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The war in Ukraine continues, and this means that military opera-
tions are taking place on the territory of Europe. It is clear that Europe 
does not need this war at all, European countries are definitely not going 
to attack anyone. But even when you do not expect war, it can come to 
you. It is important to be prepared (history teaches this): "if you want 
peace, prepare for war," the Romans said. But being ready for war is not 
only about having a powerful army and modern weapons. An important 
part of such readiness is to be able to provide the civilian population with 
vital services in an emergency, among which one of the key ones is water 
supply and sanitation.

When bombs fall on peaceful cities and missiles attack infrastructure 
facilities, there will be no time for reflection and planning. It is necessary 
to act as quickly as possible according to clearly worked out algorithms, 
methods, recommendations. But there is no experience of water utilities 
operating in such conditions since the Second World War.

Ukrainian water utilities have already passed a certain way of gain-
ing such experience. The confusion and uncertainty of the first days of 
the war were replaced by steadfastness, unity, mutual assistance, and 
clear planning of actions.

The Ukrainian water supply industry has survived thanks to the 
courage and dedication of water utility workers. We were strongly sup-
ported by foreign friends and partners from almost all over the civilized 
world. We express our sincere gratitude to the teams of water utilities 
that are actively involved in the restoration of damaged and destroyed 
infrastructure facilities of the industry. This restoration would not have 
been possible without the active assistance of international donor and 
humanitarian organizations, as well as without the volunteer assistance 
of business representatives.

Therefore, it is now important to work out the experience of water 
utilities of Ukraine to take it into account in the work of water supply 
enterprises of the countries targeted by racism

These recommendations are a joint work of many collectives of 
Ukrainian enterprises, summarized by the Institute of Municipal Infra-
structure.

We have summarized our experience of working in the conditions 
of war and want to pass it to all countries that are under the potential 
threat of war. We sincerely hope that they will not need this experience 
in the near future, but it is better to be prepared for anything.

INTRODUCTION
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1. STATE OF WATER SUPPLY/WATER 
DRAINAGE SYSTEMS BEFORE THE START 
OF MILITARY OPERATIONS IN UKRAINE

Water resources are distrib
uted extremely unevenly across 
the territory of Ukraine: the 
western, northern, and central 
parts are generally provided 
with a sufficient amount of 
water whereas the southern and 
eastern ones face water short
age. Most of the water used in 
centralized water supply sys
tems comes from surface sour
ces, and the rest from under
ground ones. To transport water 
by redistributing the flow of 
rivers to supply water over long 
distances, a number of canals 
and main aqueducts (Dnipro – 
Donbas, Dnipro – Inhulets, 
Dnipro – Kryvyi Rih, Siverskyi 
Donets – Donbas, Kakhovsky 
mainline, North Crimean) as 
well as reservoir storages were 
built (Kyiv, Kaniv, Kremenchuk, 
Kakhov, Petropavlovsk, Dnie
ster, etc.).

The main amounts of water 
(about 80 %) are taken from 
the Dnipro River and its basin 
as well as from the Southern 
and Western Buh, Siverskyi 
Donets, Dniester, Danube, etc. 
rivers; in the Carpathians water 
is taken from some mountain 
rivers (Tysa, Prut, Black Che re
mosh). In some regions, only 
underground water is involved 
in centralized water supply sys
tems, but in others mixed water 
supply (surface and under
ground water) is used. At that, 
the situation varies greatly in 
individual regions. In five re
gions (Volyn, Lviv, Rivne, Sumy 
and Chernihiv) only groundwa

ter is used. In Ternopil region, 
the share of groundwater in 
the total amount of water in
volved in water supply systems 
is approximately more than 
99 %, and in Kherson region 
it equals to 99 %. In two other 
regions (Khmelnytskyi region 
and Zakarpattia), this meas
ure reaches values of 85 % and 
77 %, respectively. More than 
50 % of groundwater is used in 
Kyiv (58 %) and Poltava (52 %) 
regions, and 48 % in Luhansk 
region. The smallest share of 
underground water (and there
fore the largest one of surface 
water) is present in the water 

supply systems of Dnipropet
rovsk (1 %), Donetsk (6 %) as 
well as Kirovohrad and Kharkiv 
regions – a little more than 9 
%, and the city of Kyiv – ca. 9 
%. In other regions, the appro
ximate value of this measure 
is as follows: in Vinnytsia – 
21 %, Zhytomyr – 13 %, 
Zaporizhzhia – 19 %, Ivano 
Frankivsk – 11 %, Mykolaiv – 
15 %, Odesa – 22 %, Cher
kasy – 24 %, Chernivtsi – 18 %. 
The national average rate of use 
of water from surface sources 
in water supply systems (as of 
2020) is approximately 75 % to 
76 %.

1.1.  NATURAL SOURCES INVOLVED IN THE CENTRALIZED  
WATER SUPPLY IN UKRAINE
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Until now, in Ukraine, the 
main regulatory document 
to establish quality of drin
king water is the State sanitary 
rules and regulations DSanPiN 
2.2.4–171–10 “Hygienic re
quirements for drinking water 
intended for human consump
tion”, so it is precisely to fulfil 
its requirements that drinking 
water treatment technologies 
are aimed.

Characteristic problems of 
groundwater treatment for 
drinking purposes in Ukraine 
are associated with the presence 
of compounds of iron, man
ganese, ammonium, mineral 
salts, including hardness, and 
fluorine (in some regions). 
Iron compounds are among the 
most widespread pollutants of 
groundwater almost through
out the country, and their con
centration varies in a very wide 
range (from 0.5 to 20 mg/l, most 
often 1 to 5 mg/l); the maxi
mum permissible iron content is 
set at the level of ≤ 0.2 mg/l.

In Soviet times, factory 
made metal filters were used 
to implement the process of 
deironing water at small water 
intakes (up to approximately 
8,000 m³/day); appropriate 
structures with a capacity of 
more than 10,000 m³/day were 
built in reinforced concrete. 
At the plants built later mainly 
metal filters are used, both in 
nonpressure (for example, 
the iron removal station at 
“Budzeny2” PS of Lvivvo
docanal LCUC) and pressure 
versions (for example, the iron 
removal station in the town of 
Irpin).

Purification of underground 
water from other substandard 
ingredients (compounds of 
manganese, fluorine, hardness 
etc.) is not virtually carried out 

at water treatment plants of 
centralized water supply in our 
country, although appropriate 
methods have been developed. 
This is due to the fact that, 
taking into account the high 
financial costs of implementing 
the specified technologies, con
ditioning the entire amount of 
water according to the specified 
parameters in industrial condi
tions is considered impractical. 
In such cases, it is better to use 
individual or collective plants 
for water treatment inten ded 
only for drinking and food 
needs.

For the treatment of surface 
water in Ukraine, a technologi
cal scheme is mostly used which 
includes three main stages: coa
gulation, filtration and disin
fection. In some places, a stage 
of pretreatment (preaeration, 
rotating drums, mesh micro 
filters) was provided to reduce 
the load on the main treatment 
facilities.

The twostage scheme of wa
ter treatment (volumetric coa
gulation in horizontal clarifiers 
followed by filtration on fast 
filters) remains the most com
mon to date. At water treatment 
plants of small capacity (up 
to 20,000 m³/day) the follow
ing technological schemes are 
mainly implemented: two stages 
of filters; settling tanks – filters; 
clarifiers with suspended layer – 
filters.

The technological scheme of 
“clarifiers with a suspended layer – 
fast filters” is used more widely at 
household water supply sta
tions of small capacity, because 
since the end of the 60ies it has 
been the only typical solution 
for these stations. With stable 
water quality in the surface 
source, they function efficiently 
enough. However, according to 

the existing experience of ope
rating these structures in the 
western regions of the country, 
they are not suitable for local 
conditions and need to be re
placed with settling tanks.

At water treatment plants 
of medium and large capacity 
(over 25,000 m³/day), a two
stage purification scheme is 
mainly used, namely “horizon
tal settling tanks – fast filters”. 
According to this scheme, water 
passes the following treatment 
stages:
primary chlorination  mixing 
with coagulant  sedimentation 
 filtration on rapid filters  final 
disinfection (secondary chlorina-
tion) before discharging into clean 
water tanks  then the water enters 
the water pipes and water distribu-
tion network.

In principle, such a techno
logical scheme of water treat
ment is quite effective, but due 
to seasonal fluctuations in the 
quality of surface water and in 
the absence of any uptodate 
highly effective reagents and 
means of protection against 
hydrobionts at water treatment 
plants, it is not always possible 
to ensure the normal operation 
of facilities and guaranteed 
quality of drinking water. The 
most unfavourable periods of 
the year for many surface water 
intakes are winter, when be
cause of low water temperature 
it is not possible to effectively 
implement the coagulation 
process, and summer, when 
massive growth of phytoplank
ton takes place (during floods 
the load on sewage treatment 
plants also increases greatly).

At the same time, it should 
be noted that such a techno
logical scheme turns out to be 
inadequate taking into account 
the regulatory requirements 

1.2.  TECHNOLOGIES OF DRINKING WATER TREATMENT IN UKRAINE
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for the permanganate oxidiz
ability index (5 mg/l), at least 
for the vast majority of water 
intakes of the Dnipro river, 
because the Dnipro water is 
enriched with natural humic 
substances which cause the 
high colouration of the water 
and which difficult to remove, 
even with high doses of coa
gulant. In order to achieve 
the established standard in 
certain periods (which can be 
long enough), it is necessary to 
arrange an additional stage of 
treatment to reduce the con
tent of organic substances.

So, regarding technological 
processes of water treatment 
at water treatment plants of 
Ukraine, the following main 
problems should be noted. The 
issues of pretreatment of water 
to reduce the load on the main 
treatment facilities are solved al
most nowhere. Even drum micro 
filters built in some places to re
move phytoplankton have failed 
due to design flaws and poor 
quality material and are not in 
use. Facilities for the treatment 
of flushing water and sediments 
virtually do not perform their 
main function anywhere, only at 

some water treatment plants the 
flushing water settles for several 
hours before being discharged 
into reservoirs, there are no 
facilities for treating sediments 
at all. Due to constant under
fun ding, imperfect state policy 
and legal framework, the system 
of tariff formation and other 
unsettled issues in the sphere 
of drinking water supply (and 
drainage), the technical condi
tion of water treatment facilities 
and technological processes of 
water treatment remains ex
tremely far from the stateof
theart European level.

1.3.  DISINFECTION OF WATER

When assessing the risks 
of effect of drinking water on 
the health of the population, 
microbiological indicators are 
of the greatest significance, 
because the danger of diseases 
from microbiological water 
pollution is several thousand 
times higher than when water 
is polluted by chemical com
pounds of various natures, i.e. 

drinking water intended for hu
man consumption shall prima
rily be reliably disinfected.

In Ukraine until now the vast 
majority of domestic drinking 
water supply utilities use gase
ous chlorine, which requires 
special safety measures and 
strict compliance with techno
logical standards any violation 
of which can lead to serious 

consequences. Chlorine enters 
water treatment plants in a li
que fied state in metal cylinders 
(with a capacity of 25–40 to 
100 kg), from where it is fed to 
chlorinators for the preparation 
of “chlorine water” which is 
used for water treatment (disin
fection).

Some water stations use 
sodium hypochlorite solution 
for water disinfection, which is 
produced either chemically or 
directly at the site of applica
tion using electrolysis plants.

In industrial conditions, 
sodium hypochlorite solution 
is obtained by chlorination of 
sodium hydroxide solution. 
Usually, such a solution can 
contain from 70–100 to 185
200 g/l of active chlorine. This 
product is delivered to water 
treatment plants in a finished 
form and stored in a warehouse. 
Such highly concentrated solu
tions of sodium hypochlorite 
are very aggressive due to high 
pH values, and their working 
solutions are not stable and lose 
their activity over time.

A more convenient method 
of obtaining sodium hypochlo
rite is the electrolysis of sodium 
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chloride solution (common 
salt), which can be imple
mented directly at the place of 
application of the reagent; the 
resulting sodium hypochlorite 
solutions are less concentrated 
(active chlorine content is 6 
to 8 g/l). This method is safer, 
first of all, because there is no 
need for the transportation of 
the reagent, its further storage 
in specially arranged rooms, 
preparation of working solu
tions etc. Electrolysers produce 
sodium hypochlorite solution 
as needed, which reduces the 
rate of product decomposition 
to less than 0.1 % per month.

The use of electrolysis plants 
is also an unambiguous solution 
to the problem of additional 
chlorination of water in rather 
long distribution networks of 
the city.

However, the use of sodi
um hypochlorite practically 
does not solve the problem of 
preventing formation of tri
halomethanes (THM) in the 
processing water.

Another chlorinecontaining 
reagent that can be used as an 
alternative to gaseous chlorine 
is chlorine dioxide. However, 
this reagent is explosive under 
pressure, which complicates 
greatly its transportation (it is 

usually produced at the point 
of use in the form of an aqueous 
solution or gas). In addition, 
among the byproducts of the 
synthesis of chlorine dioxide 
chlorates are present content 
of which in drinking water is 
limited.

The advantages of using chlo
rine dioxide compared to gase
ous chlorine include: a much 
higher oxidizing capa city which 
allows the use of smaller doses 
of the reagent, the absence of 
THM byproducts as well as the 
ability to prevent the forma
tion of a “bio film” on the inner 
surface of water pipes, tanks and 
other equipment; this film leads 
to deterioration of the organo
leptic indicators of water and 
the probability of its secondary 
contamination; its disadvan
tages are as follows: the rather 
high cost of the equipment and 
reagents for its production, the 
probability of recovery by the 
substances present in the water 
to the original component 
(sodium chlorite), and the low 
maximum permissible concen
tration of the reagent which 
requires high accuracy of dos
ing with the use of uptodate 
automated equipment.

Until recently, the experi
ence of using chlorine dioxide 

for the disinfection of drinking 
water in Ukraine was limited to 
Chornomorskvodocanal utility. 
But in 2021, after longterm 
research, a chlorine dioxi
de production workshop was 
built at the Dnipro waterworks 
in Kyiv (Kyivvodocanal PJSC 
utility) and water disinfection 
technology with this reagent 
was introduced. According to 
the representatives of the water 
company, “... the year of operation 
of the water disinfection system 
with chlorine dioxide showed that 
the water meets the standards for all 
chemical and microbiological indica-
tors both at the exit from the station 
and at the control points. This is 
an effective method of disinfection 
with the absence of organochlorine 
compounds and secondary pollu-
tion. Dioxide provides a prolonged 
after-effect in the fight against bio 
fouling and bio film in the distribu-
tion water network, and it is also 
more effective against bacteria and 
viruses than chlorine”.

Therefore, the choice of a 
specific method of water dis
infection shall be carried out 
for each specific facility on the 
basis of technical and economic 
comparison. At the same time, 
it should be taken into account 
that chlorine dioxide can pro
vide a longer, prolonged effect.

1.4.  TECHNOLOGIES OF WASTE WATER AND SEDIMENTS TREATMENT
The situation with centra

lized drainage in Ukraine is 
much worse than with water 
supply. First of all, it con
cerns the general indicators of 
provision of sewage services in 
settlements. According to the 
National Report on the qua
lity of drinking water and the 
state of drinking water supply 
in Ukraine in 2020, centralized 
water drainage was provided 
in about 97 % of the towns and 
cities (in 14 settlements it is 

absent completely), 64 % of 
small towns and 1.8 % of rural 
settlements; for centralized 
water supply, these indicators 
were as follows: 99 % (absent 
in 4 towns and cities), 91 % and 
27 %, respectively. Therefore, 
centralized drainage systems 
and sewage treatment facilities 
are virtually absent in rural 
areas. In combination with the 
virtually complete absence 
of regulatory documents for 
decentralized systems, this has 

led to a situation in which leaky 
cesspools are widely used in ru
ral areas, from where pollution 
is directly filtered into the soil. 
In addition, even in the case of 
centralized sewage in the settle
ment, the owners of houses (as 
well as private hotels, estates, 
etc.) do not join it due to their 
reluctance to bear the costs of 
connection and subsequent 
payment for drainage services.

Most of the sewage treatment 
plants (STPs) were designed 



9

WATER SUPPLY/DRAINAGE SYSTEMS BEFORE THE WAR

and built back in the times of 
the former USSR (in the 60ies 
to 80ies of the last century) 
according to outdated con
struction standards and using 
technological solutions that 
existed at that time. As a result, 
it is now impossible to ensure 
today’s quality requirements 
for treated waste water at many 
sewerage facilities, both due to 
their physical wear and tear, the 
need for major repairs, moder
nization, replacement of struc
tures and equipment, and due 
to the actual inadequacy of the 
treatment technologies avail
able at the STPs. At the same 
time, the greatest bottleneck at 
almost all STPs is sludge pro
cessing. In Ukraine, to date, a 
complete cycle of sewage sludge 
treatment has not been built at 
any WWTP. Since Soviet times, 
mechanical dehydration has 
been used at individual stations, 
later facilities were built to 
obtain methane in some places, 

but the insufficient efficiency 
of the structures led to the fact 
that they needed more gas than 
they could produce. At the same 
time, at the vast majority of 
STPs, accumulation of sludge 
(for dewatering at sludge sites) 
continues without further dis
posal.

About 96 % of the total 
amount of diverted sewage is 
treated on average in the coun
try, at that almost 92 % goes 
through the stage of biologi
cal treatment, and only 7 % is 
additionally treated at sewage 
treatment plants.

1.5.  WATER TRANSPORTATION AND DISTRIBUTION SYSTEMS

Systems of transportation 
and distribution of drinking 
and waste water (water pipes, 
collectors, and distribution 
networks) in Ukraine have been 

for a long time the most critical 
element of centralized water 
supply and drainage systems. 
Renovation operations in this 
area are carried out at such a 

low rate (if they are carried 
out at all) that any obviously 
positive effect over the years is 
not observed. There are many 
reasons for this situation, but 
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the main one is the lack of ne
ces sary funding.

The longest pipeline systems 
of centralized water supply are 
operated in Dnipropet rovsk 
(about 14.8 thousand km), 
Zaporizhzhia (9.3 thou
sand km), Odesa (9.2 thou
sand km), Mykolaiv and Kher
son (7.1 thousand km each), 
and Kharkiv (6.6 thousand km) 
regions. In 2020, the state of 
the water distribution system 
was assessed as critical: re
placement due to dilapidation 
and emergencies was needed in 
Volyn (56 %), Kharkiv (49 %), 
Lviv (45 %), and Kirovohrad 
(42 %) regions as well as in 
Kyiv (47 %); in other ones from 
20 to 40 % of pipes needed 
replacement.

The situation is even more 
critical in the distribution net
works of the centralized drain
age system: in 2020, replace
ment was needed in Kharkiv 
(65 %), Zaporizhzhia and Volyn 
(55 % each), and Odesa (46 %) 
regions; in other ones from 30 
to 50 % of pipes needed re
placement.

So, summarizing the above, it 
should be noted that before the 
start of military operations, the 
centralized water supply and 
drainage systems of Ukraine 
were characterized by the fol
lowing key features:

• Substantial wear and tear 
of the fixed assets of the 
systems as a result of con-
stant under-funding of the 
industry and the inconsis-
tency of tariffs with the real 
cost of services.

• Approximately ¾ of the 
water involved in centra-
lized water supply systems 
is taken from surface 
sources, but the rest – from 
underground.

• The vast majority of 
surface water is treated 
according to a two-stage 
scheme, which does not 
always allow achieving the 
established regulatory re-
quirements, first of all, by 
permanganate oxidizability 
indicator.

• Among the technolo-
gies for the treatment of 
substandard groundwater, 
only de-ironing is wide-
spread. Highly minerali-
zed water is actually not 
treated.

• Liquefied chlorine, less 
commonly commercial 
(ready-made) or electro-
lytic sodium hypochlorite 
are mainly used for water 
disinfection. Recently, 
the active introduction of 
chlorine dioxide has begun, 
in particular, at one of the 
VTP in Kyiv.

• Cities and towns as well 
as 2/3 of rural villages 
are mainly provided with 
centralized drainage, 
but it is almost absent in 
rural areas. Expanding of 
the provision with these 
services was one of the key 
development tasks.

• The vast majority of exis-
ting sewage treatment 
plants provided a full bio-
logical cycle of treatment, 
while there was no full cy-
cle of sediment treatment 
in Ukraine (currently such 
a project is being imple-
mented in Lviv).

• The level of deterioration 
of pipelines in the regions 
of Ukraine reaches 40 to 
56 %, which causes a high 
level of accidents and ex-
tremely high water losses.

• The water supply and 
drainage systems in 
Ukraine, to some or 
another extent, required 
restoration and renovation 
even before the start of the 
hostilities.
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2. THE MAIN CHALLENGES ENCOUNTED 
BY UKRAINIAN WATER SUPPLY/WATER 
DRAINAGE UTILITIES AT THE TIME  
OF THE MILITARY AGGRESSION

Aggressive actions of the 
aggressor on the territory of 
Ukraine, his constant violation 
of the provisions of the Hague 
Convention on the Laws and 
Customs of War, deliberate 
destruction of infrastructure 
facilities and other unpredict
able actions certainly reflected 
on enterprises in the sphere of 
centralized water supply/water 
drainage. Depending on the 
specifics and intensity of mili
tary operations in the region, 
the causes and, accordingly, the 
consequences differed signifi
cantly. Some of the challenges 
are peculiar only to the enter
prises in settlements that were 
directly in the war zone, others 
are typical for all enterprises of 
the water supply and sewerage 
industry.

Kharkivvodocanal utility  
provides centralized water 
supply and drainage services in 
the city of Kharkiv and settle
ments of the Kharkiv region 

(2 towns, 10 small towns and 
13 villages). In 2021, about 86 % 
of the population of Kharkiv 
received services of centralized 
water supply, and about 82 % of 
centralized water drainage. Due 
to intense rocket and artillery 
shelling, the city of Kharkiv and 
populated areas of the region 

suffered significant destruction, 
in particular, 108 life support 
facilities were damaged, 101 of 
them in Kharkiv (some water 
pipes and collectors were des
troyed, which led to a tempo
rary stoppage of water supply 
to some city districts). Since 
the beginning of hostilities, 
employees of Kharkivvodocanal 
utility have been performing 
emergency and restoration 
work on water supply/drainage 
networks and electricity net
works to ensure uninterrupted 
operation of the structures and 
facilities of life support systems.

Since the beginning of the 
Russian military aggression 
Kharkivvodocanal utility found 
itself in a very difficult financial 
situation: the level of payment 
by consumers for the services 
provided by centralized water 
supply and drainage was only 20 
to 30 %.
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Chernihivvodocanal utility 
provides water supply to the 
city of Chernihiv and 9 rural 
settlements nearby. As a result 
of prolonged hostilities, the 
infrastructure in Chernihiv 
was heavily destroyed: 4 wa
ter pump stations, 1 booster 
pump station, an artesian well, 
3 sewage pump stations, STP, 
and a water pump tower in one 
of the villages suffered direct 
destruction or partial destruc
tion of equipment. Indirect 
impact (primarily due to power 
outages) was experienced by 
1 water pump station, 21 wells, 
and 5 STPs.

Contrary to the awareness 
of the danger, the employees 
worked during the hostilities 
without personal protective 
equipment against shrapnel and 
bullet damage, having only the 
possibility to take shelter in a 
bomb shelter in the event of a 
worsening of the situation and 
an increase in the frequency of 
shelling.

Among the main tasks of 
preparing the utility for func
tioning in wartime, water utility 
specialists noted the follow
ing: creation of stocks of basic 
material resources to ensure 
production activity for 3 to 6 
months; availability of autono
mous sources of electrical power 
as well as fuel and lubricants; 
development of a special action 
program of and making it known 
to all employees; arrangement 
of civil protection shelters on 
the territory of the enterprise 
and special places of shelter at 
remote production facilities; 
creating stocks of longterm 
food products; availability of 
containers for transporting and 
storing water.

Miskvodocanal utility of 
Sumy provides centralized water 
supply and drainage services on 
the territory of the Sumy urban 

territorial community. As a 
result of military actions and the 
population relocation caused by 
this, the scope of implementa
tion of centralized water supply 
and drainage services decreased 
by 21 % compared to 2021; the 
level of payment for consuming 
services on average by month 
decreased by 20 % (in individual 
months – up to 30 %) and up to 
40 % compared to the corres
ponding period last year.

Water utility specialists point
ed out the following among the 
most important tasks for prepar
ing the enterprise for work in the 
war time: providing the enter
prise with powerful generators, 
backup power, means of con
nections and communications; 
tanker trucks and water storage 
containers; creation of a reserve 
fund of repair materials, fuel and 
lubricants, pumping equipment, 
generators of backup power, 
reagents, etc.; rehabilitation 
of existing and construction of 
new protective structures and 
civil defence shelters at critical 
infrastructure facilities; provid
ing employees of the enterprise 
with modern personal protective 
equipment; provision of the 
company’s laboratories with 
equipment and reagents for the 
determination of military toxic 
substances in drinking water (in 
case of damage to water supply 
sources).

Mykolaivvodocanal utility. 
The main water intake of the 
city of Mykolaiv is located in 
the village of Mykilske, Kherson 
region. As a result of the occu
pation of the Kherson region, 
the water intake was blocked 
which led to the shutdown of 
the centralized water supply 
system, and for several weeks, 
the city’s residents were left 
without water and sewage.

In such a crisis situation, the 
Institute of Communal Infra
structure (Kyiv city), after a 
thorough study of the current 
situation, developed specific 
recommendations on possible 
ways to solve the city’s water 
supply problem. In particular, 
it was decided to use the under
ground water of the conserved 
Zhovtnevy water intake of small 
capacity and the surface water 
of the South Bug River in the 
area of the Buzki estuary (the 
water is characterized by rather 
high mineralization). According 
to the proposed scheme, water 
from both water intakes enters 
various blocks of treatment faci
lities of Mykolaivvodocanal util
ity where it undergoes reliable 
disinfection and filtering, and if 
necessary, coagulation.

The quality of the water does 
not meet the established stand
ards for indicators of mineral 
composition and cannot be used 
for drinking and cooking (for 



13

THE MAIN CHALLENGES

this, the population of the city 
continues to be supplied with 
water in a decentralized man
ner). However, it can be used 
for laundry, household needs 
(including sewage), as well as 
for firefighting. This scheme 
is temporary, and therefore 
active negotiations are currently 
underway with the European 
Investment Bank regarding the 
financing of the project to create 
an additional (alternative) water 
intake.

It is worth noting that the 
transportation of highly mine
ralized water has led to a signifi
cant increase in the accident 
rate of water supply networks 
(especially from steel pipelines), 
however, the immediate reasons 
for this are currently not clearly 
established, which does not al
low determining adequate ways 
(means) of preventing this.

The water supply companies 
of not large and small settle-
ments during military opera
tions actually found themselves 
in an “information vacuum”, 
not knowing how and to whom 
to turn for help. Substantial 
support to these enterprises 
was provided by the Association 
through the creation of a single 
database of water utilities’ 
needs and the involvement of 
volunteers from the Associa

tion’s busi
ness repre
sentatives 
(if possible, 
with a direct 
visit to the 
site). Thanks 
to this, the 
Association 
received, 
analyzed 
and entered 
into the 
database 
information 
from the 

water utilities of the follow
ing settlements: the towns of 
Bogodukhiv, Lubotyn, Chu
guiv, Krasnokutsk township 
(Kharkiv region); Bashtanka 
(Mykolaiv region); towns of 
Glukhiv, Konotop, Lebedyn, 
Okhtyrka, Trostyanets, Bilopil
lya township (Sumy region); 
Dymer town, village Mykulychi 
(Kyiv region); town of Krama
torsk, Slovyansk Miskvodocanal 
utility (Donetsk region); towns 
of Nizhyn, Nosivka (Chernihiv 
region) and others.

At one time or another, all 
water utilities experienced an 
acute need for: mobile water 
purification systems; diesel ge
nerators, pumping equipment, 
frequency converters; fuel and 
lubricant materials; excavators, 
fire hydrants, welding machines, 
pipes, fittings, repair kits, 
various consumables, as well as 
personal protective equipment 
and special clothing.

Water utilities operating 
in uncontrolled territories in 
Donetsk, Luhansk, Zaporizhzhia 
and Kherson regions found 
themselves in a very difficult 
situation.

“Donbass Water Company” 
utility which provides services 
in the Donetsk region was in an 
extremely difficult condition 
even before the start of hos

tilities. The centralized water 
supply system of the Donetsk 
region was built as a single tech
nological complex designed to 
provide water to the population 
and en ter pri ses of Donbas. With 
the beginning of a fullscale war, 
a number of district offices of 
the Company found themselves 
directly in the combat zone, and 
later – in the occupied territory. 
Only with the efforts of the man
agement apparatus of the enter
prise and coordinated actions 
of the Association and interna
tional donors, it was possible 
to prevent the threat of a hu
manitarian disaster. Analyzing 
the current situation with the 
region’s water supply system, it 
should be expected that with the 
liberation of the territories of 
the Donetsk region, there will be 
an acute need for decentralized 
provision of drinking water to 
the population; significant costs 
will also be required to restore 
the system.

After the occupation of part 
of the territory of the Luhansk 
region in 2014, the Luhanskvoda 
company which provided cen
tralized water supply for most 
of the region, was divided, while 
the main water intakes, treat
ment facilities and water pipes in 
the territory under the control 
of Ukraine were transferred to 
the Popasnyansky district water 
utility which also supplied water 
to a part of the occupied territo
ry (payment for the consumed 
water was made late and in an 
incomplete amount, which led 
to losses of the enterprise). In 
some towns (Severodonetsk, 
Lysychansk, etc.), separate 
independent water utilities 
remained. Since the beginning 
of the war, coordination and 
communication with the Lu
hansk region’s water utilities was 
carried out through the Region
al MilitaryCivil Administration. 
The water utilities felt the need 



14

THE MAIN CHALLENGES

SPECIAL ISSUE

for mobile water purification 
systems. However, these needs 
were not met due to the high 
risks of delivering the equipment 
and then due to the complete 
blockade of the territory.

Oblvodocanal utility of the 
Zaporizhzhia Regional Council 
supplies water to several set
tlements in the south of Zapo
rizhzhia region and Berdyansk. 
As a result of military actions, 
the system did not suffer signi
ficant destruction and continues 
to function, but more than 75 % 
of the water amount is supplied 
to uncontrolled territories and, 
of course, is not paid for. The 
water utility is suffering cata
strophic losses and the only 
possible way out of the situation 
is direct subsidies.

As for the Kherson region, 
there are currently no contacts 
with the Kherson region due to a 
lack of communication.

Summarizing the key prob
lems faced by water utilities as 

a result of military operations 
allowed the enterprises to be 
divided into the following con
ditional groups:

 ¾ water utilities directly in 
the combat zone,

 ¾ water utilities in territories 
with a high probability of 
hostilities,

 ¾ water utilities in other 
territories.

Water utilities of the first 
group suffered the most signi fi
cant negative impact, which in 
some places led to the cessation 
of water supply in the entire set
tlement or in some of its districts. 
The reasons for stopping the cen
tralized water supply system were 
direct destruction of water sup
ply facilities (Kharkiv, Cherni
hiv, Irpin, Bucha) or blocking of 
access to them (Mykolaiv). Even 
more often, this happened due 
to an mediated factor – blackout 
of the system facilities (Sumy, 
small settlements of Kyiv, Sumy, 
Chernihiv regions) or impos
sibility of staff staying there 
(Donetsk, Luhansk regions).

For water utilities of the first 
group in general, the level of 
payment for services provided 
is critical (less than 50 %), in 
addition, there were periods 
when invoices were not issued at 
all. Even without taking into ac
count the inconsistency of tariffs 
with real costs, such enterprises 
will not be able to carry out their 
activities without external fi
nancial assistance from the state. 
For water utilities that partially 
operate in noncontrolled terri
tories, this problem can become 
even more difficult, since fees 
are not received at all from the 
noncontrolled territory.

In the territories of direct 
hostilities, there were delays in 
the supply of materials, rea
gents, and for a certain period 
even food and basic necessities.

Water utilities in the territo
ries with a high probability of 

hostilities (the second group) 
mostly did not have significant 
timerelated disconnections 
and interruptions in the pro
vision of services. At the same 
time, as a result of the internal 
and external movement of the 
population, and especially the 
reduction of business, water 
consumption in certain peri
ods significantly decreased. 
Since the conditionally con
stant component of the cost 
of services is quite significant, 
this led to a significant increase 
in the actual cost of services, 
and in the absence of revision 
of tariffs, accordingly, to sig
nificant losses and the need 
for constant savings, namely a 
reduction in wages, additional 
payments and even transferring 
some people to vacation at own 
expense. In some periods, there 
were problems with the delivery 
of reagents, which were solved 
mainly by the efforts of interna
tional charitable organizations 
which carried out their delivery 
through their own humanitarian 
channels.

Water utilities in other terri
tories (the third group) faced a 
problem caused by the internal 
relocation of the population. 
Although the analysis of the 
level of service implementa
tion did not reveal a significant 
increase in indicators (probably, 
additional water consumption 
by displaced persons was com
pensated by a certain decrease in 
water consumption for produc
tion needs), in the future, as the 
evacuated production facilities 
are launched, an additional 
increase in water consumption, 
and therefore the load on the 
systems, can be predicted. In 
some cases, for example, for the 
Uzhgorod STP, this issue can 
become critical. In addition, 
there is a tendency to increase 
the level of commercial water 
losses in settlements with a large 
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number of internally displaced 
persons.

A number of problems turned 
out to be characteristic of all 
domestic water supply/sewerage 
utilities, first of all, the reduc
tion of fees on invoices issued. As 
a result of the shutdown of do
mestic production of reagents, 
the cost of foreign analogues and 
their delivery increased signifi
cantly (this was also helped by 
the decrease in the hryvnia ex
change rate). There was also the 
problem of shortages and rising 
fuel prices. As a result, all this led 
to significant losses suffered by 
water utilities.

All water utilities also faced to 
some extent a shortage of goods 
and/or the inability to purchase 
them (due to financial incapa
city), in particular: spare tech
nological equipment and spare 
parts for it (pumps, engines, 
fittings, pipes); consumables for 
repairs; reagents for technologi
cal processes; reagents for labo
ratory water quality control; 
general construction and special 
vehicles; spare parts for them; 
personal protective equipment; 
fuel and lubricants; diesel gene
rators, power plants; essential 
goods etc. It is in these catego
ries that the necessary reserves 
shall be formed in the future.

Therefore, the presented 
analysis of the experience of 
water utilities of different groups 
allows us to identify the key 
challenges they faced during the 
war.

• The water utilities of set-
tlements that were in the 
zone of direct hostilities 
suffered the destruction 
of facilities, structures, 
buildings etc. At the same 
time, the stoppage of cen-
tralized water supply often 
occurred due to power out-
ages. In some places, water 
utilities could not work due 

to the danger of employees 
being at the facilities.

• The operation of the sys-
tems was also significantly 
complicated due to inter-
ruptions in the supply of 
fuel and lubricants, con-
sumables, repair materials 
etc., as well as food and 
basic necessities.

• In water utilities that par-
tially operate in non-con-
trolled territories, the 
services provided in these 
territories are not paid at 
all, in addition, access to 
facilities is limited.

• In the territories of direct 
hostilities, there was a 
significant relocation of 
the population, which, first 
of all, led to a significant 
decrease in the imple-
mentation of services and 
a change in the hydraulic 
modes of operation of the 
systems. There was also 

a significant shortage of 
personnel, especially in 
specialties where women 
work predominantly.

• The expected significant 
increase in the implemen-
tation of services in the re-
gions where people moved, 
and the corresponding 
overloading of network fa-
cilities, was not observed, 
with the exception of the 
Uzhhorod STP.

• All water utilities faced a 
temporary shortage and a 
significant increase in the 
cost of fuel and lubricants, 
reagents, repair and con-
sumable equipment etc.

• The above factors led to a 
significant increase in the 
costs of water utilities for 
the provision of services, 
while at the same time 
there are currently no 
mechanisms for compen-
sating these costs.
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3. ACTIVITIES OF UKRVODOCANALECOLOHIYA 
ASSOCIATION OF UKRAINIAN WATER  
SUPPLY AND WATER DRAINAGE UTILITIES 
DURING WAR TIME. COORDINATION  
OF INTERRELATIONS BETWEEN WATER  
SUPPLY AND WATER DRAINAGE UTILITIES, 
DONORS AND SUPPLIERS

From the very beginning 
of the Russian aggression on 
the territory of Ukraine, the 
Association of Ukrvodocanal
ecolohiya, which for more than 
30 years has been uniting most 
of Ukraine’s water utilities, 
business structures, design, 
repair and construction and 
research organizations for the 
possibility of sustainable func
tioning of water supply/drain
age systems and providing the 
population with highquality 
drinking water and proper 
sanitation service, started 
active actions for the arrange
ment of aid as well as coor
dination of the life provision 
utilities’ activities in war time. 
The association works towards 
the integration of Ukrainian 
enterprises into the European 
and global community of water 

supply organizations and coor
dination of their relationships, 
cooperation with all branches 
of government; presentations 
of the domestic industry at 
international scientific and 
practical events (conferences, 
exhibitions, etc.), improv
ing the qualification level of 

water utility workers etc. The 
Association of Water Utilities 
of Ukraine carried out (and 
continues to carry out) coor
dination (as a relevant profes
sional community) between 
water utilities, representatives 
of Ukrainian business in the 
sphere of water supply/water 
drainage regardless of their 
affiliation to the Association, 
and international donors.

During the hostilities, the 
main task of water supply/
water drainage utilities was to 
ensure under any conditions the 
supply of drinking water to the 
population and sewage dispo
sal as well as the restoration of 
destroyed or damaged munici
pal infrastructure facilities. At 
the same time, the water supply 
companies located in the zone 
of active hostilities (Kharkiv, 
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Chernihiv, Mykolaiv, Sumy as 
well as Irpin and Bucha), found 
themselves in extremely diffi
cult conditions.

To help water utilities and 
coordinate actions, the Asso
ciation focused its activities 
on establishing contacts with 
international partners, humani
tarian and charitable organiza
tions, which expressed a desire 
to provide assistance to Ukraine 
in various forms. But it should 
be noted that in practice the 
process of receiving timely hu
manitarian or financial aid was 
not very simple and easy. Hu
manitarian organizations have 
considerable work experience, 
in particular, during periods of 
military conflicts in other coun
tries, which in terms of size and 
level of infrastructure develop
ment are noticeably inferior to 
Ukraine.

Therefore, the Association 
encountered many things for 
the first time, for example, regi
stration of humanitarian cargo 
from abroad, coordination of 
transportation by the Ukraini
an railway and the German 
railway operator Deutsche 
Bahn AG, development of new 
logistics schemes for the delive
ry of equipment, etc. However, 
the delivery of humanitarian 
aid to the Ukrainian cities of, 
although with certain difficul
ties, was promptly arranged. 
Thus, volunteers delivered 
powerful generators of electri
city through the forests under 
shelling to Chernihiv, Kharkiv 
and other settlements.

Every day, the Association 
held online meetings with the 
heads of enterprises to clarify 
the current situation and their 
urgent needs, which allowed the 
affected water utilities to re
ceive operational support, and 
other enterprises to take into 
account the experience of col
leagues and be ready for emer

gencies. The Association signed 
a memorandum with the Swiss 
company of Feralco Group and 
organized the delivery of the 
necessary reagents to Kharkiv 
and Kramatorsk.

It is worth noting that the 
Ukrainian water utilities 
showed great mutual unity and 
support, transferred to each 
other the necessary equipment, 
machinery, specialists, and 
provided financial assistance. 
An example of such coopera
tion is the restoration of water 
supply in the town of Irpin: in 
record 18 days, the employees 
of Kyivvodocanal JSC utility, 
Zhytomyrvodocanal utility 
and a contractor organization 
(the funds were allocated by the 
International Committee of the 
Red Cross) laid two water lines 
of 7 kilometres each.

An important direction of 
the Association’s work in this 
difficult period was the deve
lop ment of urgent changes to 
legislative acts to ensure the 
possibility of operation of water 
supply/water drainage enter
prises in wartime. In particular, 
tax and customs regulations 
were immediately amended (for 
example, delivery of critical 
imports under a simplified pro
cedure). The legislation regu
lating the activity of housing 
and communal services has also 
undergone certain changes.

The scale of Russian aggres
sion against Ukraine is the 
largest in Europe since the 
Second World War; therefore, 
the amount of aid needed in 
Ukraine is much greater than 
in the conflicts faced by most 
donors. In addition, the rapid 
change in the situation requires 
the adoption of operational 
decisions, as a result of which 
certain “classical” mechanisms 
of activity and procedures of 
many donors turned out insuffi
ciently effective.

In fact, for the successful im
plementation of a humanitarian 
project, it is necessary:

 ❖ To identify enterprises 
(water utilities and other 
organizations) that have 
certain needs and to es-
tablish permanent contact 
with them.

 ❖ To determine and check 
the list of needs of the 
enterprise.

 ❖ In the cases stipulated by 
the legislation – to develop 
design and estimate docu-
mentation.

 ❖ To find potential suppliers 
of possible equipment and 
purchase it.

 ❖ To carry out installation 
and, if necessary, commis-
sioning work.

 ❖ To inform other donors 
about the successful com-
pletion of the project and 
closure of needs.

In practice, there are certain 
difficulties at each of the stag
es. First of all, local utilities 
were often completely unaware 
of the possibilities of attracting 
help from charitable organi
zations, and humanitarian 
organizations themselves were 
not always able to establish or 
verify lists of needs. Such a situ
ation required the creation of a 
coordination centre to per
form organizational functions 
between water utilities, donors 
and equipment suppliers. In 
various periods of wartime, the 
Association of Water Utilities 
of Ukraine Ukrvodocanal
ecolohiya, the WASH cluster 
and the Ministry of Regional 
Development of Ukraine joined 
the performance of these func
tions.
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The first database on the 
urgent needs of water utilities 
of Ukraine was created by the 
Institute of Communal Infra
structure (ICI) on the order of 
the Association and it became 
actively operational as early as 
in March. Among other things, 
it was used to provide infor
mation about the needs of the 
utilities to potential donors and 
charitable organizations. The 
system was focused on short
term and quick projects and 
was quite effective in the first 
months of the war.

The UNICEF WASH cluster is 
a permanent organization for 
coordinating the work of inter
national donors, which works in 
190 countries around the world. 
Based on the KOBO platform, 
the WASHcluster created a 
database intended, first of all, 
to coordinate the actions of 
donors which were participants 
and partners of the cluster. In 
addition to maintaining a data
base, the UNICEF WASH cluster 
carries out work to promote 
the activities of international 
donors in Ukraine, in particu
lar, holds periodic meetings, 
formulates recommendations 
and technical advice, translates 
regulatory documents required 
by partners etc.

The Ministry of Regional 
Development of Ukraine within 
the framework of its powers, 
collects information about the 
destruction and needs of all 
communal enterprises that are 
in the sphere of its competence 
(in particular, water utilities) 
through the UNEEDS platform 
created for these purposes, 
which, unlike the other two 
platforms mentioned above, is 
not specifically oriented to the 
sphere of water supply/drain
age. In order to protect infor
mation, entering data on the 
platform can only be done by 
specially authorized represen

ta tives of enterprises exclusively 
through regional militaryci
vilian administrations. Another 
difference of the platform is that 
the Ministry of Regional Deve
lopment within the framework 
of its powers can oblige enter
prises to provide the necessary 
information by filling in the 
database. The UNEEDS platform 
also provides for the possibi
lity of interacting with donors 
and providing them with the 
necessary information, which 
allows both the coordination of 
donors’ actions and the forma
tion of domestic funds for the 
restoration of destroyed and 
damaged infrastructure. A brief 
comparison of databases is gi ven 
in Table 3.1 from which it can be 
seen that each of the organiza
tions within the framework of 
their tasks created appropriate 
tools using slightly different ap
proaches. In order to determine 
the perspectives of integration 
and improvement of approaches 
to managing projects involving 
international donors, it is worth 
considering in detail how each 
stage was carried out by various 
organizations.

 The task of the stage of cre
ating a potential list of affected 
objects is to cover as many of 
them as possible, to inform 
about the possibilities and pro
cedure of attracting donors, and 
to receive relevant information 
from them. This is not an easy 
task, especially for settlements 
in the combat zone as ell as 
small settlements. To imple
ment the first stage, the Associ
ation used all available contacts 
of the water utilities being 
Association’s members, and also 
used volunteers’ help. At the 
same time, the functions of vo
lun teers could be performed by 
large water utilities and private 
companies that had facilities or 
contacts in the affected territo

ries (mobile volunteer brigades 
were formed, mainly from re
pre sentatives of private busi
nesses), which worked directly 
on the ground.

The WASH cluster collects 
contact information with the 
help of volunteers. In order to 
improve their coordination, 4 
local subclusters were formed 
on a geographical basis. Contact 
information available in the 
Association was also transferred 
to them for further work. The 
Ministry of Regional Develop
ment of Ukraine in determining 
the list of affected water utili
ties relies on information from 
regional militarycivilian ad
ministrations to which relevant 
requests are sent.

Prioritization of tasks is an 
important task. At the same 
time, the association took into 
account the considerations of 
water utilities’ specialists which 
submitted an application as well 
as the presence of hostilities in 
the settlement. The WASH clus
ter involves prioritizing donors 
who are going to provide fun
ding. The Ministry of Regional 
Development assigns this task 
to the enterprise itself.

The association mainly 
organized simple projects that 
did not involve the production 
of design and estimate docu
mentation, and in case of need 
relied on donors in this matter. 
WASH cluster currently also 
relies on donors for project 
development, who conduct de
sign tenders according to their 
own procedures. Funds for the 
payment of project works are 
provided primarily by UNICEF. 
There is no current informa
tion on how the development 
of project documentation for 
longterm facilities included in 
the database of the Ministry of 
Regions will be carried out.

Procurement of equipment is 
carried out according to donor 
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procedures, which may differ 
significantly. The most prompt 
purchases are carried out with 
the participation of the Inter
national Committee of the Red 
Cross, while it is mainly inten
ded to cover the expenses.

UNICEF usually delivers ma
terials and equipment directly, 
dividing needs into two groups:

 - Small, sufficiently unified 
goods for which the main 
supplier is determined.

 - Nonstandard goods, the 
selection of which is carried 
out on the basis of the project 
(preferably) or according to 
the relevant Customer’s tech
nical justification.

The procedures of other 
donors remain unknown, which 
often reduces both the speed 
of project implementation and 
their quality.

Installation and commission
ing works are usually required 
when implementing relatively 
complex projects or using com
plex technological equipment. 

Measures DB of demands of water 
supply utilities KOBO UNEEDS

Customer
Ukrvodocanalecolohiya Asso-
ciation

WASH cluster of the UNICEF
Ministry of Regional Develop-
ment of Ukraine

Developer
Institute of Communal Infra-
structure

WASH cluster of the UNICEF
Reforms office of the Ministry 
of Regional Development of 
Ukraine

Main task

Quick formation of the list of 
urgent demands and deter-
mination of the possibilities of 
their coverage

Coordination of the donors’ 
activities, formation of re-
porting

Coordination of the donors’ 
activities, input information 
for the recovery funds creation

Project types Short-term Short-term and long-term Short-term and long-term

Web interface Yes Yes Yes

Information on the utility 
demands

Yes
Not obligatory (contact infor-

mation is sufficient)
Yes

Information on destruction No Yes Yes

Information on potential 
suppliers

Yes No No

Logistic problems Yes No No

Access restriction by roles Yes Yes Yes

Utility representative’s role Yes Yes Yes

Volunteer’s role Yes Yes No

Donor’s role No Yes Yes

Supplier’s role Yes No No

Language Ukrainian/English Ukrainian/English
Ukrainian/English (automatic 

translation)

Current status
Usage ceased, information 

passed to KOBO system
Integration for the purpose of provision of automatic data 

exchange in the progress

таблиця Table 3.1. Comparison of some characteristics of DT and instruments
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At the same time, in the aid 
procedures of many donors, this 
process is not provided at all.

The last stage of publicizing 
information about the project 
results allows avoiding dupli
cation of problem solving by 
different donors.

Taking into account the 
above, there is an obvious need 
to integrate the efforts of vari
ous interested organizations, at 
least the Association of Water 
Utilities of Ukraine of Ukrvo
docanalecolohiya, UNICEF 
WASHcluster and the Ministry 
of Regional Development of 
Ukraine in the sphere of col
lecting, exchanging and man
aging information on the needs 
of water utilities and the state of 
their satisfaction. One can solve 
this issue as follows:

 ❖ To integrate and/or auto-
matically exchange exis-
ting information between 
databases. This process 
has actually already star-
ted: information from the 
Association’s database has 
been transferred to KOBO, 
integration processes be-
tween KOBO and UNEEDS 
are currently underway.

 ❖ To simplify the primary 
data collection process as 
much as possible.

 ❖ To improve the process of 
collecting data from places, 
in particular, by allocating 
permanently employed 
personnel to perform the 
relevant tasks; to ensure 
the most effective distri-
bution of the collected 
information.

 ❖ To create an expert group 
of information validation, 
monitoring and project 
management, which will 
ensure control over the 

reliability of the provided 
information, technical 
evaluation of the proposals 
of potential suppliers, and 
guaranteeing constant 
interaction between the 
Customer and the donor.

 ❖ To prepare and provide 
the Customers as well 
as potential suppliers of 
equipment with the most 
complete information 
regarding the procurement 
procedures of potential 
donors.

 ❖ To standardize maximally 
and describe operations 
of project management 
actions.

 ❖ Implementation of these 
measures will ensure 
clearer and as transparent 
as possible coordination 
between all participants 
in the process, as well as 
allow meeting the immedi-
ate needs of water utilities 
as quickly and efficiently 
as possible, and in the 
future – to move to long-
term recovery and ensur-
ing the sustainable opera-
tion of water supply/water 
drainage enterprises.

In addition to international 
humanitarian organizations, 
IFIs can also contribute to the 
restoration of water supply sys
tems: these are the World Bank, 
the European Investment Bank, 
the European Bank for Recon
struction and Development, as 
well as KFW. During the wartime 
period, the vast majority of these 
organizations stopped (“froze”) 
construction finan cing due 
to high risks. The World Bank 
also reported that since direct 
financing of the Ukraini an econ
omy is being carried out, certain 
projects will also be suspended.

However, the EIB contribut
ed to the adjustment of the pre
war development project for the 
city of Mykolaiv, adding to it 
the construction of an alterna
tive water intake.

Significant financing is pro
vided by GIZ, which actively 
helps in the development of 
heat supply systems in Ukraine. 
For water supply, the program 
has not yet been launched, but 
the relevant targeted funds have 
already been allocated. USAID 
is also ready to provide assis
tance to housing and communal 
enterprises, but the mechanisms 
of this project are still un
known.

As for support from the state 
budget, there are doubts about 
the effectiveness of the “Drin
king water of Ukraine” program 
for 2022–2032 which is current
ly being developed. It seems 
more expedient to attract funds 
from state reconstruction funds, 
intended for the restoration of 
the entire infrastructure. Since 
such funds mainly receive mo
ney from international donors, 
they can be involved in solving 
the most acute problematic 
issues.

When coordinating relations 
between water utilities, donors 
and suppliers, the importance 
of establishing an information 
link between them cannot be 
underestimated. In this direc
tion, the work of the Associa
tion takes place both within the 
country and abroad. In particu
lar, the Association’s specialists 
collect, analyze and summarize 
information from all water 
utilities, which is published 
on its own information plat
forms for timely information 
of consumers; news and other 
important information are 
published. Outside the country, 
the Association is trying to tell 
(and confirm with facts) to the 
whole world what destruction 
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Russian aggression has brought 
to Ukraine. This is necessary not 
only to ask for help, but also 
to share the experience gained 
during military operations in 
the operation of water sup
ply/drainage systems in such 
an emergency. As part of this 
mission, Association represen
ta tives take an active part in 
various international events, 
speak at open forums, for 
example Polish WODKAN and 
German IFAT.

Association of Ukrvodocanal
ecolohiya became a member 
of the European Federation of 
Associations; it has been coope
rating with the internationally 
oriented German Water Indus
try Association German Water 
Partnership (GWP) for a long 
time, and also maintains friend
ly relations with the water 
associations of Poland, Latvia 
and Lithuania.

So, summing up the above, it 
is necessary to note the follow
ing.

• Since the beginning of the 
war, the Ukrvodocanal-
ecolohiya Association was 
the first to take on the 
difficult task of determin-
ing the key needs of the 
affected water utilities and 
coordinating their inter-
action with humanitarian 
organizations.

• For this purpose, such 
mechanisms as constant 
holding of meetings, crea-
tion of a database of needs 
of water utilities, organi-
zation of working groups 
in key directions, meetings 
with potential donors, 
technical and technologi-
cal support, including the 
departure of volunteers to 
the place of events, were 
effectively used.

• In a difficult time, water 
utilities of Ukraine showed 
great unity and mutual 
support, which was mani-

fested both in providing 
technical assistance to 
the affected water utilities 
and in collecting funds for 
essential goods for them.

• To date, the key task of the 
Association is to ensure 
the most effective interac-
tion between the affected 
water utilities and donors, 
which is implemented, 
in particular, by signing 
memo randums with key 
organizations (ICRC, 
UNICEF etc.)

• Association of Ukrvodo-
canalecolohiya became a 
member to the European 
Federation of Associations 
and maintains relations 
with associations of other 
countries, the GWP associ-
ation etc.
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4. HELP RENDERED BY INTERNATIONAL 
DONORS, HUMANITARIAN ORGANIZA-
TIONS AND BUSINESS STRUCTURES TO 
THE UKRAINIAN WATER SUPPLY/WATER 
DRAINAGE UTILITIES

As of the end of August 2022, 
humanitarian aid (in the form 
of equipment, tools, materials, 
reagents etc.) in the amount of 
$ 85.5 million was provided to 
Ukraine for the needs of water 
supply, drainage and sanitation 
by various charitable founda
tions and organizations (ac
cording to the UN Office for the 
Coordination of Humanitarian 
Affairs questions).

Water supply and drainage 
utilities received the most help 
from the following organiza
tions:

International Committee  
of the Red Cross

For 6 months, the Interna
tional Committee of the Red 

Cross (ICRC) provided support 
to more than 30 water utilities 
by providing materials and 
equipment to repair damaged 
infrastructure and chemicals 
for proper water purification in 
Kyiv, Vinnytsia, Zaporizhzhia, 
Dnipropetrovsk, Donetsk, 
Mykolaiv, Chernihiv, Sumy, 
Kharkiv, Odesa, Poltava and 
Kirovohrad regions.

In addition, ICRC purchased 
and transferred excavators, ge
nerators, cables, water pumps, 
gas and water pipes to the water 
and gas supply enterprises 
of the settlements of Sumy, 
Chernihiv, Kharkiv, Mykolaiv; 
Dymer, Irpin, Bucha (Kyiv re
gion); Vrubivka and Lysychansk 
(Luhansk region).

Over 20 hospitals and prima
ry health care facilities, which 
suffered as a result of Russian 
aggression, were provided with 
repair materials, pumps and 
antiexplosion film with the 
funds of the ICRC. In addition, 
laying of a 7 km pipeline (in two 
strands) from the town of Irpin 
to the water supply system of 
Kyiv was financed.

Substantial assistance from 
the ICRC was received by Misk
vodocanal utility of Sumy: it 
was provided with new mobile 
multifunctional welding units, 
an apparatus for thermistor 
welding of polyethylene pipes, 
diesel generators of various 
capacities (in particular, a mo
bile generator on an “Ekvives” 
chassis with a nominal capac
ity of 400 kW), about 2 km of 
cable and conductor products, 
a JCB excavator, a well pump 
and a control cabinet. Also, the 
utility received plastic tanks 
of various capacities free of 
charge (they can be used to 
deliver technical water to Sumy 
residents in case of emergen
cies).

Humanitarian aid from the 
International Committee of 
the Red Cross in Ukraine was 
also received by Kramatorsk 
Vodocanal utility, in particular, 
it was provided with PE100 
SDR 17 water pipes with a total 
length of more than 2,000 run
ning metres and cast iron valves 
with a rubberized wedge PN 10 
(32 units).
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Red Cross Society  
of Ukraine

The Red Cross Society of 
Ukraine (RCSU) together with 
the ICRC participated in the 
works to connect the town of 
Irpin to the water supply sys
tem of the city of Kyiv. Thanks 
to their help, local water 
treatment plants were pur
chased for the city of Mykolaiv 
to treat water and distribute it 
to the population at specially 
equipped points. Assistance 
was also provided to Vodo
canal utility in the town of 
Artsyz, namely: 2 generators 
to ensure uninterrupted water 
supply in the town of Artsyz2; 
5 tons of sodium hypochlo
rite for water disinfection; 
all the necessary equipment 
for the modernization of the 
well in the village of Hlyntsi 
(submersible pump, frequen
cy converter, cables etc.) 
and funds for the purchase of 
material for major repairs of 
water supply networks in the 
town of Artsyz.

Representative  
office of UNICEF  
(UNICEF)

UNICEF has been working 
in Ukraine for many years. 
During the Russian aggression 
UNICEF supports the water 
supply utilities of the settle
ments of Kharkiv, Zhytomyr, 
Vinnytsia, Kryvyi Rih and 
Korosten, providing them with 
chemical reagents for water 
purification. As a humanitarian 
aid, the UNICEF Fund provid
ed a welding unit, a powerful 
generator for emergencies 
elimination and restoration 
operations, and 12 “Aclass” 
valves for wells as humanitari
an aid to Miskvodocanal utility 
in Sumy. Another 6 affected 
water supply utilities also re
ceived such valves.

UNICEF provided the fol
lowing assistance to other water 
utilities:

 ❖ Irpinvodocanal utility – 
electrical equipment, 
plastic pipes, fittings and a 
crane for the restoration of 
the water supply system.

 ❖ Lviv city – connection to 
water supply of three mo-
du lar towns built for inter-
nally displaced persons.

 ❖ Kherson city – equipment 
for repairing the water sup-
ply network of the water 
supply utility.

 ❖ “Donbass Water Compa-
ny” utility – water tanks 
and chlorine preparation 
tablets.

 ❖ Lviv and Malyn settle-
ments – backhoe loaders 
for carrying out repair 
work on the water supply 
network.

For several weeks, UNICEF 
provided assistance in the 
form of coagulants, genera
tors, fittings and fittings to the 
Kharkiv, Kryvyi Rig, Mykolaiv, 
Avdiivka and Selidiv water 
utilities and delivered drinking 
water in Kharkiv, Avdiivka etc.

Companies and organizations 
coming from Germany

From the first days of the 
war, German companies re
sponded to appeals for assis
tance to Ukrainian utilities. This 
happened quite quickly, first of 
all, thanks to the active position 
of the Chairman of the Board of 
German Water Partnership e.V., 
director of Stadtenwasserung 
Dresden, Mrs. Gunda Röstel 
(thanks to her, many projects 
on the transfer of German ex
perience to Ukrainian utilities 
were implemented). Therefore, 

from the first days of the war, it 
was Stadtenwasserung Dresden 
that quickly arranged delivery 
of several powerful electric 
generators to Ukraine, which 
turned out extremely necessary 
in the absence of electricity 
in the cities of Kharkiv and 
Chernihiv.

Almost two weeks after the 
start of the war, Ms. Röstel 
helped the Association orga
nize an online meeting with 
the leadership of the powerful 
German utility association of 
Verband Kommunaler Un
ternehmen EV (VKU), where 
the list of materials and equip
ment needed for water supply/
wastewater enterprises was 
determined. VKU President 
Michael Ebling, Vice President 
Karsten Specht and Director 
Ingbert Liebing took an active 
part in the organization of aid 
to Ukraine. A UkrainianGer
man working group headed by 
Britta Ammermüller was also 
created to work out certain 
issues. With her help, informa
tion about the needs of materi
als and equipment for Ukraini
an colleagues was sent to 
German water supply compa
nies. Thanks to this, the follow
ing were delivered to Ukraine: 
a mobile crane which literally 
“from wheels” started work
ing in Chernihiv; electrical 
equipment for the settlements 
of Chernihiv, Borodianka, 
Kremenchuk, Rivne, and Lviv; 
a container with pipes and 
motor pumps for Kharkiv, as 
well as several containers with 
repair materials. In addition, 
a powerful electric generator 
and four small cargopassenger 
cars for the cities of Chernihiv 
and Sumy will be delivered in 
the near future.

Financial assistance was 
provided by the companies 
of Stadtwerke Kiel, Arbeits
gemeinschaft der Wasser
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wirtschaftsverbände in Nor
drheinWestfalen and others.

Matthias Worst (Bayerisches 
Landesamt für Umwelt) was 
active in organizing aid to 
Ukraine; he collected several 
containers of various equip
ment and machinery for our 
enterprises and arranged their 
delivery. He also organized the 
invitation and participation of 

the Ukrainian delegation at the 
events within the framework of 
the IFAT exhibition in Munich 
in June 2022.

A separate direction of 
cooperation was proposed by 
the German agency of GIZ 
(Deutsche Gesellschaft für In
ternationale Zusammenarbeit) 
and the company of DREBERIS 
GmbH, namely, direct contacts 
were established between Ger
man and Ukrainian cities: Ham
burg – Kyiv; Gelsenkirchen – 
Zhytomyr, Olenberg – Sumy.

In addition, the assistance 
of the KFW Reconstruction 
and Development Bank should 
be noted with deep gratitude; 

the WILO company and its 
Ukrainian representative office; 
DRE BERIS GmbH (for organi
zational and communication 
assistance in all the abovemen
tioned processes).

Solidarités International
Solidarités International 

provided assistance with mate
rials, reagents and equipment 

for water utilities of Ukraine, 
and delivered bottled drinking 
water to the affected regions.

IsraAID
IsraAID handed over 4 re

verse osmosis systems to the city 
of Mykolaiv for the treatment of 
highly mineralized water from 
the Buzki estuary. Filtration 
systems were provided to all 
four district administrations of 
Mykolaiv.

Water4Ukraine
Water4Ukraine provided free 

of charge Miskvodocanal utility 
of Sumy with a special vehicle 
and the necessary equipment 

for prompt elimination of 
emergency situations on water 
supply networks. In addition, 10 
cars, 20 emergency generators, 
pumps, technical equipment, 
various tools, consumables, etc. 
were delivered to other water 
utilities.

United States Agency  
for International Development 
(USAID)

During the 6 months of Rus
sian aggression, USAID pro
vided more than 5,000 10liter 
water containers, equipment 
for the maintenance of water 
supply systems, as well as more 
than 30 water tanks and 7 water 
treatment plants for the most 
affected settlements.

The agency has also been dis
tributing bottled drinking water 
since the end of February.

European Bank  
for Reconstruction  
and Development (EBRD)

Since the beginning of the 
Russian invasion, the EBRD has 
provided more than $ 600 mil
lion in loans, part of which will 
be spent on restoring critical 
infrastructure in settlements.

European Investment Bank (EIB)
The European Investment 

Bank allocated significant loan 
funds for the needs of Ukraine, 
in particular, for the restora
tion of damaged water supply 
systems in settlements. In addi
tion, the bank is financing work 
on finding an alternative water 
intake for the city of Mykolaiv.

Centres for Disease Control  
and Prevention (CDC)

The Centres for Disease Con
trol and Prevention (CDC) is a 
federal agency of the US De
partment of Health whose mis
sion is to protect public health 
and ensure safety by providing 
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the necessary information to 
improve public health.

The Agency cooperates with 
other international organiza
tions that provide humanitarian 
aid to drinking water supply 
utilities in Ukraine; cofinances 
the purchase of reagents and 
equipment for the affected 
water utilities, and supplies bot
tled drinking water.

Charitable Hearts Charitable 
Foundation CO

The organization provides 
humanitarian aid to water 
supply enterprises of Ukraine 
that have suffered from mili
tary operations, in particular, 
Vodocanal VUVKG utility in 
Shostka, Sumy region, received 
an autonomous diesel power 
plant with a capacity of 100 kW 
for backup power supply for 
temporary use.

Save the Children
Save the Children is an in

ternational nongovernmental 
organization that provides as
sistance and supports children 
in developing countries.

At the beginning of the 
hostilities, it contributed to 
providing the affected regions 
and internally displaced people 
with imported drinking water.

Governments  
of European countries

The governments of many 
European countries, includ
ing France, Great Britain, 
Germany, Finland etc. carried 
out cofinancing with various 
organizations (ICRC, UNICEF 
and so on) for the purchase of 
materials, reagents, and prima
ry equipment for the Ukrainian 
water utilities.

Ukrainian business struc
tures and their foreign partners 
provided (and continue to 
provide) substantial and ex
tremely important assistance in 

the technical and technological 
provision of water supply/water 
drainage utilities.

Grundfos Company  
(Grundfos Ukraine LLC)

Thanks to the initiative of 
Grundfos, the active participa
tion of the Embassy of Denmark 
in Ukraine and the financing 
of the Danish company of Per 
Aarsleff A/S (in the amount 
of 100,000 euros), technical 
assistance was organized for the 
affected utilities in the settle
ments of Kramatorsk, Kharkiv, 
Mykolaiv, Zhytomyr, Sumy, 
Berdychiv, Irpin, Nemishaeve, 
Korosten, Malyn, which re
ceived humanitarian aid – 60 
pumps, components for them 
and spare parts for the equip
ment repair.

Grundfos Ukraine LLC 
together with partners of Vega 
Stroy Servis LLC (Mykolaiv) 
and Tenki LLC (Cherkasy, 
Group of Companies of Voda
land) provided 4 powerful 
sewage pumps for Kharkivvo
docanal utility as an emergency 
aid. The Danish Federation (DI) 
financed the supply of Grundfos 
pumps and their accessories for 
Mykolaivvodocanal utility.

Also, the Danish Waterworks 
Association Danske Vandværk
er responded to the request 
of the Embassy of Denmark in 
Ukraine for help, in particu
lar, many small water utilities 
being members of the Associ
ation expressed their desire to 
provide as humanitarian aid 
their new equipment, which 
was stored in warehouses as a 
reserve, or equipment that was 
hardly used (this is more than 
60 Grundfos pumps for water 
supply, 26 Danfoss frequency 
converters, diesel generators, 
an excavator and a trailer for 
its transportation). Before 
sending to Ukraine, all pum
ping equipment underwent ser

vice at the Grundfos workshop 
in Bjerringbro town where the 
company’s headquarters are 
located.

The Grundfos Foundation 
supported immediate emergen
cy aid to Ukraine by allocat
ing at least 2 million euros for 
medical care and assistance to 
refugees.

WILO UKRAINE LLC
From the beginning of hos

tilities, the WILO UKRAINE 
enterprise immediately began 
providing humanitarian tech
nical assistance to restore the 
operation of critical infrastruc
ture facilities damaged as a 
result of hostilities. Already at 
the beginning of March, WILO 
UKRAINE handed over drain
age and selfpriming pumps 
to Kharkivvodocanal utility 
to drain pumping stations in 
basements flooded after numer
ous rocket attacks and shelling 
of the city. At the end of March, 
the pumps and spare parts were 
handed over to settlements of 
Sumy, Krasnopillya, Okhtyrka, 
Trostyanets, Lebedyn, where 
almost all the equipment of the 
waterworks was destroyed. As 
humanitarian aid, pumps and 
other necessary equipment 
for water supply systems were 
provided to the communities 
of the settlements of Kalynivka 
and Rzhyshchyv in Kyiv region, 
as well as to the water utilities 
of the cities of Mykolaiv and 
Vinnytsia, and to several cities 
in Lviv region.

The WILO SE concern made 
its contribution and presented 
Ukraine with 60 PAUL mobile 
water treatment systems, which 
are an effective and at the same 
time simple solution for local 
purification and quick supply 
of drinking water. Each of these 
systems can filter about 1,200 
litres of water per day and thus 
provide fresh drinking water to 
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at least 400 citizens in the crisis 
zone.

The WILO UKRAINE enter
prise provided assistance and 
shipped circulation pumps for 
the Department of Education, 
the refugee reception buildings 
and the “Children’s Aid Cen
tre” in the town of Fastiv, Kyiv 
region; circulation pump for 
the Child Protection Center of 
“OUR CHILDREN” in the city 
of Kyiv.

Already on March 2, despite 
the danger, a circulation pump 
was handed over to restore the 
heating system in Kyiv City 
Hospital No. 10. At the request 
of the Mykolaiv Zoo, a well 
pump was donated to restore 
the water supply for the zoo’s 
animals. PAUL mobile water 
treatment systems were trans
ferred to a hospital in eastern 
Ukraine.

In cooperation with the Red 
Cross, WILO UKRAINE sup
plied well pumps for Mykolaiv
vodocanal utility and pressure 
boosting stations to hospitals in 
the towns of Irpin and Bucha, 
Kyiv region.

ESMIL Group
From the first days of the 

war, the company was actively 
involved in the work on de
termining the urgent needs of 
water utilities and coordinat
ing the actions of donor orga
ni zations of the WASH Cluster 
association. The Polish branch 
of the ESMIL Group acted as 
a “chain” between the Ukrvo
docanalecolohiya Association 
and its Polish counterpart of 
Izba Gospodarcza Wodociągi 
Polskie. The visit of a delega
tion of Ukrainian water com
panies to Poland and partici
pation in the largest industry 
event – the WODKAN exhibi
tion in May 2022 in Bydgoszcz 
were organized by joint efforts. 
As part of the exhibition, a 

confe rence was held dedicated 
to the functioning of the water 
supply and sewage system 
of Ukraine during the war, 
which caused a great resonance 
among the Polish audience. 
Practical solutions were also 
worked out for further joint 
reconstruction of the affected 
enterprises. To date, the com
pany’s specialists together with 
the Association of Water Utili
ties have prepared and sent to 
the Government of the Repub
lic of Poland proposals for the 
development of sewage treat
ment facilities in the urban 
village of Borodianka. Techni
cal solutions have been devel
oped to restore the equipment 
of treatment facilities, sewage 
pumping stations of Kharkiv
vodocanal utility, Miskvodoca
nal utility of Sumy, Chuguyiv
voda utility, Vodovidvedennya 
utility of Okhtyrka, and water 
supply and drainage enterpris
es of Bogodukhiv, Lyubotyn 
and other towns.

HYDRO-VACUUM UKRAINE LLC
Polish manufacturer HY

DROVACUUM S. A. takes an 
active part in providing hu
manitarian aid and supporting 
Ukrainians. As early as at the 
beginning of March, the com
pany resumed logistics activi
ties and began importing more 
pumping equipment. During 
the war, equipment was deliv
ered to Zaporizhzhia, Mykolaiv, 
Odesa regions and the western 
region, as well as assistance was 
provided to the Trostyanets
komun service utility whose 
water supply and drainage 
facilities were damaged. New 
borehole pumps were quickly 
delivered to the town of Tros
tyanets to ensure operation of 
“regime” facilities, thanks to 
which the supply of drinking 
water to the town’s residents 
was quickly restored.

“ENERGY SAVING 
TECHNOLOGIES” LLC

In wartime, the company 
participates in the restoration 
of systems and equipment of 
water utilities damaged during 
the war. In cooperation with 
the Red Cross, the company 
delivered pumping equipment, 
control cabinets and shut
off valves to urban village of 
Borodianka, where the main 
STP and pipeline were dama
ged. A frequency converter was 
provided to the filter station in 
Kramatorsk, and a well pump 
control cabinet was provided 
to the damaged well in Sumy 
(another cabinet will also be 
supplied). Assistance was also 
provided to the town of Maka
riv, where the police station and 
the well tower of the hospital in 
the constructed modular town 
were damaged due to shelling. 
Here, the STP and well are also 
being reconstructed with the 
installation of new pumping 
equipment, automation and a 
modular water treatment sta
tion. Together with the organi
zation of “Save the Children”, 
delivery of pumping equipment 
with automation is planned for 
the damaged STP of Kharkiv 
water utility. With the support 
of OXFAM in the urban village 
of Horenka, reconstruction 
of the STP and supply of well 
pumps with automation are 
being carried out.

IN-PREM LLC
Together with its partner – 

the company of Xylem and the 
Ukrainian public organization 
of EkoDiya, LLC INPREM 
organized delivery of three 
AquaBlocks water treatment 
plants (their manufacturer is 
PlanetWater) to the settlements 
of Toretsk (Donetsk region) 
and Mykolaiv. In addition, 
significant support was provi
ded in determining the models 
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of pump units and accessories 
for them, which are currently 
needed by medium and small 
water utilities. At the first op
portunity to reach the city of 
Chernihiv, INPREM specialists 
carried out a technical audit of 
the state of damaged water and 
sewage pumping stations to de
velop a plan for the restoration 
of technological facilities (the 
control and dispatching cabinet 
of the main equipment on the 
territory of WPS No. 2 is now 
being replaced).

With the assistance of IN
PREM LLC, a meeting of the 
managers of the affected water 
utilities and the director of the 
Ukrvodocanalecolohiya Associ
ation was organized with lead
ing Xylem specialists for further 
cooperation in the sphere of 
restoring damaged or destroyed 
pumping equipment. The spe
cialists of INPREM and Xy
lem determined the necessary 
equipment for the settlements 
of Chernihiv, Sumy, and Irpin, 
and also found a solution to en
sure the uninterrupted opera

tion of their water utilities. In 
addition, through personal and 
professional contacts, provision 
of 50 hand pumps (an analogue 
of hand columns) from the Po
lish partner of GWE PolBud was 
agreed, which allows to obtain 
drinking water without the use 
of electricity (such pumps are 
installed in Ternopil, Chernihiv, 
Lviv, Irpin).

Evrotrubplast Trading House
At the beginning of the war 

most of the regional structural 
units together with 
warehouses of fi
nished products were 
located in tempora
rily occupied settle
ments or on the ter
ritory of which active 
hostilities were tak
ing place. Therefore, 
the Company made 
a decision to transfer 
the remaining pro
ducts to utility com
panies to eliminate 
the consequences 
of hostilities. Thus, 
products from the 
Kharkiv warehouse 
were transferred to 
Kharkivvodocanal, 
which significantly 
expanded the vo
lume of its repair 
fund; also together 

with international donors and 
volunteers, the company de
livered the necessary products 
for the repair of water supply 
networks. Specialists of Evro
trubplast TH participated in the 
restoration of water supply in 
the town of Irpin. The techno
logy used in the construction of 
the water pipeline from Kyiv to 
Irpin has never been used before 
the war. This technology did 
not require a large amount of 
welding work: it was possible to 
lay about 1,200 m of pipes in 3 
to 4 hours, and in this way, and 

14 kilometres of water pipe
line were built in only 18 days, 
which is 3 times faster than the 
construction of a water pipeline 
using the standard method. In 
addition, the Company, to
gether with the Uzhhorod and 
Vinnytsia water utilities assisted 
in the transportation of a local 
water treatment station to pro
vide drinking water to the town 
of Irpin and the surrounding 
areas.

Evrotrubplast TH also hand
ed over materials and equip
ment for many water utilities 
affected by the occupation and 
shelling. Thanks to the timely 
transfer of the necessary equip
ment to the urban village of Bo
rodianka, in 7 days the employ
ees of the water company, of 
whom there were only 11 at that 
time, managed to restore the 
damaged water supply system. 
During the partial encirclement 
of the capital, pipes for alterna
tive water supply to hospitals 
were transferred to Kyiv.

Interext LTD LLC
In April 2022, Interext LTD 

LLC transferred free of charge 
to the Department of Housing 
and Communal Affairs of the 
Chernihiv City Council pipeline 
fittings and plumbing equip
ment for the restoration of da
maged infrastructure and hous
ing stock, namely: 119 valves 
and ball valves manufactured by 
TECOFI (France); pipes and fit
tings for internal and external 
sewage – 3500 units; sanitary 
ware – 92 units.

ETNA Group of companies
With the beginning of the 

Russian invasion of Ukraine and 
the largescale destruction of 
critical infrastructure facilities, 
the management of the ETNA 
Company made a decision to 
provide the necessary pipe 
fittings to the waterworks on a 
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free basis: valves from European 
manufacturers of Fucoli Some
pal (Portugal), T.I.S. (Italy) 
and ZETKAMA (Poland) were 
supplied for the total amount of 
about 500,000 hryvnias. In addi
tion to helping water utilities 
with equipment, the Compa
ny actively participates in the 
repair of water supply networks 
in various Ukrainian cities and 
towns.

KHIMLABORREAKTIV LLC
To speed up the victory, the 

team of the KHIMLABOR
REAKTIV together with the 
whole country, engages in 
volunteerism and charity, in 
particular, it donates laborato
ry equipment to medical insti
tutions, collects funds for the 
needs of the Armed Forces etc.

Deep gratitude to international 
donors, humanitarian organiza-
tions, business structures and all 
those who provided and continue to 
provide assistance and support to 
Ukrainian enterprises during the 
difficult period of Russian barbaric 
aggression.

So, summing up the above, it 
is necessary to note the follow
ing.

• It is impossible to imagine 
the possibility of restoring 
and ensuring the function-
ing of water utilities affect-
ed by Russian aggression 
without the comprehensive 
help of donors and volun-
teers. Three groups should 
be noted among the or-
ganizations that maximally 
helped water utilities: 
international donor and hu-
manitarian organizations, 
water utilities of Ukraine 
and abroad, and represen-
tatives of private business.

• Among the international 
humanitarian and financial 
organizations, the follow-
ing should be thanked: the 
International Committee of 
the Red Cross, the UNICEF 
Representative Office, 
the Red Cross Society 
of Ukraine, a number of 
partners from Germany, in 
particular: German Water 
Partnership e.V., Verband 
Kommunaler Unternehmen 
EV, the Ukrainian-Ger-
man working group of the 
company Stadtwerke Kiel, 
Arbeitsgemeinschaft der 

Wasserwirtschaftsver-
bände in Nordrhein-West-
falen and others. In addi-
tion, significant assistance 
was received from the 
companies Solidarités 
International, IsraAID, 
Water4Ukraine, the United 
States Agency for Inter-
national Development 
(USAID), the European 
Bank for Reconstruction 
and Development (EBRD), 
the European Investment 
Bank (EIB), the Centres 
for Disease Control and 
Prevention (CDC), “Chari-
table Hearts” Charitable 
Foundation, and “Save the 
Children”.

• Among the most active 
water utilities, it is worth 
noting: Kyivvodocanal JSC, 
Zhytomyrvodocanal utility, 
Chernigivvodocanal utility, 
Kharkivvodocanal utility, 
Mykolaivvodocanal utility, 
Miskvodocanal utility of 
Sumy, Kremenchukvodoca-
nal utility, Donbass Water 
Company, Ternopilvodoca-
nal utility, Rivneoblvodoca-
nal RRWU, and Vyshgorod-
vodocanal utility.

• Among the business 
representatives who ac-
tively provided volunteer 
assistance, the following 
should be noted: Grund-
fos Company (Grund-
fos Ukraine LLC), WILO 
UKRAINE LLC, ESMIL 
Group, HYDRO-VACUUM 
UKRAINE LLC, “ENERGY 
SAVING TECHNOLO-
GIES” LLC, IN-PREM LLC, 
Evrotrubplast House, 
Interext LTD LLC, ETNA 
Group of Companies, 
KHIMLABORREAKTIV LLC, 
“Institute of Communal 
Infrastructure” LLC.
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5. URGENT MEASURES FOR  
THE STABILIZATION OF WATER  
SUPPLY/WATER DRAINAGE SYSTEMS 
AND TRANSITION TO THEIR  
POSTWAR RESTORATION

The problem of reliably cove
ring the cost of services, and 
therefore the financial stability 
of water supply/water drainage 
enterprises, which concerns all 
groups of water utilities, has 
become critical as a result of 
hostilities. Stress in the eco
no my has led to an increase in 
inflationary processes and an 
increase in the price of almost 
all components of the cost of 
services (the cost of diesel fuel 
has increased by approximately 
55 % compared to 2021, A92 
gasoline by 40 %). Even more 
critical is the increase in the 
cost of reagents, since domes
tic manufacturing enterprises 
are completely stopped, and 
foreign analogues are not only 
more expensive already at the 
time of production, but also re
quire significant costs for deli
very, which have also increased.

Although free of charge 
reagents were supplied to some 
water utilities at the expense 
of funds from international 
donors, which to some extent 
compensated for the increase 
in cost, in the following months 
the corresponding costs still 
“fall” on the utilities.

On the other hand, in most 
water utilities, there is a steady 
decrease in the volume of ser
vices, as a result of the shut
down of the economy as well as 
relocation of enterprises and a 
significant number of the po

pu lation. Even in settlements 
with a significant number of 
displaced persons (western 
Ukraine) there is not always an 
increase in the volume of water 
sales. In addition, there is an 
increase in the level of losses 
and unaccounted expenses, 
which, among other things, is 
due to the underaccounting 
of water, especially in cases 
of calculating the consumed 
water according to norms: if 
the displaced persons are not 
registered at their new place 
of residence, the water con
sumed by them is not taken 
into account (in some cases, 
this can lead to an increase the 
level of unaccounted losses by 
10 % or more). In settlements 
where there is an increase in 
water supply (for example, in 
Uzhhorod in different months 
by 7 to 25 %), there is also a 
proportional increase in the 
consumption of energy and 
reagents. In addition, in such 
cases, the “bottlenecks” of the 
systems are sharply manifest
ed. For example, in Uzhgorod, 
due to significant obsolescence 
and a lack of capacity, the 
municipal STP are significant
ly overloaded, which does not 
allow connecting new consu
mers to the sewerage systems 
and receiving wastewater from 
displaced enterprises or from 
places of compact residence of 
temporarily displaced persons.

In those settlements, from 
where there was a mass exodus 
of the population, the drop 
in sales can decrease by 20 to 
30 % and even be catastroph
ic – 50 % or more. That is, even 
under the condition of 100 % 
collection of funds on invoic
es issued, enterprises may not 
receive 20 to 30 and even 50 % 
of the money.

At the same time, the current 
tariff formation mechanism 
does not allow compensation 
of the indicated losses in any 
way. The only possible mecha
nism could be the adjustment of 
ta riffs, for example, from 2023, 
but it is clear that such a deci
sion would be quite unpopular 
from a political point of view.

A separate problem arose 
due to the low level of payment 
for services consumed, which 
will continue to decrease as a 
result of the obvious decrease 
in citizens’ incomes. A difficult 
financial situation has de
veloped in the water utilities 
that were directly affected by 
the hostilities. In addition to 
the additional (not provided 
for in the tariff) costs for the 
restoration of destroyed and 
damaged objects (cars, equip
ment, inventory, etc.), it was 
precisely in these settlements 
that services were tempora
rily suspended. But even after 
the restoration of services, the 
level of implementation will 

5.1.  ENSURING OF FINANCIAL STABILITY OF THE UTILITIES
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remain critically low, because 
the settlements have been badly 
affected, a significant number 
of residents have left and are re
turning rather slowly (and some 
may not return at all), local 
business is not working at all, 
and therefore there is no sales 
for industrial consumers. It is 
almost impossible to quickly 
review and optimize the system 
for work in new conditions, that 
is, the equipment will continue 
to work in suboptimal modes, 
which will lead to significant 
overspending of resources and, 
first of all, electricity.

Another problem concerns 
fees for services provided to 
noncontrolled territories. Of 
course, no payment is received 
for such services (and is unlikely 
to be received in the future), so 
the corresponding costs will not 
be covered as well.

Under such conditions, in 
addition to the inability to car
ry out the necessary measures 
to restore the affected facilities 
on their own, water utilities 
are generally at risk of making 
it impossible to maintain the 
systems. First of all, the prob
lem concerns the impossibility 
of timely payment of wages, 
and the most difficult situation 
remains precisely in the affect
ed regions, where the person
nel of water utilities work in 
more dangerous and difficult 
conditions. In the absence of 
additional support, the loss 
of ne ces sary personnel will 
become inevitable. In addition, 
the lack of funds will not make 
it possible to pay for reagents, 
purchase consumables, tools 
etc., which may ultimately lead 
to the termination of water 
supply to certain areas of set
tlements, and the lack of timely 
payment for electricity will 
contribute to the emergence of 
similar problems in the adja
cent industry.

Separately, it should be noted 
that current aid from interna
tional donors is mainly aimed 
at restoring destroyed (dama
ged) equipment, machines and 
mechanisms. The vast majority 
of larger restoration projects 
are still in their initial stages. In 
addition, significant assistance 
from international donors comes 
in the form of materials, prima
rily reagents, by fully or partially 
covering the relevant costs.

One may get the impression 
that financial stabilization of 
water utilities is not necessary 
under such conditions, but this 
is absolutely not the case. First, 
costs for reagents make up a re
la tively small percentage of the 
total cost of services, while the 
main cost items usually include 
costs for electricity, labour 
and social benefits. Secondly, 
it should be understood that 
donor assistance cannot last 
forever. That is, by the time the 
aid ends, mechanisms for cove
ring the specified costs should 
already be created.

Taking into account the 
above, a number of the follow
ing financial measures shall be 
implemented to ensure the nor
mal operation of water supply/
water drainage utilities:

 ❖ To calculate the coverage 
of losses that already exist 
(as a result of the destruc-
tion of facilities, relocation 
of the population and 
enterprises, increased 
costs of reagents and other 
materials, inconsistency 
of tariffs with the real cost 
price etc.).

 ❖ To create mechanisms for 
the protection of water 
utilities in the event of 
untimely payment by the 
population for services pro-
vided or mechanisms for 
covering cash gaps.

 ❖ To calculate and approve 
the real cost of services, for 
example, as of January 1, 
2023.

 ❖ To create effective mech-
anisms to protect the po-
pulation from rising tariffs 
while ensuring coverage 
of the real costs of water 
supply/water drainage 
enterprises.

The issue of calculating the 
real losses that water utilities 
have already suffered is not as 
simple a task as it might seem at 
first glance. On the one hand, 
large water utilities, where 
there are relevant financial 
and economic services (depart
ments), carry out constant mo
nitoring and monthly analy sis 
of activities in this area, based 
on the results of which they can 
clearly establish the level of 
losses. On the other hand, it is 
not always possible to separate 
correctly, for example, debts 
on invoices into those that 
will be covered in the future 
period (cash gap) and those 
that will not be covered (for 
example, due to the closure of 
enterprises, people moving to 
another permanent residence 
etc.) Similar problems can arise 
when determining the cost 
part, especially in cases where 
certain costs are covered by 
thirdparty organizations, for 
example, international donors. 
A difficult situation also occurs 
with machines and mechanisms 
that were involved for work or 
withdrawn altogether for the 
needs of the front and territori
al defence. Most likely, the costs 
will be covered, but neither the 
terms nor the mechanisms of 
these processes are yet clear.

This problem turns out to be 
even more difficult for water 
utilities that have suffered im
mediate destruction and are (or 
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were) in a war zone, especially 
in small towns. It is obvious that 
during periods of hostilities, the 
following could be suspended: 
provision of services, incorrect 
(absent) maintenance of pri
mary documentation etc. In 
such conditions, it is extremely 
difficult for enterprises (even 
more so, on their own) to make 
a comprehensive financial 
assessment of the enterprise’s 
losses.

To solve the mentioned prob
lem, first of all, a single meth
odology (perhaps with different 
approaches depending on the 
situation) of determining the 
financial losses of enterprises 
as a result of military opera
tions should be developed. It 
should not be confused with the 
methodology for determining 
the cost of restoring destroyed 
(damaged) facilities, because as 
the analysis shows, in the vast 
majority of cases, losses from 
direct destruction are much 
smaller than total losses due to 
the shutdown of enterprises, the 
increase in the price of reagents 
and other processes characteris
tic of wartime. After the appro
val of this methodology, it is 
ne ces sary to carry out appropri
ate calculations, involving at the 
same time independent expert 
and research organizations, 
especially in the case of affected 
water utilities and water utilities 
of small settlements.

In addition, it is necessary to 
develop mechanisms for cover
ing the calculated losses. Such a 
mechanism can be, for example, 
a subsidy from the state budget 
or targeted funds, funds from 
recovery funds etc. At the same 
time, it is important to realize 
that the calculation of real costs 
will take a certain amount of 
time, which can become critical 
for the utility’s activities. There
fore, such mechanisms shall 
provide for either phased cover

age of costs or be implemented 
simultaneously with mecha
nisms similar to mechanisms for 
protecting the utility in condi
tions of incomplete coverage of 
the cost of services.

A similar mechanism, namely 
a state subsidy, the use of tar
geted funds, money from reco
very funds etc., can also be used 
to cover cash gaps (if a mecha
nism for returning funds to the 
funds is developed). That is, in 
this case, the state (funds) pro
vides interestfree lending to 
utilities, and upon payment for 
services, they return the provid
ed money. A similar mechanism 
may consist in covering interest 
on loans from special funds.

On the other hand, mech
anisms can (and shall) also be 
developed to protect water 
utilities in conditions where, 
due to incomplete coverage of 
the cost of services or signifi
cant cash gaps, they are unable 
to fully pay for all cost items. 
First of all, it concerns wages. 
As already mentioned above, 
the lack of timely payment of 
salaries to employees (in some 
places the debts of water utili
ties for salaries exceed several 
months) can lead to the loss of 
personnel, especially qualified 
ones. On the one hand, the 
decline of the economy increas
es the proposal in the labour 
market, which can restrain 
personnel turnover, and on 
the other hand, open borders 
(for nonmilitary personnel), 
attractive contract conditions 
and the availability of support 
for migrants create conditions 
for personnel loss. Therefore, in 
case of absence (impossibility) 
of covering costs and cash gaps, 
a mechanism of direct subsidi
zation of wages to employees of 
critical infrastructure enterpris
es is needed.

The same situation is typical 
for the sphere of energy, that 

is, until favourable financial 
conditions are created for the 
activities of enterprises, the 
impossibility of their discon
nection from electricity due 
to nonpayment for services 
provided shall be guaranteed, 
or targeted subsidy programs 
under this article are again 
proposed. Other, lower in their 
amount, but no less critical, are 
also items of fuel and lubricant 
materials and reagents.

Mechanisms for covering 
costs and cash gaps should be 
considered as a priority in the 
medium and long term, while 
primary subsidies can be used in 
the short term to cover priority 
costs.

The calculation and appro
val of the real cost of services, 
among other things, require the 
introduction of certain amend
ments to the existing legislation 
on tariff formation. At the very 
least, the approach to accept
ing costs based on last year’s 
results and assigning them to 
the planned implementation of 
water according to the produc
tion program should be adjust
ed taking into account wartime 
conditions. After all, it is clear 
that for settlements in the zone 
and near the zone of hostilities, 
the consumption of reagents 
will be much lower than in the 
normal period. Since certain 
periods of 2022 were charac
terized by absolutely nonin
dicative values of individual 
cost components, their further 
consideration when calculating 
the costs of subsequent peri
ods is impractical. That is why 
it is appropriate to introduce 
the concept of a “nonshown” 
period, which is not taken into 
account in the calculations, 
but is replaced, for example, by 
average indicators or data from 
the year before the last year.

The issue of how to accept 
costs that were compensated by 
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international donors has also 
not been resolved, because they 
do not always inform appro
priate water utility about the 
procedures and cost of delivery. 
In accordance with the current 
legislation, the costs compen
sated by donors are considered 
zero, and therefore will not be 
taken into account in the next 
year, which actually makes wa
ter supply enterprises hostage 
to the situation. In addition, 
there is the question of taking 
into account inflationary pro
cesses, in particular, in the part 
of the basic components of the 
cost of services.

After making the appropri
ate changes to the legislation 
and bylaws, it is necessary to 
calculate the cost of services for 
all water utilities that require 
adjustment (this is actually all 
water utilities), both licensees 
of the National Commission 
for State Regulation in the 
Spheres of Energy and Utilities 
(NCSRSEU) and not.

It should also be understood 
that the increase in tariffs for 
water supply/drainage services 
during the war period and in 
conditions of economic decline, 

and even more so in settlements 
where water supply was stopped 
or water is supplied with a 
deviation from the established 
standards, inevitably led to 
the dissatisfaction of residents. 
And, although formally, in con
trast to heat supply, the state 
did not establish a moratorium 
on increasing the cost of water 
supply services, raising the wa
ter tariff is an almost impossible 
political decision for local au
thorities (even for licensees of 
National Commission for State 
Regulation in the Spheres of 
Energy and Utilities, agreement 
with local authorities is man
datory). However, it is worth 
noting that in such conditions, 
specifying the cost price does 
not yet mean an increase in the 
tariff for the services provided.

Local authorities formally 
have the right to accept a tariff 
below the cost of services and 
cover the difference with subsi
dies from the local budget. Such 
a mechanism has never really 
worked in practice, and there
fore will not be able to work 
during military operations. But 
the creation of a compensation 
mechanism (at the expense of 

budget expenditures or donor 
aid) will ensure the stability of 
the cost of water supply/drain
age services and prevent the 
termination of system main
tenance due to the inability to 
cover losses.

Therefore, the main measures 
to ensure the stable financial 
activity of water utilities should 
include the following:

 ❖ Creation of a mechanism 
for calculating and cover-
ing the expenses already 
incurred by the water utili-
ties as well as compensat-
ing the cash gap through 
subsidy mechanisms or 
interest-free lending.

 ❖ Clarifying the procedure for 
calculating the cost price 
taking into account war-
time and determining the 
justified cost price for all 
enterprises.

 ❖ Finding additional sources 
of covering the difference 
in the cost price and the 
tariff for settlements where 
an increase in the tariff is 
impossible.

Provision of water utility 
with the necessary materials and 
means during military operations 
belongs to important, but very 
complex and multifactorial tasks.

For the normal functioning 
of water supply/drainage sys
tems, any utility during peace 
time shall be provided at least 
with the following:

 ❖ a reserve of technological 
equipment for the replace-
ment of pumps, valves etc.,

 ❖ serviceable machines and 
mechanisms, a set of spare 
parts,

 ❖ reagents for water  
treatment in accordance 
with the technological regu-
lations,

 ❖ repair kits, tools, consum-
ables, replacement ele-
ments etc.,

 ❖ everything necessary for 
water quality control,

 ❖ sufficient amount of fuel 
and lubricants.

And additionally, in case of 
military operations near facili
ties, there shall be personal 
protective equipment, food sets, 
autonomous charging devices, 
special means of communica
tion, and autonomous water 
supply systems.

5.2.  DETERMINATION OF FIRST-PRIORITY PROBLEMS  
OF THE UTILITIES AND TRENDS OF THEIR SOLUTION  
FOR THE POSSIBILITY OF RELIABLE OPERATION OF THE SYSTEMS
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Formation of the necessary 
reserves listed above shall be 
carried out in all water utilities 
without exception, although 
the content of the necessary re
serves and ways to prevent their 
shortage can vary depending 
on the specifics of the utility’s 
operation features.

Reagents for drinking water 
treatment, in particular, dis
infectants, coagulants/floccu
lants, PAA etc. are necessary for 
the normal implementation of 
water purification processes. 
In accordance with the current 
building code, arrangement of 
reagent warehouses is pro
vided on the condition that a 
30day supply of each reagent 
is stored, but with appropri
ate reasoning, it is allowed to 
reduce this norm to a 15day 
supply. For peacetime, this 
approach is fully justified, but 
for wartime, it may not always 
be sufficient.

Military actions on the 
territory of Ukraine led to the 
closure of the vast majority 
of domestic facilities for the 
production of basic reagents: 
chlorine, sodium hypochlorite, 
and coagulants. A quick tran
sition to new foreign suppliers 
also proved impossible. First, 
foreign manufacturers work 
mainly in established markets, 
and do not create excess stocks 
of reagents in their warehouses. 
In order to cover the amount 
of reagents needed by Ukraine, 
even with sufficient resourc
es, it is necessary to expand 
production, which can take 
some time. Secondly, there 
was a problem with logistics: 
the ways of supplying reagents 
changed (significantly length
ened), there were difficulties 
with their transportation 
across the border and licensing 
in Ukraine. In addition, the 
transportation of some rea
gents requires special transport 

(which is not always available 
in sufficient quantities), com
pliance with special safety 
requirements, especially when 
transporting chlorine (which 
is most difficult when supply
ing to war zones and regions 
close to them) etc. The optimal 
solution in this case may be to 
switch to sodium hypochlorite 
or calcium hypochlorite.

The problem of replacing do
mestic reagents with those from 
other manufacturers is also 
associated with financial dif
ficulties. Foreign reagents are 
more expensive than Ukrainian 

analogues, and their delivery 
has become much more compli
cated and expensive nowadays. 
Since the price of domestic 
reagents is embedded in the 
tariffs for water supply services, 
the existing price difference 
will certainly lead to significant 
overspending of water utilities. 
Moreover, if these losses may 
not be critical for the settle
ments of western Ukraine, then 

in the eastern regions the water 
utilities simply do not have the 
funds to purchase these rea
gents. In addition, new suppli
ers mostly require prepayment, 
which requires the availability 
of working capital, which water 
utilities actually do not have.

It should be noted that the 
supply of reagents (partial or 
full) for the vast majority of 
water utilities was undertaken 
by international donors. As 
part of the aid to Ukraine, both 
reagents were provided directly 
and the costs of their purchase 
were covered.

In order to prevent interrup
tions in the supply of reagents, 
it is necessary to expand their 
stock for at least 2 to 3 months 
(preferably 6 months). But 
this does not necessarily lead 
to the need to increase the 
composition by 2, 3 or 6 times, 
since most often problems with 
reagents were experienced by 
enterprises located in and near 
combat zones, where a sharp 
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drop in water distribution was 
observed at the same time. 
Since the amount of reagents 
is directly proportional to the 
volumes of treated water, a 
drop in water consumption will 
also lead to a decrease in the 
amount of required reagents. 
In the future, it is advisable 
to prepare a methodology for 
calculating and forecasting the 
necessary stocks of reagents.

Due to the need to increase 
the time (and/or volumes) of 
reagent storage, it is necessary 
to consider:

 - possibility of hitting of ware
houses. Decentralization of 
warehouses and replacement 
of dangerous reagents with 
other analogues (for exam
ple, chlorine with sodium 
hypochlorite) can be a way 
to solve this problem,

 - terms of possible storage of 
reagents (for example, com
mercial sodium hypochlorite 
loses up to half of its activity 
within a month, and there
fore cannot be stored for a 
long time).

The relevance of the issue 
of provision of repair kits, 
tools, consumables, replace
able ele ments as well as the 
creation of a reserve of tech
nological equipment during 
military ope rations is due to 
two reasons. On the one hand, 
the number of emergency 
situations is increasing signifi
cantly in the territories close 
to military operations. More
over, their causes are not so 
much destruction as a result of 
hostilities (direct or indirect), 
but a significant change in the 
hydraulic modes of network 
operation, and in the case of, 
for example, Mykolaiv, also a 
significant change (deterio
ration) in the quality of water 
supplied to the system. In such 

conditions, the pumping equip
ment, as a rule, stops func
tioning in optimal modes and 
significant excess pressures are 
created which accelerates the 
processes of pipe destruction.

On the other hand, if in 
peacetime water utilities had 
no particular reason to create 
significant reserves of consum
ables, then in wartime their 
supply may not only be com
plicated, but also, more im
portantly, be carried out much 
more slowly. Therefore, care
ful preparation of the list of 
necessary stocks and expansion 
of reserve units of equipment, 
volumes of reagents, etc. to the 
estimated cost norms for 2 to 3 
months (preferably 6 months) 
should be mandatory, especial
ly for water utilities in the area 
of hostilities (or where there 
are risks of their occurrence).

Backup pumping and process 
equipment is, as a rule, stored 
directly in the places of use (to 
ensure an immediate transition 
to it in the event of an accident 
on the main equipment). But 
with this approach, the impact 
of projectiles in the pumping 
station will with a high proba
bility lead to the failure of both 
the main and backup equip
ment at the same time. There
fore, in addition to reserve 
equipment at the facilities, it is 
also advisable to create a stock 
of them in a separate ware
house. Although in this case the 
replacement will be carried out 
less quickly than the switching 
of already mounted pumps, 
its speed will much exceed the 
case of waiting for the delivery 
of a new pump. Of course, in 
addition to the pump itself, it is 
also necessary to store a spare 
engine, fittings etc.

It should also be noted that 
the backup equipment does 
not necessarily have to have 
the same characteristics as the 

main one, because there is a 
possibility that it will operate 
in conditions of reduced water 
consumption. Therefore, it is 
appropriate to confirm the 
selection of pumps with appro
priate hydraulic calculations 
that will simulate the specified 
situation.

It should be noted that 
stockpiling is also a priority, at 
least for water utilities located 
in areas of potential risk, as the 
war continues and systems shall 
be operated continuously.

Most likely, such reserves can 
be created with the help of in
ternational donors, but for this 
it is necessary to provide them 
with clear and understandable 
explanations about the need to 
shift the emphasis from restor
ing the destroyed to preventing 
interruptions in the operation 
of undamaged networks and 
minimizing the time to elimi
nate accidents regardless of 
their causes.

As for providing laborato
ries with everything necessary 
for water quality control, it is 
necessary to focus on the water 
quality control production 
program of a specific utility.

Separately, it is necessary to 
pay attention to the readiness 
of water utilities’ laboratories 
to analyze water for the pre
sence of components of weap
ons of mass destruction. Al
though the “military” DSanPiN 
indicates that such water ana
lysis is carried out by drinking 
water supply utilities, in prac
tice water utilities’ laboratories 
have no any opportunities for 
this – there are no separate 
rooms and personal protective 
equipment for working with 
dangerous substances, no mea
suring devices and methods, 
and no trained personnel.

An important point in the 
issue of water quality control is 
also the possible lack of quali
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fied personnel. Therefore, in 
wartime conditions, simpler 
express methods of control are 
needed, which can be carried 
out by lowerqualified labo
ratory technicians. In addi
tion, in the event of military 
operations, it is advisable to 
provide the required number 
of test systems and appropriate 
analytical equipment (accord
ing to the laboratory research 
program) for water utilities in 
the risk zone. Perhaps, taking 
into account the higher cost 
of test systems (compared 
to conventional methods of 
analysis), a gradual revision of 
work control programs or the 
development of a mechanism 
for reducing the number of 
analyzes for wartime will be 
required.

Sources of funding for the 
purchase of test systems and 
reagents for water quality 
analysis can be funds from 
international humanitari
an organizations and other 
international donors as well as 
targeted government and inter
national programs aimed at the 
development of laboratories 
in the sphere of health care, 
including water quality control 
laboratories.

During the hostilities, 
Ukraine also faced a crisis in 
the supply of fuel resources. 
Although the probability of 
a repetition of the situation 
is not very high, it cannot be 
completely excluded. Obvi
ously, for regions closer to a 
war zone, this problem is even 
more acute, and supply delays 
can occur regardless of the fuel 
situation in the country as a 
whole. Therefore, it is expe
dient to create the necessary 
stock of fuel and lubricants at 
the utilities taking into account 
the existing fleet of vehicles. 
For these purposes, funds from 
local militarycivilian ad

ministrations (aid to critical 
infrastructure facilities), funds 
from international donors, and 
other financial assistance can 
be involved.

The issue of protecting water 
utility workers remains ex
tremely relevant during hostil
ities. If at the beginning of the 
war this problem was charac
teristic mainly for the regions 
of hostilities, now the enemy’s 
tactics which consists in rocket 
attacks on civilian and infra
structure facilities have shown 
that any settlements can be 
affected.

Solving the issue of creating 
new civil defence structures 
requires capital construction 
and is assigned to the medium 
term, while the restoration and 
retrofitting of existing shelters 
shall be carried out in the near 
future.

The means of collective pro
tection also include systems of 
automatic protection, timely 
notification and informing. 
Automatic protection systems 
in the event of an accident at 
the chlorine farm are usually 
in satisfactory technical condi
tion. However, if the composi
tion of chlorine is hit, not only 
chlorine leakage can occur, 
but also the destruction of the 
protection system (during the 
design of such systems, the pos
sibility of hostilities on the ter
ritory of Ukraine was not even 
considered). All the protection 
systems shall be restored and 
checked and shall be in working 
condition, which will reduce 
the risks of mancaused acci
dents.

Warning systems shall also 
be in good working order to be 
able to inform in a timely man
ner any employees without any 
exclusion. The territory shall 
be equipped with appropriate 
plans (movement in case of fire, 
movement to shelter, etc.).

As for personal protective 
equipment, all employees of 
the utilities shall be provided 
with it in sufficient quantity. 
The list of these means de
pends on the specifics of both 
the military situation and the 
technological process at a 
specific water supply facility. It 
is expedient to determine the 
necessary list and number of 
personal protective equipment 
taking into account emergency 
response plans adapted to the 
military situation. It is worth 
noting that the adjustment 
of the plan of elimination of ac
cident requires some time for a 
significant number of utilities. 
Therefore, at the first stage, it is 
sufficient to proceed from the 
number of permanently em
ployed persons and those who 
are likely to be at the facility, 
plus 20 %.

The issue of finding sources 
to cover the necessary costs 
can be solved in several direc
tions. In November 2021, the 
Law of Ukraine “On Critical 
Infrastructure” entered into 
force, which came into force 
on 15.06.2022. In addition, a 
decision was made “On the es
tablishment of the State Service 
for the Protection of Critical 
Infrastructure and Ensuring the 
National System of Ukraine’s 
Resilience” (CMU Resolution 
of 12.07.2022 No. 787). There 
are several other bylaws that, 
among other things, impose 
certain additional obligations 
on the utility. At the same time, 
the list of enterprises assigned 
to the critical infrastructure of 
the State Service for the Pro
tection of Critical Infrastruc
ture and Ensuring the National 
Stability System of Ukraine has 
not yet been determined. But 
taking into account the re
quirements of the Law and the 
specifics of centralized water 
supply/sewerage utilities, they 
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will certainly be subject to the 
abovementioned legislative 
acts.

The specifics of the work of a 
significant part of the person
nel who operate water supply/
water drainage systems consist 
in working in shifts. In war
time, due to the relocation of 
the population and the reduc
tion of relevant personnel, 
there is a need to organize 
work in 2 or more shifts. In 
such conditions, it is extremely 
important to provide workers 
with products necessary for 
life, and, first of all, food. This is 
especially true during military 
operations as well as at remote 
sites where timely delivery of 
products is limited or inter
rupted.

Domestic and international 
funds can be involved for these 
purposes. At the same time, in 
order to create stocks of pro
ducts with a shorter shelf life 
(for example, bread), it is ad
visable to form an appropriate 
financial reserve to ensure pro
curement in the event of a dan
ger of disruption of the supply 
of products to the settlement. 
At the same time, clear rules 
shall be formed: at what level 
of danger, what stocks and for 
what funds shall be purchased.

The supply of products 
during military operations is 
usually financed by donors, 
but it is preferable for critical 
infrastructure enterprises not 
to rely on such opportunities, 
creating their own stocks in 
advance.

Many settlements in or 
near the hostilities are suffer
ing from a temporary power 
outage. Since the majority of 
the water supply infrastruc
ture (from pumping stations 
to internal electric lighting) 
is dependent on electricity, a 
blackout almost always leads to 
the shutdown of water supply/

water drainage systems. There
fore, a set of measures to ensure 
backup power supply of key 
equipment is necessary.

Technological equipment 
that requires autonomous 
support includes, first of all, 
pumps. It should be noted right 
away that in accordance with 
the real financial possibilities 
(at least at the first stage) it is 
necessary to foresee a signifi
cant decrease in water supply 
in populated areas during 
hostilities. At the same time, 
for certain critical facilities (for 
example, hospitals), water sup
ply shall be provided in full.

Depending on the chosen 
method (centralized supply 
with limited water supply or 
the use of water trucks), spe
cific measures can differ. In 
the first case, it is necessary to 
provide the minimum required 
number of pumps with diesel 
generators, in the second – to 
have backup sources of water 
and/or backup pumps (of lower 
capacity) equipped with diesel 
genera tors and water supply 
systems for filling tank trucks.

Technological equipment 
of water supply systems (elec
trolysers, membrane systems, 
flushing systems etc.) and water 
drainage (blowers) is also ener
gydependent. Installing diesel 
generators and/or creating 
fuel reserves for them are not 
always justified. For instance, 
instead of setting up a backup 
pump on the electrolyser, it is 
more profitable to keep a sup
ply of a stable reagent (calcium 
hypochlorite), which will be 
used only in case of deenergi
zation.

When selecting diesel ge
nera tors for pumping and com
pressor equipment, it is neces
sary to take into account that 
the starting currents are much 
higher than during steadystate 
operation. That is, to start an 

engine with a power of 5 kW in 
the absence of special devices, 
a diesel generator with a power 
of up to 15 kW is required. It is 
possible to reduce the required 
level of electricity by using soft 
start devices and frequency 
converters (at the same time, 
the power reserve of the ge
nera tor should be 50 to 70 %).

In the absence of electrici
ty, it is impossible to provide 
lighting for buildings, opera
tion of computer, office, service 
equipment, automation sys
tems etc., and in cold periods – 
that of heating systems. In such 
conditions, autonomous power 
equipment is needed which can 
be both centralized (a diesel 
generator for an industrial 
building or a mobile generator 
for connecting the equipment 
of an emergency team) and 
decentralized (personal solar 
batteries for charging mobile 
phones).

In addition to the purchase 
of the generators themselves, 
it is necessary to provide a 
certain reserve of fuel for their 
operation, amount of which for 
the estimated period of power 
outage (approximately 1 to 2 
weeks) shall be added to the 
general stock of fuel and lubri
cants. For low power facilities 
(less than 5 kW) gasoline gene
rators are generally cheaper, 
but creating a separate gasoline 
supply for them often negates 
these savings.

Usually, a blackout is ac
companied by disconnection 
(interruptions) in the work of 
cellular communication and 
the Internet, which can great
ly complicate the interaction 
between the management, the 
company’s divisions as well 
as the teams working on the 
road and/or at remote sites. 
One of the effective ways to 
solve this problem is the use 
of mediumrange radio sta
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tions (walkietalkies). These 
are relatively portable devices 
that allow voice information to 
be transmitted over a distance 
of 5 to 28 km (depending on 
the model). Since the actual 
distance to the facilities can be 
greater, an appropriate plan 
for the transfer of information 
between units and specific 
persons is required (for exam
ple, a pumping station trans

mits information to another 
pumping station, which in turn 
transmits information to the 
central office).

Creating a reserve of power 
supply equipment is advisable, 
first of all, in areas with a high 
risk of power outages (areas of 
probable hostilities). But, taking 
into account that infrastructure 
facilities, in particular, elec
tricity supply, are often hit by 
rockets, it is advisable to create 
in the future such reserves at all 
enterprises without exception. 

Possible sources of funding for 
such activities at the first stages 
can be money from charitable 
organizations, and later – mo
ney from international donors, 
recovery funds etc.

A separate important issue is 
the provision of water utilities 
with the necessary amount of 
general construction and spe
cialized machinery. With the 
beginning of hostilities and the 

introduction of martial law, a 
significant part of the general 
construction machinery was 
withdrawn or was actively used 
by militarycivilian admini
strations for defence works. 
Due to significant overloading, 
equipment was often returned 
damaged or defective, and in 
some cases, it was not returned 
at all.

A change in technologi
cal regimes, not to mention a 
complete stoppage of water 
supply/drainage for a certain 

time, leads to an increase in 
the emergency rate on the 
networks, which accordingly 
increases the need for the ap
propriate equipment: excava
tors, cranes, bulldozers etc. In 
such conditions, the shortage 
or malfunction of equipment 
leads to an increase in the 
time to eliminate accidents, 
and therefore to an increase 
in water leaks, downtime of 

dehydrated parts of distribu
tion networks, and the time of 
disconnection of consumers 
from the services.

It is possible to cover the 
need for general construction 
equipment both by purchasing 
new machines and by purchas
ing machines that were already 
in use. For the vast majority of 
water utilities, used (but in sati
sfactory condition) transport 
can be a possible solution to 
the problem of the lack of con
struction machinery. The cost 
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of such machines can be up to 
4 times lower than that of new 
ones, and delivery times are 
shorter. However, in order to 
avoid problems during opera
tion, it is necessary to carry out 
expert technical control before 
purchasing nonnew construc
tion equipment or cars.

As for special equipment, 
for example, canal flushing and 
hydraulic machines, in peace
time the need for it was insig
nificant, since under constant 
modes of operation of the 
systems, flushing is carried out 
by gravity or manually. After 
a change in sewer operation 
modes (due to a decrease in wa
ter consumption), the amount 
of deposits increases and, 
accordingly, the need for such 
machines enhances. However, 
due to certain specificity, such 
equipment is mostly made “to 
order” which excludes the pos
sibility of its quick delivery.

The solution to the 
abovementioned problem 
could be the creation of a 
certain fund of such specific 
machines in individual enter
prises (for example, in large 
water utilities), from where 
they could, if necessary, be pro
vided (including with service 
personnel) to smaller water 
utilities for carrying out specific 
works. This will allow both to 
reduce the required number of 
machines and to increase the 
specific load, and therefore the 
efficiency of the use of equip
ment.

In the absence of a centra
li zed water supply, water is 
delivered by road transport. 
Most water supply companies 
have a certain number of water 
trucks, but it is obvious that 
they will not be enough to 
transport water throughout the 
settlement. It is very difficult 
to significantly increase their 
number, since these are also 

specialized machines and are 
made to order.

When the centralized water 
supply was stopped (for exam
ple, in Mykolaiv), nonspe
cialized tanker trucks for food 
products, which were tempora
rily seized from local enterpris
es, were used to supply water 
to consumers. But the use of 
nonspecialized tanks for the 
supply of drinking water even af
ter flushing and disinfection cre
ates certain risks. You can also 

use polyethylene or plastic con
tainers for drinking water with 
a volume of 1 to 2 m³ installed 
on nonspecialized trucks and 
even passenger vehicles. Such 
solutions are much cheaper and 
may be optimal for shortterm 
use. In addition, the use of cars 
or their trailers with installed 
containers is also justified in the 
case of significant destruction 
of fortifications on the streets of 
the settlement when the move
ment of freight transport is quite 
limited. In general, up to 12 m³ 
of water in containers can be 
installed on a truck.

If the vehicle has a crane or 
other device for raising/lower
ing containers, water is drawn 
not from the water carrier, but 
directly from the containers, 
which are replaced as water is 
used. It is also possible to dis
charge water from the vehicle’s 
tanks to a stationary one (for 
further analysis of the water), 
but in this case a pump is usual
ly required.

Both ordinary plastic con
tainers and containers that 

change their volume when 
filled, socalled “bladder 
tanks”, can be used (such 
containers without water are 
compact and convenient for 
transportation).

To adequately select the 
number of water treatment 
plants, water carriers, sta
tionary containers etc., it is 
necessary to correctly calcu
late the required daily water 
consumption. On average, one 
person needs water per day: for 
drinking purposes – 2.5 to 3 
litres, taking into account the 
needs for hygiene – 5 litres, for 
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household needs – at least 20 
litres. It is believed that 60 to 
80 l per person/day is required 
for normal life support of the 
population for a long time, but 
in the conditions of the city, 
in the absence of a centrali
zed water supply, provision of 
such amount of water causes 
certain problems. Therefore, 
when the centralized water 
supply systems are shut off, it 
is important to arrange supply 
of water to the population in 
the amount of at least 2, and if 
possible 5 litres/day/person as 
early as on the first day. In the 
case of longterm shutoff of the 
centralized water supply (more 
than 4 weeks), this rate shall 
be gradually increased to 20 l/
day/person.

When the centralized water 
supply is shut off for less than 
4 weeks (with compliance with 
the norm of 5 l/day/person), 
water distribution is usually 
carried out directly from vehi
cles; in case of a longer dis
connection it is done in shops, 
shopping centers, metro, public 
places, etc. using containers 
with a capacity of 1 to 2 m³ 
(or more) installed for storing 
and distributing water. Motor 
transport delivers containers 
and fills them with water (ad
ditional water disinfection is 
carried out in the container).

Water from centralized water 
supply systems is used for inter
nal and external fire fighting. 
Given the importance of this 
issue, centralized water supply 
shall be restored as soon as pos
sible for regions of hostilities.

If there is water of substand
ard quality in centralized water 
supply systems, stationary local 
water treatment systems, exis
ting or quickly arranged pum
ping stations etc. can be used. 
At the same time, it is advisable 
to select systems based on the 
norm of 3 to 5 l/day/person.

It should be noted that the 
shutdown of centralized water 
supply systems, regardless 
of the supply of water to the 
population in a decentralized 
way, has a very negative effect 
on the state of water distribu
tion networks, even more so 
on sewer collectors and the 
sewage system as a whole. The 
rate of corrosion of pipelines in 
the absence of water is usually 
much higher than in the nor
mal mode of their operation. 
However, Mykolaiv’s experi
ence shows that even the supply 
of lowquality (salty) water can 
be a necessary step to preserve 
the system.

In addition, only with 
centralized water supply in 
multiapartment buildings is 
it possible to use toilets (which 
is guaranteed by the right to 
sanitation). The experience of 
a small population living in 
destroyed highrise buildings 
in Kharkiv shows the necessi
ty of centralized water supply 
as close as possible to people. 
Kharkivvodocanal utility 
whenever possible ensured the 
supply of tap water to the base
ments of residential buildings 
with the discharge of water taps 
to the yards. This made it pos
sible to stabilize the sanitary 
situation in the houses and pro
tected people in the summer 
from the threat of infectious 
outbreaks. Such a scheme shall 
therefore be implemented in 
the winter period as well pro
viding heating of the basement 
premises.

A significant problem is the 
water supply of certain socially 
significant objects – hospitals, 
public buildings, shelters etc. 
The WHO Guideline notes the 
need to provide hospitals with 
backup water supply systems, if 
possible, autonomous from the 
centralized system. In reserve 
systems, it is usually assumed 

to use underground water from 
wells and a stationary system 
for their further treatment and 
disinfection. Such systems can 
also provide treatment of water 
of a higher quality required for 
medical purposes (for example, 
apyrogenic water and water 
for injections). In any case, the 
solution of these issues is more 
longterm and should be con
sidered together with the de
velopment of longterm plans 
for the development of water 
supply/drainage systems.

But due to the specifics of 
drinking water distribution, 
it is worth paying attention to 
the following features. Taking 
into account the certain time 
of water storage (in particular, 
in nonspecialized containers), 
additional measures are needed 
to increase the bacteriostatic 
stability of water by applying 
adequate doses of disinfec
tants. Water storage and filling 
containers and watercarrying 
vehicles shall also undergo 
periodic disinfection.

If the water in the centra
lized water supply system 
does not meet the regulatory 
requirements for the quality 
of drinking water, but (with 
the permission of the relevant 
authorities) can be used for 
other household needs (with 
the exception of drinking and 
cooking), local selfgovern
ment bodies, guided by Article 
9 of the Law of Ukraine “On 
Drinking Water, drinking water 
supply and drainage” shall 
inform the population about 
the current situation as well 
as provide recommendations 
on the specifics of using water 
from the centralized water sup
ply system. At the same time, 
in any case, the water shall be 
reliably disinfected and meet 
all microbiological parame
ters according to the standards 
established by DSanPiN.
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5.3.  TYPICAL SITUATIONS, PROBLEMS  
OF WATER SUPPLY AND WAYS  
OF THEIR SOLUTION DURING WAR TIME 

As already mentioned ear
lier, a rather difficult problem 
that often arises in the terri
tories affected by hostilities is 
the provision of drinking water 
to the population in condi
tions of complete or partial 
shutdown of the centralized 
water supply/drainage sys
tems. The operating conditions 
of water supply systems in 
each settlement are special to 
some extent, and therefore it 
is impossible to find a single 
solution suitable for all cases. 
Depending on the conditions 
of the settlement and the 
prevailing situation, 5 typical 
situations can be distinguished 
(Table 5.1).

Situation 1. Central water 
supply is available in part of the 
settlement, while water quality 
meets the established regula-
tory requirements. In this case, 
water is used from the centrali
zed system of districts where it 
is available, and then its deliv
ery and distribution is carried 
out in districts without centra
lized water supply. Sometimes 
it is possible to restore water 
supply by changing hydraulic 
modes, reverse water supply, 
etc.

Situation 2. The central water 
supply is available in whole or 
in part of the settlement, while 
the water quality does not 
meet the established regulato-
ry requirements. In this case, 
water intake can be carried out 
from a centralized system with 
further tyreatment or from an 
existing surface source of water 
supply.

For water treatment, spe
cial mobile water purifica
tion plants are used mounted 
on the chassis of vehicles, 
semitrailers and/or in con
tainers (described in detail 
below). A possible option is 
the use of stationary systems 
located in significant facili
ties, as well as the creation 
of separate filling points for 
retreated water (which, in 
a certain amount, should be 
distributed free of charge or at 
cost). A similar scheme was im
plemented in Kharkiv, where 
the number of commercial 
water treatment and bottling 
systems in the prewar period 
was quite significant, and in 
order to provide the popula
tion with highquality water, 
it was enough only to change 
the rules for its release. If 
decentralized systems are not 
sufficiently developed in the 
settlement, it is necessary to 
use mobile installations.

Situation 3. There is no 
centralized water supply in the 
entire settlement, but there 
are undamaged and unpolluted 
wells. In this case, both wells 
of the centralized water supply 
system and departmental 
wells can be used, and in some 
cases – also observation wells. 
Water quality in these wells 
shall be monitored before and 
during use.

Water intake is carried 
out from wells, if necessary, 
submersible pumps are used. 
In the absence of electricity 
supply, diesel generators are 
used. Water from wells shall be 
disinfected.

In cases of high salinity 
(over 1,500 mg/l), treatment 
plants are used according to 
technological scheme No. 2 
(given below). These installa
tions can be stationary (usual
ly for large volumes of water) 
or mobile (both on vehicles 
and in containers).

Situation 4. There is no 
centralized water supply in the 
entire settlement; there are no 
undamaged and unpolluted 
wells. At the same time, exis-
ting surface sources of water 
supply are not affected by 
chemical and/or bacteriological 
weapons of mass destruction.

In this case, water intake 
should be carried out from 
available surface water sourc
es. It can be rivers, lakes, and 
artificial reservoirs with fresh 
water. For water treatment, 
special mobile water treat
ment plants are used which 
are mounted on the chassis of 
vehicles and/or semitrailers. 
Technological scheme No. 1 is 
used for water treatment.

Under certain conditions, 
instead of decentralized water 
supply, it is possible to use 
existing treatment facilities of 
centralized systems or a sepa
rate line/row of facilities. At 
the same time, water carriers 
are also used for water deli
very.

Situation 5. There is no 
centralized water supply in 
the entire settlement; there 
are no undamaged and unpol-
luted wells. At the same time, 
there are no surface sources 
of water supply that have not 
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been affected by chemical and/
or bacteriological weapons of 
mass destruction. In this case, 
water intake is carried out 
from existing surface sources, 
and for treatment, mobile in
stallations with technological 
scheme No. 3 are used.

The optimal solution for 
providing water to the popu
lation, in the absence of a 
centralized water supply and 
sources of good quality drin
king water can be the use of 
mobile water purification 
complexes and plants. Exist
ing experience of using such 
foreign systems in Ukraine 
was mostly negative. Many 
of them were not at all suit
able for water treatment of 
Ukraini an sources, but were 
oriented towards complete
ly different types of water 
(for example, characteristic 
of African countries). Some 
of them were inade quate in 
terms of productivity and were 
designed to provide drin
king water for only up to 100 
people. Often, the systems did 
not have appropriate technical 
documentation, especially in 
the Ukrainian language, which 
hindered and complicated 
their implementation.

Therefore, for the possibili
ty of choosing the necessary 
water treatment complexes 
or plants and their potential 
manufacturers, technologi
cal schemes were developed 
and appropriate criteria were 
established for their produc
tivity, the presence of certain 
stages of treatment, layout, 
autonomy of functioning etc. 
Taking into account water qua
lity, three main schemes have 
been identified.

Technological scheme No. 1 
is intended for treating water 
from surface reservoirs (there 
is no need for water intake 
structures) and/or from cen

tralized water supply systems 
with unsatisfactory water 
quality without affecting it 
with chemical or bacteriologi
cal weapons. The technological 
scheme consists of the follow
ing stages: primary disinfec
tion; mechanical treatment; 
coagulation; the first stage 
of pressure filters; the second 
stage of pressure filters: ultra
filtration or ultrafiltration + 
nanofiltration; carbon filters; 
secondary disinfection.

Technological scheme No.2 
is intended for desalination of 
underground water and con
sists of the following stages: 
primary disinfection; me
chanical treatment; coagula
tion; pressure filters; reverse 
osmosis (partly with mixing); 
secondary disinfection.

Capacity of reverse osmosis 
is chosen at the level of 70 % of 
that of the system; it is possible 
to control the ratio of running 
water and reverse osmosis 
water.

Technological scheme No. 3 
is intended for treating water 
from surface reservoirs (there 
is no need for water intake 
structures) affected by chemi
cal and/or bacteriological 
weapons. The technological 
scheme consists of the follow
ing stages: mandatory pri
mary hyperchlorination (up 
to 100 mg/l of free chlorine); 
dechlorination; mechanical 
treatment; coagulation; the 
first stage of pressure filters; 
the second stage of pressure 
filters: ultrafiltration or ul
trafiltration + nanofiltration; 
reverse osmosis (at high salin
ity); carbon filters; secondary 
disinfection.

In all of the above techno
logical schemes, reagents with 
sufficient aftereffect time and 
the possibility of their (or ini
tial reagents for their prepa
ration) guaranteed delivery in 

wartime shall be used for dis
infection. These requirements 
are met by sodium hypochlo
rite, calcium hypochlorite and 
chlorine dioxide (derived at 
the point of application).

At the same time, sodium 
and calcium hypochlorites can 
be used for primary disinfec
tion. They can also be used in 
technological scheme No. 3 for 
hyperchlorination of water.

For secondary disinfection, 
it is more appropriate to use 
chlorine dioxide, as it provides 
a longer prolongation effect. 
When using sodium and calci
um hypochlorites in secondary 
disinfection, their dose shall be 
increased to 0.7 mg/l of active 
chlorine.

For disinfection of water du
ring transportation and stor
age in containers, in addition 
to the reagents specified above, 
some tablet reagents designed 
for disinfection of drinking 
water can also be used. Sodium 
chlorite (socalled “solid chlo
rine di oxide”) cannot be used 
for these purposes.

Mobile water treatment sys
tems shall be suitable for trans
portation, installation and 
commissioning in the short
est possible time (preferably 
within 1 hour from the time of 
arrival at the site) and be able 
to function in the absence of 
external electrical power. In 
addition, technological equip
ment shall comply with the 
above water treatment schemes 
and include the following 
structural elements:

 - Appropriate pipelines, shut
off valves, automation tools.

 - Control and measuring de
vices for automatic control 
of water quality (at least pH, 
redox potential, electrical 
conductivity).
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SPECIAL ISSUE

 - Water intake pump (pumps) 
with a suitable intake hose.

 - Pumps to ensure operation of 
the technological equipment 
and create residual pressure 
for filling water carriers/con
tainers, as well as the corre
sponding hose.

 - A life support system under 
the condition of permanent 
human presence (lighting, 
if necessary – heating and 
ventilation).

 - Power supply system (diesel 
generator of appropriate 
capacity).

An additional requirement 
for these systems is maximum 
automation of processes, sim
plification of system control (if 

C without the constant presence 
of an operator) and maximum 
useful operation time (before 
maintenance and/or replenish
ment of reagent stocks).

The estimated producti
vity of systems installed on 
semitrailers is as follows:

• according to technological 
scheme No. 1 and No. 3:  
1 to 16 m³/h,

• according to technological 
scheme No. 2: 1 to 8 m³/h.

To specify the conditions of 
application of the proposed 
technological schemes of water 
treatment systems (taking 
into account their capacities), 
several of the most significant 
parameters were determined, 
listed in the Tables 5.2, 5.3.

It should be noted that for 
calculations it is necessary to 
use the actual number of people 
who are currently in the set
tlement. When using a mixed 
water supply (part of the water 
comes from wells, part – from 
surface sources with purifica
tion systems), the amount of 
water supplied from surface 
sources should not be taken 
into account in the total needs. 
The specific list and number of 
required plants are determined 
separately for each settlement 
taking into account local condi
tions, logistics features etc.

When selecting the num
ber of water trucks, their total 
useful volume can be calculated 
based on the condition of water 
distribution for 12 hours/day at 
the rate of 5 l/day/person and 

System capacity,  
m³/hr.

System capacity,  
m³/day*

Number of population to whom water is supplied,  
persons, @ disconnection duration

Less than 3 weeks (or in 
case of centralized water 

supply availability)

More than 4 weeks

1 20 4,000 1,000

2 40 8,000 2,000

4 80 16,000 4,000

8 160 32,000 8,000

16 320 64,000 16,000

* Taking into account maintenance, rinsing etc. we assumed provisionally duration of the installations functioning to be 20 hours per day.

таблиця Table 5.2. Provision of water demands by single portable system

Population,  
persons

Necessary amount of water @  
normal consumption Total capacity of 

water carriers, m³
Total capacity of  

stationary tanks, m³
5 l/day 20 l/day

1,000 5 20 12 40

2,000 10 40 24 80

5,000 25 100 60 200

10,000 50 200 120 400

20,000 100 400 240 800

50,000 250 1,000 600 2,000

100,000 500 2,000 1,200 4,000

200,000 1,000 4000 2,400 8,000

таблиця Table 5.3. Approximate total capacity of water carriers and stationary tanks
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a reserve factor of 20 % which 
takes into account additional 
time lost by the vehicle on trips 
to fill water The total volume of 
stationary water distribution 
containers can be calculated 
from the condition of distribu
tion for 12 hours/day and the 
norm of 20 l/day/person.

The specific number of water 
carriers of different capacities 
and the conditions of use (loca
tion) of stationary containers 
are determined taking into ac
count the characteristics of each 
specific settlement.

The financing of the purchase 
of mobile water intake and 
treatment systems as well as 
an additional number of water 

trucks and stationary units can 
be financed by international 
donors or with the involvement 
of special budgetary funds and/
or international financial or
ganizations.

An important issue when us
ing mobile water treatment sys
tems (plants) concerns their ba
lance sheet. Due to temporary 
use, it is impractical to form 
their stock for each settlement. 
Taking into account the fact 
that shutting down of the cen
tralized water supply systems is 
possible in peacetime in case of 
emergencies, it would be expe
dient to transfer these plants to 
the balance of the State Emer
gency Service creating appro

priate reserves (vehicle fleets) 
in various regions of Ukraine. 
However, it is very problema tic 
that the emergency services will 
be able to provide the necessary 
personnel for their service.

The necessary specialists 
are available in large water 
utilities, which could form a 
certain reserve of water treat
ment systems, carry out their 
maintenance and provide them 
(within the region or adjacent 
regions) if necessary together 
with the relevant personnel. 
But for water utilities such 
activity and accordingly funds 
to cover current costs, are not 
provided.

5.4.  PROBLEMS RELATED TO THE PRESERVATION  
OF THE STAFF EMPLOYED AT THE UTILITIES AND SUPPORT  
OF ITS DUE CAPACITY FOR WORK

Effective work of the per
sonnel is the basis of rational 
activity of all parts of a utility. 
But during the war, directly in 
the hostilities zones and ad
jacent territories, the process 
of personnel outflow became 
almost catastrophic. Therefore, 
solving the problem of preserv
ing and maintaining the work
ing capacity of enterprise col
lectives has become extremely 
actual one. It should be taken 
into account that the work of 
employees of water utilities 
(especially linear and perma
nently present at the facilities) 
is potentially risky, and in the 
territories of direct hostilities 
it becomes dangerous in gene
ral. Under such conditions, 
the task of management team 
is, first of all, to preserve the 
life and health of employees, 
provide them with a sufficient 
number of personal protective 
equipment, conduct the neces

sary training and practical 
exer cises etc. An important 
part in this direction is the mo
tivation of the employees.

The experience of water 
utilities in the hostilities area 
clearly demonstrates that at 
the state level, it is necessary to 
determine the insurance status 
of water utility employees, es
pecially those working in open 
areas. In case of death or inju
ry, workers should be treated as 
security forces.

A key motivating factor for 
the conscientious performance 
of any employee’s duties is the 
timely payment of wages at the 
appropriate level. Now, the 
current financial condition of 
water utilities does not always 
allow guaranteeing its timely 
payment, and the situation 
worsens as water utilities 
become closer the hostilities 
area. Additional motivating 
factors are needed to prevent 

(or rather slow down) this pro
cess. Practice has shown that 
an important motivating factor 
in settlements with a limited 
supply of essential products is 
the creation of a reserve and 
the issuance of food kits to em
ployees (for example, during 
the hostilities in Sumy, water 
utility received a sufficient 
number of kits and rendered 
them to its employees).

An important issue is also 
the arrangement of the most 
convenient working condi
tions and, first of all, delivery 
of employees to/from the faci
lities. For the most part, in the 
hostilities area, public trans
port does not work or works 
with significant restrictions. 
Depending on the specific 
conditions, water company 
transport can be used to trans
port people to/from work. 
Although this can result in 
excessive fuel consumption, in 
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reality, it is often the only way 
to get workers to the job site. 
In order to move during the 
curfew, employees shall also 
be provided with the appropri
ate permit documents.

The practice of (voluntary) 
lengthening of shifts, when 
people went to work for several 
shifts at once (with the provi
sion of sleeping periods near 
the workplace) also proved 
positive. In this case, the num
ber of trips to deliver employ
ees decreased.

To motivate employees, it is 
also advisable to create a posi
tive image of the plumberhe
ro, because in reality, the work 
of many workers of various 
specialties during hostilities 
is really heroic. The morale 
and mood of each individual, 
especially in the first months of 
the war, as well as in crisis and 
similar situations, is strongly 
influenced by group (collec
tive) dynamics. Therefore, 
maintaining a positive psycho
logical mood, creating a state 
of calm in the team, a sense of 

controllability and control of 
the process is one of the main 
tasks of managers of all ranks 
in this period.

So, staff motivation is a key 
task both for its preservation 
and for ensuring its effective 
work. It should be noted, how
ever, that with all the effective
ness of the specified measures, 
it is the delay in wages that can 
influence the decision of the 
employee regarding his dis
missal. That is why the imple
mentation of measures to stabi
lize the economic condition 
of water utilities and targeted 
provision of funds to pay sala
ries is a crucial task, without 
which other measures will very 
quickly lose their effectiveness. 
As for financial support for the 
payment of wages, at the first 
stage, the mechanism of direct 
subsidization from the budget 
can be used, and in the future, 
measures to stabilize the finan
cial condition of enterprises 
are necessary, otherwise it is 
impossible to achieve any sus
tainable results.

Important management 
tasks include: provision of safe 
working conditions for em
ployees even during periods of 
military operations, shelling 
etc.; constant conducting of 
special instructions on safety 
techniques and actions during 
an attack, handling explosive 
devices, providing first aid etc. 
In addition, all premises and 
corridors shall be equipped 
with clear plans for movement 
in the event of a fire and/or 
shelter, instructions on cur
rent issues and other means of 
information.

Covering the costs associ
ated with the supply of food 
kits can be almost completely 
covered by the involvement of 
humanitarian donors. Usually, 
they are ready to provide the 
water supply utility with the 
necessary amount of products 
and essential goods in the form 
of standard sets. Many inter
national charitable organiza
tions conduct free courses and 
trainings on relevant issues for 
a wide range of the population.

5.5.  SOME OTHER PROBLEMS OF WATER SUPPLY  
AND WATER DRAINAGE UTILITIES DURING WAR TIME

Among the important 
aspects of the operation of cen
tralized water supply/sewerage 
utilities in wartime, several 
more problematic issues need 
to be considered, first of all, 
creation of effective commu
nication and management 
channels. Military actions and 
the relocation of the popula
tion and enterprises led to the 
need to organize remote work 
for many employees of water 
utilities. Practice has shown 
that some departments (eco
nomic, accounting, a large part 
of the management apparatus) 
can be transferred to a remote 

form of work. It is appropriate 
to note that the vast majori
ty of remote work tools and 
basic skills for working with 
them were acquired during 
the COVID19 epidemic. First 
of all, this is the transfer of 
conferences to a remote format 
based on ZOOM, MS Teams 
and Google meet, as well as 
the wide use of messengers, in 
particular, for group work with 
data: Telegram, WhatsApp, 
MS Teams, Viber. The use of 
email and mobile communi
cation channels became more 
correct and standardized, and 
simple cloud technologies (file 

exchange and shared access to 
them) began to be widely used: 
Google drive, MS OneDrive, 
Dropbox are among them.

The most digitized water 
utilities continue to use effec
tively internal electronic docu
ment management systems 
as well as specialized billing 
systems, ERP, SCADA, GIS etc. 
All these systems create an 
effective mechanism of commu
nication and personnel ma
nagement, working remotely, 
and actually do not require any 
expansion.

But the war led to another 
problem: whether it is possible 
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to organize work effectively 
without the use of such tools 
or in the case of limited access 
to them. For the most part, in 
the territories close to military 
operations, there are interrup
tions with the functioning of 
cellular communication, the 
Internet, and in some places 
with electricity in general.

The widespread use of server 
technologies with local (physi
cally located on the territory of 
water utilities) servers requires 
at least the creation of an au
tonomous power supply system 
for both the server itself and 
supporting systems for data 
transmission from it. In addi
tion, there are risks of data loss 
when systems or backup devic
es are physically destroyed. In 
this case, cloud technologies 
attract interest. But, on the one 
hand, the transition to their 
use does not always happen 
quickly, and on the other hand, 
in the conditions of informa
tion warfare, data security 
problems almost always arise. 
In addition, more likely than 
damage to the server is the 
situation of losing connection 
with it due to the lack of an 
Internet network.

Particularly dangerous 
conditions arise in the absence 
of cellular communication, 
since this channel remains the 
main method of interaction 
at the operational level. To 
some extent, this problem can 
be solved when using portable 

walkietalkies, but they have a 
relatively small range, which 
limits the distance to the next 
walkietalkie.

Another important problem 
is related to the creation of a 
stock of key reagents, materi
als, equipment etc., as well as 
backup ways of their supply. 
In this direction, for each key 
position, the risks of supply in
terruption should be assessed, 
the reasons analyzed and an 
alternative method of supply 
determined.

In addition to the very cre
ation of the necessary reserve 
for the possibility of suffi
ciently long normal operation 
of a utility during military 
operations, it is also necessary 
to guarantee their reliable pre
servation. The actions of the 
aggressor, in particular, the 
targeted destruction of civilian 
infrastructure facilities, indi
cate a high probability that 
the warehouses of enterprises 
may become targets for attacks 
(primarily, missile strikes, 
artillery fire, and actions of 
diversion and intelligence 
groups). Warehouses of rea
gents and fuel and lubricants 
are especially dangerous for 
the hitting. Under such condi
tions, the optimal solution is 
the decentralization of ware
houses and the storage of parts 
of reagents, fuel, materials and 
equipment in various ware
houses scattered throughout 
the territory of the settlement. 

At the same time, primarily 
necessary things can be stored 
on the premises of the enter
prise, while spare ones shall be 
outside its boundaries. Delive
ry of materials from them will 
be carried out periodically as 
they expire at the base ware
house (with compliance with 
the requirements of the secre
cy regime).

The issue of creating addi
tional distributed warehouses 
for safe storage shall be left to 
local governments and/or mili
tarycivilian administrations. 
If it is necessary to attract 
funds (for example, to upgrade 
warehouses), donor funds or 
budget financing of critical 
infrastructure enterprises can 
be used.

An important but ambiguous 
issue concerns the provision of 
protection of centralized water 
supply/drainage facilities with 
the involvement of territorial 
defence or the military per
sonnel. On the one hand, these 
facilities are among the prio
rity targets of the diversion and 
intelligence groups and their 
guarding is extremely impor
tant, but on the other hand, the 
presence of “men in uniform” 
increases the enemy’s interest 
in the facility, if its purpose is 
unknown to him. Perhaps the 
guarding should be carried out 
by special nonmilitary groups 
without the visible presence of 
the military men at the facili
ties.

Based on the above analy
sis of the typical problems 
that arise in centralized water 
supply/water drainage utilities 
during military operations, it is 

obvious that in order to stabi
lize the work of water utilities 
in the near future, it is necessary 
to solve a significant number 
of economic, organizational, 

5.6.  LIST OF FIRST-TIME MEASURES FOR THE STABILIZATION  
OF FUNCTIONING OF UKRAINIAN WATER SUPPLY  
AND WATER DRAINAGE UTILITIES

financial and other problems 
by implementing appropriate 
measures. At the same time, one 
part of the measures is relevant 
for all the utilities without 
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exception, but the second – 
only for those that are in the 
hostilities area or area of high 
risk of hostilities. It is possible 
to identify funding sources for 
some of the measures, but for 
the implementation of others, 
“political will"” is required, 
even “at a high level”.

However, only a comprehen
sive solution to the tasks that 
are extremely important for 
enterprises will not only avoid 
a collapse in the water supply/
water discharge, but will also 
significantly reduce the vulner
ability of the systems to mili
tary actions (directly and in
directly), and therefore reduce 
the risks of complete or partial 
termination of drinking wa
ter supply services and sewage 
disposal. The list of measures is 
given in Table 5.4.

So, on the basis of the analy
sis of the situation and the 
experience of water supply/
water drainage utilities during 
the war, a list of priority mea
sures that shall be implemented 
to overcome the crisis situation 
and ensure the stable operation 
of the utilities was formed.

• Ensuring the financial stability 
of utilities:

 3 calculation of coverage of 
actually incurred losses,

 3 creation of a mechanism 
to protect enterprises or 
cover the cash gap,

 3 amending the Procedure 
for the formation of tariffs 
to take into account the 
peculiarities of wartime,

 3 establishment of the real 
cost of services from Janu-
ary 1, 2023,

 3 determination of additional 
sources of covering the 
difference in the cost of 
services and tariffs.

• Increasing efficiency and coor-
dination of the functioning of 
water utilities, suppliers and 
donors:

 3 completion of integration 
and/or automatic ex-
change of available infor-
mation between databas-
es,

 3 maximum simplification of 
the primary data collection 
process,

 3 improving the collection 
of data from places and 
expanding the coverage of 
small settlements,

 3 ensuring control over the 
reliability of the provided 
information, technical 
evalu ation of proposals of 
potential suppliers, con-
stant interaction between 
the customer and the 
donor,

 3 preparation and dissemina-
tion of the most complete 
information regarding 
procurement procedures of 
potential donors.

• Creating favourable condi-
tions for attracting credit and 
grant funds from international 
financial organizations:

 3 maximally informing MFIs 
about the needs of water 
utilities, especially in terms 
of medium- and long-term 
projects,

 3 collection and dissemina-
tion of information about 
possible projects of MFIs 
in the sphere of water sup-
ply/water drainage,

 3 informing water utilities 
about the procedure for 
attracting state recovery 
funds to the industry.

• In addition, it is necessary to 
create reserves, in particular:

 3 reagents for disinfection, 
water and wastewater 
treatment, laboratory 
tests,

 3 devices and auxiliary 
laboratory equipment for 
water analysis and express 
test systems for water 
quality control, devices for 
radiological water analysis, 
indicator test systems for 
water quality control for 
the presence of chemical 
weapons components,

 3 repair kits, tools, consum-
ables, replacement ele-
ments,

 3 spare equipment,
 3 personal protective equip-

ment,
 3 food products, bottled 

drinking water, rations, 
basic necessities,

 3 fuel and lubricant materi-
als,

 3 means of autonomous 
power supply (diesel gene-
rators, solar power plants),

 3 general construction and 
specialized equipment, 
water carriers,

 3 personnel heating systems 
with a reserve of energy 
carriers,

 3 mobile water treatment 
systems.

• A detailed list of priority mea-
sures is given in the  
Table 5.4.
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6. FORMATION OF THE LIST  
OF THE LONG-TERM MEASURES 
FOR THE ENSURING  
OF RELIABLE OPERATION  
OF WATER SUPPLY/WATER  
DRAINAGE SYSTEMS  
DURING MILITARY OPERATIONS

As previously indicated, 
in Ukraine, as a result of Rus
sian military aggression, an 
extremely difficult situation 
arose in many drinking water 
supply/drainage systems, which 
required urgent measures to re
solve it in the short term in or
der to return to normal opera
tion of the systems. However, in 
order to ensure the sustainable 
functioning of the utilities in 
the long term, it is necessary 
to develop appropriate long
term measures that will allow to 
avoid (or significantly weaken) 
the negative consequences of 
the caused destruction, increase 
the fault tolerance of systems, 
prevent a possible stoppage of 
water supply (or supply of poor 
quality water), reduce finan
cial risks etc. For this purpose, 
it is advisable to also take into 
account certain risks that have 
not occurred but can occur in 
the future (we are talking about 
the risks of intentional poison
ing of water supply sources, 
nuclear accidents or impacts, 
other emergency situations, 
mancaused disasters etc.), and 
therefore measures to prevent 

them should be foreseen in the 
long term.

It should also be noted that 
in terms of creating reserves in 
the short and longterm peri
ods, the necessary measures can 
turn out to be the same, which 
is quite logical for the following 
reasons. For example, if there 
are currently a shortage or need 
for certain types of equipment, 
materials etc., and then when 
drawing up a longterm plan, it 
is necessary to anticipate their 
stocks in advance.

Planning of longterm measu
res related to the deve lop ment 
of water supply/wastewater 
systems is usually carried out 
within the framework of special 
programs (regional, local), op
timization schemes and invest
ment programs of enterprises 
(water utilities). In order to take 
into account new risks that have 
appeared as a result of military 
actions outside the territory 
of Ukraine, it is necessary, first 
of all, to amend appropriately 
methodology of developing 
these documents. First of all, 
these amendments concern 
areas of system development, 

among which the stability of 
systems during emergency situ
ations and military operations 
should be defined as a separate 
priority area. In addition, since 
the optimization schemes are 
based on the results of hydraulic 
calculations, this part must also 
be amended in relation to the 
regimes for which the simulation 
is carried out. In particular, the 
operating modes of the systems 
should be taken into account 
when individual water intakes, 
pumping stations, etc. are shut 
off, and measures should be 
taken to ensure centralized (or, 
if not possible, decentralized) 
water supply in such situations.

Other key areas of develop
ment of water supply and drain
age systems, which are provided 
for by the current “Methodical 
recommendations for the deve
lopment of schemes for optimiz
ing the operation of centralized 
water supply and drainage 
systems” (order of the Minis
try of Housing and Communal 
Affairs of 23.12.2020, No. 476), 
namely: improving water qua
lity, increasing the coverage of 
services, increasing reliability of 

6.1.  SUBSTANTIATION OF THE METHODOLOGY OF THE DETERMINATION  
OF THE PRINCIPAL MEASURES FOR THE DEVELOPMENT OF THE SYSTEMS 
BASED ON THE RISK EVALUATION
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systems, ensuring the economy 
of material and energy resourc
es, should also take into account 
the peculiarities of the function
ing of systems in wartime. At the 
same time, contradictions may 
arise between the need to save 
material and other resources 
and the need for additional costs 
for a “probable situation” that 
may not occur. For instance: 
creation and storage of signifi
cant reserves for the duration of 
the war will certainly lead to the 
loss of some amount of reagents, 
materials, etc.; reservation of 
additional capacities of pum
ping stations – to reduction in 
energy efficiency; availability 
of alternative water intakes 
and water pipes – to the need 
for their periodic maintenance 

to maintain them in proper 
condition etc. However, in this 
matter it is necessary to find a 
compromise between security 
and additional costs.

In general, approaches to the 
development of water supply/
water drainage systems, in addi
tion to technical and economic 
analysis, should be based on 
an assessment of a number of 
risks that may arise in certain 
elements of the system. Taking 
into account the situation only 
partially, the following shall be 
attributed to the determining 
risks:

 ❖ risk of stopping systems or 
their individual parts due 
to direct damage to key 
elements,

 ❖ risk of a sharp deteriora-
tion in the quality of source 
water as a result of man-
caused reasons or inten-
tional poisoning of water 
supply sources,

 ❖ risk of power outage of key 
water supply facilities,

 ❖ risk of occurrence of short-
age of machines, mecha-
nisms, tools and reagents,

 ❖ risks associated with rea-
gents,

 ❖ professional risks and risks 
of loss of qualified person-
nel.

6.2.  RISK OF STOPPING OF THE SYSTEMS  
OR THEIR SEPARATE PARTS DUE TO DIRECT  
HITTING OF THE KEY ELEMENTS

The basis of troublefree 
operation of water supply/
water drainage systems is the 
provision of a reserve of their 
main facilities and capacities. 
The situation in Mykolaiv 
clearly confirmed the need 
to find and involve back
up sources of water supply 
in the systems. At the same 
time, it is important to take 
into account that a system 
with several water intakes, 
each of which does not cover 
all the needs of a settlement 
(for example, as in the city of 
Kyiv) is still much more stable 
in terms of its uninterrupted 
operation in wartime. Even 
in the case of the loss of the 
largest (main) source of water 
supply and the termination 
of centralized water supply to 
certain areas, the settlement 
will have a source to provide 
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people with highquality 
drinking water (at least by 
delivering it to consumers 
by special transport – water 
trucks) without taking any 
additional measures.

For reliable failure resist
ance, the capacity of each of 
the independent water intakes 
(or groups of water intakes) 
shall ensure the full need of 
the settlement for drinking 
water in wartime conditions 
(at the same time, it is neces
sary to take into account a 
certain decrease in the num
ber of the population and 
enterprises due to relocation 
and a decrease in the volume 
of water supply per person, 
if this will be provided by the 
relevant regulation).

The term “independent 
source” means such a source 
that will ensure the supply of 
water of guaranteed quality 
to the settlement in case of 
complete or partial cessation 
of water supply from another 
source (group of sources). In 
terms of technological fea
sibility, the reserve source 
should have independent 
water intake facilities and 
a water treatment system, 
and for surface sources – an 
independent water treatment 
plant. It is also possible to 
supply water from several 
independent sources to one 
water treatment plant, but 
in this case it is necessary to 
provide a certain reserve of 
structures and equipment, 
otherwise the treatment fa
cilities will become the most 
vulnerable point of the water 
supply system.

It is a good practice to com
bine water supply from surface 
(less protected sources) with 
appropriate treatment and 
groundwater. If the ground
water has certain deviations in 
water quality, it is necessary 

to carry out a risk assessment 
in advance and determine the 
need to create systems for 
their treatment.

When creating systems of 
independent water intakes, 
it is possible to additional
ly achieve an increase in the 
coverage of the population 
with centralized water sup
ply services by connecting 
secondary consumers in small 
settlements. As a rule, wa
ter from systems of greater 
productivity turns out to be of 
higher quality and/or cheaper 
compared to the use of local 
sources.

To maintain the reserve 
water intake and the water 
supply system in working 
condition, it is necessary to 
carry out its periodic filling 
and other preventive measu
res. It is also possible that the 
main and reserve systems are 
in constant operation at the 
same time (part of the water 
is obtained from one system, 
part from the other). How
ever, the actual performance 
of each system will inevitably 
be lower than the design per
formance. This shall be taken 
into account at the planning 
stage of the construction (or 
reconstruction) of the sys
tems in order to ensure the 
maximum efficiency of the 
system in peacetime, through 
the correct selection of the 
number of pipelines, units of 
pumping equipment etc.

It is also important to fore
see the possibility of supply
ing water to all consumers due 
to the use of reserve pumping 
equipment, reverse water sup
ply by part of the water pipes 
etc. The choice of additional 
(in particular, backup) equip
ment should be based on the 
results of hydraulic calcula
tions of the required system 
modes. If it is impossible (or 

impractical) to maintain the 
necessary pressure in the net
work when supplying water 
from a reserve water intake, 
an option can be considered 
when water is supplied to the 
ground floor and then distrib
uted in a decentralized man
ner. But such schemes should 
be temporary, because they do 
not ensure reliable provision 
of services to residents of mul
tistorey buildings. When con
ducting hydraulic calculations 
for such conditions, it should 
be taken into account that the 
systems are in this mode for 
a relatively short period of 
time, so it is not necessary to 
ensure optimal parameters of 
their operation. For example, 
it is quite acceptable to exceed 
the speed of movement in 
comparison with the require
ments of the DBN of water, if 
the pumps are fundamentally 
capable of supplying water 
to consumers, regardless of 
the possible overspending of 
electricity.

In the event that pumping 
stations stop, in the area of 
finding compromise solutions 
between trying to reduce 
additional costs and the need 
to provide people with wa
ter, one of the options can be 
arrangement of backup pumps 
designed only for failure 
(emergency) situations.

Implementation of the 
above measures will make 
it possible to ensure con
tinuous water supply to the 
population even in cases 
of shutdown of individual 
facilities. In addition, availa
bility of an alternative (re
serve) water intake makes it 
possible to ensure the supply 
of highquality water in the 
event of its deterioration in 
another source (in particular, 
in the case of the use of che
mical weapons).
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In case of severe pollution 
or intentional poisoning of 
the water supply source, first 
of all, it is necessary to estab
lish in the shortest possible 
time exactly which substances 
have entered the water and the 
content of which indicators 
pose the greatest threat to the 
life and health of the popula
tion (priority in the analysis is 
undoubtedly given to indica
tors from sanitary toxicolo
gical sign of danger classes 1 
and 2). At the same time, it is 
necessary to make a predictive 
analysis regarding the possible 
entry of the contaminated part 
(amount) of water into the 
area of the first (and subse
quent) drinking water intakes. 
In addition, it is necessary 
to calculate the approximate 
total volume of polluted water 
(if the pollution occurred once 
and a certain volume of pol
luted water was formed), the 
degree of dilution downstream 
and other indicators provided 
for emergency situations.

It is quite obvious that the 
specified measures cannot be 
performed by the laboratories 
of the water utilities on their 
own. First, these laboratories 
take water samples only in the 
area of the water intake, and 
not along the entire length of 
the river. In addition, pro
duction programs provide 
for constant and periodic 
control of water quality only 
according to a certain list of 
indicators, which, most like
ly, do not include the above 
substances. In addition, water 
analyzes for toxic chemical or 
biological ingredients (which 
are parts of chemical and bio

logical weapons) are carried 
out only in specially accredit
ed and accordingly equipped 
laboratories.

In cases of direct poisoning 
of water in the area of wa
ter intake or rapid ingress of 
toxicants into it, a complete 
shutdown of the water sup
ply system and appropriate 
detoxification of facilities are 
required.

It would be logical to 
entrust the fulfilment of the 
above tasks to the State Wa
ter Agency of Ukraine, whose 
basin services monitor and 
forecast water quality at water 
sources, in particular, in the 
areas of drinking water in
takes. They have appropriate 
observation posts and labora
tories for water quality con

trol as well as some experience 
in determining and predicting 
the spread of pollutants in 
river flows.

However, it is obvious that 
in order to be able to perform 
the specified tasks, the rele
vant services and laboratories 
need additional provision of 
measuring equipment, instru
ments, more modern ana
lytical equipment, reagents, 
methodical support etc. Mo ni
toring programs, which shall 
be based on data on the pro
bability of this or that conta
mination (for example, on the 
basis of military intelligence 
data), also need revision.

Another solution to the 
problem of ensuring monitor
ing is the use of special mobile 
military laboratories equipped 

6.3.  RISK OF DRASTIC LOSS OF QUALITY OF THE RAW WATER DUE  
TO MAN-CAUSED REASONS OR DELIBERATE POISONING  
OF THE WATER SUPPLY SOURCES
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with special express analy
sis tests (in particular, for 
the determination of combat 
toxic substances), which, if 
necessary, can be provided to 
water supply laboratories with 
appropriate consultations or 
the presence of appropriate 
specialists.

In order to develop measures 
in the event of a threat of da
mage to water supply sources, 
a timely, comprehensive and 
adequate forecast is necessary 
made on the basis of identified 
toxic substances, their appro
ximate content, and time of 
probable arrival at water intake 
facilities as well as dynamics of 
changes in concentration and 
time ranges. Further steps and 
decisions can be taken only if 
this data is available.

If there is another (uncon
taminated or protected) water 
intake and the possibility of its 
use in the water supply system, 
measures are taken to switch 
to water supply from this 
reserve water intake with the 
simultaneous shutdown of the 
contaminated water intake.

In the absence of an alter
native water intake, based on 
the forecast data regarding 
the duration of pollution, a 
decision can be made to switch 
to autonomous operation of 
the system, i.e. without water 
intake from a contaminated 
source. The possible period of 
autonomous operation de
pends on the water reserves 
that can be formed in the 
system. First of all, these are 
clean water tanks (CWT) avail
able at water treatment and 
pumping stations as well as 
regulating tanks and contain
ers in the network itself. It is 
obvious that the development 
of the tank farm will signifi
cantly contribute to the stabi
lity of the systems in wartime 
conditions.

It may be more rational to 
implement measures to auto
mate water intakes. For exam
ple, in the presence of a bucket 
water intake, special grates 
can be installed on it to cover 
it and thus prevent the access 
of polluted water to treatment 
facilities. For these purposes, 
a system of ponds for artificial 
replenishment of underground 
water or other means can also 
be used. The volumes of water 
reserves accumulated in this 
way will usually be signifi
cantly larger than when using 
the CWT.

Based on the actual water 
reserves and the forecast of the 
duration of source pollution, 
a decision may be made on a 
limited water supply regime, 
in particular, and on the tran
sition to decentralized water 
supply by transporting it from 
the system to consumers, or 
by maintaining the minimum 
water pressure in the networks 
with its subsequent distribu
tion to consumers’ containers.

Another way to solve the 
problem of water supply in 
conditions of pollution of 
the source can be to intro
duce an additional stage of 
purification from identified 
pollutants. The results of some 
studies indicate the possibili
ty of detoxification of water 
poisoned by chemical weapons 
by treatment with extremely 
high doses of chlorine (over 
100 mg/l) with a long exposure 
time (30 to 60 minutes). In 
practice, this requires con
struction of additional contact 
tanks, storage of significant 
reserves of chlorinecontain
ing reagents, as well as the 
installation of a water dechlo
rination system to reduce 
the concentration of residual 
chlorine. The implementa
tion of the specified solution 
depends on the existing tech

nological scheme, available 
treatment facilities (and their 
capacity reserves) and other 
technical parameters of the 
system. However, it should be 
understood that this method 
is less reliable compared to 
the autonomization of water 
intake, since it is impossible to 
guarantee that toxic substan
ces that have entered the water 
bodies will be neutralized by 
chlorine without the forma
tion of toxic byproducts. In 
addition, there arise difficul
ties in monitoring of the pro
cesses and the residual con
tent of pollutants, as well as 
the risk of the spread of toxic 
substances in the water supply 
system, which will require a 
long time for detoxification 
and flushing of the system.

Another option for system 
autonomy can be transition 
to decentralized water supply 
with the use of independent 
water sources. Previously, 
the actions of water utilities 
during periods of shutdown 
of centralized water supply 
systems were partially con
sidered, but this issue requires 
greater detail in the area of 
the creation and development 
of elements of decentralized 
water supply systems for the 
possibility of providing for 
the population during hostili
ties. In large cities of Ukraine, 
decentralized systems often 
already exist, which in peace
time usually work on selfsuf
ficiency, providing consumers 
with highquality water. In 
some cities, for example, in 
Kyiv, there are also pump 
stations with free water dis
tribution. But the tasks when 
using decentralized systems in 
wartime are somewhat diffe
rent, namely: it is important, 
firstly, to provide the entire 
population (including vulner
able parts of the population) 
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with a sufficient amount of wa
ter for drinking and cooking; 
secondly, the water quality 
must meet only the require
ments of the current DSanPiN 
for tap water.

The possibility of involving 
already existing decentralized 
systems in the water supply 
of the population in wartime 
shall certainly be taken into 
account, but in reality not all 
of them can be used. Decen
tralized water supply systems 
shall have several fundamental 
components:

 � water intakes,

 � water treatment and dis-
infection systems,

 � logistics system (in case 
the water is not collected 
at the points of intake),

 � water distribution system.

Sources in decentralized 
water supply systems can be 
surface water (very rarely), 
groundwater, as well as ordi
nary tap water from a centrali
zed system. For the most part, 
commercial postpurification 
systems use tap water which 
excludes the possibility of 
their use if centralized systems 
are shut off.

However, a situation can 
arise when water of substand
ard quality, in particular, 
in part of its mineral com
position, is supplied to the 
centralized water supply 
system (with appropriate 
decisions and permits) (as is 
currently the case in the city 
of Mykolaiv). But this water 
is completely safe when used 
for washing and household 
purposes, but it is not suit
able for drinking due to the 
high salt content. Under such 
conditions, reverse osmosis 
or other treatment systems 

(those designed to work with 
this quality of water) can take 
tap water and be used as a 
decentralized water supply. In 
the absence of other solutions 
to the problem, besides the 
involvement of commercial 
treatment systems, the option 
of transporting untreated 
water to their locations can be 
considered (but this is more 
the exception than the rule). 
Another option for the appli
cation of these systems may 
be their transportation to the 
areas of water intake or water 
treatment plant where they 
will treat water before sup
plying it to the consumer. In 
this case, purified water (for 
drinking and cooking) will be 
transported by motor vehicle 
from a water intake or a water 
treatment plant.

Unlike the water treatment 
systems mentioned above, 
pumping stations mostly work 
on the underground water of 
individual wells, and can be 
successfully used to provide 
water to the population when 

the centralized water supply is 
stopped. Pumping stations are 
usually located near residen
tial buildings, which makes 
the process of water collection 
quite convenient, especially 
for residents of nearby areas. 
At the same time, if pumping 
stations or similar systems in
volve taking water from a cen
tralized water supply network, 
then they can also be used for 
decentralized water supply 
only to a limited extent.

It is also necessary to deter
mine the possible productivity 
of pumping stations from the 
point of view of the need to 
provide water to the entire 
population of the city (taking 
into account the consequences 
of the relocation of the popu
lation and industries), since 
in peacetime only part of the 
population uses them. It is 
also purposeful to carry out a 
geospatial analysis regarding 
the availability of sources in 
terms of the distance to re
sidential buildings. In some 
cases, even in the presence of a 
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sufficiently developed pum
ping station system, it will be 
necessary to arrange addition
al water distribution points for 
the wartime period. Water can 
be delivered to them by motor 
vehicle from other places, in 
particular, from existing pum
ping stations.

A separate specific case in 
the organization of decen
tralized water supply can be 
the use of water from surface 
sources with the use of appro
priate mobile water intake and 
treatment systems. As already 
mentioned earlier, such water 
treatment complexes (plants) 
should be located either in 
large (for example, regional) 

water utilities or in special 
divisions of the State Emer
gency Service, which will en
sure their proper storage and 
maintenance to maintain them 
in working condition. If neces
sary, in the event of problems 
with centralized water supply 
due to certain reasons, these 

plants can be provided to a 
specific water supply utility.

Despite the fact that mobile 
water treatment complexes or 
plants will not be on the ba
lance sheet of water utilities, 
the potential need for them, 
as well as their type, quanti
ty, productivity etc., shall be 
determined and taken into ac
count in the relevant measures 
for the development of water 
supply systems. On the basis of 
these data, regional (cluster) 
needs for plants of a specific 
type, which shall be in reserve, 
are formed.

In addition, it is advisable 
to determine potential loca
tions for installation of water 

treatment plants. The water 
source shall have a flow rate 
sufficient to supply the city’s 
population for a specified pe
riod of time. It is also neces
sary to take into account the 
requirements for the location 
sites depending on the size of 
the systems.

As already mentioned ear
lier, the distribution of water 
directly from water treatment 
plants is not foreseen, and 
therefore the site shall en
sure the possibility of water 
transport approach. It should 
be noted that mobile systems 
usually have a fairly high pass
ability: they are mounted on 
special semitrailers and can 
be located almost anywhere on 
the coast when transported by 
an offroad vehicle. An excep
tion can be highperformance 
units (8 m³/h or more) mount
ed in trailers of saddle haulage 
trucks. And the passability of 
water carriers (both specia
lized machines and ordinary 

machines with containers for 
transporting water) can be sig
nificantly less, which should 
be taken into account when 
choosing a site.

It should be noted that 
among such mobile water 
purification complexes there 
are configurations that allow 
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reliable water treatment even 
in the case of its contamina
tion by chemical weapons. 
That is, in principle, such 
systems can be used at water 
intakes of centralized water 
supply and even at water treat
ment plants, depending on 
the logistics of further water 
delivery.

A special option for the use 
of mobile water treatment 
complexes of the highest 
capacity (8 to 12 m³/h) can be 
supply of water to centralized 
water supply systems of small 
settlements. One unit of such 
equipment is capable of pro
viding more than 280 m³/day 
of water, which is quite enough 
for villages with a population 
of 1 to 2 thousand inhabitants, 

but this is most likely an excep
tion rather than a rule.

Another probable risk, and 
as evidenced by the fact that 
it is quite probable from the 
side of Russia, is due to possi
ble radioactive contamination 
of water bodies as a result 
of damage to nuclear power 
plants. The specifics of the 
operation of these facilities 
require the use of very large 
amounts of water for techno
logical needs (therefore, they 
are usually built on the coast 
or in the immediate vicinity 
of large rivers). At the same 
time, quite powerful drinking 
water intakes are often located 
downstream, which makes the 
consequences of this situation 
extremely risky.

As for the methods of reduc
ing the consequences of this 
risk, they are quite similar to 
other possible situations of 
contamination of water supply 
sources, with the exception 
that other technological solu
tions are needed to remove 
radio nuclides from water (for 
example, the use of mobile 
purification plants with an 
appropriate technological 
scheme). When planning mea
sures for cities that may fall 
into the zone of water quality 
deterioration due to accidents 
at nuclear power plants, it 
should be taken into account 
that such risks are even greater 
than the risks of using chemi
cal weapons to poison water 
bodies.

6.4.  RISK OF DE-ENERGIZING OF SEPARATE ELEMENTS  
OF THE SYSTEMS

Reducing the vulnerabili
ty of individual elements of 
water supply systems as well 
as ensuring their operation, 
involves implementation of a 
number of measures, first of 
all, duplication of key ele
ments (for example, pumps at 
pumping stations), creation of 

a reserve of diesel generators 
and other alternative sources 
of power supply, reserve of 
fuel and lubricants etc.

As for the longterm plan
ning of the development of 
systems, from the point of 
view of energy security of sys
tems in case of blackouts, two 

alternative directions can be 
defined, which should be con
sidered taking into account 
local conditions  reducing 
the probability of blackouts, 
ensuring operation during 
blackouts.

Reducing the probability 
of blackouts is achieved, first 
of all, by duplicating inputs 
and the main energy devices 
on them. According to DBN 
V.2.574:2013, for the first 
category of reliability, at least 
two independent power inputs 
are provided for each water 
supply facility, however, in 
practice, it turned out that 
blackouts occurred at both 
inputs. This problem is likely 
to be gradually solved within 
the framework of the develop
ment of power supply systems 
and increasing their stability. 
In addition, where possible, 
alternative sources of electri
city can gradually be involved, 
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in particular, solar panels, 
heat pumps as well as energy 
obtained during the treatment 
of sewage sludge.

When using diesel genera
tors at pumping stations, it 
is necessary to clearly define 
which modes of operation of 
the pumps they should sup
port (partial supply of water or 
supply of all amount taking into 
account decrease in the number 
of people). Based on these ca
pacities and not the total capac
ity of the station in peacetime, 
the capacity of diesel genera
tors and the corresponding fuel 
reserves should be determined.

For certain highener
gyintensive stages of the 
technological process, measu
res should be taken to prevent 
the water treatment plant 
from stopping due to a lack 
of electricity. For example, 
when deenergizing electro
lysis plants for the production 
of sodium hypochlorite for 
water disinfection, a certain 
supply of calcium hypochlo
rite shall be created with 
appropriate equipment for 
its dosing (dosing pumps can 
be powered by a small diesel 
generator). During the power 
outage, STPs can switch to an 

incomplete cleaning cycle or 
even a bypass discharge into 
the water body, if this does 
not lead to the termination of 
services altogether. Backup 
sources and/or diesel gene
rators shall be provided for 
critical elements of the system 
(for example, SBS power sta
tions).

Given the temporary nature 
of power outage periods, the 
resulting increase in the cost 
of services or the deteriora
tion of their quality will pose 
less problems than a complete 
shutdown of the systems.

6.5.  RISK OF OCCURRENCE OF DEFICIENCY OF MACHINERY,  
MECHANISMS, DEVICES AND REAGENTS

Among the priority mea
sures to overcome the crisis 
situation of water utilities, as 
already mentioned earlier, it 
is necessary to make certain 
(sufficient) reserves, in par
ticular, for the following main 
groups:

 � Reagents for water treat-
ment (wastewater) in 
accordance with techno-
logical regulations.

 � Repair kits, tools, con-
sumables, replacement 
parts.

 � Technological equipment: 
pumps, valves etc. which 
are used to replace dama-
ged or inoperable units.

 � Reagents and equipment 
for water quality control.

 � Serviceable machines and 
mechanisms, sets of spare 
parts.

 � Fuel and lubricants.

 � Personal protective 
equipment.

 � Food sets.

 � Autonomous chargers.

 � Means of special commu-
nication.

As part of longterm mea
sures to ensure the stability of 
systems during hostilities, du
ring the development of water 
supply/water drainage sys
tems, it is necessary to provide 
not only for the creation of the 
specified reserves, but also for 
their reliable preservation, as 
well as (as necessary) periodic 
renewal. At the same time, the 
issue of organizing (with due 
observance of the necessary 
secrecy regarding locations) 
decentralized warehouses to 
prevent the simultaneous de
struction of a significant num
ber of reserves as a result of 
missile strikes, shelling, DIG 
actions etc., remains extreme
ly relevant.

As for reserve stocks of re
agents, it is advisable to give 
preference to longterm storage 
reagents with a significant shelf 
life: calcium hypochlorite or 
sodium permanganate (if al
lowed by the technological re
gulations), aluminium sulphate 
and other solid coagulants. 
When the expiration date is ap
proaching, the reagents can be 
removed from the reserve (with 
mandatory identical replenish
ment of their amount) and used 
for current purposes.

As for repair kits, tools and 
other individual components of 
longterm storage, if all ne
cessary requirements are met, 
they can be stored for a long 
time without losing perfor
mance parameters. However, 
it is worth gradually updating 
the stocks of this group in view 
of the gradual modernization 
of the systems (for example, 
special welding equipment will 
be needed for pipelines made of 
stateoftheart materials), as 
well as the appearance of new 
similar products.
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Among the risks caused by 
the use of reagents, the fol
lowing should be highlighted:

 � Risk to human health 
when consuming water 
treated with reagents.

 � Risk of insufficient effi-
ciency to achieve regula-
tory quality and safety of 
water.

 � Risk in case of accidents 
during storage and trans-
portation of reagents.

 � Risk of shortage of 
reagents (this risk has 
already been discussed 
above).

 � Risk of increased system 
failure rate when chang-
ing reagents.

 � Environmental risks.

The risk to public health 
appears as a result of the for
mation of toxic byproducts in 
water treated with reagents or 
an excessive concentration of 
reagent residues, which may 
affect human health during 
longterm water consump
tion. The appearance of dan
gerous byproducts in water 
is primarily caused by water 
disinfection, during which or
ganochlorine substances (tri
halomethanes), chlorates and 
chlorites, ozonides, peroxides 
and other toxic compounds 
of various composition and 
nature can be formed. This 
aspect is very significant, but 
it is not directly related to the 
situation arising from hostil
ities.

As for hostilities, there are 
several risks for the health of 
the population, and the most 

dangerous of them is the com
plete lack of reagents, which 
makes impossible even water 
disinfection. The main cri
terion for the safety of water 
for human health all over the 
world is its reliable disinfec
tion, which is one of the pri
ority tasks of any country, and 
therefore the probability of 
this risk should be minimized. 
Usually, the impossibility of 
water disinfection is a seri
ous reason for stopping the 
centralized water supply, but 
if the water supply system will 
continue to work in such con
ditions (for example, in view 
of the need for fire fighting), 
it is imperative to take measu
res to inform the population 
about the inadmissibility of 
using such water for drinking 
and cooking food At the same 
time, all relevant instructions 
and clarifications regarding 
the possible ways of using such 
water for drinking and house
hold purposes (for example, 
boiling it, using local water 
purification systems, indivi
dual disinfectants etc.) should 
be provided by the Ministry 
of Health of Ukraine which 
is namely responsible for the 
issues of public health.

In the area of action plan
ning, this means that with a 
high risk of stopping disin
fection, which is assessed on 
the basis of a specific situation 
(probability of hostilities, 
capture of territories etc.) as 
well as technological features 
of the water treatment pro
cess (the use of gaseous chlo
rine increases the danger), 
it is necessary to provide for 
measures to create reserves 
of “household” reagents (for 
example, Aquatabs, its ana
logues) for water disinfection, 

develop a system for their 
distribution to the population 
with appropriate information 
etc.

Additional risks to human 
health may arise from in
correct determination of the 
required doses of reagents. 
Usually, such a problem 
during military operations 
can arise due to the need to 
replace the reagent with an 
alternative product handling 
of which can cause certain 
difficulties for technologists, 
laboratory employees and 
other service personnel of 
water treatment plants. In 
the absence of all the neces
sary information regarding 
the doses of the reagent, the 
places of its introduction, 
the procedure for controlling 
the technological process 
and the quality of water at 
various stages of processing 
and being in the distribution 
network, there are likely cases 
of inconsistency of the ap
plied doses of reagents, and 
therefore the occurrence of 
risks of contamination of the 
system and threats to human 
health due to the consump
tion of poorquality water. 
The reduction of these risks is 
achieved by a timely and com
prehensive study of the condi
tions for handling the reagent 
intended for replacement in 
wartime as well as implemen
tation of a set of measures 
for the appropriate training 
of the system and personnel: 
working out the necessary 
protocols, conducting train
ing, entering relevant infor
mation into the technological 
regulations etc.

A separate risk caused by 
the transition to another 
reagent includes the possibi

6.6.  RISKS CAUSED BY APPLICATION OF REAGENTS
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lity of byproducts formation 
in the water treatment pro
cess and the need to reduce 
their concentration to the 
established regulatory level. 
For example, when water 
is disinfected with chlorine 
dioxide, the problem of THM 
formation is virtually ab
sent, but when it is replaced 
with calcium hypochlorite, 
it will appear again; replac
ing aluminium oxychloride 
with its sulphate can lead to 
an increase in the content of 
residual aluminium and so on. 
But in both cases health risks 
can arise only with longterm 
(years) water consumption, 
while the use of an alternative 
reagent is mainly intended 
for a shorter period of time 
(several months).

The risks of emergency situ
ations associated with the use, 
storage and transportation of 
reagents increase significantly 
during military operations, 
and the risks of use are most
ly lower compared to their 
delivery and storage, since 
the amount of the reagent at 
the place of its introduction 
(dosing) into water is limited, 
whereas there is a significant 
amount of it in the warehouse 
or in transport. Although this 
issue is ambiguous, for exam
ple, chlorine dioxide, which is 
a more poisonous and volatile 
substance than the compo
nents of its synthesis (which 
are stored in a warehouse), is 
produced directly at the place 
of use, and therefore the risk 
of its release when hit by a 
weapon is higher.

However, the main risks 
are the impact of the reagent 
storage facility and the ve
hicle (vehicle, wagon, train) 
for its delivery. Regarding the 
level of safety, the reagents 
that are usually used for the 
preparation of drinking water 

in Ukraine vary greatly. The 
most dangerous of the rea
gents used in water supply 
practice is liquefied chlorine 
which belongs to highly ef
fective toxic substances of the 
2nd danger class. When chlo
rine objects are affected, it is 
possible to depressurize tanks 
or chlorine pipelines, while 
the chlorine cloud spreads 
mainly in the lowlands and 
lower floors of buildings. Al
though chlorine is used quite 
widely in the world practice 
of water supply, especially at 
water treatment plants out
side large population centres, 
the war on the territory of 
Ukraine confirmed the signi
ficant danger of its use during 
hostilities. In Kyiv and some 
other large cities of the coun
try, water treatment plants 
that work with chlorine are 
located within the city limits, 
and therefore the consequen
ces of damage to the chlorine 
economy can be very serious.

Decentralization of chlo
rine warehouses will not also 
lead to a definitive solution 
to the safety problem. In 
addition to the high cost of 
setting up a chlorine ware
house in compliance with all 
the requirements stipulated 
by current legislation, this 
will actually create many 
small ones instead of one 
large potentially dangerous 
facility in the city. That is why 
the replacement of chlorine 
(at least in the case of the 
location of the water supply 
facility within the settlement 
or where the topography of 
the area will contribute to the 
spread of the chlorine cloud 
in its direction) is the only 
adequate solution.

If chlorine remains the 
main disinfecting reagent in 
peacetime, for the period of 
possible hostilities it is ex

tremely important not only to 
create the necessary reserves 
of an alternative reagent, 
but also to work out ways to 
quickly eliminate existing 
chlorinegas reserves at wa
ter supply system facilities, 
because otherwise the risks of 
affecting the warehouse will 
be quite high.

Considering the above, it is 
obvious that in the long term, 
the gradual replacement of 
gaseous chlorine remains an 
urgent task. Depending on the 
specific technological scheme 
of treatment, other modern 
effective disinfectants can be 
used instead.

The next most dangerous 
reagent is ammonia, which is 
used in some water utilities in 
a rather controversial water 
preammonization technolo
gy. Ammonia, like chlorine, 
is a potent poison. It is worth 
noting that in some countries 
of the world, in particular the 
USA, preammonization tech
nology is no longer used due 
to insufficient disinfection 
efficiency; in addition, there 
are safer ammoniumcontain
ing reagents (for example, 
ammonium sulphate). The 
risks of using ammonia are the 
same as chlorine gas. There
fore, when planning measures 
for the longterm perspective, 
it is advisable to abandon 
ammonia or provide another, 
safer reagent than it.

Sodium hypochlorite also 
belongs to the 2nd hazard 
class, but is nonvolatile, 
nonflammable and nonex
plosive. Risks during hostil
ities relate to possible leaks 
of sodium hypochlorite as a 
result of an accident (damage 
to the facility) and subsequent 
damage to the personnel who 
were at the facility; certain 
ecological consequences are 
also possible. Commercial 
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sodium hypochlorite notice
ably loses its activity during 
storage, and therefore cannot 
be used as an alternative disin
fectant reagent.

Electrolytic sodium hy
pochlorite is safe as to the risk 
of its longterm storage, be
cause only a safe reagent – so
dium chloride (common salt) 
will be stored in warehouses. 
But the electrolysis process is 
very energydependent, which 
leads to the risk that occurs 
when facilities are deener
gized.

Calcium hypochlorite 
Ca(ClO)2 compared to sodium 
hypochlorite can contain 65 
to 70 % of active chlorine (so
dium hypochlorite contains it 
in the amount of 15 to 19 %), 
which makes it more conveni
ent in terms of shipping and 
storage. In addition, calcium 
hypochlorite, unlike sodium 
hypochlorite, practically does 
not lose activity during long
term storage. The relatively 
high cost of the reagent is not 
critical considering the rela
tively short term of its use.

Introduction of calcium 
hypochlorite at water treat
ment plants, where the tech
nological process uses sodium 
hypochlorite or chlorine, 
does not cause significant 
problems: only arrangement 
of soluble and consumable 
containers, similar to the 
preparation of coagulant, is 
required. In addition, taking 
into account the probability 
of the formation of precipi
tates of calcium compounds 
(due to the pH value) during 
the preparation of working 
solutions of the reagent, it is 
advisable to conduct prelim
inary pilot studies to deter
mine their amounts. In the 
case of a significant amount of 
sediment, it is also necessary 
to provide for periodic flush

ing of dispensing containers 
to remove them.

Chlorine dioxide is pro
duced at the point of use by 
synthesis from sodium chlo
rite and hydrochloric acid 
(concentrated or diluted 
depending on the type of the 
generator). Under normal 
conditions, chlorine dioxide 
itself is completely dissolved 
in water and can enter the 
atmosphere only in the case 
of direct destruction of the 
generator, but even then its 
quantity is insufficient to 
create serious risks, apart 
from the risk to the health of 
personnel who will be located 
directly in the premises of its 
production. Sodium chlorite 
and hydrochloric acid are also 
poisonous, but nonvolatile 
substances; this indicates the 
risks of injury to station per
sonnel when the warehouses 
of reagents are destroyed. In 
addition, the operation of 
the generator requires elec
tricity (risk of blackouts), 
but its amounts are much 
smaller than for the produc
tion of sodium hypochlorite. 
Therefore, at water treatment 
plants where chlorine dioxide 
is used, there is no need for 
alternative reagents, but it is 
necessary to provide for an 
appropriate number of backup 
diesel generators.

Ozonation of water is cur
rently not used in Ukraine (an 
ozonation station was built 
at the Dnipro waterworks in 
Kyiv, but with the transition 
to the use of chlorine dioxi
de, water ozonation has been 
stopped for the time being). 
Therefore, it makes no sense 
to take into account the possi
ble risks of using ozone in the 
processes of treating drinking 
water.

Sodium and calcium per
manganates in drinking 

water treatment processes in 
Ukraine are used only in some 
cases as additional oxidants 
to remove organic substan
ces. Data on their use for the 
purposes of water disinfection 
(both primary and secondary) 
are currently insufficient. 
In principle, metal perman
ganates could be considered 
as backup reagents, but only 
after conducting all the ne
cessary preliminary research 
and appropriate justification 
of the possibility of their use 
at water treatment plants of 
various capacities.

UV irradiation of water 
refers to highenergy water 
preparation processes and, 
due to the lack of prolonged 
bactericidal action, is used 
only in combination with 
other disinfecting reagents. 
In wartime, UV disinfection 
needs to be replaced with 
backup reagents.

In addition to disinfection, 
reagents at water treatment 
plants are used in water coa
gulation processes, as well as 
removal of organic substan
ces. Among the coagulants in 
Ukraine, aluminium sulphate 
and hydroxychlorides are 
mainly used. These reagents 
are fire hazardous and explo
sive substances; when ingested 
orally, they belong to the 3rd 
class of danger. Inhalation 
may cause irritation of the 
mucous membrane of the 
respiratory tract, ingestion 
can cause irritation of the 
gastrointestinal tract, eye 
contact – lacrimation, bur
ning, conjunctivitis; produc
tion personnel shall be pro
vided with individual means 
of respiratory, eye and skin 
protection. In general, these 
reagents are quite safe during 
storage and transportation 
and do not require special 
measures to prevent risks. 
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Flocculants used in water 
treatment processes, although 
they belong to toxic substan
ces (usually 3rd hazard class), 
but considering their rather 
small working doses, the risks 
associated with their use are 
not significant.

To reduce the concentration 
of organic substances in water 
and improve the organolep
tic properties of water, some 
water treatment plants use 
powdered activated carbon 
(PAC). According to medical 
criteria, safety requirements 
for the protection of the mu
cous membranes of the eyes, 
upper respiratory tract, and 
skin shall be observed when 
using PAC. The reagent (at 
least the one approved for 
the preparation of drinking 
water) belongs to the 4th class 
of danger; the dust content 
in the working area is limited 
to 6 mg/m³. However, it shall 
be taken into account that 
activated carbon dust forms 
explosive mixtures with air. 
Accordingly, the premises for 
the storage of PAC are also 
classified as dangerous faci
lities. During hostilities, it 
is necessary to ensure decen
tralized storage of the stock 

of this reagent, leaving only a 
small amount of it at the water 
treatment plant. In addition, 
given that PAC is mostly used 
to reduce the permanganate 
oxidation rate and improve 
the organoleptic properties 
of water, it is advisable (if pos
sible) to temporarily stop its 
use during hostilities (prima
rily, for safety reasons for the 
station’s service personnel).

The risk of increasing the 
emergency rate of water sup
ply systems due to the change 
of reagents during military 
operations, although not 
critical, shall be taken into 
account. For example, the 
experience of Mykolaiv has 
shown a significant increase 
(by an order of magnitude) in 
the failure rate of pipelines 
in the system when water 
with high salinity is fed into 
it. Moreover, the speed with 
which these processes took 
place indicates that they are 
rather not the result of cor
rosion as such, but rather the 
result of the destruction of 
the films that formed in the 
old strongly shortened pipe
lines and restrained them 
from destruction. As the films 
(including bio films) were 

destroyed, a large number of 
fistulas formed, which led to 
emergency situations.

Since it is known that 
certain methods of disinfec
tion (for example, the use 
of chlorine dioxide) lead to 
the destruction of bio films, 
then in situations where the 
pipelines are made mainly of 
steel without a special coating 
and are quite outdated (this 
is characteristic of a number 
of Ukrainian water utilities), 
this risk should be taken into 
consideration After all, a 
sharp increase in the number 
of breaches on networks du
ring wartime will significantly 
complicate the work of the 
water utility.

Environmental risks caused 
by the use of reagents in the 
context of military opera
tions, first of all, concern situ
ations of transition to alterna
tive reagents. When choosing 
an alternative reagent, espe
cially for water disinfection, 
one should take into account 
their possible negative im
pact on the environment, in 
particular, natural reservoirs, 
where the flushing water of 
treatment facilities will be 
discharged.

6.7.  PROFESSIONAL RISKS AND RISKS  
OF LOSS OF QUALIFIED STAFF

Occupational risk is defined 
as the probability and conse
quences of harming the health 
and life of employees due to 
the performance of their di
rect labour duties or the use of 
harmful/dangerous materials, 
equipment, etc. in the produc
tion activities. When planning 
longterm measures, the follow
ing professional risks shall be 
taken into account:

 ❖ risk of direct damage while 
staying at the facility in the 
war zone,

 ❖ risk of emergency situa-
tions as a result of hostil-
ities,

 ❖ risk of the impossibility of 
arranging safe conditions 
in the workplace.

The experience gained during 
military operations has shown 
that individual facilities of water 
supply systems can most often 
fall into the affected area; they 
include water intakes, pumping 
stations, sewage treatment 
plants and structures on dis
tribution networks. The risk 
for line personnel engaged in 
emergency work is also high. To 
prevent or reduce the likelihood 
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of such risks, it is necessary to 
provide for such measures as:

 � maximum available au-
tomation of equipment 
operation for the possibi-
lity of operation without 
the permanent presence of 
personnel,

 � construction (restoration) 
of civil defence shelters,

 � provision of all necessary 
means of personal protec-
tion,

 � conduction of exercises 
and instructions on be-
haviour during hostilities, 
handling of explosive 
objects etc.

According to the experience 
of armed conflicts in other 
countries of the world, it is 
sometimes possible for both 
sides to accept some obliga
tions (which is completely 
excluded with the Russian 
aggressor), for example, gran
ting neutral status to workers 
of critical infrastructure, in 
particular, water utilities 
(similarly, to physicians).

Reducing the consequen
ces of these risks consists in 
creating a system of emer
gency aid, most importantly, 
medical. For this purpose, all 
water supply/drainage faci
lities shall be provided with 
the necessary amount of first 
aid equipment (first aid kits, 
special medical kits, medi
cines etc.). In addition, it is 
necessary to determine and 
accordingly arrange the opti
mal evacuation routes for the 
victims. Employees shall also 
complete a special training 
course (at least a short one) in 
first aid.

Risks for personnel during 
emergency situations can 
arise as a result of damage or 

flooding of individual prem
ises (reagent, chlorine man
agement), spread of “toxic 
clouds”, explosions, fires and 
other destructive factors.

A separate professional risk 
in the war zones concerns a 
significant reduction in the 
number of service personnel 

(both technical and engi
neering employees and other 
workers) due to the process of 
population relocation (ac
cording to official data, the 
population of Kyiv during 
hostilities was reduced by 
almost half). This situation 
certainly affects the number 
of available qualified person
nel. Significant problems also 
arise with the transportation 
of people to the workplace, es
pecially from suburban areas. 
The biggest and most critical 
shortage of personnel can be 
observed among emergency 
and repair personnel, which 
will lead to the need to work 
with extended working hours, 
two consecutive shifts, “shift 
method” etc.

The process of personnel 
training, especially taking 
into account the need to speed 
it up in wartime (for example, 

training according to short
ened programs), should be 
foreseen in the long term, too. 
At the same time, it is neces
sary to take into account the 
need to standardize the activi
ties of each employee, that is, 
to define standard operations, 
sequences of actions, practi

cal skills reflected in the job 
instructions, as well as to ac
company the job instructions 
with methodical materials 
with info graphics, training 
videos etc.

Another occupational risk 
due to the problems of mili
tary operations concerns the 
need to carry out a sufficient 
number of analyzes within the 
framework of the production 
program. For the proper con
trol of water quality and the 
service of the stateoftheart 
analytical equipment, highly 
qualified specialists who have 
certain (longterm) experi
ence in the analysis of drinking 
water are needed. It is very 
difficult to find a replacement 
for such specialists (even in 
peacetime) and it is impossi
ble to prepare them in a short 
term. A shortterm solution to 
this problem, as noted earlier, 
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can be the use of appropriate 
express methods of water ana
lysis, which can be performed 
by laboratory technicians 
without high qualifications. 

In the long term, it is neces
sary to take into account the 
need to train such specialists in 
higher educational institutions 
and specialized institutions of 

secondary education, as well as 
to create a special course in the 
educational programs regar
ding conducting water analysis 
in wartime.

6.8.  GENERALIZED LIST OF LONG-TERM MEASURES PURPOSED  
AT MINIMIZATION OF RISKS DURING MILITARY OPERATIONS

On the basis of the above, a 
generalized list of longterm 
measures was developed, 
implementation of which will 
contribute to the reduction 
of risks that can arise in cen
tralized water supply/water 

drainage systems as a result of 
military actions on the terri
tory of Ukraine. The choice of 
certain measures for a speci
fic system (utility) should be 
carried out taking into account 
the specific features of the 

systems, probable scenarios of 
combat operations in this ter
ritory, technical, technological 
and financial capabilities of the 
utility and other determining 
factors. The list of measures is 
given in Table 6.1.

No. Risk / mitigation measure

1 Risk of stopping systems or their parts due to direct damage to key elements

1.1 Arrangement of reserve water intakes

1.2 Arrangement of backup water treatment plants

1.3* Ensuring the possibility of supplying the entire settlement from one water intake and/or part of the pumping stations

2 Risk of a sharp deterioration in the quality of source water due to man-caused reasons or intentional poisoning of 
water supply sources

2.1 Implementation of measures 1.1, 1.2 and 1.3

2.2** Identification of the dangerous indicator, its dose, the time it enters the water intake and the forecast period of exposure

2.3 Increasing the amount of water reserve in the system

2.3.1 Development of the tank farm

2.3.2 Ensuring the possibility of storing stocks at the water intake

2.4*** Limitation of water supply in the settlement for the period of autonomous operation of the system

2.5 Introduction of an additional stage of treatment to remove the pollutant

2.6 Transition to decentralized water supply

2.6.1 Using existing pumping stations

2.6.2 Using local underground sources 

2.6.3 Using mobile water treatment systems

3 Risk of de-energizing individual system elements

3.1 Provision of at least two independent power supply inputs and appropriate devices

3.2 Arrangement of a stock of diesel generators and fuel for them

4 Risk of a shortage of machines, mechanisms, tools and reagents

4.1 Arrangement of stocks:

4.1.1 Reagents for water and wastewater treatment

4.1.2 Repair kits, tools, consumables, replacement elements

4.1.3 Technological equipment reserve

4.1.4 Reagents and equipment for water quality control, express tests

4.1.5 Machines and mechanisms, spare parts for them

таблиця Table 6.1. List of long-term measures for the future to reduce probable risks
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No. Risk / mitigation measure

4.1.6 Fuel and lubricant materials

4.1.7 Personal protective equipment

4.1.8 Foodstuff

4.1.9 Autonomous chargers

4.1.10 Means of special communication 

4.2 Constant updating of stocks and maintaining them in a usable condition

5 Risks associated with the use of reagents

5.1 Risks when supplying water without disinfection

5.1.1 Stopping the system and switching to decentralized water supply

5.1.2 Providing the population with the necessary amount of means for local water disinfection

5.1.3 Carrying out permanent clarifications on water management and the use of household reagents

5.2 Risks in case of accidents during storage and transportation of reagents

5.2.1 Transition to safer reagents

5.2.2 Creating a stock of an alternative reagent and switching to its use during hostilities

5.2.3 For powdered activated carbon, a decision on its temporary withdrawal is possible

5.3 Risks of shortage of reagents 

5.3.1 Implementation of measure 4.1.1, and, if necessary, also 3.1 and 3.2

5.3.2 Switching to an alternative decontamination reagent

5.4 The risk of increased system failure rate when changing reagents

5.4.1 Conducting research on the impact of alternative reagents on the system emergency rate. If necessary, take mea-
sures to reduce the negative impact

5.5 Environmental risks

5.5.1 Assessment of the impact of the use of alternative reagents on wastewater treatment and subsequent discharge of 
treated water into reservoirs

6 Professional risks and risks of loss of qualified personnel

6.1 The risk of direct impact when staying at a facility in a combat zone

6.1.1 Automation of equipment operation for the possibility of operation without the constant presence of personnel

6.1.2 Construction (restoration) of civil defense shelters

6.1.3 Provision of personal protective equipment

6.1.4 Conducting instructions on behaviour during hostilities, handling explosive objects etc.

6.1.5 If possible, give infrastructure workers a neutral status

6.2 Risks associated with accidents resulting from hostilities

6.2.1 Implementation of measures 5.2.1 to 5.2.3

6.2.2 Development of evacuation routes and informing employees about them

6.3 Risks associated with the impossibility of reliable supply and provision of the necessary conditions in the working premises

6.3.1 Implementation of measures 4.1.7 to 4.1.10

6.3.2 Creation of alternative sources of heating of individual facilities and storage of fuel reserve for them 

6.4 Risk of shortage of qualified personnel of water utilities

6.4.1 Development of rapid training programs for key specialties 

6.4.2 Standardization of activities of key specialists

6.4.3 Ensuring motivation to work at the water utility

6.4.4 Simplification of laboratory control by switching to the use of express tests

6.4.5 Providing logistics for employees to/from work

* It is determined by hydraulic calculation for the corresponding modes
** It shall be carried out by the BUVR system of the State Water Agency of Ukraine
*** It is determined based on the available reserves and forecast duration
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In view of the above, it is 
worth noting that the experi
ence of functioning of centra
lized water supply/drainage 
systems in the conditions of 
military operations on the 
territory of Ukraine can also 
be useful to foreign colleagues 
and partners in the matter of 
the need to increase the stabi
lity of the systems; however, 
the exclusivity of each country 
shall be taken into account, 
in particular: specific features 
of the legislation and legal 
framework in this sphere, 
technical condition of the 
systems and applied technol
ogies, specifics of their opera
tion, national peculiarities of 
drinking water consumption 
and many other factors.

So, based on the assessment 
of the main risks arising from 
hostilities, namely:

 3 shutdown of systems or 
their parts due to direct 
damage to key elements,

 3 sharp deterioration of 
source water quality due 
to man-caused reasons 
or deliberate poisoning of 
water supply sources,

 3 shortage of machines, 
mechanisms, tools and 
reagents,

 3 risks associated with the 
use of reagents,

 3 professional risks and risks 
of loss of qualified person-
nel.

a list of longterm measures for 
preparing for their prevention 
or reducing the level of conse
quences was determined. These 
measures can be used in water 
supply development programs, 
water supply and drainage 
optimization schemes, and 
emergency action plans. The list 
of activities includes the follow
ing:

• Creation of reserve water 
intakes, water treatment 
plants, decentralized 
systems in case of dis-
connection of the main 
system, including mobile 
plants. Determination of 
the operation mode of the 
water drainage system 
during periods of stoppage 
of centralized water supply.

• Creation of a system for 
early detection of toxic 
substances in the source of 
water supply.

• Creation of water reserves 
in the system: at the water 
intake or tank farm.

• Ensuring resistance to 
blackouts (independent 
inputs, generators) or an 
action plan for blackouts.

• Creation of a list of stocks 
of reagents, technological 
equipment, machines, 
mechanisms, PPE, food, 
autonomous chargers of 
special communications 
equipment. Constant 
updating of stocks and 
their storage in distributed 
warehouses.

• Transition to reagents that 
are safe from the point 
of view of man-caused 
hazards.

• Provision of measures in 
case of absence or short-
age of reagents.

• Construction of civil pro-
tection shelters.

• Conducting instructions on 
work during hostilities and 
giving employees of infra-
structure facilities neutral 
status.

• Development of employee 
evacuation routes.

• Development of rapid 
training programs for key 
specialties.

A detailed list of risks and 
ways to prevent them/reduce 
their consequences is given in 
Table 6.1.
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Responsible executor — Kravchenko Oleksandr 
Valeriiovych.
With the support and by order of the Association of 
Water Utilities of Ukraine "Ukrvodokanalekologiya". 
Special thanks to Novytskyi Dmytro Yuriiovych and 
Shkin Oleksandr Mykhailovych.

Our gratitude for the data provided to the heads and 
representatives of the following water utilities: 
PJSC "Kyivvodokanal", ME "Chernihivvodokanal", 
ME "Kharkivvodokanal", ME "Mykolaivvodokanal", 
Municipal enterprise "Miskvodokanal" of Sumy City 
Council, ME "Kremenchukvodokanal", 
ME "Zhytomyrvodokanal", ME "Voda Donbasu", 
ME "Ternopilvodokanal", Regional Municipal 
Enterprise "Rivneoblvodokanal" and 
ME "Vyshgorodvodokanal".

We are especially grateful to 
Volodymyr Kobylianskyi for his useful remarks.
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