinking	water	 and	wastewater,	 however,	 the	 income	 is	 lower	 than	
budgeted	for	in	both	2015	and	2016.	The	impact	of	this	is	lower	for	the	drinking	water	in	2016	since	the	costs	
are	relatively	lower	that	year.	The	price	for	water	in	Pavlodar	is	rather	inexpensive,	around	21	tenge	(0.06€)	per	
m3	of	water.	The	price	is	set	low	to	offer	even	the	poorest	population	the	opportunity	of	this	service,	which	leads	
to	a	lower	income	for	the	facility	than	expected.	Further,	this	trend	for	drinking	water	income	is	in	the	budget	
explained	by	the	fact	that	more	people	decided	to	purchase	water	meters,	which	are	devices	that	measure	the	
water	consumption	and	gives	the	consumer	a	lower	price	for	the	water.	Through	these	explanations,	this	budget	
post	should	be	set	lower	in	the	future.	This	trend	could	also	an	argument	towards	system	expansion,	since	more	
consumers	would	be	connected	and	the	income	would	increase,	but	of	course	it	needs	to	be	balanced	towards	
the	cost	of	the	expansion.	The	authors	further	speculate	that	measures	improving	the	quality	of	the	water,	such	
as	decreasing	the	taste	of	chlorine	and	risk	for	parasites,	would	increase	the	water	consumption.	Through	visits	
at	 industrial	 sites	and	the	PSU	University,	 the	authors	observed	that	 these	organizations	serve	bottled	water	
instead	of	 tap	water.	 If	 the	tap	water	were	of	better	quality,	 this	might	change.	Through	this,	measures	that	
would	affect	the	water	quality	would	be	beneficial.		
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These	discussions	have	revealed	the	financial	situation	for	Gorvodokanal	and	how	the	budget	might	be	adapted	
in	order	to	accommodate	for	mitigating	measures	Additionally,	how	these	investments	in	mitigating	measures	
might	influence	the	budget	positively	or	negatively	have	also	been	discussed.		

7.9	MITIGATING	MEASURE	PRIORITY	
Due	 to	 the	 complexity	 of	 the	 water	 system	 it	 is	 challenging	 to	 deliver	 a	 recommendation	 regarding	 what	
measures	to	prioritize	to	achieve	a	reliable	and	sustainable	expansion.	However,	with	the	risk	ranking	in	Table	
7.3	 and	 the	mitigating	measures	 effect	 in	Table	 7.30,	 the	 authors	managed	 to	 construct	 a	 recommendation	
regarding	 the	priority	of	 the	order	of	which	measures	 to	 implement.	 The	measures	 that	will	 only	 lead	 to	an	
indirect	 decrease	 of	 risks	 are	 not	 considered	 a	 priority,	 since	 other	measures	 are	 deemed	 to	 have	 a	 higher	
reducing	effect	and	the	facility	has	a	limited	amount	of	finances.	

The	measures	that	will	lead	to	elimination	of	risk	scenarios	are	Automatic	Quality	Control,	Increase	Capacity	of	
Drinking	Water	Treatment,	and	Introduce	Protection	of	Irtysh	River.	The	authors	estimate	that	implementation	
of	automatic	quality	control	is	one	of	the	less	expensive	measures,	for	example	in	relation	to	the	cost	of	adding	
new	pipelines	or	adding	a	new	process	step.	Additionally,	with	the	elimination	effect	of	a	high	rated	risk	and	the	
indirect	decrease	of	two	high	risks	and	one	medium	risk	as	a	foundation,	the	authors	suggest	that	this	measure	
should	be	of	priority	to	implement.	The	measure	regarding	increased	capacity	of	the	drinking	water	treatment	is	
necessary	 in	 order	 to	 accommodate	 for	 an	 expansion,	 due	 to	 today’s	 high	 operation	 rate.	 In	 addition,	 the	
measure	 will	 eliminate	 a	 high	 risk.	 However,	 this	 is	 an	 expensive	 investment	 and	 according	 to	 the	 budget	
reflection,	it	may	be	difficult	to	find	the	finances.	Regarding	the	protection	of	Irtysh	River,	this	would	eliminate	
one	 middle	 risk	 and	 indirectly	 decrease	 two	 high	 risks	 and	 one	 middle	 risk.	 The	 authors	 emphasize	 the	
importance	 of	 this	measure	 to	 keep	 the	 quality	 and	 quantity	 of	 the	 river	 on	 an	 acceptable	 level	 long	 term.	
However,	 this	 is	 a	 rather	 complicated	measure	 to	 implement,	 which	 requires	 a	 lot	 of	 human	 and	 financial	
resources.	As	mentioned	in	the	literature	study,	there	are	ongoing	work	regarding	this	issue.	Through	this,	the	
authors	recommend	the	facility	to	support	and	pay	attention	to	the	development	of	this	work,	which	hopefully	
will	 be	 financed	 through	governmental	 expenses.	 Through	 this,	 however,	 the	authors	do	not	 recommend	 to	
prioritize	this	measure.	

There	are	seven	measures	that	will	lead	to	a	direct	decrease	of	risks.	Exchange	of	pipelines	is	already	an	ongoing	
process	that	has	a	planned	budget	post	and	will	directly	decrease	Risk	Scenario	1	and	Risk	Scenario	2.	Hence,	the	
authors	would	promote	continued	implementation	of	this	measure.	To	notify	the	population	about	the	exchange	
and	expansion	of	pipelines	is	a	rather	small	effort	that	will	still	directly	decrease	one	rated	high	risk	and	is	thus	
recommended	to	be	implemented.	Adding	a	slow	sand	filter	or	a	UV	treatment	step	to	treatment	process	has	
the	same	risk	reducing	effect:	one	low	risk	and	one	middle	risk	will	decrease.	However,	it	is	a	big	investment	that	
will	 be	 challenging	 to	 implement	 into	 the	 system.	 Therefore,	 the	 authors	 recommend	 the	 facility	 to	wait	 to	
implement	a	measure	of	this	kind	after	the	automatic	controls	have	been	implemented.	In	addition,	the	authors	
recommend	the	facility	to	only	implement	one	of	these	measures	to	begin	with,	and	investigate	the	effect	of	this	
implementation,	to	know	how	the	implementation	of	this	measure	will	affect	the	process	as	a	whole.	Whether	
the	slow	sand	filter	or	the	UV-filtration	is	chosen	depends	on	the	investment	cost	as	well	as	consideration	of	
possibly	 available	 space	 in	 the	 treatment	 facility.	An	expansion	of	 the	wastewater	distribution	pipes	 is	 a	big	
project,	which	the	authors	find	necessary	in	the	long	run	in	order	to	maintain	a	balance	between	the	drinking	
water	and	wastewater	systems	as	Gadgil	(1998)	highlights.	However,	due	to	the	amount	of	work	to	implement	
this	measure,	the	authors	recommend	the	city	to	wait	and	see	how	the	expansion	will	impact	the	situation	before	
adopting	 this	measure.	 A	 decrease	 of	 nutrients	 and	 chlorine	 in	 the	wastewater	 effluent	 is	 not	 considered	 a	
priority	until	the	automatic	controls	have	been	incorporated	since	automatic	controls	enable	easier	control	of	
these	 concentrations.	 A	 second	 drinking	 water	 intake,	 however,	 is	 considered	 priority.	 It	 is	 a	 rather	 simple	
measure	to	construct	and	implement.	In	addition,	the	measure	is	considered	relatively	inexpensive.		
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Through	 above	 reasoning	 the	 authors	 choose	 to	 recommend	 the	 following	 mitigating	 measures	 to	 be	
implemented	as	ordered	in	priority	of	implementation:		

• 	Exchange	pipelines		

• 	Notifying	population		

• 	Automatic	quality	control		

• 	Increase	capacity	drinking	water	treatment	

• 	Add	second	drinking	water	intake		

7.10	CONCLUDING	REMARK	
Through	the	risk	analysis	and	the	budget	reflection,	an	overview	of	how	the	drinking	water	distribution	system	
could	expand	sustainably	and	reliably	is	provided.	It	also	provides	an	insight	regarding	what	measures	might	be	
implemented	and	the	priority	of	implementation.	Additionally,	it	is	provided	how	different	measures	will	affect	
different	risk	scenarios.	Through	this,	there	is	a	foundation	of	proper	planning	of	measurement	implementation.	
An	example	of	proper	planning	would	be,	when	the	facility	repairs	pipelines	in	one	area	of	the	city,	they	perform	
pipeline	 expansion	 in	 the	 area	 related	 to	 this	 pipe	 exchange,	 for	 example	 to	 minimize	 affected	 area	 of	
construction.	
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8.	DISCUSSION	
This	chapter	provides	 the	reader	with	a	discussion	regarding	the	applicability	of	 the	triangular	approach,	 the	
formation	and	the	implementation	of	it.	A	discussion	regarding	the	data	collection	and	other	factors	that	may	
have	come	to	affect	the	results	of	the	Case	Study	is	also	provided.			

8.1	EVALUATION	OF	THE	LAYERED	RISK	ASSESSMENT	APPROACH	
The	authors	developed	the	triangular	approach	to	aid	risk	management	for	centralized	water	system	expansions.	
The	approach	was	constructed	after	a	literature	study	within	the	subject	area,	a	visit	to	Sydvatten	Drinking	Water	
Facility	in	Stehag,	Sweden	and	discussion	meetings	with	professors	at	LU	and	PSU.	Through	this,	the	important	
factors	regarding	water	expansion	were	defined	as	 the	capacity	of	 the	raw	water	source,	 the	capacity	of	 the	
treatment	facility	and	the	capacity	of	the	distribution	network.	Therefore,	it	could	be	concluded	that	the	drinking	
water	cycle	is	complex,	which	makes	each	water	distribution	system	rather	unique.	The	composition	of	the	raw	
water	source,	the	process	steps	at	the	treatment	facility	and	the	quality	of	the	pipelines	are	examples	of	varying	
parameters	that	depend	on	each	other.	With	this	background,	it	was	concluded	that	these	factors	needed	to	be	
influencing	the	approach.	The	approach	also	needed	to	be	flexible	in	order	to	adapt	to	different	systems.	This	
generally	includes	the	steps	of	scope	definition,	risk	identification,	risk	estimation	and	risk	evaluation,	which	is	
presented	in	Figure	3.1.	It	was	decided	that	the	approach	needed	to	include	these	influences,	but	that	the	steps	
should	be	more	specified.	The	approach	also	needed	to	take	the	lack	of	transparency	in	Central	Asian	countries	
into	consideration	in	this	adaption.	With	this	background,	it	was	decided	that	the	risk	identification	step	should	
include	a	stakeholder	analysis,	with	the	purpose	of	also	targeting	the	opinions	of	other	stakeholder	groups	than	
just	the	facility	itself.	Stakeholders	with	less	responsibility	and	nothing	to	lose	may	be	more	willing	to	share	their	
opinions	 than	 the	 employees	working	 at	 the	 facility.	 Additionally,	 the	 stakeholder	 analysis	 and	 collection	 of	
opinion	from	different	stakeholders	seemed	appropriate	in	order	to	obtain	a	more	holistic	picture	of	the	system	
and	its	risks.	Further,	the	risk	ranking	step	was	decided	to	be	performed	in	a	semi-quantitative	scale.	Due	to	the	
lack	of	transparency	and	historical	data,	approximate	estimations	would	be	required	in	order	to	rank	the	risks.	
Due	to	the	complexity	of	the	drinking	water	cycle,	the	authors	wanted	the	general	approach	to	clearly	display	
that	the	risk	evaluation	step	is	performed	after	all	the	risks	are	identified	and	estimated,	since	the	majority	of	
the	 suggested	mitigating	measures	will	 individually	not	affect	only	one	 risk	 scenario,	but	many	different	 risk	
scenarios	 at	 the	 same	 time.	 Additionally,	 the	 mitigating	 measures	 step	 of	 the	 approach	 includes	 a	 budget	
reflection,	 since	 it	 is	 an	 important	 constraint	 regarding	 expansion	 of	 the	 system	 and	 the	 adoption	 of	 risk	
mitigating	measures.		

Due	to	the	complexity	of	the	drinking	water	cycle,	the	approach	was	constructed	in	a	rather	general	way,	in	order	
to	be	adapted	depending	on	the	system	under	study.	However,	it	is	questioned	whether	the	approach	might	be	
too	general.	Perhaps	it	should	specify	the	including	steps	further,	and	framing	these	steps	similar	to	the	way	the	
implementation	of	the	approach	displays	in	Chapter	7.	This	is	something	that	could	be	further	investigated	after	
performing	more	case	studies	using	the	proposed	approach.			

As	 mentioned	 earlier,	 the	 approach	 was	 constructed	 through	 literature	 studies,	 visits	 and	 discussions	 with	
professors	as	a	foundation.	The	literature	study	was	rather	extensive,	as	displayed	in	Chapter	1	and	4	as	well	as	
Appendix	A.	 Through	 this,	 together	with	 the	 observations,	 the	 authors	were	 able	 to	 create	 their	 own	 vision	
regarding	the	design	of	the	approach.	At	this	step,	input	from	professors	made	the	authors	second-guess	the	
construction	of	 the	approach,	and	by	 further	evolving	the	description	behind	each	step	of	 the	approach,	 the	
design	of	the	approach	mirrored	the	authors’	idea	of	methodology.	By	firstly	creating	the	approach	on	their	own,	
and	then	having	it	renewed	after	review,	the	authors	would	say	that	through	the	input	from	articles,	experts	and	
themselves,	the	process	of	the	approach	construction	is	valid.	As	an	additional	step	of	analysis	of	this	approach,	
it	was	implemented	in	a	Case	Study.	Through	this,	further	analysis	regarding	the	reliability	of	the	approach	and	
the	implementation	of	it	may	be	performed.	
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The	 literature	 study	 revealed	 that	 few	 studies	 regarding	 expansion	 of	 centralized	water	 systems	with	 a	 risk	
perspective	had	been	performed	 in	Central	Asia.	No	general	approach	had	been	performed	 for	 this	purpose	
either.	When	performing	cross-referencing	on	the	few	articles	that	were	relevant,	most	of	the	sources	were	in	
Russian.	These	articles	were	not	accessible	through	the	search	engines	used	during	the	start	of	the	literature	
search.	With	this	being	said,	 there	might	be	articles	 investigating	this	subject	but	were	not	 found	due	to	the	
language	barrier.		

The	authors	were	denied	access	to	the	treatment	facility.	The	reason	stated	was	that	the	facilities	are	critical	for	
the	city	of	Pavlodar.	However,	if	an	application	for	entering	the	facilities	would	have	been	filed	prior	to	arrival	to	
Pavlodar;	the	authors	might	have	been	granted	access.	If	the	facility	had	been	visited,	some	of	the	knowledge	
gaps,	 such	 as	 the	 current	 possibility	 regarding	 room	 for	 expansion	 through	 additional	 treatment	 steps	 and	
treatment	lines	and	the	condition	of	the	current	equipment,	would	have	been	accessed.	To	obtain	data	regarding	
the	 facility,	 a	 lecture	 was	 organized,	 which	 included	 presentation	 of	 data	 sheets	 and	 an	 overview	 of	 the	
Gorvodokanal	website.		

To	 gain	 the	 opinion	 of	 end-users	 on	 the	 drinking	water	 quality	 and	wastewater	management,	 a	 survey	was	
conducted	 during	 the	 field	 study.	 The	 questions	 asked	 in	 the	 survey	 are	 displayed	 in	 Appendix	 F1.	 Some	
participants	circled	multiple	answers	regarding	what	kind	of	water	they	use	for	drinking	and	cooking,	which	put	
certain	constraints	on	the	data	evaluation	in	the	terms	of	what	water	source	the	participant	rated	in	terms	of	
taste,	smell,	color	and	timing.	However,	it	was	decided	by	the	authors	to	not	change	the	survey	because	then	
the	 participants	 might	 circle	 only	 the	 water	 source	 tap	 water	 and	 not	 fill	 out	 if	 they	 performed	 additional	
treatment	before	usage.	Most	participants	that	lived	in	the	city	perform	additional	treatment	to	the	water,	which	
displays	that	there	are	trust	issues	between	the	end-users	and	Gorvodokanal.	The	authors	speculate	that	this	
trust	issue	will	continue	if	the	end-users’	opinions	are	not	acknowledged.	The	visit	to	Kenzhekol	was	interesting	
but	unfortunately,	did	not	 result	 in	many	collected	surveys.	 It	would	have	been	 interesting	 to	perform	more	
surveys	 in	 this	 area,	however,	not	many	people	were	outdoors	 and	 it	 did	not	 seem	safe	 to	 knock	on	doors.	
However,	the	authors	had	received	more	surveys	from	Leninskiy,	which	 is	a	similar	community	to	Kenzhekol.	
Through	 this,	 it	was	 decided	 to	 not	 spend	more	 time	 collecting	 answers	 in	 Kenzhekol.	However,	 the	 overall	
distribution	of	the	survey	worked	very	well	and	provided	the	authors	with	a	good	understanding	of	the	end-
users’	 opinion	 of	 the	 water	 distribution	 and	 the	 wastewater	 management	 in	 the	 city	 and	 in	 the	 smaller	
communities.	

The	 opinions	 from	 expert	 and	 employees	 were	 collected	 from	 interviews	 and	 the	 FGD.	 However,	 here	 the	
language	barrier	was	obvious.	Google	Translate	and	interpreters	were	used	to	overcome	this	barrier.	Almost	all	
the	 interviews	 and	 the	 FGD	 were	 in	 Russian,	 which	 means	 that	 this	 might	 have	 led	 to	 information	 lost	 in	
translation	and	incorrectly	translated	words.	It	is	important	to	note	that	this	works	both	ways;	the	information	
provided	by	the	authors	might	not	always	have	been	properly	translated.	However,	this	was	the	best	alternative	
since	the	interviewees	and	most	of	the	participants	of	the	FGD	did	not	speak	English	and	the	authors’	knowledge	
of	 Russian	 is	 highly	 limited.	Hence,	 an	 interpreter	was	needed.	 In	 order	 to	 reduce	 the	 language	barrier,	 the	
authors	would	have	benefited	from	having	meetings	with	the	translator	prior	to	interviews	to	prepare	them	for	
what	would	be	mentioned	in	the	interview.	However,	this	was	not	always	possible	due	to	time	constraints	and	
last-minute	information	regarding	who	the	translator	would	be.		

Some	 results	 are	 based	 on	 the	 opinions	 of	 interviewees	 and	 participants	 of	 the	 FGD.	 Due	 to	 different	 risk	
perceptions,	as	mentioned	in	Chapter	1,	some	results	might	have	been	different	if	other	people	would	have	been	
targeted.	On	the	other	hand,	the	people’s	perception	of	risk	is	important	to	be	included	in	a	risk	analysis.		

The	SWOC	analysis	was	performed	at	the	FGD	where	the	participants,	experts	and	end-users	stated	the	SWOC	
factors,	which	are	displayed	 in	Appendix	B1.	 Through	 these	 inputs	 the	authors	 stated	15	 risk	 scenarios.	 This	
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worked	quite	well,	however,	some	identified	scenarios	were	removed	since	they	did	not	affect	the	quality	or	the	
quantity	of	the	water.	

Mitigating	measures	were	suggested	in	the	FGD,	interviews	and	the	survey.	Hence,	all	the	stakeholders’	opinions	
and	suggestions	were	considered	when	constructing	the	measures.	In	addition,	visits	to	drinking-	and	wastewater	
facilities	in	Sweden	and	industry	visits	in	Pavlodar	and	literature	worked	as	inspiration	for	additional	mitigating	
measures.	The	mitigating	measures	were	discussed	in	terms	of	pros	and	cons	of	implementation.	Additionally,	
an	analysis	regarding	how	the	suggested	measures	would	affect	the	different	risk	scenarios	was	performed.	The	
water	system	is	complex	and	in	order	to	thoroughly	understand	how	the	different	measures	would	affect	the	
process	as	a	whole,	the	authors	recommend	that	they	are	individually	implemented	and	analyzed	before	another	
measure	is	implemented.	

To	 get	 a	more	 complete	 view,	 a	 budget	 reflection	 of	Gorovodokanal	was	 performed.	However,	 it	 is	 hard	 to	
estimate	how	much	equipment	cost	in	Kazakhstan,	how	much	financial	aid	that	is	available	and	how	much	capital	
the	plant	has.	Therefore,	the	authors	were	not	able	to	estimate	how	much	resources	are	available	in	order	to	
perform	mitigating	measures.		

Overall,	 the	 implementation	 of	 the	 approach	 has	 provided	 a	 foundation	 for	 potential	 safe	 expansion	 of	 the	
drinking	water	distribution	in	Pavlodar.	The	application	of	the	approach	to	other	cities	with	similar	problems	and	
similar	goals	in	Central	Asia	needs	further	investigation.	The	authors	believe	that	there	is	potential	for	using	the	
approach	for	other	areas	in	Central	Asia.	However,	the	situation	regarding	of	the	need	for	expansion	might	be	
more	 critical	 in	other	 areas.	 For	 example,	Astana	grows	 rapidly	which	puts	 constraints	on	 the	water	 source.	
Another	example	is	the	city	of	Karaganda,	which	is	the	largest	industrial	city	in	Kazakhstan,	which	does	not	have	
a	water	source	themselves	but	are	dependent	on	the	Irtysh	River.	The	authors	believe	the	approach	to	be	general	
enough	 in	 order	 to	 be	 adapted	 into	 these	 conditions.	 However,	 as	 stated	 above,	 it	 might	 be	 too	 general.	
Therefore,	it	might	be	beneficial	to	alter	the	approach	for	areas	with	more	constraints	on	the	raw	water	capacity.	
However,	 this	 is	 something	 that	can	be	concluded	after	 further	 implementation	of	 the	approach	and	 further	
development	of	an	altered	approach	to	assess	the	risks.		

8.2	OVERALL	VALIDITY	OF	THE	RESULTS	
The	 authors	 come	 from	 different	 backgrounds,	 as	 one	 of	 the	 authors	 studies	 Risk	Management	 and	 Safety	
Engineering	and	the	other	studies	Chemical	Process	Engineering.	Through	this,	the	authors	were	able	to	merge	
their	knowledge	in	order	to	get	a	wider	view	of	the	issue	and	answer	the	research	questions.		

If	the	authors	could	have	done	additional	work	it	would	have	been	interesting	to	perform	field	measures	on	the	
raw	water	in	Irtysh	and	the	tap	water	of	the	households	to	qualitatively	understand	the	composition	of	the	river	
and	how	the	pipelines	affect	the	water	of	the	system	respectively.	This	data	is	already	available,	but	the	authors	
were	denied	access.	Through	data	 like	this,	 the	authors	would	have	been	able	to	better	understand	how	the	
quality	of	the	water	was	affected	by	the	pipes	and,	additionally,	the	 impact	of	Pavlodar	on	the	raw	water	by	
measuring	the	water	quality	before	and	after	Pavlodar.		

The	authors	found	out	about	the	organization	Kazhydromet	while	in	Pavlodar.	This	organization	has	performed	
a	lot	of	hydrology	studies	on	Irtysh	River.	Thus,	it	would	have	been	interesting	to	have	a	closer	contact	with	this	
organization	and	arrange	an	FGD	with	its	employees	as	well.	Due	to	limited	time	and	hard	to	get	ahold	of	the	
employees,	this	was	not	possible	within	the	time	frame	of	the	field	study.		

The	authors	experienced	some	cultural	differences	during	the	Field	Study	that	interfered	with	the	work.	In	order	
to	perform	surveys	in	households	the	authors	would	need	permission	from	the	local	government,	which	would	
have	included	a	rather	 long	application	period.	This	was	something	the	authors	did	not	expect,	however,	the	
problem	was	solved	by	distributing	the	survey	at	the	university.	However,	this	minimized	the	opportunity	of	pin-
pointing	certain	areas	to	distribute	the	survey.		
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The	quality	of	data	with	respect	to	of	water	quality,	pipelines	and	other	interesting	data	is	poor.	The	authors	
were	additionally	not	allowed	to	enter	the	water	facilities.	This	lack	of	transparency	created	obstacles	and	the	
authors	 needed	 to	 make	 estimations	 with	 the	 help	 of	 official	 data	 and	 interviews	 to	 answer	 the	 research	
questions.		 	
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9.	CONCLUSION	
How	can	an	approach	for	assessing	risks	facing	the	expansion	of	a	centralized	water	system	be	developed?	

A	 Layered	 Risk	 Assessment	 Approach	 was	 constructed	 in	 order	 to	 investigate	 risks	 regarding	 water	 system	
expansions.	The	stages	of	the	approach	bottom-up	are:	Scope	Definition,	Stakeholder	Identification,	Stakeholder	
Opinions,	Risk	Scenario	Formulation,	Risk	Ranking	and	Mitigating	Measures.	Mitigating	measures	are	performed	
after	 all	 the	 risks	 are	 defined	 and	 ranked,	 since	 the	 complexity	 of	 a	 water	 system	 often	 indicates	 that	 one	
mitigating	measure	has	an	effect	on	more	than	one	risk	scenario.	

What	risks	regarding	the	reliability	of	the	drinking	water	system	in	Pavlodar	would	interfere	with	an	expansion	
of	the	current	centralized	water	system	when	using	the	conducted	general	approach?	

By	applying	the	Layered	Risk	Assessment	Approach	for	the	water	system	in	Pavlodar,	eight	risk	scenarios	for	the	
current	system	and	seven	risk	scenarios	for	an	expanded	system	were	identified	and	analyzed.	Out	of	the	eight	
current	 risk	 scenarios,	 six	 are	 high	 risks,	 one	middle	 risk	 and	 one	 low	 risk.	 The	 identified	 high	 risks	 are	Old	
Pipelines,	Contaminated	Groundwater,	 Lacking	Treatment	Process,	No	Automatic	Quality	Controls,	Only	One	
Intake	of	Raw	Water,	Chlorine	Usage	in	Wastewater	and	High	Effluent	of	Nutrients	in	Wastewater	Effluent.	The	
middle	risk	is	Contamination	of	Drinking	Water	due	to	Lacking	Treatment	Process.	The	low	risk	is	Excess	Chlorine	
in	Treatment	Process.	Out	of	the	seven	expansion	risk	scenarios,	five	are	high	risks	and	two	middle	risks.	The	
high	 risks	 are	 High	 Operation	 of	 Drinking	 Water	 Facility,	 Excess	 Water	 Use,	 Constraints	 on	 Wastewater	
Distribution	Network,	Water	Disruptions	and	Compromising	Maintenance	of	Current	Pipes.	The	middle	risks	are	
Quality	Prognosis	of	Irtysh	River	and	Poorly	Protected	Water	Source.	

Due	to	the	complexity	of	a	water	treatment	system,	one	reduction	measure	usually	does	not	simply	affect	one	
risk	 scenario.	 Through	 this,	 the	 mitigating	 measures	 were	 discussed	 separately,	 after	 the	 risk	 scenario	
formulation	and	risk	ranking.	There	are	13	identified	mitigating	measures.	As	a	collective,	the	positive	impacts	of	
the	implementation	of	the	risk	scenarios	are	an	improved	quality	of	the	water	due	to	more	adaptable	treatment	
process	and	less	secondary	pollution	in	the	pipes	and	improved	water	quantity	due	to	protection	of	raw	water	
source	and	development	of	the	treatment	process.	Roughly,	this	implies	that	all	formulated	risk	scenarios	would	
more	or	less	be	reduced	if	all	the	suggested	mitigations	were	to	be	implemented.	

The	financial	situation	was	analyzed	further	in	order	to	display	the	budget	trends	during	the	last	years	and	where	
the	budget	would	improve	if	the	mitigating	measures	were	to	be	implemented.	For	example,	by	exchanging	the	
old	pipelines,	or	adding	a	sand	trap	or	UV	to	the	treatment	steps,	the	need	for	chlorine	would	reduce,	which	in	
the	end	would	decrease	the	budget	post	for	material.	Additionally,	even	today,	thanks	to	investments	of	more	
efficient	pumps,	 a	decrease	of	energy	demand	 is	noticed,	which	has	 resulted	 in	a	 remarkably	 lower	 cost	 for	
energy	consumption	than	planned	during	these	years.	By	decreasing	these	budget	posts,	it	would	leave	room	for	
other	investments	in	the	future,	such	as	for	these	mitigating	measures.	

With	the	mitigating	measures	reflection	and	the	budget	reflection	in	mind,	the	authors	were	able	to	recommend	
to	 prioritize	 the	 following	 five	 risk	 reduction	measures:	 Exchange	 Pipelines,	Notifying	 Population,	 Automatic	
Quality	Control,	Increase	Capacity	Drinking	Water	Treatment	and	Add	Second	Drinking	Water	Intake.	

In	order	to	perform	a	safe	and	reliable	expansion,	however,	 the	authors	do	not	recommend	adopting	all	 the	
measures	 at	 the	 same	 time.	 In	 order	 to	 understand	 how	each	measure	would	 affect	 the	 parameters	 of	 the	
system,	the	implementation	of	measures	need	to	be	planned	carefully	and	with	caution.	

Overall,	the	authors	think	the	implementation	of	the	Layered	Risk	Assessment	approach	worked	well.	However,	
some	aspects	were	challenging	when	performed	in	practice.	These	include	the	language	barrier	and	the	lack	of	
transparency,	which	especially	was	challenging	when	identifying	risk	scenarios	and	risk	ranking	in	the	FGD.	This	
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problem	of	the	implementation	of	the	Layered	Risk	Assessment	Approach	should	be	focused	on	further,	in	order	
to	reduce	this	difficulty.	

Future	Work	

In	order	to	develop	the	Layered	Risk	Assessment	Approach	further,	additional	implementations	of	the	approach	
would	be	required	to	provide	more	examples	of	what	can	be	improved.	For	example,	by	changing	the	axes	of	the	
risk	matrix,	a	conclusion	regarding	the	recommended	axes	values	would	be	obtained.	To	target	other	stakeholder	
groups,	for	example	government,	in	the	gathering	of	opinions	would	also	be	interesting	in	order	to	investigate	
whether	this	would	increase	or	perhaps	decrease	the	identification	of	risks.	

Through	the	risk	scenarios	defined,	it	would	be	very	interesting	to	look	further	into	the	sludge	treatment	and	
deposition	of	sludge	at	the	wastewater	facility	in	Pavlodar,	and	other	areas	in	Kazakhstan	in	general.	The	authors	
believe	that	there	is	much	improvement	that	could	be	achieved	regarding	this	matter.	Treatment	of	sludge	would	
lead	to	less	contaminated	soil	and	groundwater.	It	would	also	lead	to	a	higher	sustainability.	

The	authors	experienced	the	heavy	snow	melting	period	in	Pavlodar,	which	leads	to	large	amount	of	water	on	
the	streets,	which	is	an	inconvenience	for	the	pedestrians	and	interrupts	trams	and	cars.	It	also	increases	the	risk	
for	car	accidents,	such	as	aquaplaning.	Through	this,	it	would	be	interesting	to	investigate	if	the	high	frequency	
of	leakages	of	water	pipes	could	infect	the	ground	with	water,	so	it	is	not	able	to	absorb	any	more.	The	authors	
believe	it	would	be	interesting	to	investigate	how	the	situation	could	improve	and	what	urban	planning	measures	
could	be	implemented	to	mitigate	the	situation.	For	example,	by	constructing	storm	water	pipelines	that	bring	
this	water	to	the	river	or	the	treatment	facility.					
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11.	APPENDICES	
11.1	APPENDIX	A		
Table	A.1	below	displays	how	the	successful	literature	that	was	found	through	the	literature	search.		

TABLE	A.1	WHERE	AND	HOW	THE	LITERATURE	USED	IN	THE	THESIS	PROJECT	WAS	FOUND.	

Search	Engine	 Search	Words	 Hits	 Article	

LUB-Search	 Risk	AND	triplett	AND	definition	 12	 Kaplan	&	Garrick	(2001)	

LUB-Search	 Interviewing	techniques	AND	focus	group	discussion	 2500	 Guest	et	al.	(2014)	

LUB-Search	

		

Interviewing	techniques	AND	questions	 200	 Mandel	(1974)	

LUB-Search	 Surface	water	climate	change	hydrology	 4500	 Chen	et	al.	(2015)	

LUB-Search	

		

Surface	water	climate	change	hydrology	river	 1500	 Soundharajan	 et	 al.	
(2016)	

LUB-Search	 Critical	infrastructure	protection	AND	water	 550	 Naeg	 (2014),	 Greenberg	
(2016)	

LUB-Search	

		

Irtysh	+	water	management	 16	 Hrlak	et	al.	(2006)	

LUB-Search	 Pavlodar	AND	water	 20	 Ullrich	et	al.	(2007)	

LUB-Search	 Wastewater	+	Eastern	Europe	 161	 Somlyódy	&	Patziger	

(2012)	

Cross	reference	 -	 -	 Somlyódy	&	Shanahan	

(1998)	

LUB-Search	 Water	resources	+	Kazakhstan	 768	 Karatavey	et	al.	(2017)	

Google		 Municipal	water	Kazakhstan	 1	 340	
000	

The	Danish	EPA	

Google	 Capacity	expanision	of	Water	Supply	Systems	 2	 530	
000	

Alhassan	et.al	(2015)	
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LUB-	Search	 Chlorine	+	wastewater	treatment+	harmful	effluent	 17	 Berninger	Da	Costa	et	al.		

(2014)	

LUB-	Search	 Chlorine	+		effect	on	distribution	pipes	 193	 Wang	et.	al	(2012)	

LUB-	Search	 Wastewater	treatment	+	former	Soviet	Union	 5	 Heaven	et.	al	(2003)	
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11.2	APPENDIX	B		
The	result	from	the	FGD	is	presented	in	B1	and	the	results	of	the	interviews	are	presented	in	B2.	

Appendix	B1	-	FGD	

Participants	 of	 the	 Focus	 Group	 Discussion	 were	 5	 experts	 and	 5	 students.	 The	 experts	 were	 Kulshat	
Zhapargazinova	(former	head	of	Chemical	department,	over	30	years	of	experience	within	the	field),	Madenieta	
Azamtovicha	(Current	head	of	Chemical	department,	former	employee	of	the	Oil	Refinery),	Zhanar	Samenova	
(Employee	and	lecturer	at	the	Environmental	and	Safety	Department),	Shynar	Arynova	(Employee	and	lecturer	
at	the	Environmental	and	Safety	Department)	and	Sabid	Mausambaev	(Employee	Gorvodokanal).	

The	 authors	 presented	 the	 project	 in	 English	 and	 presented	 the	 aim	 for	 this	 Focus	 Group	 Discussion,	 also	
presented	the	results	from	the	conducted	survey.	Also,	the	authors	displayed	the	process	schemes	for	drinking-	
and	wastewater	treatment	and	gave	the	participants	the	opportunity	to	point	out	if	the	schemes	differed	from	
reality.	The	participants	stated	that	the	schemes	were	correct	with	an	addition	of	a	filter	at	the	drinking	water	
treatment	facility. 

The	participants	were	given	a	paper	where	they	would	write	factors	that	they	stated	as	Strengths,	Weaknesses,	
Opportunities	and	Challenges	of	the	system	today	and	for	an	expansion.	However,	the	focus	was	on	the	system	
as	it	is	today.	The	participants	were	given	10-15	minutes	to	fill	out	the	paper.	Five	of	the	participants	worked	
alone	and	the	other	worked	in	groups.	Then	the	discussion	started,	it	was	mostly	in	Russian	and	then	translated	
into	English	by	Zhanar	Samenova. 

The	results	from	the	all	the	participants	were	compiled	in	the	Table	B.1	below.	 

TABLE	B.1.	THE	IDETIFIED	SWOC	FACTORS	

Strengths 

-								Drinking	water	have	high	quality 

-								Good	distribution	systems	now,	all	inhabitants	have	
access	to	distribution	water 

-								Regularly	check	water,	each	day 

-								Capacity	of	the	pumps	are	quite	high	

Weaknesses 

-								Old	pipelines 

-								Sediments,	Settling	tanks 

-								Sludge	treatment 

-								Sludge	disposal 

-								Excess	of	chlorine	in	the	water,	necessary	
procedure	during	snow	melting	

Opportunities 

-								Energy	efficiency 

-	 	 	 	 	 	 	 	Government	ready	to	provide	the	facility	with	new	
equipment,	maybe	with	ultraviolet	light 

-								Financial	support	from	government	

Challenges 

-								Old	treatment	(old	pipes,	old	pipe	network) 
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Strengths: 

The	first	thing	mentioned	by	one	of	the	participants	was	that	the	quality	of	the	drinking	water	in	Pavlodar	was	
good	 compared	 with	 other	 parts	 of	 Kazakhstan.	 In	 addition,	 the	 quality	 is	 controlled	 through	 lab	 tests	 of	
household	 tap	water.	 However,	 another	 participant	 stated	 that	 every	 summer	 there	 are	 problems	with	 hot	
water,	sometimes	the	hot	water	is	disconnected	for	days.	Also,	the	participants	are	not	always	notified	when	the	
water	would	be	disconnected,	this	is	something	the	authors	also	had	experience	of.	Another	strength	that	was	
stated	was	the	distribution	system	today	was	good,	all	the	inhabitants	have	access	to	the	centralized	system.	The	
pipelines	were	classed	as	a	weakness	of	 the	system,	however,	 there	are	repairs	of	 the	pipes	every	year.	The	
capacities	of	the	pumps	was	also	stated	as	a	strength,	however,	no	one	knew	the	maximum	capacities	of	the	
pumps. 

Weaknesses: 

The	weaknesses	 that	were	discussed	was	 the	old	pipelines,	 sludge	 treatment	and	disposal	and	excess	use	of	
chlorine	in	the	water	(most	noticeable	during	ice	melting).	Causes,	consequences	and	measures	were	discussed	
during	each	of	the	factors. 

Old	pipelines 

Causes:	Old	contaminated	sediments	in	the	ground	and	the	old	pipelines	can	get	into	pipes	and	be	present	in	
the	water	at	the	end-users.	The	participants	did	not	know	the	length	of	the	pipelines	is	need	of	repair	or	how	
much	that	 is	repaired	each	year.	The	reason	for	this	 factor	 is	related	to	money.	The	frequency	of	 leakages	 is	
unclear. 

Consequences:	In	addition	to	secondary	pollution,	corrosion	in	the	pipes	can	lead	to	that	metal	residues	from	
the	 pipes	 get	 transported	 to	 the	 end-users.	 This	may	 happen	 even	 if	 the	water	 at	 Gorvodokanal	 is	 treated	
properly.	The	pipes	also	leak,	which	further	increases	the	risk	of	secondary	pollution.	 

The	pipes	in	houses	are	also	considered	old	according	to	the	participants.	Some	pipes	are	over	50	year	old.	The	
old	pipelines	can	lead	to	diseases,	like	diarrhea	and	a	flu,	however	the	likelihood	for	this	is	considered	low	for	
two	reasons.	One,	the	amount	of	chlorine	added	treat	the	water	through	the	pipes	as	well	and	two,	end-users	
perform	additional	treatment	of	the	water	as	a	participant	stated.	There	are	no	reported	cases	according	to	the	
participants	of	the	FGD.	The	authors	asked	how	the	pipelines	are	controlled,	the	participants	had	no	information	
regarding	that. 

Measures:	 Making	 the	 pipes	 in	 plastic.	 The	 quality	 will	 not	 suffer	 with	 plastic	 pipelines.	 More	 frequent	
reparations.	They	are	replacing	of	the	water	distribution	pipes	now,	however	there	are	no	plastic	pipelines.	 

Disposal	and	treatment	of	sludge 

The	treatment	and	disposal	of	sludge	is	a	problem	the	authors	were	aware	of	due	to	the	visit	of	the	industries	
and	interviews	prior	to	the	FGD. 

Causes:	Some	participants	found	the	current	sludge	treatment,	often	consisting	of	dewatering	and	sanitation,	
were	not	a	problem	for	Kazakhstan.	They	stated	that	the	sludge	was	not	needed	and	that	there	is	a	lot	of	land	to	
dispose	the	sludge	on.	This	contributes	that	there	 is	no	driving	force	to	treat	the	sludge	further.	Some	other	
participants	thought	that	the	current	treatment	was	deficient.	They	stated	that	the	Gorvodokanal	pays	for	permit	
that	allows	 them	to	dispose	 the	sludge	 in	 landfills.	They	also	stated	that	harder	 regulations	 regarding	sludge	
would	be	beneficial.	 

Consequences:	The	sludge	may	influence	the	groundwater	or	soil	in	nearby	location.	The	infected	groundwater	
and	soil	could	travel	to	surface	water	and	infect	those.	 
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Measures:	 Biological	 sludge	 needs	 to	 be	 treated	 better.	 Maybe	 stricter	 regulations	 that	 are	 updated	 and	
controlled	 more	 often.	 Additionally,	 the	 university	 has	 performed	 research	 regarding	 how	 to	 manage	 the	
industrial	wastewater	in	the	lakes.	 

Excess	Chlorine 

One	participant	stated	that	all	the	personnel	handling	the	chlorine	must	be	educated	before	being	allowed	to	
use	it.	The	authors	mentioned	that	the	survey	displayed	that	the	majority	of	the	end-users	used	some	kind	of	
treatment	at	home	to	treat	the	water	from	the	tap.	Often	due	to	the	microbes	and	the	excess	of	chlorine.	 

Causes:	Excess	chlorine	is	added	during	the	period	of	snow-	and	heavy	rainfall	and	during	snow	melting.	This	is	
for	ensuring	that	the	water	is	clean	and	safe	according	to	the	employee	of	Gorvodokanal,	since	the	snow	melting	
can	contribute	with	more	bacteria	and	other	pathogens.	Also,	adding	chlorine	is	the	only	disinfection	step	in	the	
process.	 

Get	rid	of	excess	bacteria	from	the	snow	and	heavy	rainfall.	There	is	no	other	disinfection	step	in	the	process,	
such	as	UV,	since	the	chlorine	is	the	cheaper	option.	Also,	Pavlodar	is	a	rich	source	of	NaCl	and	the	plant	produces	
the	liquid	chlorine	themselves.	 

Consequences:	More	 taste	of	 chlorine	and	more	water	usage,	 since	 inhabitants	 tend	 to	 let	 the	 tap	 run	5-10	
minutes	to	let	the	worst	taste	of	chlorine	disappear.	Additionally,	this	is	one	of	the	reasons	the	inhabitants	decide	
to	perform	additional	treatments	on	the	water. 

Measures:	Nearer	future	can	be	a	UV	light	with	financial	help	from	the	government.	However,	according	to	some	
participants	the	water	quality	is	of	such	high	quality	that	a	UV	treatment	is	not	necessary.	Regarding	the	chlorine,	
the	chlorine	is	produced	in	the	facilities	and	liquid	chlorine	is	stored	in	vessels.	 

Energy	efficiency 

How	can	the	plant	be	more	effective?	Energy	is	usually	spent	on	pumping	stations,	the	pumps	require	the	most	
energy	in	the	system.	This	was	not	discussed	further. 

Capacity	River 

The	capacity	of	the	river	was	also	discussed	with	an	expansion	in	mind.	 

Causes:	One	participant	said	that	the	level	of	water	in	Pavlodar	have	decreased	notable	during	the	last	decade,	
due	to	the	expansion	of	industries	and	cities	in	China.	This	might	interfere	with	the	expansion	of	the	water	system	
in	Pavlodar	in	the	future.	Further	information	is	available	at	KazHydromet,	for	example	regarding	frequency. 

Consequences:	 The	 capacity	 has	 reduced	during	 the	 last	 decade.	Has	 affected	 the	 agriculture,	 however,	 the	
participants	of	the	FGD	recommended	us	to	check	this	information	with	the	local	government	or	Professor	Kapar	
Aryngazin. 

Measures:	Get	an	agreement	between	the	countries,	however	there	is	one	but	have	no	information	about	this.	
Population	has	not	been	risen	 in	the	 last	years.	78%	operating	rate	 is	considered	fine.	Should	additionally	be	
enough	to	satisfy	the	future	end-users.	S.Mausumbaev	(employee	at	Gorvodokanal)	stated	that	there	were	plans	
of	expanding	the	centralized	drinking	water	system. 
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Appendix	B2	-	Interviews	

Interview	with	Kulshat	Zhapargazinova	(Respondent	1)	

Interviewee: Kulshat	Zhapargazinova,	former	head	of	Chemical	Department	with	over	30	years	experience	within	
the	field.	

Interviewer:	Erica	Johnsson	&	Cathrine	Klingspor	

Date:	2018-04-03,	2018-04-25	

Drinking	Water	Questions	

What	are	the	regulations	for	drinking	water	treatment	in	KZ	and	in	Pavlodar	Region?	

- There	are	42	parameters	that	are	tested	every	time	the	water	is	controlled.		

How	are	the	tests	of	the	tap	water	performed	and	controlled?	

- There	are	12-15	tests	performed	every	day	from	different	taps.	The	42	standard	parameters	
are	controlled.	The	tests	are	usually	performed	on	the	bottom	floor	of	the	buildings	and	usually	
in	a	store	or	pharmacy,	to	not	bother	the	households.		

How	 is	 the	 quality	 of	 the	 water	 controlled?	 Digitally	 or	 manually?	 How	 many	 measure	 point?	 How	 many	
parameters	are	checked	(For	example;	pH,	turbidity	and	alkalinity?)?	And	how	often	do	you	take	the	test	(per	
day/month/year)?	

- I	believe	that	the	water	is	controlled	automatically,	however	I	am	not	sure.	If	automatics	quality	
control	is	not	implemented	yet	and	should	be	implemented	in	the	future,	the	employees	have	
the	chance	to	be	educated	in	how	they	work	etc.	The	other	questions	I	do	not	know.	

What	is	the	capacity	of	the	drinking	water	treatment	facility?		

- The	area	needed	for	an	expansion	of	the	water	treatment	facility	is	available.			

How	much	water	does	the	agriculture	businesses	use	per	day?	Are	there	any	plans	in	expanding	the	agricultural	
businesses,	and	hence	there	will	be	an	increase	in	the	need	of	water?	

- This	question	is	better	to	ask	Kapar	Aryngazin	about.		

What	are	the	treatment	steps?	Sedimentation,	coagulation,	filters,	UV,	chloride,	etc?	

- Added	the	filtration	step	to	the	process	scheme,	as	depicted	in	Figure	5.4	in	the	report.		

Are	there	any	extra	power	source	if	the	main	power	would	shut	down?	

- There	 should	 be.	 Any	 big	 plant	 like	 this	 should	 be	 prepared	 with	 extra	 energy	 in	 case	 of	
accident.		

How	are	viruses	and	parasites	removed?	

- Through	the	chlorine	treatment	and	the	chlorine	residual.		

How	are	 the	 changes	 in	water	dynamics	managed?	How	are	 the	process	 steps	 adapted	depending	on	 these	
dynamics?	How	long	does	it	take	to	adapt	to	the	current	dynamic?		
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- The	chlorine	usage	is	the	main	parameter	that	will	vary	depending	on	the	quality	of	the	water.		

Are	there	any	future	plans	for	the	treatment	process/treatment	facility?	What	plans?	Expand	the	water	system	
to	include	more	rural	areas?		

- Adding	a	UV	step	to	the	process	has	been	discussed.	

Any	plans	to	expand	the	system?	Is	there	enough	room	for	expanding	the	plant	now?	

- According	to	my	previous	visits	I	would	say	yes.	

The	history	of	pipelines,	how	they	have	been	expanded	so	far?	Any	data	regarding	secondary	pollution	in	the	
pipes?	Capacity	for	extension?	What	material	are	the	pipes?	How	old	are	they?	How	is	the	quality	of	the	pipes	
controlled?	

- The	underground	pipelines	in	the	city	are	up	to	50-60	years	old.	Additionally,	the	pipelines	in	
the	households	are	also	considered	old.	The	household	pipelines	might	be	exchanged	on	the	
expense	of	the	owner.			

How	could	the	situation	with	secondary	pollution	in	the	pipelines	be	improved?	

- The	benefit	of	plastic	and	concrete	pipelines	are	that	they	do	not	precipitate	metals	into	the	
water	and	they	do	not	rust,	which	reduces	the	risk	of	 leakages.	Additionally,	the	plastic	and	
concrete	pipelines	could	last	up	to	50-60	years.		

Chlorine	usage-	how	much	chlorine	per	year	is	used,	at	what	cost?		

- Have	no	exact	number	on	the	chlorine	consumption,	however,	the	consumption	of	chlorine	
varies	throughout	the	year,	mostly	due	to	weather	conditions.	During	the	heavy	snow	melting	
the	chlorine	use	is	at	a	peak.		

How	is	the	chlorine	produced	at	the	Gorvodokanal?	

- Gorvodokanal	has	their	own	equipment	 in	order	to	produce	the	chlorine	that	 is	used	in	the	
drinking	water	 and	wastewater	 treatment	 processes.	 The	 firm	 purchases	 the	 raw	material	
NaCl,	which	is	a	big	resource	of	the	Pavlodar	Region,	and	adds	it	to	the	production	process	in	
order	 to	 produce	 the	 liquid	 chlorine.	 Since	 the	 plant	 continually	 produces	 the	 chlorine	
themselves,	 there	 is	 less	 need	 for	 chlorine	 storage.	 However,	 the	 plant	 is	 dependent	 on	
constant	electricity	in	order	to	produce	enough	chlorine	for	the	treatment	process.	There	are	
storage	tanks	of	chlorine	if	needed,	which	will	last	for	a	limited	amount	of	time.	The	employees	
who	 are	 managing	 the	 production	 and	 storage	 of	 chlorine	 are	 licensed	 to	 do	 so	 through	
education.		

Is	the	sludge	treated?	If	so,	how	is	it	treated?	

- The	 sludge	 is	 collected	 in	 a	 tank	 and	 goes	 through	 a	 dewatering	 step	 before	 dumped	 at	 a	
permitted	area.		

Other	comments:	

- The	Gorvodokanal	pays	less	than	the	average	in	Pavlodar	to	their	employees,	why	should	I	work	
there	when	I	can	get	a	better	salary	elsewhere?	
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Wastewater	Questions	-	industries	

How	many	and	what	industries	do	Pavlodar	Region	have?	
- There	are	eight	main	industrial	factories	connected	to	the	drinking	water	system.	These	are:	

Calcined	Oil	Coke	factory,	Oil	refinery,	Naphthalene	LTD	factory,	Aluminum	plant,	Electrolysis	
plant,	Thermal	Power	plant,	Iron	Supply	factory,	and	a	pipeline	production	plant.	

How	do	the	industries	take	care	of	their	water	and	wastewater?	
- Some	industries	get	water	delivered	from	Gorvodokanal	and	others	treat	the	water	that	they	

take	 from	 the	 Irtysh	 River	 themselves.	 The	 industries	 process	 the	 wastewater	 themselves	
before	dumping	it	into	lakes	or	evaporated	to	open	air,	hence	the	industry	water	does	not	go	
back	to	the	Irtysh	River.		

Are	there	any	regulations	regarding	how	the	wastewater	should	be	managed?	
- The	wastewater	needs	to	be	treated	before	dumped	into	the	nature.		

How	is	the	water	treated?	
- This	differs	depending	on	 the	 industry	and	on	what	kind	of	wastewater	 that	 is	 treated	 (i.e.	

stormwater,	process	water,	drinking	water,	heating	water	etc.)	
What	is	the	quality	of	water	when	it	leaves	the	plants?	What	chemicals	does	it	consist	of?	

- This	also	depends	on	the	industry	and	is	hard	for	me	to	say.		
Where	is	the	wastewater	dumped?	

- Depends	on	the	industry,	but	the	oil	refinery	dumps	their	wastewater	in	lake	Samsak.		
Any	wastewater	that	goes	to	the	Gorvodokanal	wastewater	treatment	facility? 

- Only	the	used	drinking	water	is	sometimes	treated	by	the	Gorvodokanal,	by	some	industries.		
Have	there	been	any	changes	in	the	industrial	sites	throughout	the	years?	What	changes?	

- The	chlorine	plant,	 that	polluted	the	groundwater	previously,	was	shut	down	over	10	years	
ago.	And	during	the	recent	years	some	new	industries	have	been	added.	For	example	the	PP-
plant	was	added	2009	and	the	Calcination	Unit	was	added	in	2015.		

How	is	the	situation	with	mercury	pollution	of	the	lakes	and	the	groundwaters?	
- Today	the	situation	seems	to	be	taken	care	of.	

Interview	with	Alexander	Antonsev	and	Alexander	Nikiforov	(Respondent	2)	

Interviewees:	Alexander	Nikiforov,	Head	of	Hydroelectrical	Department	&	Alexander	Antonsev,	Vice	Dean	at	the	
Hydroelectric	Department.		

Interviewer:	Erica	Johnsson	&	Cathrine	Klingspor	

Interpreter:	Alexander	Nikiforov	

Date:	2018-03-27	

What	is	the	capacity	of	the	water	source	Irtysh	River?	 

- During	snow	melting	there	are	problems	with	control	of	the	water	flow	which	leads	to	flooding.	
The	capacity	of	the	Irtysh	River	is	around	5000	m3	compared	with	the	annual	average	870	m3.		

How	is	the	river	affected	by	different	dynamics? 

- The	 main	 dynamic	 that	 affects	 the	 river	 is	 the	 rapid	 snow	 melting	 in	 the	 end	 of	
March/beginning	of	April.	There	is	a	government	department	that	looks	at	the	quality	of	the	
Irtysh	River	and	records	when	the	snow	melts,	that	site	is	called	Kazhydromet.		

How	is	the	river	affected	by	activity	in	China? 
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- Even	if	there	will	be	an	increase	of	the	Chinese	industry,	China	is	not	to	blame	for	the	quality	
of	the	river	Irtysh.	They	take	care	of	their	waste	properly.	It	is	the	industries	of	Kazakhstan	that	
have	lowered	the	quality	of	the	river.	

What	is	the	capacity	of	the	drinking	water	treatment	facility?	 

- The	critical	point	regarding	the	capacity	of	the	water	delivery	would	be	the	pumps.	The	good	
news	 are	 that	 the	 capacity	 of	 the	 pumps	 are	 significantly	 larger	 than	 they	 are	 currently	
operating	on.	

How	does	the	rural	population	manage	their	water? 

- To	obtain	the	water	they	use	some	thing	like	desilting	tanks,	which	is	a	tank	where	water	can	
stand	for	a	while,	and	then	they	drink	it.	The	rural	population	don’t	usually	use	filters,	but	some	
might	boil	the	water	prior	to	drinking	it.		

How	is	the	situation	with	polluted	groundwater	and	lakes	today? 

- We	are	attempting	reactive	measures	rather	than	proactive	measures.	We	need	to	improve	
when	it	comes	to	the	proactive	measures	in	order	to	be	more	prepared	and	make	sure	that	the	
environment	is	taken	care	of.		

Interview	with	Kabidolla	Kistaubayevich	(Respondent	3)	

Interviewee: Kabidolla	Kistaubayevich,	Former	employee	of	Gorvodokanal	

Interpreter:	Zhanar	Samenova		

Interviewer:	Cathrine	Klingspor	

Date:	2018-04-13	

What	are	the	regulations	for	drinking	water	treatment	in	KZ	and	in	Pavlodar	Region?	

- The	demand	is	often	higher	than	in	Sweden	but	they	usually	don’t	follow	it.	

What	is	the	capacity	of	the	drinking	water	treatment	facility?		

- The	capacity	of	the	drinking	water	is	200	000	m3/day.		

How	much	water	does	it	deliver	per	day?	

- It	delivers	around	150	000	m3/day.	

How	much	water	does	the	agriculture	businesses	use	per	day?	

- Not	so	much.	I	do	not	have	an	exact	number	on	how	much	though.		

How	much	water	does	the	industries	use	per	day?	

- Industries	use	a	lot	of	water,	I	do	not	know	the	exact	amount.	

How	is	the	raw	water	source	protected?	

- Industries	 that	 dispose	 wastewater	 to	 Irtysh	 treat	 it	 prior	 to	 returning	 it	 to	 the	 river.	 For	
example	measures	they	take	to	limit	the	content	of	mercury.	

How	many	pumps	does	the	treatment	facility	have	and	where	in	the	process?	
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- There	are	two	pump	stations	in	the	process.	One	in	the	beginning	of	the	process,	prior	to	it	
entering	the	treatment,	and	one	pump	station	which	will	distribute	it	to	the	centralized	system.		

What	are	the	treatment	steps?	Sedimentation,	coagulation,	filters,	UV,	chloride,	etc?	

- The	 steps	 are;	 Pump	 station,	 addition	 of	 chlorine	 and	 coagulant,	 mixer,	 Flocculation,	
Sedimentation,	Filtration,	addition	of	chlorine,	reservoir,	pump	station.	See	Figure	5.4.		

What	is	the	most	energy	demanding	step	of	the	process?	

- The	most	energy	demanding	step	is	the	pumping	stations	

What	is	the	most	costly	step	of	the	process?		

- Sedimentation	step	

How	are	viruses	and	parasites	removed?	

- These	are	removed	in	the	process	

How	is	the	quality	of	the	water	controlled?	Digitally	or	manually?	How	many	measure	points?	–		

- The	process	is	controlled	manually	through	tests.	Tests	are	taken	after	every	part	of	the	process	
and	of	course	before	entering	the	process.		

How	many	parameters	are	checked	(For	example;	pH,	turbidity	and	alkalinity?)?	And	how	often	do	you	take	the	
test	(per	day/month/year)?	

- Don’t	know	how	many	parameters	but	at	least	once	a	day.	

How	is	the	water	affected	by	outer	effects,	such	as	snow	melting	and	temperature	differences?-	

- The	composition	of	water	can	change	the	dynamic	of	the	water	

Are	there	any	future	plans	for	the	treatment	process/treatment	facility?	What	plans?	Expand	the	water	system	
to	include	more	rural	areas?		

- The	system	works	and	is	reliable	so	there	is	no	plan	to	any	changes.	

Any	plans	to	expand	the	system?	Is	there	enough	room	for	expanding	the	plant	now? 

- There	are	plans	to	expand	but	is	not	sure	where	an	expansion	will	occur.	

The	history	of	pipelines,	how	they	have	been	expanded	so	far?	Any	data	regarding	secondary	pollution	in	the	
pipes?	Capacity	for	extension?	What	material	are	the	pipes?	How	old	are	they?	How	is	the	quality	of	the	pipes	
controlled?	

- Approximately	70	%	of	the	pipes	are	very	old	and	will	be	exchange	in	time.		

Chlorine	usage-	how	much	chlorine	per	year	is	used,	at	what	cost?	

- Chlorine	is	added	in	two	steps.	First	a	small	amount	of	chlorine	is	added	with/before/after	the	
coagulant,	like	0.1	mg/l	of	water.		Then	before	the	water	goes	to	the	distribution	pipes	there	is	
a	second	dose	of	chlorine.	The	amount	added	per	liter	of	water	changes	but	does	not	exceed	
1.5	mg/l	of	water.	
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Other	chemicals	usage?	

- The	other	chemical	used	is	the	coagulant,	which	is	Al2[SO4]3.		

Is	the	sludge	treated?	If	so,	how	is	it	treated?	

- The	 sludge	 is	 disposed	 in	 compost.	 May	 be	 be	 sold,	 however	 it	 is	 rare	 (Kabidolla	
Kistaubayevich).	 The	 sludge	 is	 simply	 dumped	 onto	 land	 fields	 far	 away	 from	 the	 city	with	
permissions.	Kazakhstan	is	a	big	country	with	a	lot	of	land,	with	a	lot	of	potential	for	dumping	
sites.	 Industries	dump	their	wastewater	 into	 lakes,	which	may	 infect	 the	groundwaters.	We	
have	performed	studies	regarding	how	this	may	be	taken	care	of	(Zhanar	Samenova).	

If	a	measure	would	show	that	the	water	is	unsatisfactory,	how	do	you	handle	it?	

- Would	stop	the	process	and	discuss	how	to	move	forward,	maybe	use	another	water	source	
(example	groundwater)	or	maybe	ask	another	city	nearby.	

At	what	hours	is	the	plant	operating?	When	is	it	managed?	

- The	plant	operates	24	hours	a	day	and	is	manned	all	the	time.	

What	are	the	regulations	for	wastewater	treatment	in	KZ?	And	in	Pavlodar	Region?	

- The	demands	is	often	higher	than	in	Sweden	but	they	usually	don’t	follow	it.	

Where	is	the	treated	wastewater	dumped?	

- In	the	Irtysh	River.	

How	is	the	sludge	treated?	

- The	sludge	 is	placed	 in	a	 large	 tank	and	 is	 later	disposed	of.	Kazakhstan	does	not	need	 the	
sludge	for	anything.	

What	are	the	process	steps	of	the	wastewater	treatment	process?	

- First	the	wastewater	is	pumped	and	then	there	is	a	screen	that	removed	the	largest	pieces	(like	
paper,	wood),	 the	 next	 part	 is	 a	 rapid	 sand	 filter,	 then	 two	mechanical	 steps	 follows	 both	
sedimentation	tanks,	the	sludge	from	the	sedimentation	tanks	are	forwarded	to	a	tank,	then	
the	wastewater	is	led	to	a	aeration	tank	(activated	sludge),	some	sludge	from	there	is	recycled	
to	the	sedimentation	tanks,	the	treated	wastewater	is	later	treated	with	chlorine	with	a	contact	
time	of	30	min	before	being	discharged	to	Irtysh.	

What	is	the	most	energy	demanding	step	of	the	process?	

- The	pumping	station	

What	is	the	most	costly	step	of	the	process?	

- The	pumping	station	or	the	aeration	tank	

What	is	the	most	time	consuming	step	of	the	process?	

- Sedimentation	tanks	

How	are	viruses	and	parasites	removed?	
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- Throughout	the	entire	process	

The	history	of	pipelines,	how	they	have	been	expanded	so	far?	Any	data	regarding	secondary	pollution	in	the	
pipes?	Capacity	for	extension?	What	material	are	the	pipes?	How	old	are	they?	How	is	the	quality	of	the	pipes	
controlled?	

- Same	answer	as	for	the	drinking	water	

Chlorine	usage-	how	much	chlorine	per	year	is	used,	at	what	cost?		

- Chlorine	is	used	as	the	last	stage,	about	3	mg/l.	

Interview	with	Sabid	Mausumbaev	(Respondent	4)	

Interviewee:	Sabid	Mausumbaev,	Employee	Gorvodokanal 

Interviewer:	Erica	Johnsson	&	Cathrine	Klingspor	

Interpreter:	Sergey	Royev	

Date:	2018-05-02 

How	does	the	process	scheme	for	the	drinking	water	treatment	look	like? 

- The	water	is	pumped	from	the	Irtysh	River.	Chlorine	is	added	during	the	filtration.	He	was	not	
sure	about	 the	amount	of	 chlorine	added	here.	After	 the	 filtration	a	coagulant,	 (aluminium	
sulfate)	is	added	to	the	water.	The	water	is	sent	to	a	mixer,	where	slow	mixing	of	the	water,	
chlorine	and	coagulant	occur.	Air	is	added	to	the	water	during	this	step.	Flocculation	occur	and	
then	the	flocs	are	separated	from	the	water	in	a	sedimentation	tank.	The	flocs	and	some	other	
contaminants	is	taken	to	sludge	platforms.	After	the	sedimentation	the	water	is	treated	with	
chlorine,	he	was	not	sure	on	what	amount	of	chlorine,	and	then	goes	through	a	rapid	filtration.	
The	water	is	collected	in	reservoirs	and	then	distributed.	

How	many	inhabitants	is	supplied	with	water	from	the	Gorvodokanal	in	Pavlodar? 

- It	goes	to	the	city	of	Pavlodar	and	to	the	Kenzhekol.	

How	many	intakes	does	the	treatment	facility	have?	How	many	pumps	does	the	treatment	facility	have? 

- There	are	only	one	intake	of	water	and	one	pump.	

What	kind	of	coagulant	is	used	in	the	process?	 

- We	use	a	aluminum	coagulant	from	Russia.	Also	we	work	with	testing	the	doses	of	coagulant	
to	find	out	the	proper	dosage	to	use	for	the	surface	water	for	certain	periods	during	the	year.		

Do	 you	have	 any	 information	 regarding	 regulations	 for	wastewater,	 in	 terms	of	 chemical	 content,	 biological	
content	etc. 

- I	 have	 some	 information	 regarding	 the	 maximum	 concentration	 of	 some	 chemicals	 in	
wastewater.	 However,	 these	 numbers	 can	 be	 used	 for	 the	 thesis	 but	 not	 spread	 further.	
Depending	on	where	the	raw	wastewater	is	taken	from,	there	are	different	types	of	chemicals	
that	are	tested.	Some	parameters	are	not	tested	for	certain	kinds	of	wastewater,	i.e.	zinc	is	not	
tested	in	wastewater	from	restaurant.	However,	wastewater	from	pharmaceutical	industries	
are	tested	for	all	parameters.	
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How	does	the	process	scheme	for	the	wastewater	treatment	facility	look	like? 

- This	 process	 is	 more	 complicated.	 At	 first	 large	 pieces	 are	 removed	 by	 screens	 and	 then	
chlorine	is	added.	The	water	is	filtered	through	sand	filters.	Then	the	water	goes	through	two	
sedimentation	steps.	Then	the	water	is	treated	in	aeration	tanks.	The	sludge	from	these	units	
are	sent	to	sludge	platforms	with	an	area	of	15	ha.	The	water	is	treated	with	chlorine,	he	does	
not	 have	 a	 number	 on	 what	 concentration	 of	 chlorine.	 There	 is	 no	 contact	 between	 the	
wastewater	and	the	chlorine	before	it	is	returned	back	to	the	river.	

What	is	the	capacity	of	the	drinking	water	treatment? 

- I	do	not	know.	

Do	you	have	information	regarding	the	quality	of	the	surface	water	in	the	Irtysh? 

- I	do	not	have	information	regarding	this.	

How	much	water	is	used	by	the	industries	per	day? 

- Much.	However,	I	do	not	know	how	much.	

How	is	the	quality	controlled?	And	also	when	is	it	tested	and	after	what	steps? 

- The	quality	is	tested	manually.	There	are	no	automatic	tests	of	the	process.	The	water	is	tested	
after	every	step	of	the	process	and	it	is	tested	once	per	hour.		

How	many	parameters	are	tested? 

- The	paper	from	Astana	regarding	the	parameters	was	displayed	to	him.	The	same	parameters	
are	tested	but	I	can	not	share	any	data	from	the	Gorvodokanal	in	Pavlodar.	

How	does	the	dynamics	of	the	water	change	the	process? 

- In	march	there	is	snow	melting	which	changes	the	dynamics.	During	this	period	a	flocculant	is	
added	to	the	water	as	well,	also	the	coagulant	is	added	in	higher	dosage.	The	flocculant	that	is	
added	is	polyacrylamide.	However,	I	can’t	share	how	much	of	the	flocculant	that	is	used	in	the	
process.	However,	research	is	performed	to	find	how	much	of	flocculant	that	must	be	added	
in	the	process	to	make	it	more	effective.		

What	material	is	the	pipes	made	of?	And	how	is	the	quality	of	water	in	the	pipes	controlled? 

- The	majority	of	 the	pipes	are	made	from	iron.	The	pipelines	themselves	are	not	controlled.	
However,	everyday	there	are	10-11	places	visited,	where	two	bottles	of	water	is	collected.	One	
bottle	is	for	chemical	analysis	and	the	other	one	is	for	biological	analysis.	The	places	that	are	
tested	changes	everyday,	often	shops	and	supermarkets	are	tested.		

Is	there	any	protection	of	the	Irtysh	River? 

- I	do	not	know.	

What	is	the	capacity	of	the	wastewater	treatment	facility	and	how	much	wastewater	does	it	manage	per	day? 

- I	do	not	know. 

Are	there	any	additional	power	source	if	the	main	power	shut	down? 
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- I	cannot	share	much,	however	there	is	an	additional	power	source	if	the	main	power	would	
shut	down.	There	are	reservoirs	reserved	for	the	city	if	there	were	an	emergency	that	would	
provide	water	for	the	connected	for	a	time.		
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11.3	APPENDIX	C		
WHO	Recommendations	for	Drinking	Water	

TABLE	C.1	DISPLAYS	THE	GUIDELINE	VALUES	FOR	A	NUMBER	OF	CHEMICALS.	P=PROVISIONAL	GUIDELINE	VALUE	AS	THERE	IS	EVIDENCE	
OF	HAZARD,	BUT	THE	AVAILABLE	INFORMATION	ON	HEALTH	EFFECTS	IS	LIMITED,	T=	PROVISIONAL	GUIDELINE	VALUE	IS	BELOW	THE	LEVEL	
THAT	CAN	BE	ACHIEVED	THROUGH	PRACTICAL	TREATMENT	METHODS,	SOURCE	PROTECTION	ETC.,	A=PROVISIONAL	GUIDELINE	VALUE	
BECAUSE	 CALCULATED	 GUIDELINE	 VALUE	 IS	 BELOW	 THE	 ACHIEVABLE	 QUANTIFICATION	 LEVEL.,	 D=PROVISIONAL	 GUIDELINE	 VALUE	
BECAUSE	DISINFECTION	IS	LIKELY	TO	RESULT	IN	THE	GUIDELINE	VALUE	BEING	EXCEEDED,	C=	CONCENTRATIONS	OF	THE	SUBSTANCE	AT	
OR	 BELOW	 THE	 HEALTH-BASED	 GUIDELINE	 VALUE	MAY	 AFFECT	 THE	 APPEARANCE,	 TASTE	 OR	 ODOUR	 OF	 THE	WATER,	 LEADING	 TO	
CONSUMER	COMPLAINTS.	

Chemical	 Guideline	value	
(mg/L)	

Remarks	

Acrylamide	 0.0005	  

Alachlor	 0.02	  

Aldicarb	 0.01	 Applies	to	aldicarb	sulfoxide	and	aldicarb	
sulfone	

Aldrin	and	dieldrin	 0.00003	 For	combined	Aldrin	plus	dieldrin	

Antimony	 0.02	  

Arsenic	 0.01	(P)	  

Atrazine	 0.002	  

Barium	 0.7	  

Benzene	 0.01	  

Benzo[a]pyrene	 0.0007	  

Boron	 0.5	(T)	  

Bromate	 0.01	(A,T)	  

Bromodichloromethane	 0.06	  

Bromoform	 0.1	  

Cadmium	 0.003	  

Carbofuran	 0.007	  
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Carbon	tetrachloride	 0.004	  

Chlorate	 0.7	(D)	  

Chlordane	 0.0002	  

Chlorine	 5	(C)	 For	effective	disinfection,	there	should	be	
a	residual	concentration	of	free	chlorine	
of	³	0.5mg/litre	after	at	least	30	min	

contact	time	at	pH<8.0	

Chlorite	 0.7	(D)	  

Chloroform	 0.3	  

Chlorotoluron	 0.03	  

Chlorpyrifos	 0.03	  

Chromium	 0.05	(P)	 For	total	chromium	

Copper	 2	 Staining	of	laundry	and	sanitary	ware	may	
occur	below	guideline	value	

Cyanzine	 0.0006	  

Cyanide	 0.07	  

Cyanogen	chloride	 0.07	 For	cyanide	as	total	cyanogenic	
compounds	

2,4-D	(2,4-dichlorophenoxyaceticacid)	 0.03	 Applies	to	free	acid	

2,4-DB	 0.09	  

DDT	and	metabolites	 0.001	  

Di(2-ethylhexyl)phthalate	 0.008	  

Dibromoacetonitrile	 0.07	  

Dibromochloromethane	 0.1	  

1,2-Dibromo-3-chloropropane	 0.001	  
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1,2-Dibromoethane	 0.0004	(P)	  

Dichloroacetate	 0.05	(T,D)	  

Dichloroacetonitrile	 0.02	(P)	  

Dichlorobenzene,	1,2-	 1	(C)	  

Dichlorobenzene,	1,4-	 0.3	(C)	  

Dichloroethane,	1,2-	 0.03	  

Dichloroethene,	1,2-	 0.05	  

Dichloromethane	 0.02	  

1,2-Dichloropropene	 0.04	(P)	  

1,3-Dichloropropene	 0.02	  

Dichloroprop	 0.1	  

Dimethoate	 0.006	  

Dioxane,	1,4-	 0.05	  

Edetic	acid	(EDTA)	 0.6	 Applies	to	the	free	acid	

Endrin	 0.0006	  

Epichlorohydrin	 0.0004	(P)	  

Ethylbenzene	 0.3	(C)	  

Fenoprop	 0.009	  

Fluoride	 1.5	 Volume	of	water	consumed	and	intake	
from	other	sources	should	be	considered	

when	setting	national	standards	

Hexachlorobutadiene	 0.0006	  

Isoproturon	 0.009	  
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Lead	 0.01	  

Lindane	 0.002	  

Manganese	 0.4	(C)	  

MCPA	 0.002	  

Mecoprop	 0.01	  

Mercury	 0.006	 For	inorganic	mercury	

Methoxychlor	 0.02	  

Metolachlor	 0.01	  

Microcystin-LR	 0.001	(P)	 For	total	microcystin-LR	(free	plus	
cellbound)	

Molinate	 0.006	  

Molybdenum	 0.07	  

Monochloramine	 3	  

Monochloroacetate	 0.02	  

Nickel	 0.07	  

Nitrate	(as	NO3
-)	 50	 Short-term	exposure	

Nitrilotriacetic	acid	(NTA)	 0.2	  

Nitrite	(as	NO2
-)	 3	 Short-term	exposure	

Nitrite	(as	NO2
-)	 0.2	(P)	 Long-term	exposure	

N-Nitrosodiumethylamine	(NDMA)	 0.1	  

Pendimethalin	 0.02	  

Pentachlorophenol	 0.009	(P)	  
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Permethrin	 0.3	 Only	when	used	as	a	larvicide	for	public	
health	purposes	

Pyriproxyfen	 0.3	 This	is	not	to	be	used	as	a	guideline	value	
where	pyriproxyfen	is	added	to	water	for	

public	health	purposes.	

Selenium	 0.01	  

Simazine	 0.002	  

Sodium	dichloroisocyanurate	 50	 As	sodium	dichloroisocyanurate	

Sodium	dichloroisocyanurate	 40	 As	cyanuric	acid	

Styrene	 0.02	(C)	  

2,4,5-T	 0.009	  

Terbuthylazine	 0.007	  

Tetrachloroethene	 0.04	  

Toluene	 0.7	(C)	  

Trichloroacetate	 0.2	  

Trichloroethene	 0.02	(P)	  

Trichlorophenol,	2,4,6-	 0.2	(C)	  

Trifluralin	 0.02	  

Trihalomethanes	  The	sum	of	the	ratio	of	the	concentration	
of	each	to	its	respective	guideline	value	

should	not	exceed	1	

Uranium	 0.015	(P,T)	 Only	chemical	aspects	of	uranium	
addressed	

Vinyl	chloride	 0.0003	  

Xylenes	 0.5	(C)	  
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11.4	APPENDIX	D	
General	Drinking	Water	Treatment	Steps	

As	mentioned	previously	the	steps	in	the	treatment	process	is	different	depending	on	which	water	source	that	
is	used.	The	treatment	steps	covered	in	this	chapter	are:	

• Pre-treatment:	coagulation,	flocculation	and	sedimentation.	

• Filtration	

• Disinfection:	chlorination,	sodium	hypochlorite,	UV	and	ozone	

Coagulation	and	Flocculation	

The	American	Water	Works	 Association	 (1990)	 explains	 that	 coagulation	 and	 flocculation	 are	 pre-treatment	
steps	where	fine	and	colloidal	particles,	which	are	suspended	particles,	are	 lumped	together	and	form	larger	
particles.	The	coagulation	refers	to	the	process	of	adding	a	material,	which	affects	the	particles	 in	the	water.	
There	are	two	major	types	of	coagulants,	inorganic	metals	and	organic	polymers.	Depending	on	the	water	source	
that	is	used	in	the	process,	the	appropriate	coagulant	is	chosen.	The	flocculation	refers	to	the	formation	of	larger	
particles,	which	will	be	easier	to	remove	(American	Water	Works	Association,	1990).			

Sedimentation	

Surface	water	often	contains	amounts	of	suspended	solids,	clay,	bacteria	and	viruses.	Pre-sedimentation	is	a	step	
that	removes	these	big	particles	before	entering	the	process.	Sedimentation	is	often	combined	with	coagulation	
and	 flocculation	 to	 remove	 floc	 particles	 and	 improve	 the	 efficiency	 of	 the	 filters	 (American	 Water	 Works	
Association,	1990).	The	size	of	the	particle	and	the	density	of	the	particle	are	two	factors	that	affect	the	settling	
velocity	and	hence	the	sedimentation	process	(American	Water	Works	Association,	1990).	The	efficiency	of	the	
process	depends	on	how	effective	the	solid-liquid	separation	is.	The	separation	is	more	effective	when	the	flow	
is	laminar.	Factors	such	as	loading	rate,	baffling	and	size	of	the	tanks	must	be	considered	to	design	an	effective	
sedimentation	process	(American	Water	Works	Association,	1990).		

Filtration	

Slow	sand-	and	rapid	sand	filter	are	commonly	used	in	treatment	facilities	today.	If	both	filters	are	used,	the	rapid	
sand	filter	is	before	the	slow	sand	filter.	The	slow	sand	filter	has	a	lower	filtration	rate	and	requires	a	larger	bed	
size	and	bed	depth	for	filtrating	1	m3/min	than	the	rapid	sand	filter.	The	filter	can	last	up	to	60	days	(Singley	&	
Robinson,	2006)		without	reaching	the	limit	of	50	NTUs	and	50	mg/L	of	total	suspended	solids,	and	hence	need	
to	 be	 backwashed	 (cleaned)	 (Gadgil,	 1998).	 Filter	 rates	 vary	 between	 0.1	 –	 0.2	 meters/hour.	 Hence,	 the	
technology	is	low	maintenance	and	low	cost,	but	the	filter	requires	a	big	land	area	(Gadgil,	1998).	Rapid	sand	
filters,	on	the	other	hand,	have	a	lager	filtration	rate;	they	vary	between	2	–	5	meters/hour	(Gadgil,	1998).		The	
bed	size	used	for	filtrating	1	m3/min	is	significantly	smaller	than	for	the	slow	sand	filter	and	the	bed	depth	is	also	
smaller	(Singley	&	Robinson,	2006).	The	filter	must	be	cleaned	within	a	maximum	of	every	three	days	(Singley	&	
Robinson,	2006).	The	rapid	sand	filters	only	remove	bigger	macro-organisms	and	suspended	solids.	Hence,	the	
water	is	not	adequately	disinfected.	The	rapid	sand	filter	simply	prepares	the	water	for	further	treatments,	such	
as	UV,	chlorine	or	ozone	(Gadgil,	1998).		

Both	 filters	 are	 effective	 in	 reducing	 turbidity	 of	 the	 water	 (Gadgil,	 1998).	 The	 turbidity	 effects	 the	
effectiveness	of	further	steps,	such	as	chlorination,	UV	and	ozone.	Hence,	WHO	recommends	that	the	turbidity	
of	water	should	be	below	1	NTU,	and	no	single	sample	exceed	5	NTUs	after	the	filtration	step	(Gadgil,	1998).			
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Disinfection	

Waterborne	diseases	can	rapidly	spread	throughout	water	if	it's	not	managed	properly.	In	2010	in	the	Swedish	
city	of	Östersund	there	was	an	outbreak	of	Cryposporidum	in	the	drinking	water.	Over	20	000	inhabitants	were	
affected	by	the	parasite.	 In	a	report	by	the	Swedish	authority	Smittskyddsinstitutet	 (SMI),	they	state	that	the	
reason	for	the	outbreak	was	that	wastewater	had	emerged	in	Storsjön.	The	water	from	Storsjön	was	later	used	
for	drinking	water.	The	cysts	from	the	parasites	can	survive	for	months	and	is	not	sensitive	to	the	amount	of	
chlorine	used	in	water	treatment	facilities	in	Sweden	(Smittskyddsinstitutet,	2011).	With	this	in	mind,	carefully	
chosen	disinfection	steps	are	essential.	The	different	options	of	disinfection	process	are	described	below.	

Chlorination	

Chlorine	is	an	effective	disinfectant	that	is	highly	effective	when	it	comes	to	removing	most	pathogens	in	the	
water	and	is	one	of	the	most	common	disinfectant	steps	worldwide	(Gadgil,	1998).	A	major	advantage	with	the	
chlorine	treatment	step	is	the	ability	to	leave	a	residual	disinfection	concentration	in	the	water(Gadgil,	1998).	
However,	residual	chlorine	concentration	is	not	adequate	to	remove	big	contaminations.	Water	contaminated	
with	pathogens	 that	 lead	 to	waterborne	disease,	 for	example	due	 to	poor	wastewater	management	 (Gadgil,	
1998).			

Gadgil	(1998)	states	that	the	disadvantages	with	the	chlorination	step	include	the	request	of	skilled	employees	
that	operate	the	chlorine-dosing	plants	and	the	dependence	of	an	efficient	chlorine	supply	chain.	Additionally,	
the	necessity	of	chlorine	storage	tanks	is	another	disadvantage	(Gadgil,	1998).	

Sodium	Hypochlorite	

Another	chlorination	method	used	for	disinfection	is	by	the	usage	of	sodium	hypochlorite.	Sodium	hypochlorite	
is	a	safer	alternative	to	chlorine	gas.	This	is	due	to	sodium	hypochlorite	remains	in	liquid	form	if	spilled,	and	can	
therefore	 easily	 be	 recovered	 and	 reused.	 However,	 the	 substance	 is	more	 expensive	 than	 chlorine	 gas.	 In	
addition,	 it	 degrades	 quickly	 when	 in	 contact	 with	 sunlight	 and	 not	 kept	 at	 proper	 temperatures.	 Sodium	
hypochlorite	can	be	produced	on-site	by	using	an	electrochlorination	system	(Gadgil,	1998).		

UV	

Ultraviolet	light	(UV)	damages	the	microorganisms’	ability	to	replicate	and	is	therefore	germicidal	(Gadgil,	1998).	
The	optimum	wavelength	with	the	best	germicidal	effect	is	at	260	nm,	however,	UV	treatment	is	not	suitable	for	
all	types	of	microorganisms	i.e.	for	inactivating	cysts.	Further,	for	the	disinfection	to	work	successfully,	the	UV	
transmittance	must	be	adequate	(Gadgil,	1998).	

Unlike	chlorination,	the	UV	treatment	does	not	impart	the	water	with	an	odor	nor	taste	and	there	is	no	risk	of	
over	dosage	or	formation	of	dangerous	by-products.	UV	treatment	disinfects	the	water	within	seconds	due	the	
microorganisms’	DNA	high	sensitivity	to	UV.	However,	unlike	chlorination,	the	UV	treatment	does	not	impart	a	
residual	disinfection	to	the	water.	Within	several	bacteria	species,	there	are	enzymes	that	try	to	repair	DNA	so	
that	it	can	replicate.	Thus,	UV	treatment	is	not	suitable	for	disinfecting	water	intended	for	long-term	storage.	
Fouling	is	another	major	issue	of	this	treatment;	it	impairs	the	transmittance	and	therefore,	affects	the	effectivity	
and	due	to	this,	the	maintenance	of	this	step	is	expensive.	The	fact	that	the	treatment	is	dependent	on	constant	
running	electricity	might	be	a	problem	for	certain	areas	of	the	world	that	have	uncertain	supply	of	electricity.	
Additionally,	the	UV	treatment	is	a	rather	expensive	alternative,	with	a	typical	cost	per	ton	of	treated	water	of	
0.05	$	(Gadgil,	1998).	
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General	Wastewater	Treatment	Processes		

The	flow	in	sanitary	sewers	consists	of	domestic	and	industrial	wastewaters,	infiltration	and	inflow	and	flow	from	
combined	sewers.	Wastewater	treatment	consist	of	four	stages:	preliminary	and	primary	treatment,	secondary	
treatment,	disinfection	and	treatment	of	solids.		

Preliminary	and	Primary	Treatment	

Sometimes	a	primary	sedimentation	is	placed	as	the	preliminary	step.	However,	since	more	than	half	of	the	solids	
in	wastewater	is	are	not	settleable,	it	has	limited	effect.	Screening,	flow	measurement,	pumping	and	grit	removal	
belong	to	the	first	part	of	wastewater	treatment	process.	The	arrangement	of	these	units	may	differ	between	
the	wastewater	facilities,	but	they	are	always	present.	The	first	stage	of	the	primary	treatment	is	usually	a	system	
that	records	the	wastewater	flow	into	the	plant	(Hammer	&	Hammer,	2012).	The	next	stage	of	the	process	is	
usually	screening.	In	this	step	large	particles,	i.e.	cork	and	fecal	solids,	are	removed.	The	size	of	the	screens	are	
selected	based	on	the	solids	 in	 the	wastewater	 (Eckenfelder,	2006).	These	solids	are	removed	to	protect	 the	
pumps	downstream	in	the	process.	The	cleaning	of	the	screens	are	critical	due	to	accumulations	of	debis	on	the	
plates	(Hammer	&	Hammer,	2012).		

The	wastewater	then	enters	the	pumping	stations,	where	the	its	pumped	to	the	desired	pressure.	The	next	stage	
of	the	process	 is	grit	removal.	This	treatment	 is	performed	in	chambers.	The	grits	are	removed	because	they	
affect	the	mechanical	equipment,	i.e.	pumps,	and	can	clog	pipes	by	deposition.	The	design	grit	chamber	systems	
depend	on	the	size	of	 the	treatment	plant,	 the	quantity	of	grit	 in	the	wastewater	and	the	amount	of	money	
available	(Hammer	&	Hammer,	2012).	The	wastewater	then	enters	the	sedimentation	tank	where	particles	are	
removed	due	to	gravity.	Sedimentation	is	explained	in	detail	 in	water	treatment	section.	The	sludge	from	the	
sedimentation	is	withdrawn	periodically	and	is	lead	to	sludge	treatment,	which	will	be	explained	further.		

Secondary	Treatment	

The	Food	and	Agricultural	Organization	of	United	Nations	states	that	the	goal	of	the	secondary	treatment	is	to	
remove	 residual	 organics	 and	 suspended	 solids.	 The	 aerobic	 processes	 is	 performed	 in	 the	 presence	 of	
microorganisms	that	metabolize	the	organic	substances.	The	high	rate	biological	processes	are	characterized	by	
a	small	reactor	volume	and	high	concentration	of	microorganisms.	Activated	sludge	and	trickling	filters	are	two	
processes	which	are	extensively	used	in	the	biological	treatment.	In	the	activated	sludge	oxygen	is	fed	to	the	
process	 by	 aeration	 devices,	 which	 also	 provides	 a	mixing	 of	 the	 contents	 in	 the	 tank.	 The	microorganisms	
metabolize	the	organic	matter	and	is	later	separated	through	sedimentation.	Some	of	the	sludge	is	recycled	to	
the	aeration	tank	to	maintain	a	high	level	of	mixed-liquor	suspended	solids.	The	trickling	filter	consists	of	a	tower	
filled	with	media	such	as	stones	and	plastic.	The	microorganisms	attach	to	the	surface	of	the	media	and	form	a	
layer.	The	organic	matter	of	the	wastewater	is	diffused	through	the	layer	and	is	metabolized.	If	the	wastewater	
entering	the	process	has	a	high	concentration	of	organic	matter,	activated	sludge	and	trickling	filters	may	be	
used	in	series	(Food	and	Agriculture	Organization	of	the	United	Nations,	2018).	

Independent	of	which	of	the	processes	that	is	used,	sedimentation	follows	to	remove	the	biological	solids.	This	
is	often	referred	as	a	secondary	clarifier.	The	sludge	is	removed.	The	effluent	of	the	sedimentation	step	is	further	
processed	through	disinfection.	The	biological	treatment,	together	with	the	primary	sedimentation,	remove	85	
%	of	the	BOD	present	in	the	wastewater.	Neither	of	the	standard	processes	remove	the	phosphorus,	nitrogen	or	
non-biodegradable	 organics.	 However,	 there	 are	 adaptions	 to	 the	 process	 which	 deals	 with	 the	mentioned	
substances	(Food	and	Agriculture	Organization	of	the	United	Nations,	2018).	
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Disinfection	

In	 this	 stage,	 chlorine	 is	added	 to	 the	wastewater.	The	 injection	of	 chlorine	 is	 like	 that	of	 the	disinfection	of	
drinking	water,	which	is	explained	in	the	drinking	water	section.	UV	and	ozone	treatment	can	also	be	used	for	
wastewater	 treatment.	However,	 these	methods	 are	 not	 common.	 The	 contact	 time	of	 chlorine	 is	 longer	 in	
wastewater	 treatment	 than	 for	 water	 treatment	 which	 is	 due	 to	 stricter	 regulations	 (Food	 and	 Agriculture	
Organization	of	the	United	Nations,	2018).		

Treatment	of	Solids	

Nathanson	 (Nathanson,	 2018)	 states	 that	 the	 two	 goals	 of	 sludge	 treatment	 are	 to	 reduce	 the	 volume	 and	
stabilize	the	organic	materials	(Nathanson,	2018).	It	further	states	that	treatment	and	disposal	of	sludge	are	big	
factors	 in	 designing	 and	 operation	 of	 the	wastewater	 plants.	 This	 step	 of	 the	 process	 includes	 thinckening,	
diestion,	dewatering	and	disposal	of	the	sludge.	The	thickening	step	is	performed	due	to	handling	of	a	thin	slurry	
is	impratical	and	to	reduce	the	total	volume.	The	digestion	step	is	a	biological	process	where	organic	matter	is	
decomposed	to	stable	substances.	This	process	is	often	perfomed	in	two	stages	and	can	be	both	anerobic	and	
anaerobic.	The	sludge	entering	the	dewatering	stage	can	contain	up	to	70	percent	water.	It	is	desired	to	recycle	
the	water,	so	the	sludge	slurry	is	spread	on	a	bed	of	sand	with	pipe	systems	underneith	the	bed.	After	6	weeks,	
the	sludge	has	formed	a	solid	cake,	which	is	removed.	Disposal	of	the	sludge	often	occur	on	land.	It	can	be	used	
in	sanitary	landfill	or	be	spread	on	agricultural	land	(Nathanson,	2018).	
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11.5	APPENDIX	E	
The	Appendix	E1	and	E2	 contain	different	water	quality	data.	Appendix	E3	displays	differences	between	 the	
regulations	in	Kazakhstan,	Sweden	and	the	United	States.		

Appendix	E1	

Appendix	 E1	 contains	 water	 quality	 regulations	 for	 Kazakhstan	 and	 the	 values	 of	 water	 quality	 for	 a	 water	
distribution	site	in	Astana.		

TABLE	E.1	DISPLAYS	THE	WATER	QUALITY	REGULATIONS	FOR	KAZAKHSTAN.	COLLECTED	FROM	A	DISTRIBUTION	FACILITY	IN	ASTANA.	*	
AT	ADMISSION	IN	BREEDING	NETWORK	CITY,	**	INDICATOR	CARRIED	OUT	IN	LABORATORY	SANITARY-EPIDEMIOLOGICAL	SUPERVISION,	
3.01.067-97	SANITARY	NORM	AND	DRINKING	RIGHT	FOR	DRINKING	WATER.	HYGIENIC	REQUEST	FOR	CENTRALIZED	DRINKING	WATER.	
QUALITY	CONTROL.	<	MEANS	LIMIT	DETECTION	OF	THE	SUBSTANCE	WITH	LABORATORY	DEVICE	

No.	 Name	 Units	 Legal	
regula
tions	

Recommend
ations	

Limit	
values	

Medium	Values	

Microbiological	indicators	

1	 No.	
microorg
anisms	

(colonies)	
in	1	mL	

Units
/mL	

<50	 -	 0-4	 2	

2	 General	
conforma
l	bacteria	

No.	
bacte
ria	in	
100	
mL	

Absen
t	

Absent	 Absent	 Absent	

3	 Thermop
hilic	

bacteria	

No.	
bacte
ria	in	
100	
mL	

Absen
t	

Absent	 Absent	 Absent	

4	 Coliphage	 PFU	
at	
100	
mL	

Absen
t	

Absent	 Absent	 Absent	

5	 Sulphite-
reducing	
clostridiu

m	

No.	
in	20	
mL	

Absen
t	

Absent	 Absent	 Absent	
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6	 Paleontol
ogical	

research:	
Lamblia	
Cysts	

No.	
cysts	
in	
100	
mL	

Absen
t	

Absent	 Absent	 Absent	

Organoleptic	indicators	

1	 Turbidity	 mg/L	 1,5	 -	 0,1-1,0	 0,3	

2	 Chromati
city/Color	

Degr
ee	

20	 15	 5-10	 10	

3	 Odor	 Mark	 2	 Nothing	 0-1	 1	

4	 Hydrogen
ous	

indicator	

pH	 6,0–
9,0	

6,5–8,5	 7,45-
8,30	

7,75	

5	 Sump	 mg/L	 1000	 1000	 423,3-
559,3	

470,2	

6	 Iron	 mg/L
/	

0,3	 0,3	 <0,1-
0,12	

0,1	

7	 Hardness	 mg	
equiv
./L	

7,0	 -	 3,9-5,3	 4,5	

8	 Acidity	 mg/L	 5,0	 -	 2,4-3,3	 2,8	

9	 Mangane
se	

mg/L
/	

0,1	 0,1	 <0,01-
0,05	

0,02	

10	 Copper	 mg/L	 1,0	 1,0	 <0,02-
0,025	

0,022	

11	 Sulfate	 mg/L
/	

500,0	 250,0	 59,0-
92,5	

66,5	

12	 Chloride	 mg/L	 350,0	 250,0	 84,3-
105,0	

90,0	

13	 Aluminu
m	

mg/L
/	

0,5	 0,2	 0,08-
0,18	

0,14	

14	 Ammoniu
m	

mg/L	 2,0	 -	 <0,05-
0,05	

<0,05	
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15	 Strontiu
m	

mg/L
/	

7,0	 -	 0,6-1,2	 1,0	

16	 Zinc	 mg/L	 5,0	 3,0	 <0,005	 <0,005	

17	 Beryllium	 mg/L
/	

0,000
2	

-	 <0,000
05	

<0,00005	

18	 Cadmium	 mg/L	 0,001	 -	 <0,000
1	

<0,0001	

19	 Sodium	 mg/L
/	

200,0	 200,0	 83,1-
98,6	

92,5	

20	 Selenium	 mg/L	 0,01	  <0,000
1	

<0,0001	

21	 Free	
chlorine	

mg/L
/	

0,3-
0,5*	

0,5*	 0,3-0,5	 0,46	

Poison	control	indicators:	a)	inorganic	

22	 Arsenic	 mg/L	 0,05	 0,01	 <0,01-
0,015	

0,01	

23	 Nitrates	 mg/L
/	

45,0	 50,0	 0,1-1,2	 0,6	

24	 Nitrites	 mg/L	 3,0	 3,0	 <0,003
-0,003	

<0,003	

25	 Lead	 mg/L	 0,03	 0,01	 <0,000
5	

<0,0005	

26	 Mercury	 mg/L	 0,000
5	

 <0,000
02	

<0,00002	

27	 Molybde
num	

mg/L	 0,25	  <0,002
5	

<0,0025	

28	 Fluorine	 mg/L	 1,2	 1,2	 0,21-
0,48	

0,31	

b)	organic	substances	

29	 Oil	
products	

mg/L	 0,1	 -	 <0,005	 <0,005	



 

105	

30	 Anionic	
surface-
active	

substanc
es	

mg/L	 0,5	 -	 <0,01	 <0,01	

Radioactive	indicators	

31	 Total	
alpha-

radioactiv
ity	

Bq/L	 0,1	 1,0	 0,02-
0,03	

±0,02	

0,02±0,02	

32	 Total	
beta-

radioactiv
ity	

Bq/L	 1,0	 1,0	 0,08-
0,12	

±0,02	

0,1±0,02	

Chlororgani
c	

pesticides*
*	

      

33	 2,4-D	 mg/L	 0,03	   Not	found	

34	 Lindane	 mg/L	 0,002	   Not	found	

35	 DDT	 mg/L	 0,002	   Not	found	

36	 Aldrin	 mg/L	 0,002	   Not	found	

37	 Hexachlo
robenzen

e	

mg/L	 0,05	   Not	found	

38	 Keltan	 mg/L	 0,02	   Not	found	

39	 Methoxyc
hloro	

mg/L	 0,1	   Not	found	

40	 Heptachl
or	

mg/L	 0,05	   Not	found	

Nitrogenous	pesticides**	

41	 Atrazine	 mg/L	 0,5	   Not	found	

42	 Propazine	 mg/L	 1,0	   Not	found	
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43	 Simazine	 mg/L	 Nil	   Not	found	

44	 Prometri
n	

mg/L	 3,0	   Not	found	

Phosphorous	containing	pesticides**	

45	 Malathio
n	

mg/L
/	

0,05	   Not	found	

46	 Methyl	
parathion	

mg/L	 0,02	   Not	found	

47	 Phocaulo
n	

mg/L	 0,001	   Not	found	

48	 Phthalofo
s	

mg/L	 0,2	   Not	found	
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Appendix	E2	

Drinking	water	quality	data	provided	from	Gorvodokanal.	The	data	is	taken	from	Calcination	Unit,	Pavlodar.		

TABELE	E.2	DISPLAYS	THE	WATER	QUALITY	DATA	PROVIDED	BY	THE	GORVODOKANAL	IN	PAVLODAR.	

No.	 Parameter	 Drinking	Water	

Norms	 Average	 Maximum	 Minimum	

1	 Temperature	℃	     

2	 Smell	     

3	 Taste	     

4	 Coloring,	mg/L	     

5	 Turbidity,	mg/L	     

6	 pH	     

7	 Hardness	mg/L	     

8	 Complexity	mg/L	     

9	 Permanganate	 oxidation,	
mg/L	

    

10	 Total	mineralization,	mg/L	     

11	 Consumption	O2,	mg	O2/L		     

12	 Biochemical	O2,	mg	O2/L	     

13	 Diluted	O2,	mg/L	     

14	 Superficially	 Active	
Substances,	mg/L	

    

15	 Oil	products	mg/L	     

16	 Phenol	mg/L	     

17	 Phenol	mg/L	 0,25	 <0,001	   
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18	 Weighted	Substance	mg/L	     

19	 Ammonia	(N)	mg/L	     

20	 Nitrite	mg/L	     

21	 Chloride,	mg/L	 350	 12,0	   

22	 Al	mg/L	 0,5	 0,005	   

23	 Fe	mg/L	 0,3	 0,1	   

24	 Mn	mg/L	 0,1	 -	   

25	 Cu	mg/L	 1,0	 -	   

26	 Sulphate	mg/L	 500	 46,0	   

27	 Mo	mg/L	 0,25	 -	   

28	 Arsenic	mg/L	 0,25	 <0,005	   

29	 Lead	mg/L	 0,03	 -	   

30	 Zn	mg/L	 5,0	 -	   

31	 Nitrate	mg/L	 45	 1,5	   

32	 Ba	mg/L	 0,1	 -	   

33	 Be	mg/L	 0,0002	 -	   

34	 B	mg/L	 0,5	 -	   

35	 Ni	mg/L	 0,1	 -	   

36	 Sr	mg/L	 7,0	 -	   

37	 Cd	mg/L	 0,001	 -	   

38	 Se	mg/L	 0,01	 -	   

39	 Cr	mg/L	 0,05	 -	   
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40	 Hg	mg/L	 0,0005	 -	   

41	 Cl	residual	mg/L	 0,3-0,5	 0,4	   

42	 General	 quantity	
mycobacteria,	 amount	
bacteria	in	100	mL	

50	 Nothing	   

43	 General	 quantity	 group	
intestinal	 bacillus,	 amount	
bacteria	in	100	mL	

Nothing	 Nothing	   

44	 General	 quantity	
thermostatic	 group	
intestinal	bacteria	in	100	mL	

Nothing	 Nothing	   

45	 Sulphate	syllables	in	20	mL	 Nothing	 Nothing	   

46	 Coliphage,	 quantity	 in	 100	
mL	

Nothing	 Nothing	   

47	 Lamblia,	quantity	cysts	in	50	
mL	

Nothing	 Nothing	   

48	 Quantity	 lacto-positive	
intestinal	bacillus	

-	 -	   

49	 Index	bacteria	indicator	 -	 -	   
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Appendix	E3	

TABLE	E.3	COMPARISONS	BETWEEN	THE	REUGLATIONS	FOR	CHEMICAL	COMPOSITION	BETWEEN	SWEDEN,	USA	AND	KAZAKHSTAN.	THE	
NUMBERS	 IN	THE	COLUMN	FOR	SWEDEN	CONSISTS	OF	FIRST	 LIMIT	VALUE	FOR	POTABLE	WITH	REMARK	AT	SAMPLING	POINT/LIMIT	
VALUE	 FOR	 NOT	 POTABLE	 AT	 SAMPLING	 POINT.	 REGULATIONS	 FROM	 UNITED	 STATES;	 *	 INCLUDES	 CHLOROFORM,	 BROMOFORM,	
DIBOROCHLOROMETHANE,	 BROMINE	 DICHLOROMETHANE,	 **	 NON-ENFORCEABLE	 GUIDELINES,	 ***	 MAXIMUM	 CONTAMINATION	
LEVEL,	****	MAXIMUM	RESIDUAL	DISINFECTANT	LEVEL,	TT=	TREATMENT	TECHNIQUE	

No.	 Measurement	 Sweden	 Kazakhstan	 USA	

1	 Turbidity	 1,5	NTU	/	-	(at	end	users)	 1,5	mg/L	 TT	

2	 Color	 30	mg/L	Pt	/	-	 Mark	20	 15	Color	units**	

3	 Odor	 Week	(at	end	users)	/	
Noticeable	or	Very	strong	

(at	end	users)	

Mark	2	 3	 threshold	 odor	
number**	

4	 pH	 7,0-9,0	/	10,5	 6,0-9,0	 6,5-8,5	**	

5	 Sump	 -		 1000	mg/L	 -	

6	 Iron	 0,200	mg/L	/	-	(at	end	
users)	

0,300	mg/L	 0,300	mg/L**	

7	 Hardness	 -	 7,0	mg	eqv./L	 -	

8	 Acidity	 -	 5	mg/L	 -	

9	 Manganese	 0,050	mg/L	/	-	(at	end	
users)	

0,1	mg/L	 0,050	mg/L	**	

10	 Copper	 0,020	mg/L	/	2,0	mg/	L	
(at	end	users)	

1	mg/L	 1,0	mg/L	**	/1,3	
mg/L	***	

11	 Sulfates	 100	mg/L	/	-	(at	end	
users)	

500	mg/L	 250	mg/L	**	

12	 Chloride	 100	mg/L	/	-	(at	end	
users)	

350	mg/L	 250	mg/L	**	

13	 Aluminium	 0,100	mg/L	/	-	(at	
drinking	water	facility)	

0,500	mg/L		 0,050-0,200	
mg/L**	

14	 Ammonium	 0,50	mg/L	/	-	(at	end	
users)	

2	mg/L	 -	

15	 Strontium	 -	 7	mg/L	 -	
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16	 Zinc	 -	 5	mg/L	 5	mg/L**	

17	 Beryllium	 -	 0,0002	mg/L	 0,004	mg/L	***	

18	 Cadmium	 -	/	5,0	µg/L	(at	end	users)	 0,01	mg/L	 0,005	mg/L***	

19	 Sodium	 100	mg/L	/	-	(at	end	
users)	

200	mg/L	 -	

20	 Selenium	 -	/	10	µg/L	(at	end	users)	 0,01	mg/L	 0,05	mg/L***	

21	 Free	Chlorine	 0,4	mg/L	/	-	(at	end	
users)		

0,3-0,5	mg/L	 4	mg/L****	

22	 Arsenic	 -	/	10	µg/L	(	at	end	users)	 0,05	mg/L	 0,010	mg/L***	

23	 Nitrates	 20	mg/L	/	50	mg/L	(at	
end	users)	

50	mg/L	 10	mg/L***	

24	 Nitrites	 0,10	mg/L	(at	drinking	
water	facility)	/	0,50	
mg/L	(at	end	users)	

3	mg/L	 1	mg/L***	

25	 Lead	 -	/	10	µg/L	(at	end	users)	 0,03	mg/L	 0,015	mg/L***	

26	 Mercury	 -	/	1,0	µg/L	(at	end	users)		 0,0005	mg/L	 0,002	mg/L***	

27	 Molybdenum	 -		 0,25	mg/L	 -	

28	 Fluorine	 -	/	1,5	mg/L	(at	end	
users)	

1,2	mg/L	 2	mg/L**	

29	 Oil	products	 -		 0,1	mg	/L	 -	

30	 Anionic	surface-active	
substances	

-		 0,5	mg/L	 -	

31	 Total	alpha-radioactivity		 -		 0,1	Bq/L	 15	pCi/L	***	

32	 Total	beta-radioactivity		 -		 0,5	Bq/L	 4	millirems	/	year	
***	

33	 Total	indicative	

dose	

0,10	mS/year	(at	end	
users)	/	-	

-		 -	
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34	 Tritium	 100	Bq/L	/	-		(at	end	
users)	

-		 -	

35	 Radon	 >100	Bq/L	(at	end	users)	
/	>	1000	Bq/L	(at	end	

users)	

-		 -	

36	 Trihalomethanes	 50	µg/L*	(at	end	users)	/	
100	µg/L	*	(at	end	users)	

	
	

-		 0,08	mg/	L	***	

37	 2,4-D		 -		 0,03	mg/L	 0,07	mg/L***	

38	 Lindane		 -		 0,002	mg/L	 0,0002	mg/L	***	

39	 DDT		 -		 0,002	mg/L	 -	

40	 Aldrin		 -	/	0,030	µg/L	(at	end	
users)	

0,002	mg/L	 -	

41	 Hexachlorobenzene		 -		 0,05	mg/L	 0,001	mg/L	***	

42	 Keltan		 -		 0,02	mg/L	 -	

43	 Methoxychlor	 -		 0,1	mg/L	 0,04	mg/L	***	

44	 Heptachlor	 -	/	0,030	µg/L	(at	end	
users)	

0,05	mg/L	 0,0004	mg/L	

45	 Atrazine	 -		 0,5	mg/L	 0,003	mg/L	***	

46	 Propazine	 -		 0,1	mg/L	 -	

47	 Simazine	 -		 Nil	 0,004	mg/L***	

48	 Prometrin	 -		 3	mg/L	 -	

49	 Malathion	 -		 0,05	mg/L	 -	

50	 Methyl	parathion		 -		 0,02	mg/L	 -	

51	 Phocaulon		 -		 0,001	mg/L	 -	

52	 Phthalofos		 -		 0,2	mg/L	 -	
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53	 Conductivity	 250	mS/m	/	-	(at	end	
users)	

-		 -	

54	 Calcium	 100	mg/L	/	-	(at	end	
users)	

-		 -	

55	 Magnesium	 30	mg/L	/	-	(at	end	users)	 -		 -	

56	 Oxidisability	 4	mg/L	O2	/	-	(at	end	
users)	

-		 -	

57	 Taste	 Week	(at	end	users)	/	
Noticeable	or	Very	
Strong	(at	end	users)	

-		 -	

58	 TOC	 50	µg/L	/	-	(at	end	users)	 -		 -	

59	 Antimony	 -	/	5,0	µg/L	(at	end	users)	 -	 0,006	mg/L	***	

60	 Acrylamide	(calculated)	 -	/	0,10	µg/L	(at	end	
users)	

-	 TT	

61	 Pesticides		 -	/	0,10	µg/L	individual	
(at	end	users)	

-	/	0,50	µg/L	total	
content	(at	end	users)	

-	 -	

62	 Benzene		 -	/	1,0	µg/L	(at	end	users)	 -	 0,005	mg/L	***	

63	 Benzo(a)pyrene	 -	/	0,010	µg/L	(at	end	
users)	

-	 0,0002	mg/L	***	

64	 Boron	 -	/	1,0	mg/L	(at	end	
users)	

-	 -	

65	 Bromate	 -	/	10	µg/L	(at	end	users)	 -	 0,010	mg/L***	

66	 Cyanide	 -	/	50	µg/L	(at	end	users)	 -		 0,2	mg/L	

67	 Epichlorohydrin	
(calculated)	

-	/	0,10	µg/L	(at	end	
users)	

-		 TT	

68	 1,2-	dichloroethane	 -	/	3,0	µg/L	(at	end	users)	 -		 0,005	mg/L	

69	 Chromium	 -	/	50	µg/L	(at	end	users)	 -		 0,100	mg/L	
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70	 Nickel	 -	/	20	µg/L	(at	end	users)	 -		 -	

71	 Tetrachloroethene	and	
trichloroethene	

-	/	10	µg/L	(at	end	users)	 -	 0,005	mg/L	***	
(tetra)	

0,005	mg/L	***	
(tri)	

72	 Polycyclic	aromatic	
hydrocarbon		

-	/	0,10	µg/L	(at	end	
users)	

-	 -	

73	 Vinyl	chloride	 -	/	0,50	µg/L	(at	end	
users)	

	
	

-	 0,002	mg/L***	

74	 Total	dissolved	solids	 -	 -	 500	mg/L**	

75	 Silver	 -	 -	 0,10	mg/L	**	

76	 Foaming	agents	   0,500	mg/L	**	

77	 Corrosively	 -	 -	 Noncorrosive	

78	 Uranium	 -	 -	 30	µg/L***	

79	 1,1,1-Trichloroethane	 -	 -	 0,2	mg/L	***	

80	 1,1,2-Trichloroethane	 -	 -	 0,005	mg/L***	

81	 1,2,4-Trichlorobenzene	 -	 -	 0,07	mg/L	***	

82	 2,4,5-TP	(Silvex)	 -	 -	 0,05	mg/L***	

83	 Toxaphene	 -	 -	 0,003	mg/L	***	

84	 Toluene	 -	 -	 1	mg/L	***	

85	 Thallium	 -	 -	 0,002	mg/L	***	

86	 Styrene	 -	 -	 0,1	mg/L	***	

87	 Radium	226	&	Radium	228	 -	 -	 5	pCi/L***	
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88	 Polychlorinated	biphenyls		 -	 -	 0,0005	mg/L	***	

89	 Picloram	 -	 -	 0,5	mg/L	***	

90	 Pentachlorophenol	 -	 -	 0,001	mg/L	***	

91	 Oxamyl	 -	 -	 0,2	mg/L	***	

92	 Heptachlor	epoxide	 -	 -	 0,0002	mg/L	***	

93	 Haloacetic	acids	 -	 -	 0,060	mg/L	***	

94	 Glyphosate	 -	 -	 0,7	mg/L	***	

95	 Fluoride	 -	 -	 4	mg/L***	

96	 Ethylbenzene	 -	 -	 0,7	mg/L***	

97	 Ethylene	dibromide	 -	 -	 0,00005	mg/L	***	

98	 Endrin	 -	 -	 0,002	mg/L	***	

99	 Endothall	 -	 -	 0,10	mg/L	***	

100	 Diquat	 -	 -	 0,02	mg/L	***	

101	 Dioxin	 -	 -	 0.00000003	mg/L	
***	

102	 Dinoseb	 -	 -	 0,007	mg/L	***	

103	 Di(2-ethylhexyl)	phthalate	 -	 -	 0,006	mg/L	***	

104	 Di(2-ethylhexyl)	adipate	 -	 -	 0,4	mg/L	***	

105	 1,2-Dichloropropane	 -	 -	 0,005	mg/L	***	

106	 Dichloromethane	 -	 -	 0,005	mg/L	***	

107	 Cis-1,2-Dichloroethylene	

Trans-1,2-Dichloroethylene	

-	 -	 0,07	mg/L	(cis)***	

0,1	mg/L	(trans)	
***	
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108	 1,1-Dichloroethylene	 -	 -	 0,007	mg/L	***	

109	 1,2-	Dichloroethane	 -	 -	 0,005	mg/L	***	

110	 o-Dichlorobenzene	

p-Dichlorobenzene	

-	 -	 0,6	mg/L	(o)	***	

0,075	mg/L	(p)	***	

111	 DBCP	 -	 -	 0,0002	mg/L	***	

112	 Dalapon	 -	 -	 0,2	mg/L	***	

113	 Chlorobenzene	 -	 -	 0,10	mg/L	***	

114	 Chlorine	dioxide	 -	 -	 0,8	mg/L	****	

115	 Chlordane	 -	 -	 0,002	mg/L	***	

116	 Chloramines	 -	 -	 4	mg/L	****	

117	 Carbon	tetrachloride	 -	 -	 0,005	mg/L	***	

118	 Carbofuran	 -	 -	 0,04	mg/L	***	

119	 Barium	 -	 -	 2	mg/L	***	

120	 Asbestos	 -	 -	 7	million	fibers/L	
***	

121	 Alachlor	 -	 -	 0,002	mg/L	***	
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11.6	APPENDIX	F	
Appendix	F1	includes	the	survey,	which	was	distributed	to	124	persons	at	PSU	and	the	smaller	communities	of	
Kenzhekol	and	Leninskiy.	Appendix	F2	displays	a	summary	of	the	results	from	the	survey.		

Appendix	F1	

Survey	

We	want	to	know	about	your	preferences	for	drinking	water,	as	well	as	water	for	cooking,	your	opinion	about	
the	condition	of	the	sewer	system.	

Note	what	type	of	water	is	discussed	when	answering	questions.	

Thank	you	for	participating!	

Definitions	

Standpipe	=	is	a	standpipe	connected	to	a	centralized	pipeline	system.	

Borehole	=	 it	may	 look	 like	a	 riser	 standpipe	outside,	but	 it	 takes	water	directly	 from	 the	ground	and	 is	not	
connected	to	the	piping	system,	and	it	is	drilled	to	the	ground.	

Well	=	it	is	dug.	The	difference	between	a	borehole	and	a	well	is	that	the	borehole	is	drilled	and	usually	deep.	

1.	In	which	part	of	Pavlodar	do	you	live	(circle	the	answer)?	

- Pavlodar	(please	specify	district):	___________________________	
- Leninskiy	
- Kenzhekol	
- Other	(please	specify):_____________________	

	
2.	In	which	house	do	you	live	(circle	the	answer)?	

- A	private	house	
- Multiple	story	residential	building	
- Other	option	(please	specify):	___________________________	

	
3.	How	many	people	live	with	you?	

- 1	(only	me)	
- 2	
- 3	
- 4	
- 5	
- More	than	5	

	

4.	What	source	of	water	do	you	use	to	drink	in	your	family?	

- Tap	water	(not	boiled)	
- Tap	water	(boiled)	
- Filtered	water	
- Standpipe	
- Private	Borehole	
- Public	Borehole	
- Private	well	
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- Public	well	
- Bottled	water	
- Other	source	(please	specify):	_____________________	

	

If	you	boil	or	filter	water,	what	is	the	reason?	

___________________________________________________________________________________________
_________________________________________________________________________	

Questions	5-9	refer	to	the	source	selected	in	question	4.	

5.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quantity	of	water	provided	in	your	family	that	is	used	for	
drinking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

6.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	color	/	transparency	of	the	water	provided	in	your	family,	
which	is	used	for	drinking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

7.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quality	of	the	smell	of	water	provided	in	your	family	that	is	
used	for	drinking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

8.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quality	of	the	taste	of	the	water	provided	in	your	family,	
which	is	used	for	drinking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

9.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	time	spent	on	receiving	the	water	provided	in	your	family,	
which	is	used	for	drinking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

10.	What	source	of	water	do	you	use	for	cooking	in	your	family	(circle	the	correct	answer)?	

- Tap	water	(not	boiled)	
- Tap	water	(boiled)	
- Filtered	water	
- Standpipe	
- Private	Borehole	
- Public	Borehole	
- Private	well	
- Public	well	
- Bottled	water	
- Other	source	(please	specify):	_____________________	

	

If	you	boil	or	filter	water,	what	is	the	reason?	

___________________________________________________________________________________________
_________________________________________________________________________	

Questions	11-15	refer	to	the	source	selected	in	question	10.	

11.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	amount	of	water	provided	in	your	family	that	is	used	for	
cooking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

12.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	color	/	transparency	of	the	water	provided	in	your	family,	
which	is	used	for	cooking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

13.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quality	of	the	smell	of	water	provided	in	your	family,	which	
is	used	for	cooking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	
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14.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quality	of	the	taste	of	the	water	provided	in	your	family,	
which	is	used	for	cooking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

15.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	time	spent	on	receiving	the	water	provided	in	your	family,	
which	is	used	for	cooking	(where	1	is	very	dissatisfied	and	5	are	very	satisfied)?	

16.	What	kind	of	wastewater	management	is	used	in	your	home?	

- An	indoor	connected	to	a	centralized	system		
- An	indoor,	NOT	connected	to	a	centralized	system	
- Outdoor	toilet	connected	to	a	centralized	system	
- Outdoor	toilet,	NOT	connected	to	a	centralized	system	

- Other	(please	specify):	_____________________________	
	

17.	On	a	scale	of	1	to	5,	how	satisfied	are	you	with	the	quality	of	the	sewage	system	(where	1	is	very	dissatisfied	
and	5	are	very	satisfied)?	

Other	comments:	

____________________________________________________________________	
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Appendix	F2	

The	survey	was	conducted	at	the	Pavlodar	State	University	between	the	28th	of	March	2018	until	the	11th	of	
April	2018.	124	persons	participated	in	the	survey.	The	results	from	the	survey	was	divided	into	six	districts	in	
the	city,	named	1-6,	which	 is	displayed	 in	Figure	F.1	below,	some	smaller	communities	outside	of	 the	city	of	
Pavlodar	 (Leninskiy	&	Kenzhekol)	 and	 rural	 areas.	Two	participants	 lived	 in	 the	city	of	Akzu.	The	distribution	
between	the	different	districts	in	the	city,	rural	areas,	smaller	communities	and	other	cities	is	displayed	in	Table	
F.1	below.		

	

FIGURE	F.1	A	MAP	OVER	PAVLODAR	CITY	DIVIDED	INTO	SIX	AREAS.	PICTURE	TAKEN	WITH	PERMISSION	FROM	SHYNAR	ARYNOVA.	

The	participants	of	the	survey	is	displayed	in	Table	F.1.	The	participants	could	circle	one	or	more	sources	of	water	
used	for	drinking	and	cooking	purposes.	Most	commonly	one	source	was	circled,	however	some	participants	
circled	more.			

TABLE	F.1	THE	DISTRIBUTION	OF	PARTICIPANTS	OF	THE	SURVEY.	

Area	 Participants	

District	1	 13	

District	2	 8	

District	3	 21	

District	4	 26	

District	5	 13	

District	6	 8	

Unspecified	district	in	Pavlodar	 2	
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Leninskiy	 20	

Kenzhekol	 7	

Other	Areas	 6	

Total	 124	

District	1	
13	of	the	participants	in	the	study	lived	in	District	1.	The	majority	lived	in	multiple	story	houses.	It	is	most	common	
that	the	family	consists	of	three	or	four	persons.	Only	one	of	the	participants	used	the	tap	water	directly	without	
any	treatment.	The	other	participants	boiled	and/or	filtered	it.	One	of	the	participants	used	bottled	water	for	
drinking	water	purposes.	The	people	in	the	district	were	generally	satisfied	with	the	smell,	taste,	color,	quantity	
and	the	time	to	collect.	The	reason	for	the	extra	treatment	was	mainly	for	safety	purposes.	One	mentioned	that	
the	water	from	the	tap	was	dirty	and	the	distribution	pipes	were	dirty.	

All	the	participants	of	the	district	have	an	indoor	toilet	connected	to	the	centralized	system.	They	are	generally	
satisfied	with	the	wastewater	management	and	gave	it	a	3.5	out	of	5	in	average.		

District	2	
8	of	the	participants	in	the	study	lives	in	District	2.	The	majority	of	the	participants	lived	in	multiple	story	houses.	
It	is	most	common	that	two	or	three	persons	live	together.	One	of	the	participants	used	ozonized	water	for	both	
drinking	and	cooking	purposes.	Like	District	1,	 the	participants	treat	the	water	 for	drinking	purposes	by	filter	
and/or	boiling.	The	participants	were	generally	satisfied	with	the	quality	in	terms	of	smell,	taste	and	color.	The	
majority	graded	smell,	taste	and	color	for	the	boiled	water	at	3	on	a	scale	from	1-5.	For	cooking	purposes	the	
majority	used	unboiled	tap	water	(4)	and	filtered	water	(3).	The	participants	gave	the	water	sources	a	high	grade.	

Most	participants	from	District	2	were	generally	satisfied	with	their	wastewater	management.	However,	there	
was	one	participant	who	had	an	indoor	toilet	which	was	not	connected	to	the	centralized	system.	This	participant	
was	not	satisfied	with	the	arrangement.		

District	3	
21	of	the	participants	in	the	study	lived	in	District	3.	Everyone	lived	in	multiple	story	houses.	It	is	most	common	
to	live	either	two	or	three	people	together.	A	clear	majority	used	filtered	water	for	drinking	water	purposes,	and	
are	generally	satisfied	with	the	quality,	quantity	and	timing.	As	with	the	previous	districts,	only	few	people	drink	
the	water	directly	from	the	tap	without	any	additional	treatment.	The	reason	for	the	additional	treatments	are	
to	get	rid	of	microbes	and	bacteria	but	is	also	to	remove	chlorine	from	the	water.	Some	other	responses	were	
that	the	additional	treatment	was	because	the	water	is	of	bad	quality	and	to	get	it	transparent.		

For	cooking,	boiled-,	unboiled	and	filtered	water	are	used	in	the	district.	The	reason	for	the	additional	treatment	
in	the	district	is	to	get	rid	of	chlorine	and	that	the	treated	water	is	more	safe.	The	participants	were	generally	
satisfied	with	all	the	water	sources	for	cooking.		

All	of	the	participants	in	District	3	are	connected	to	the	centralized	sanitation	system	and	are	satisfied	with	it.	

District	4	
26	of	the	participants	in	the	survey	lived	in	District	4	in	multiple	story	houses.	It	 is	most	common	to	live	four	
people	together.	The	majority	of	the	participants	used	either	boiled	tap	water	or	filtered	water	for	drinking	water	
purposes.	 Generally,	 the	 participants	were	 satisfied	with	 the	 quality	 of	 the	water	 sources	 used	 for	 drinking	
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purposes.	However,	as	with	 the	previous	districts,	additional	 treatments	were	performed	to	kill	bacteria	and	
microbes	and	to	get	rid	of	chlorine.	For	cooking,	the	participants	only	used	unboiled-,	boiled-	and	filtered	water.	
The	water	is	treated	prior	to	cooking	for	safety	reasons	and	to	get	rid	of	chlorine.	The	participants	are	generally	
satisfied	with	all	of	the	water	sources	used	for	cooking	purposes.		

All	of	the	participants	in	District	4	are	connected	to	the	centralized	sanitation	system	and	are	satisfied	with	it.		

District	5	
13	of	the	participants	from	the	surveys	lived	in	District	5.	The	majority	of	the	participants	lived	in	multiple	story	
houses	and	only	one	lived	in	a	private	house.	It	is	most	common	to	live	either	two	or	three	persons	per	home.	
Filtered	water	and	boiled	tap	water	were	commonly	used	for	drinking	purposes.	The	most	common	reason	for	
treating	 the	water	 prior	 to	 drinking	 is	 to	 kill	 bacteria	 and	 to	 get	 cleaner	water.	One	of	 the	 participants	was	
concerned	regarding	the	state	of	the	distribution	pipes.	However,	the	participants	were	generally	satisfied	with	
their	drinking	water	source.	The	water	used	for	cooking	purposes	were	boiled	tap	water	to	a	high	extent.	The	
reason	for	treating	the	water	before	using	 it	 for	cooking	purposes	were	to	kill	bacteria	and	remove	chlorine.	
Some	additional	comments	from	the	participants	were	that	the	water	from	the	tap	is	dirty	and	that	they	want	
the	water	to	be	cleaner	and	clearer.		

All	the	participants	were	connected	to	the	centralized	system	and	had	a	toilet	indoors.	They	were	satisfied	with	
the	wastewater	management.	

District	6	
8	of	the	participants	in	the	survey	lived	in	District	6.	The	majority	lived	in	multiple	story	houses	and	only	one	lived	
in	a	private	house.	It	is	most	common	to	live	either	two	or	four	persons	per	home.	The	water	used	for	drinking	
purposes	was	unboiled-,	boiled	and	filtered	tap	water.	The	participants	were	generally	satisfied	with	the	water,	
some	complaints	about	the	taste	and	the	smell	of	the	unboiled	and	boiled	tap	water.	The	water	most	used	for	
cooking	purposes	was	either	unboiled	or	boiled	tap	water,	which	the	participants	deemed	as	satisfying.		

One	person	had	an	outdoor	 toilet	not	 connected	 to	 the	centralized	 system	and	was	not	 satisfied.	The	other	
participants	were	connected	to	the	centralized	system	and	had	an	indoor	toilet,	which	they	were	satisfied	with.	

Kenzhekol	
7	of	the	participants	in	the	survey	lived	in	Kenzhekol.	Out	of	these,	five	participants	lived	in	private	houses	and	
two	in	multiple	story	houses.	The	water	sources	used	in	Kenzhekol	are;	standpipe,	private	borehole,	tap	water	
and	bottled	water.	Some	of	the	participants	treated	their	water	prior	to	drinking,	like	boiling	the	water	or	filtering	
it.	The	reason	for	the	additional	treatments	were	to	remove	microorganisms	and	other	impurities	in	the	water.	
The	same	water	sources	were	used	by	the	participants	for	cooking	purposes.		

The	wastewater	management	differed	from	the	districts	of	Pavlodar.	Only	two	of	the	participants	had	an	indoor	
toilet	 connected	 to	 the	 centralized	 system,	 and	 they	 were	 not	 satisfied	 with	 the	management.	 One	 of	 the	
participants	had	an	indoor	toilet	not	connected	to	the	centralized	system,	which	the	participant	was	happy	with.	
The	rest	of	the	participants	had	an	outdoor	toilet,	which	they	were	neither	satisfied	nor	unsatisfied	with.		

Leninskiy	
20	of	the	participants	in	the	survey	lived	in	Leninskiy,	where	19	lived	in	multiple	storage	houses	and	one	in	a	
private	house.	The	most	commonly	used	source	of	water	was	bottled	water	and	water	from	a	private	borehole.	
Some	filtered	the	water	as	well.	Some	of	the	participants	complained	about	sludge	in	the	water	and	that	they	
used	bottled	water	 for	 safety	 reasons.	Bottled	water	and	water	 from	a	private	borehole	were	also	 the	most	
common	water	sources	used	for	cooking	purposes.		
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Some	of	the	participants	had	an	indoor	toilet,	where	seven	were	connected	to	the	centralized	system	and	one	
was	not.	The	participants	that	had	an	indoor	toilet	were	satisfied	with	it.	The	rest	of	the	participants	had	an	
outdoor	toilet	not	connected	to	the	centralized	system.	The	participants	were	generally	not	satisfied	with	the	
outdoor	toilet	but	gave	no	comments	to	why.	One	of	the	participants	in	the	survey	was	waiting	to	be	
connected	to	the	centralized	system.	

Other	

The	last	group	are	those	who	did	not	write	an	address	or	district	other	than	Pavlodar,	some	rural	areas	and	the	
city	of	Akzu.	These	are	combined	8	participants	of	the	survey.	Out	of	these	eight	participants,	four	lived	in	private	
houses	while	the	other	four	lived	in	multiple	story	houses.	The	households	consisted	of	more	than	5	persons	in	
general.	 The	 water	 used	 was	 most	 often	 filtered	 water	 and	 water	 from	 a	 private	 borehole.	 In	 the	 private	
borehole,	2	were	very	satisfied	with	it	and	one	was	unsatisfied.	The	one	who	was	unsatisfied	said	that	the	water	
was	too	salty	and	dirty.	And	the	water	needed	to	be	boiled	prior	to	using	it.	Other	reasons	for	treating	the	water	
prior	to	using	it	are	to	kill	bacteria	and	because	there	is	too	much	chlorine.		

The	water	used	for	cooking	was	most	often	filtered	water	and	boiled-	and	unboiled	tap	water.	The	reasons	for	
treating	the	water	prior	to	usage	was	the	same	as	for	the	water	used	for	drinking.	The	participants	were	generally	
satisfied	with	the	water	for	cooking	purposes.	

The	majority	of	the	participants	have	indoor	toilets	which	are	connected	to	the	centralized	system	and	are	happy	
with	it.	One	participant	had	an	indoor	toilet	which	was	not	connected	to	the	centralized	system,	which	it		was	
content	with.	Two	participants	had	an	outdoor	toilet	which	is	not	connected	to	the	centralized	system,	one	was	
very	satisfied	and	one	was	not	satisfied	at	all.		

Generally	
The	majority	of	the	participants	of	the	survey	were	connected	to	the	centralized	water	distribution	system	and	
used	the	water	from	the	tap.	However,	the	majority	of	the	participants	treated	the	tap	water	before	use,	either	
by	boiling	and/or	 filtering	 it.	The	primary	 reason	 for	 treating	water	prior	 to	use	was	 to	 remove	bacteria	and	
microbes	or	other	contaminants	in	the	water.	Also,	many	of	the	participants	mentioned	that	the	water	smelled	
and	 tasted	 too	much	of	chlorine.	Extra	 treatment	 for	 safety	and	health	was	also	a	common	comment	 in	 the	
survey.	Some	also	said	that	the	water	from	the	tap	was	dirty	and	some	mentioned	that	they	did	not	trust	the	
system.	

Summary	
It	 is	 clear	 from	 the	 survey	 that	 the	 inhabitants	 use	 the	 tap	 water	 for	 both	 drinking	 and	 cooking	 purposes.	
However,	the	majority	of	the	participants	treat	the	water	either	by	boiling	and/or	filtering	the	water	prior	to	
usage. 	
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11.7	APPENDIX	G	

	

FIGURE	G.1	AND	G2.	FIGURE	G.1	(TOP)	DISPLAYS	THE	DISTRIBUTION	OF	DRINKING	WATER	IN	PAVLODAR	CITY.	FIGURE	G.2	(BOTTOM)	
DISPLAYS	THE	WASTEWATER	DISTRIBUTION.	 	
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11.8	APPENDIX	H		
Table	H.1	 below	displays	 an	 excerpt	 of	 the	 2015	 budget	 and	 result	 for	Gorvodokanal.	Table	H.2	displays	 an	
excerpt	of	the	2016	budget	and	results.	

TABLE	H.1.	AN	EXCERPT	OF	THE	BUDGET	AND	RESULT	FOR	GORVODOKANAL	2015	(GORVODOKANAL	PAVLODAR,	2015).	

Parameters	 Unit	 Budget	 Result	 Percentage	
Difference	

Causes	abnormalities	

Drinking	Water	Facility	Costs	

Raw	 materials,	
fuels,	 lubricants,	
heat	power	

Tenge	103	 118268.3	 113547.7	 -4.0	 Quality	of	raw	water	source	and	other	external	
condition	 changes	 the	 use	 of	 materials	 in	 the	
treatment	process.		

Electricity	 Tenge	103	 316190.0	 247623.5	 -21.7	 Modernization	of	the	pumping	equipment.	

Labour	costs	 Tenge	103	 294592.7	 287096.0	 -2.5	  

Depreciation	 Tenge	103	 63069.9	 60162.9	 -4.6	 Performance	of	the	investment	program.	

Repairs	 Tenge	103	 34307.6	 52548.3	 53.2	  

Other	costs	 Tenge	103	 29905.9	 29150.6	 -2.5	  

Period	costs	 Tenge	103	 34092.5	 34418.4	 1.0	 Due	 to	 increased	 amount	 of	 population	 with	
meters.	Requires	maintenance.		

Total	cost	 Tenge	
103	

890426.9	 824547.4	 -7.4	  

Wastewater	Facility	Costs	

Raw	 materials,	
fuels,	 lubricants,	
heat	power	

Tenge	103	 44854.0	 41996.6	 -6.4	 Reduced	 the	 consumption	 of	 coal	 due	 to	
modernization	of	the	boiler.	

Electricity	 Tenge	103	 244830.7	 202806.6	 -17.2	 Modernization	of	pumping	equipment.	

Labour	costs	 Tenge	103	 309458.5	 301837.9	 -2.5	  

Depreciation	 Tenge	103	 64711.3	 61745.0	 -4.6	  

Repairs	 Tenge	103	 31281.7	 34334.4	 9.8	 Repairs	required.	

Other	costs	 Tenge	103	 48739.1	 36169.2	 -25.8	 Reducing	 the	 volume	 of	 emissions,	 discharges	
and	 waste	 into	 the	 environment	 due	 to	 more	
efficient	treatment.		

Period	costs	 Tenge	103	 76	064.1	 75172.2	 -1.2	  
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Total	cost	 Tenge	
103	

819939.4	 754062.1	 -8.0	  

	 	Income	Drinking	Water	and	Wastewater	

Drinking	water	 Tenge	103	 917741.8	 846938.8	 -7.7	 	Implementation	of	meters	

Wastewater	 Tenge	103	 969564.5	 858385.2	 -11.5	 Less	water	disposal	

Profits	

Drinking	water	 Tenge	103	 27314.9	 22391.4	 -18.0	  

Wastewater	 Tenge	103	 149625.1	 104323.1	 -30.3	  

Total	profit	 Tenge	
103	

176940.0	 126714.5	 -28.4	  

	

	
	

TABLE	H.2	AN	EXCERPT	OF	THE	BUDGET	AND	RESULT	FOR	GORVODOKANAL	2016	(GORVODOKANAL	PAVLODAR,	2017).	

Parameters	 Unit	 Budget	 Result	 Percentage	
Difference	

Causes	abnormalities	

Drinking	Water	Facility	Costs	

Raw	 materials,	
fuels,	 lubricants,	
heat	power	

Tenge	103	 97	539.1	 94	940.2	 -2.7	 Change	 in	 water	 treatment	 technology,	
measures	for	efficient	use	of	fuel	and	lubricants.	

Electricity	 Tenge	103	 300	765.1	 254	426.1	 -15.4	 Modernization	of	the	pumping	equipment.	

Labour	costs	 Tenge	103	 295	083.5	 272	465.4	 -7.7	 Optimization	of	the	number	of	staff.	

Depreciation	 Tenge	103	 70	429.9	 70	330.2	 -0.1	 Performance	of	the	investment	program.	

Repairs	 Tenge	103	 19	915.2	 21	438.6	 7.6	 Due	to	repair	work	in	accordance	with	the	time	
plan.	

Other	costs	 Tenge	103	 37	361.0	 38	155.3	 2.1	  

Period	costs	 Tenge	103	 101	022.2	 100	658.2	 -0.4	  

Total	cost	 Tenge	
103	

922	116.0	 852	414.0	 -7.6	  

Wastewater	Facility	Costs	

Raw	 materials,	
fuels,	 lubricants,	
heat	power	

Tenge	103	 55	072.5	 52	416.0	 -4.8	 Reduced	 the	 consumption	 of	 coal	 due	 to	
modernization	of	the	boiler.	
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Electricity	 Tenge	103	 252	536.8	 218	840.9	 -13.3	 Modernization	of	pumping	equipment.	

Labour	costs	 Tenge	103	 357	947.1	 330	557.1	 -7.7	 Lack	of	qualified	potential	employees.	

Depreciation	 Tenge	103	 71	275.7	 70	876.1	 -0.6	 Performance	of	the	investment	program.	

Repairs	 Tenge	103	 69	211.4	 71	310.3	 3.0	 Due	to	repair	work	in	accordance	with	the	time	
plan.	

Other	costs	 Tenge	103	 56	798.4	 45	398.6	 -20.1	 Reducing	 the	 volume	 of	 emissions,	 discharges	
and	 waste	 into	 the	 environment	 due	 to	 more	
efficient	treatment.		

Period	costs	 Tenge	103	 76	604.0	 76	221.4	 -0.5	  

Total	cost	 Tenge	
103	

939	445.9	 865	620.4	 -7.9	  

Income	Drinking	Water	and	Wastewater	

Drinking	water	 Tenge	103	 997	700.4	 970	702.2	 -2.7	 		

Wastewater	 Tenge	103	 939	445.9	 865	645.5	 -7.9	  

Profits	

Drinking	water	 Tenge	103	 75	584.4	 118	288.0	 56.5	  

Wastewater	 Tenge	103	 0	 25.0	   

Total	profit	 Tenge	
103	

75	584.4	 118	313.0	 56.5	  
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11.9	APPENDIX	I		
A	relations	diagram	was	conducted	in	order	to	depict	the	critical	factors	regarding	an	expansion	of	the	water	
system.	

	

 


	Blank Page
	Blank Page


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: none
     Shift: move right by 11.34 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
     Fixed
     Right
     11.3386
     0.0000
            
                
         Odd
         139
         AllDoc
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     32
     138
     136
     69
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: none
     Shift: move left by 11.34 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
     Fixed
     Left
     11.3386
     0.0000
            
                
         Even
         139
         AllDoc
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     33
     138
     137
     69
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: none
     Shift: move up by 2.83 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
     Fixed
     Up
     2.8346
     0.0000
            
                
         Even
         139
         AllDoc
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     33
     138
     137
     69
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move up by 2.83 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
     Fixed
     Up
     2.8346
     0.0000
            
                
         Both
         139
         CurrentPage
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     55
     138
     55
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: current page
     Trim: none
     Shift: move left by 11.34 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
     Fixed
     Left
     11.3386
     0.0000
            
                
         Both
         139
         CurrentPage
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     55
     138
     55
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: none
     Shift: move down by 2.83 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20180817130130
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1258
     364
    
     Fixed
     Down
     2.8346
     0.0000
            
                
         Even
         139
         AllDoc
         153
              

       CurrentAVDoc
          

     None
     5.6693
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     55
     138
     137
     69
      

   1
  

 HistoryList_V1
 qi2base





