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PREFACE

Growing population and rising standards of living exert stress on water supply
and the quality of drinking water. Some of these pressures can be reduced by
demand management and water and wastewater reuse. In wastewater mana-
gement, new challenges are caused by new chemicals of concern, including
endocrine disrupters, pharmaceuticals, hormones, and personal care products,
which often pass through wastewater treatment plants unabated, but may cause
serious impacts on receiving aquatic ecosystems.

The topics focused on evaluation of impact of xenobiotics in the whole
Urban Water Cycle are an interdisciplinary task which has a rising concern
these days. Xenobiotics includes both inorganic elements like heavy metals,
metalloids and man-made organic compounds such as pesticides, surfactants,
solvents, fragrances, flavours, and pharmaceuticals as well as endocrine disru-
pters. It has been estimated that 70,000 xenobiotics may potentially be hazardous
for humans and/or ecosystems. Water supply, urban drainage and wastewater
treatment systems were originally designed to solve just conventional problems
such as supply of potable water, flooding prevention and sanitation. The main
problem within the conventional urban water cycle approaches is absence of
design to deal with xenobiotics. Nowadays can be seen increased focus on
rainwater use, wastewater reclamation and reuse in industrial and as well in
domestic sector what increase the exposure to xenobiotics. Innovative approaches
are therefore needed to prevent xenobiotics from being discharged into surface
waters where they may give rise to impacts on the chemical water quality and
ecological status of receiving waters as it is already recognized by the EU-
Water Framework Directive. Under such circumstances it is needed to assess
knowledge gaps within the integrated water management with a particular
emphasis on xenobiotics.

Leaking sewer pipes, land application of treatment residues and increased
focus on soil-infiltration of stormwater and wastewater further put the urban
and peri-urban soil and groundwater resources at a potential risk that only
rudimentary is accessed now. The integrated nature of the urban water systems
and the ability of xenobiotics to spread across structural boundaries and into the
environment where ecological systems and humans are exposed calls for an
intersectorial and multidisciplinary approach to problem awareness and solution.
Pollutants of interest have mainly been the conventional parameters (BOD,
COD, N, P, SS and micro-organisms). Thus, there is a need to understand the
sources, flow paths, fate (transport, treatment, natural attenuation) and impact
of xenobiotics on both humans and environment in this technical system.

X



X PREFACE

NATO Advanced Research Workshops (ARW) are advanced-level meetings,
focusing on special subjects of current interest. This ARW on Dangerous Pollu-
tants in Urban Water Cycle was held in Czech Republic under the auspices of
the NATO Security Through Science Programme and addressed urban water
management problems. It took place at Velke Bilovice (Lednice area), about
45 km from Brno.

The main purpose of the workshop was to critically assess the existing
knowledge on Xenobiotics in urban water cycle, with respect to diverse condi-
tions in participating countries, and promote close co-operation among scientists
with different professional experience from different countries.

The ARW technical program comprised 31 papers on 4 topics, Challenges
in Water Resources Management, Safety and Security of Water Supply and
Sanitation, Xenobiotics and its treatment, Impact assessment and Wastewater
Treatment and Reuse. Papers addressed a broad variety of issues corresponding
to the ARW topics and ranging from reviews and case studies to scientific
papers. The organizers hope that the workshop will contribute to improved
water management in the regions addressed and thereby to a better security and
quality of life.

Petr Hlavinek Ognjen Bonacci
Brno, Czech Republic Split, Croatia
Jiri Marsalek Ivana Mahrikova

Burlington, Canada Bratislava, Slovakia
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CHALLENGES IN WATER RESOURCES MANAGEMENT



A WHOLE-LIFE COST APPROACH TO SEWERAGE AND POTABLE
WATER SYSTEM MANAGEMENT

DRAGAN A. SAVIC’, SLOBODAN DJORDJEVIC
Centre for Water Systems, School of Eng., Comp. Sci. and Maths
University of Exeter, North Park Road, Exeter, EX4 4QF, UK

ADRIAN CASHMAN, ADRIAN SAUL
Pennine Water Group, University of Sheffield, Sir Fredrick
Mappin Building, Sheffield S1 3JD, UK

Abstract. To promote the efficient use of resources in the developed world
there is a recognised need to make best use of existing infrastructure. Whole
Life Costing in combination with computational modelling techniques can be
used to satisfy this need. This paper outlines the development of WLC for the
capital and operational management of water and wastewater networks based
on the detailed consideration of holistic performance and the explicit linking of
costs to their drivers.

Keywords: water, wastewater, whole-life costing, modelling, decision support

1. Introduction

Maintaining a reliable water supply and protecting human health and aquatic
resources through adequate management of wastewater systems are essential to
support all aspects of human life as well as dependent ecosystems. In particular,
sustainable delivery of water and wastewater services has been identified as a
key challenge (UNESCO, 2006). However, there is an existing financing shortfall
across the whole water/wastewater sector of investment for the operation and
maintenance of existing infrastructure (DFID, 2001; OECD, 2006). As water

" Prof. Dragan Savic, Centre for Water Systems, School of Eng., Comp. Sci. and Maths University of Exeter,
North Park Road, Exeter, EX4 4QF, UK, e-mail: D.Savic@ex.ac.uk
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4 D.A. SAVIC ET AL.

and wastewater service providers are subject to regulation, one common thread
in meeting the above challenges is the need to demonstrate how levels of service
can be maintained at least cost whilst meeting regulatory obligations. There is,
therefore, a clear need for decision support tools that assist managers with better
management and decision making. This need has long been recognized and
over the last decade several advances have been made in the water/wastewater
utilities sector (Skipworth et al., 2002; CARE-S, 2002). As part of two industry-
relevant research projects funded by the UK Engineering and Physical Sciences
Research Council and supported by five large UK water/wastewater companies,
a set of whole-life costing (WLC) methodologies have been developed. This
paper describes the methodologies and two decision support tools developed
collaboratively by the Centre for Water Systems (University of Exeter) and the
Pennine Water Group (University of Sheffield).

The crux of the methodologies is gauging the impact that each unit of invest-
ment has on many different levels of service (at different points in time) and
assessing the whole-life cost (both capital and operational) of interventions
associated with that investment. The methodologies developed are broadly in
line with the UK Water Industry Research (UKWIR) Capital Maintenance
Planning Common Framework that identifies the main steps in the process as:
(1) historical analysis of maintenance expenditure and serviceability indicator
trends; (2) forward-looking analysis to identify future maintenance expenditure
to meet regulatory objectives; and (3) conclusions, where a comparison is made
between the results of historical and forward-looking analysis and recommen-
dations are made for the required level of future maintenance.

2. Whole Life Costing Approach

There are many definitions of whole life costing. For example, the UK Ministry
of Defence defined WLC as “the continuous process of forecasting, recording
and managing costs throughout the life of an equipment with the specific aim
of optimising its military output” (UK MoD, 2007), while the Construction
Research and Innovation Strategy Panel (CRISP) defines it as “the systematic
consideration of all relevant costs and revenues associated with the acquisition
and ownership of an asset” (BRE, 1999). The WLC approach to urban water
systems management adopted in this paper aims to achieve the lowest urban
water system provision and operating cost when all costs are considered to
achieve standards enforced by regulation or otherwise.

The integrated performance of water distribution and urban drainage
systems is not well understood in terms of the interrelationships between
physical and economic behaviour, the integrated modelling of components that
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describe system performance and the impact of different management strategies
on performance indicators and costs. Hence there is a need to develop a toolbox
approach that is capable of taking account of system behaviour, performance
and regulation within a sensible economic and engineering decision support
framework. The efficient and effective management of urban water systems
must be based on a number of prerequisites. These include: a proper and adequate
knowledge of assets (e.g., condition state); an understanding of system perform-
ance; level of service provided and required; the management intervention
options available and their impact; the costs associated with system performance
and interventions and; the consequences of service failure. In addition, an
intellectually robust, transparent and auditable methodology for combining
these aspects to ensure that service providers are delivering value for money
is increasingly upper most in the minds of regulators and customers (Ofwat,
2000).

Whole Life Network
Cost etworl
i Performance
Accounting
) ¥
v
Decision Tool

Figure 1. The framework for the WLC Methodology

The basic framework for the WLC Methodology has been configured
around three main elements as shown in Figure 1. The “WLC Accounting”
Module represents an accounting process that attempts to identify and report all
costs, where possible as unit costs. The “Network Performance” module contains
models, including a hydraulic model, that are able to simulate different aspects
of performance with time under changing conditions, for example due to deteri-
oration in the assets, changes in demand, and due to interventions. In summary,
all costs and the quantities that drive them are identified in the “Whole Life
Cost Accounting” and “Network Performance” Modules respectively. It must
then be determined how this information is used in deriving management
scenarios for operating and maintaining the network. This function is fulfilled
by the “Decision Tool” element in Figure 1 which assimilates and links the
information and models in the Cost and Performance modules.
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3. Network Performance

Network Performance describes the state and performance of the network at any
stage in time. As such it encompasses and keeps track of both current and future
network configurations, models that describe the performance of the system
and sets of intervention choices. A distinction is made between hydraulic-
performance related features, on the one hand, and asset performance related
modelling, on the other. In the first instance aspects such as hydraulic adequacy
and sedimentation (for wastewater networks), and pressure (for water distribution
networks) are included. Asset performance modelling includes asset deterioration
(blockage and collapse for wastewater and pipe bursts and leakage for water
distribution systems) although other performance models can be added.

The performance modelling components are used to generate sets of Key
Performance Indicators (KPIs) based on the further development of indicators
that are either currently in use or have been suggested (Matos et al., 2003;
Alegre et al., 2006). The KPIs have been used to both evaluate performance and
act as a mechanism to initiate intervention.

3.1. HYDRAULIC PERFORMANCE

Ofwat provides a definition of serviceability which stated that “Serviceability is
a measure of the ability of the company assets to provide the service required
by customers.” A number of measures can be identified to measure an urban
water asset’s serviceability.

3.1.1. Hydraulic Performance of Water Distribution Systems

The number of properties at risk to receive their supply below 15 metres in head
at their boundary, or 17 metres at the main, or the DG2 measure as referred
to by Ofwat, is the main hydraulic KPI included in the WLC approach to
management of water distribution systems. Other measures, like the number of
customer interruptions, or the so-called DG3 measure and the number of bursts
that have occurred (reported in terms of km/yr) are intertwined and obviously
require the ability to predict main bursts and will be treated in the asset
modelling section, while the first one requires hydraulic modelling.

The decision to include the hydraulic model enables all interventions which
affect hydraulic capacity to follow the holistic nature of the proposed WLC
framework. Mathematically, the required performance check is given by:

H >H

it — min

where H;, is the head at each location i at time ¢ and H,,;, is the minimum head
requirement. The hydraulic modelling of a water distribution network requires
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that demands are aggregated at nodes. These demands are normally associated
with customer service locations around the node. The above equation can be
used at each demand node to check the number of services that do not receive
an adequate supply. This, given the total number of service connections, gives a
proxy to the DG2 measure of the percentage of properties that receive a supply
below the minimum pressure level.

Within the WLC approach, the effects of increases in pipe hydraulic rough-
nesses with time can be considered through utilisation of empirically derived
relationships. Equations can be assigned for each material type and possibly
may change for each zone depending on water quality. If the water company
does not hold information upon which to base such relationships, they must be
derived or estimated by other means, for example from the limited available
literature.

Water quality has, and will continue to play an important role in any
maintenance strategy. In respect of a given water quality determinant (e.g., iron,
lead, PAH, etc.), within the WLC approach an equation is used to reflect the
operational cost of dealing with the risk (where actions are taken to mitigate the
risk) or financial risk costs carried by the company (where no action is taken to
mitigate the risk). For example, the operational cost of flushing corresponding
to a given area, therefore, could be given as:

CTﬂush =F Z [(vj + Wj )L‘/’ ]+ Eﬂu.xh

jedAM

where, Cp,,is the total annual cost of flushing (£), j is a main in the network
where AM is the complete set of all mains, L; is the length of main j, F' is the
number of flushes per year, v; is the annual cost associated with the particular
main based on whether the main is thought to be a source of sediment build up
(£/unit length/year), w; is the annual cost associated with the particular main
based on whether the main is thought to be a source of discoloration through
corrosion and would equal to 0 if the main is not an unlined ferrous main (£/unit
length/year), E, , are the annual external costs associated with flushing. It is
important to note that this is not a hydraulic performance model per se although
the cost equations have a physical basis.

3.1.2. Hydraulic Performance of Wastewater Systems

A major operational concern for combined sewerage systems is their capacity
and performance under wet weather conditions; at what point and under what
conditions might the onset of in-system hydraulic incapacity, and any resultant
flooding occur. Another aspect includes the question on what volumes of water
which are in excess of the system capacity to convey onward. The project has
developed a mathematical modelling tool to predict the hydraulic performance



8 D.A. SAVIC ET AL.

under two conditions: wet weather flow (WWF), dry weather flow (DWF). Dry
weather flow conditions are also of interest from the point of view of the
likelihood of deposition of sediments within the system and whether or not
there is sufficient self-cleansing flow in the system.

The proposed performance measure for hydraulic incapacity under Wet
Weather Flows (WWF) is based on a performance assessment system expressed
either in terms of discharge (Q) or water level (H) (hydraulic head), Figure 2
shows this in terms of water level. The value H* (or Q*) represents the required
or acceptable level of performance of an asset under WWEF, with values
dependent on pipe size, category, condition grade and possibly other factors.

1 — H *

0.8
0.6
0.4 Soffit level
0.2 1

Hydraulic Performance
(%)

O T T T T ‘
0 1 2 3 4 5

Water Level (H/D)

Figure 2. Hydraulic Performance Function Based on Depths

The hydraulic performance functions would be calculated for each of the
WWF design events and for each asset a series of performance indicators
produced. These would compare actual performance from the simulations
against the requisite performance level for that particular asset. The perfor-
mance functions would be further aggregated in the following steps: (1) by
integration over the duration of wet weather event (and normalising over unit
time); (2) by selecting critical values for each and every one of the different
storm conditions; (3) by averaging with respect to probability of occurrence,
i.e. by summing values for each return period multiplied by its probability; and
(4) by aggregating to the system level with weighting proportional to pipe
length. This step could be done either for the entire system in the same manner,
or within groups.

In the cases where the simulation has identified flooding as occurring, a
separate statistical routine is used to convert from flood volume, calculated
through simulation, to the extent of the flooding caused at each location and
the maximum water levels, for flooding caused by ejection from sewers. At a
minimum the number of properties affected by flooding would be calculated for
each incident and location indicated by the simulation.
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Other considerations of hydraulic performance, such as Dry Weather Flows
(DWF) and sedimentation, were subject to similar development. A system DWF
performance has been characterised by its ability to transport DWF referenced
to the total available capacity and actual flow rate as a simple ratio indicator
called ‘Sewage Available to Transport’ (SATT). The indicator has been defined
as the percentage of time during 24-hour dry weather flow simulation when the
SATT score was greater than a pre-selected minimum. The flow simulations
are also used to determine the actual velocity of flow in the system under dry
weather flow conditions. These are compared against the critical or self-cleansing
velocity to prevent sedimentation (Ackers et al., 1996).

3.2. ASSET PERFORMANCE MODELLING

3.2.1. Asset Performance Modelling for Water Distribution Systems

Within the WLC approach to distribution network management, there is the
need to quantify the likely future cost of asset (structural mains) failure.
Structural failure is often used as justification for asset replacement. However,
within the WLC approach, the impact of replacement must be considered in its
direct effect on, for example, leakage, water quality, customer interruption and
in its indirect effect on, for example, additional purification and transmission
costs and the demand for water placed on the environment. The probable rate
of failure can then be attached to each length of pipe based on its asset and
environmental description. The form of model used in the burst analysis to
derive risk factors for homogeneous pipe groups, and the growth in these factors,
for use in the WLC framework is given as:

ﬁ'(to )i = Hxikrk
k

where, t, is the base year of the analysis, A(t); is the burst rate/unit time/unit
length at time t, for the ith pipe group, k is a set of environmental factors (e.g.,
physical characteristics of assets and the conditions under which they operate),
Xix 18 a vector describing the asset and environmental variables, 1y is a vector of
regression coefficients (Skipworth et al., 2002).

3.2.2. Asset Performance Modelling for Wastewater Systems

Blockages and collapses are a significant problem for the maintenance of the
proper functioning and performance of sewer networks. They are responsible
for 50% of all cases of sewer flooding. Two analytical approaches were adopted
to accommodate the diversity of parameters on the one hand and reduce the
impact of missing data on the other: multiple regression techniques (Shepherd
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et al., 2005), and evolutionary computing (Savic et al., 2006). From Shepherd
(2005) it was shown that in respect of blockages that:

B =a(R,-L)

where, B, is the blockage rate for a given category of pipe assets, ¢ and b are
coefficients dependent on the ICG band (ICG = Internal Condition Grade), R, is
the relative velocity of flow through the category of pipe assets and L is pipe
length. Relative velocity R, is defined by D”.s”, where D is the diameter and s
is the gradient of the asset.

The second approach to modelling blockages has been based on a data
mining technique, Evolutionary Polynomial Regression (EPR), which integrates
the best features of numerical regression analysis with genetic programming
(Giustolisi and Savic, 2006). Based on results of pervious studies (UKWIR,
2006) and by experimentation for this particular case study, the following
expressions were derived for the number of blockages:

2
B =02121n 2
H-L

where H is the hydraulic head at the blockage point. The equivalent expression
derived by EPR for collapses is:

C =0.00156 1n[ &
L \D

where K is the pipe cover depth.

4. Cost Accounting and Decision Tools

Costs are broadly associated with one of three cost categories: planned, un-
planned-reactive and, planned-proactive, reflecting the level of activity occurring
in the system. An Interventions Matrix, triggered by serviceability indicators
and performance, has been development with the industrial collaborators such
that the range of acceptable interventions is included. Within a time step the
costs that accrue arise from the performance of the system at that time; either
normal operational costs or costs resulting from a defined requirement to inter-
vene. Thus for each time step a series of costs can be calculated that together
make up the total cost accrued within that time step resulting from the provision
of the service. Taking all the time steps together and their associated costs will
give WLC for that particular configuration of service provision. This may not
be the least WLC or the most cost-effective expenditure. Determination of any
of these additional requirements would require further calculation steps in order
to satisfy such conditions and would lead to modifying the intervention decisions.
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Decision Tools developed for both water and wastewater networks allow
the choice of different intervention strategies to be linked to not only their
associated costs and cost profile over time but also to how they impact on
performance within and between the time-steps. It is also important to be aware
that there are constraints on both acceptable and unacceptable performance so
that efforts to minimise costs that do not meet the required levels of service will
not be acceptable. A key feature of the incorporation of the various performance
models within the software platform is that it allows them to be integrated and
provide the requisite feedback between the different performance models rather
than treating different aspects of performance in isolation from each other.
Different aspects of system behaviour and performance are inter-related and
affect each other. Changes in performance manifest themselves across a system’s
performance both in terms of location and time. The integration of the hydraulic
modelling with system asset performance models and the integration of the
effects of different interventions not only offer a powerful tool to simulate
network system behaviour over time as a predictive tool but also mirror, with an
acceptable degree of rationalisation processes that are naturally at work.

5. Conclusions

A set of innovative methodologies has been developed that optimises both the
engineering activities and the timing of investment within budgetary and levels
of service constraints. The process relies on a whole-life cost management
approach encompassing hydraulic performance modelling, asset modelling,
whole-life cost accounting and decision support tools.

Input data to the models include investment required, engineering activities
(interventions), existing levels of service and the impact of investment on the
levels of service. Outputs include profiles of investment and individual levels of
service over time, i.e. an explicit link between investment and service perfor-
mance. The models are of generic type, i.e. it can be applied to other companies
with other types of assets. The type of questions which the model can help answer
include: (1) Can service target levels be delivered within budget? (2) What is
the optimal mix of solutions for each asset type that should be adopted over a
planning period? (3) What is the impact of investment timing on levels of
service? (4) What is the minimum budget required to meet targets?

Short-term benefits of this type of modelling include greater certainty that
investment decisions will bring about the improvements sought and greater
efficiency from limited funds. Long-term benefits include stronger justification
for investment decisions (to the Regulator and internally) and more direct
management of customers’ levels of service.
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REUSE OF URBAN WATER: IMPACT OF PRODUCT CHOICE
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Centre for Water Science, Cranfield University, Bedfordshire,
MK43 0AL

Abstract. The toxicity of individual products has been measured in relation to a
marine luminescent bacteria and a biological community within a grey water
treatment technology. The results demonstrate that brand labeling provides no
evidence about the relative toxicity of a product including those labeled as envi-
ronmentally friendly. Overall, the only products seen to be a potential risk to
reuse treatment technology is bleach and car oil with secondary risks associated
with washing powder and vegetable oil.

Keywords: grey water, toxicity, reuse

1. Introduction

The availability of a sustainable supply of fresh water has always been central
to the development of urban centres around the world. In more recent times,
increased attention has been placed on water due to increases in both population
and water demand per capita. Management of such issues involves multiple
options including the decentralization of wastewater treatment and the potential
reuse of water from either black or grey water sources. The distinction between
the two is the input of water flows from the toilet in the case of the former and
excluded in the case of the latter.

On a volume basis, 75% of the total wastewater flow to domestic sewers is
derived from grey water sources yet there has been a paucity of investigation
into the nature of these flows. In one such study Erisksson et al. (2002) revealed
900 potential substances in a survey of products used in Danish households.
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Similarly, around 200 Xenobiotic compounds (XOCs) were detected in an audit
of grey water derived from bathroom sources (Erisksson et al., 2003). The
dominating sources of XOCs are expected to be derived from the chemicals
used within the household in combination with personal care products. The
biggest sources by mass will be the laundry powders and washing products used
on a regular basis yet relatively little is understood about the impact of such
products on the toxicity of grey water and its treatability. Further, there is a
need to understand the role of product choice on the nature of grey water and
how this may affect its ability to be treated to an acceptable standard for reuse.
In addition to the regular products discharged into the sewer a number of
products can be discharged on a occasional basis and these may have a dramatic
impact on the treatment processes and the overall acceptability of the water for
reuse. The current paper aims to investigate these issues in order to begin to
understand the role of consumer choice and habits on the characteristics of grey
water and its ability to be treated for reuse applications.

2. Materials and Methods

A questionnaire survey on consumer behavioral patterns was distributed to 520
people of whom 341 replies were received covering a mixture of gender, age
and social groups within the UK. The aim of the survey was to determine the
following:

e What frequency different substances were discharged into a grey water sink
e Which substances were perceived as being harmful to the environment

The survey asked people to indicate the frequency which they dosed each
substance into a bath/sink/shower. The survey then asked each respondent to
indicate which 3 of the substances listed they considered to be harmful to the
environment. Products were purchased from a national supermarket chain and
selected as common examples of each category of product based on there
relative coverage on the supermarket shelves. The toxicity of each product was
assessed in relation to either response to a specific bacteria or to a active
biomass used in the treatment of grey water. Specific bacterial toxicity was
measured using a Microbics M500 toxicity analyser (Azur Environmental, UK)
based on the response of a marine luminescent bacteria (Vibrio fischeri NRRL
B-11177) to determine the median effective concentration ECsy. Biomass
toxicity was measured in an 11 channel closed cell aerobic respirometer (CES
Itd, UK). Biomass was taken from a membrane bioreactor treatment grey water
under steady state conditions. In each cell 20 mL of washed biomass, 30 mL of
grey water and 10 mL of the test component were combined and the standardized
oxygen uptake rate measured for 24 hours. In each run, a control cell was
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measured by adding de-ionised water instead of the test product and data only
analysed if the control was consistent with previous runs.

3. Results and Discussion

3.1. PRODUCT TYPE

Comparison of the toxicity of products revealed the most toxic products to be
the bleaches and the laundry powders whilst the shampoos were the least toxic
(Figures la and 1b). To illustrate, the log;o ECsy values for the branded version
of each product were 2.01 uL.L™" for the shampoo compared to 0.83 and 0.30
uL.L™" for the laundry powder and bleach respectively. All other products had a
log;o ECs value between 1.00 and 2.00 ML.L’I. Analysis of the data with respect
to whether the product was commercially branded, an own brand or an environ-
mentally labeled brand revealed no consistent trend with respect to toxicity
ranking. For instance in the case of the shampoo and shower gel the ranking of
products from most to least toxic was Own brand, branded and environmentally
branded (Figures la and 1b). However, in the case of laundry powder the
ranking was environmentally branded, branded and own brand. It must be noted
that in many cases the differences in toxicity levels were below the error levels
of the test and as such no real difference could be recorded. Importantly, the
data indicates that product selection based on labeling is no indication of
the toxicity of the product. More specifically, purchase of products labeled as
environmentally friendly do not demonstrate a lower toxicity as is perhaps
perceived by the consumer.

Comparing the two techniques employed revealed that in the majority of
cases a lower ECs, value was recorded for specific bacterial toxicity as opposed
to biomass toxicity (Figures la and 1b) by 1 to 2 orders of magnitude. To
illustrate, the log;y ECso values for the environmentally labeled washing up
liquids were 1.01 and 2.22 pL.L™" with respect to the specific bacterial toxicity
and 4.46 and 4.32 uL.L™" with respect to community toxicity. Comparison of the
two techniques revealed no consistency with respect to toxicity level, indicated
by the ratio of the ECs, values of both techniques, or the ranking of the products
apart from that the bleaches and laundry powders come out as the most toxic.

More detailed analysis within each product group was conducted to assess
the impact of product choice by labeling, price and profile of the most common
users. The later was identified though a focused panel discussion and separated
into broad grouping based on age, gender etc. ECsy values with respect to
specific bacterial toxicity revealed no consistent trend based on any factor. For
example in the case of shampoo the log;o ECsy varied between 0.89+0.61 ML.L’l
and 9.93+5.85 uL.L™" (Figure 2). Whilst there is a clear difference due to
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product choice it was not consistent through the study indicating that there is no
clear selection basis for ensuring lower toxicity products are used.

Investigation into the specific chemicals in each product is difficult but
some common components can be identified. In the case of the human washing
products, for example shampoo and shower gel, ingredients such as sodium
lauryl sulfate (SLS) and essential oils are likely to be the most toxic com-
ponents. Indeed, the US EPA toxicity database reports the ECsy of SLS to
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Figure la. Toxicity determination for generally used household products. For each product type
the filled in box relate to microtox data and the hatched boxes relate to respirometry data
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Figure 1b. Toxicity determination for generally used household products. For each product type
the filled in box relate to microtox data and the hatched boxes relate to respirometry data
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be between 8-41 mg.L™" based on daphnia magna toxicity (Pidou, 2006) which
is within the range measured in the current study. In the other products
surfactants and sodium hypochlorite are the key ingredients with respect to
toxicity. Specific surfactants are not commonly reported on product labels but
previous studies have reported synthetic surfactants such as linear alklybenzene
(LAS) and alklyphenol ethoxylates (APEO) which are know to be toxic and
very resistant to biodegradation (Pidou, 2006). ECs, levels for some potential
compounds have been measured such as LAS with a level around 15 mg.L"'
(Pidou, 2006). Less commonly reported is the toxicity of essential oils which
can be very toxicity and are known to be used as a disinfectant in some
industrial situations. As an example, the ECs, of clove bud oil is 0.01 ML.L’1
making the oil much more toxic than most of the other components.
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Figure 2. Toxicity of shampoo as measured by mircotox®

3.2. OCASSIONAL SUBSTANCE COMPONENTS

Results from the survey on discharge of occasional substances into grey water
sources revealed that bleach (32%), body/food oil (32%), food (23%), cleaners
(66%) and washing powder (27%) were identified as the most likely products to
enter a grey water source as indicated by a high percentage response to the “at
least once a week” category (shown in brackets) (Figure 3). Conversely, white
spirits (87%), hair dye (89%), alcohol (84%), perfume (93%), body fluids
(83%), Oil (94%), pet care products (96%), make up remover (84%) and caustic
soda (91%) were identified are unlikely to enter a grey water source as they had
a high combined percentage response to frequency ratings of “occasional”,
“once” and “never” categories. Analysis of the responses with respect to gender
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and age showed that in most case neither significantly affected the likely freq-
uency of discharge. The exception was an increased frequency of discharge of
bleach among the older respondent age group.

Bleach (18.5%), white spirits (11.1%), oil (23.8%), detergents (13.7%) and
caustic soda (11.1%) were identified as potentially harmful to the environment
by a significant number of the respondents. Substances that are used for direct
physical human contact or ingestion, such as make up remover and vegetable
oil were considered to be the least harmful to the environment. No distinct
correlation between age, gender and substance was found apart from the case of
caustic soda where more female respondents judge it to be detrimental to the
environment than male respondents. All females and males over 26 years old
perceived car oil as being the most harmful substance of those listed, whilst
younger males perceived bleach to be the most harmful. Interestingly, the
perception of a substance being harmful to the environment did not significantly
influence the likely discharge frequency. This was most pronounced with the
older respondents although in part this is due to the opportunity of discharge as
much as the behavioral choice.
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Figure 3. Normalised discharge frequency of different spiking substances

The addition of a test substance to active biomass revealed a similar pattern
for most substances whereby the respiration rate initially increased then decreased
once the concentration of the test substance had exceeded a critical value (Cc)
(Figure 4). Household cleaning products such as bleach and high strength
chemicals such as car oil, caustic soda and perfume reduced the respiration
rate at low relative doses (Table 1). For instance, in the case of bleach the
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Figure 4. Relative change in SOUR when test substance is added to active biomass

TABLE 1. Critical concentrations of test substances

Substance Cecrit Cecrit Spike vol. (L) Vecrit (L) Possible
(mL.L)SOUR  (mL.L ")pH risk?
Bleach 1.4 4 4 2857 Yes
Caustic soda 4.5 <1 - -
Vegetable oil <10 Not found 4 400 Maybe
Perfume 12 Not found 0.5 41.6 No
Car oil 15 Not found 10 666 Yes
Washing powder 24 14 4 285 Maybe
Hair dye >26 14 0.5 35.7 No
Carpet cleaner 30 Not found 4 133 No
Pet Shampoo 36 114 4 111 No
Bathroom cleaner 43 67 4 93 No
Food (soup) 60 40 1 16.6 No
White spirit 95 Not found 4 42.1 No
Alcohol (spirit) 130 240 1 7.6 No
Make up remover 320 Not found 1 3.1 No
Urea Not found Not found 1 — No
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SOUR fell below that of the control once the concentration had exceeded
1.4 mLyee L™ (Figure 4). Beyond this concentration the respiration rate
continued to decrease such that at a concentration of 6 mLyje,en. L™ the SOUR
was 10% of the control value indicating that almost complete retardation of
biological activity had occurred. Substances that provided relatively assailable
organic material produced enhanced respiration over wide concentration ranges
(urea, food, oil, alcohol). The test with food, washing powder, detergents, hair
dye were restricted in concentration range due to operational problems associated
with mixing or foaming indicating that spiking may cause other detrimental
effects on the treatment process.

Analysis of the change of respiration rate and COD removal indicates the
most probably pathway for the observed changes in activity (Jefferson et al.,
2001). The observed increase in activity appeared to be due to metabolic
stimulation in the case of carpet cleaner, alcohol, pet care product, make up
remover, hair dye, washing powder and perfume. Whereas in the case of bleach,
caustic soda and oil the observed changes appeared to be due to the uncoupling
of metabolism, in which anabolism is inhibited and catabolism is not. In most
cases when the dose exceeded its critical value the decrease in activity was due
to metabolic inhibition. However, in the case of carpet cleaner, alcohol, pet
shampoo and car oil the loss of activity appears to be due to chemical reaction
between the grey water and the added substance. Analysis of the substances and
there observed impacts revealed no discernible pattern or indicated any common
chemical that caused a statistically apparent trend.

Another possible problem is the change in acidity of the grey water as a
consequence of a spiking incident. As grey water contains little nitrogen critical
pH ranges for carbonaceous oxidation are most relevant and lie between 6.5
and 8.5 (Gray, 1989). Further, depending on the probably standards that are
imposed a pH criteria may exist which is likely to stipulate that the final grey
water must be within the range 6-9. Critical concentrations of <1 mL.L™
(caustic soda), 4 mL.L™" (bleach), 14 mL.L™" (hair dye), 14 mL.L™" (washing
powder) and 67 mL.L™" (bathroom cleaner ) were observed due to increased pH
beyond a value of 8.5. Whereas, in the case of food (40 mL.L™"), and pet
shampoo (114 mL.L™") the pH was reduced below the critical threshold. In the
case of caustic soda, washing powder and hair dye the critical concentration due
to pH was lower than that for respiration and was used in all further analysis.

To assess whether a potential chemical spiking event poses a process risk to
a biological system it is necessary to estimate whether C;; can be reached. The
estimation comprises of two components: (1) what is likely volume of grey
water the substance will be spiked into and (2) what is the maximum likely spike
volume for each substance. Investigations into water saving efficiency in buildings
have shown little improvement once the storage volume exceeds 150 L for
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single houses (Dixon et al., 1999a). In larger applications, which are more likely
to involve biological processes, storages volumes are sized to avoid residence
time beyond 24 hours due to concerns of water quality transformations and
storage volume around 1 m’ are often reported (Dixon et al., 1999b). Obviously
the storage container may not be completely full at the time of any spiking
event and so partial volumes need to be considered. Taking a grey water
production rate of 100 L.h™".d™" and a minimum fill percentage of 50% of the
storage volume then a sensible minimum grey water volume would be 500 L
(equivalent to a 10 person occupancy building). Maximum spike volumes
realistically can be assumed to equal the whole contents of one container of that
substance (Table 1) and typically vary between 4 L for bleach to 0.5 L for
perfume.

Combining the critical concentration and the maximum likely spike volume
estimates a critical volume (Table 1). The critical volume represents a threshold
level beyond which any storage volume would be able to buffer out any
potential negative impacts. Comparison of the critical volumes indicates that
bleach (Vi = 2857 L) and oil (Vi = 666 L) pose the only genuine process
risks to biological activity. Under the current set of assumption bleach continues
to be a potential risk up to populations of around 60 occupants. Vegetable oil
and washing powder were indicated as possible risks if small storage volumes
were used.

4. Conclusions

The experimental work described in this paper demonstrates that in terms
of acute toxicity, as measured against either specific bacteria or an active
community, brand selection has little relevance in informing about the impact
of the product. Indeed, products labeled as environmentally friendly were
shown to be no different to all the others tested within the framework of the
study. A difference between specific bacteria and community is also shown
suggesting that the impact of the toxicity is less likely to effect biological
treatment systems than other potential areas of concern and that considerable
volumes of the given products are required before any expected impact is likely
to be observed. More detailed investigation into substances that can occasionally
enter grey water sources reveals that whilst many substances have the ability to
cause deterioration in the performance of biological systems the only products
of real concern are bleaches and car oil. Secondary concerns exist for washing
powders and vegetable oil.
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URBAN WATER RESOURCES MANAGEMENT IN ROMANIA -
PERSPECTIVES FOR THE SUSTAINABLE DEVELOPMENT
IN ORDER TO SUPPLY WATER TO HUMAN SETTLEMENTS
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Constanta-3, Romania.

Abstract. Romania is the beneficiary of an important complex of water
resources. As various forms of water pollution can be found, some sources
of water become unusable, so that the demand/supply ratio acquires a more
complex significance. Generally, fertilizer, livestock industry waste, household
effluent can be regarded as the sources of water pollution due to nitrates etc.
The Environment Authority has established provisional guidelines concerning
the controls on discharge of substances. The principles for the sustainable
management of water resources, recommended by Rio Conference (1992), and
the European Union regulations, lay at the foundation of the concept of inte-
grated water management in Romania as well, where the problems of water
usage are combined with the protection and conservation of natural ecosystems.

Keywords: romanian water resources, pollution, causes, quality standards, measures,
sewerage systems, monitoring, conservation, management, sustainable development

1. Current Situation of Water Pollution in Romania

In Romania, measurements of water quality in nationwide public water areas
were conducted from 1993 according to the new environmental quality standards
of which the restrictions on substances that are harmful to human health, such
as cadmium etc., have been revised. According to the results of the measure-
ments, there were 33 measurement points which recorded a level of pollution
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exceeding the environmental standard, out of 5,708 measurement points
nationwide, indicating that the points at which the standard was not achieved
was 0.58% of the total number of measurement points.

As for conformity to the environmental standards concerning human health,
because of the revision made to the standards, it is difficult to evaluate the
status of conformity to the standards over the years. However, if calculated
based on the conventional method to figure out the ratio of non-conformity
(the ratio of the number of samples of which the level of pollution exceeded
the standard, against the total number of samples examined), the ratio of non-
conformity to the old environmental standard was 0.01%, which has improved
steadily since 1989.

In the monitored areas where classifications of the environmental standards
are applied concerning items pertaining to preservation of the living environ-
ment, the environmental standards per BOD (or COD), a typical water quality
index used to measure organic pollution level, were achieved in 76.5% of all
water areas; while 23.5% of total water areas have not yet met the standard. The
breakdown of areas achieving the standard by water area is rivers 77.3%, lakes
and reservoirs 46.1%, and sea area 79.5%. The achievement ratio is especially
low in closed water areas such as lakes and reservoirs, and medium and small
rivers in urban areas.

As regards other forms of water pollution, contamination of groundwater
by substances such as: trichloroethylene etc.; contamination by organic tin com-
pounds in vast areas; the pollution of public waters by the outflow of hazardous
substances due to accidental long-term turbid water due to dam construction
(applicable to limited areas); acidification, caused by natural factors, of rivers,
lakes and reservoirs; impact on the environment by thermal drainage from large
power stations pose problems (Compania Nationala Apele Romane, 2006).

2. Main Causes of Water Pollution in Romania

Tightened restrictions have proven effective to control pollution caused by
effluent from factories and workshops. On the other hand, effluent associated
with daily living such as cooking, laundry, bathing etc., has not been controlled
satisfactorily due to inadequate sewage systems, and so on.

The cause of pollution in closed water areas such as lakes and reservoirs
etc., is that due to physical features unique to closed water bodies, water often
stagnates causing a favourable condition for contaminants to accumulate. The
other cause of pollution in these areas is the socioeconomic factor. Population
and industries are concentrated in water front areas.

In rivers in urban areas where population and industries concentrate along
them, and in lakes and reservoirs of which the surrounding areas are increasingly
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urbanized, such as Tulcea or Braila, sewage systems can not catch up with the
increase in population, and the pollution is encouraged by drain water, especially
by household effluent (Galatchi, Vladimir, 2007).

As described above, recent water pollution is mainly caused by organic
pollutants, and countermeasures against effluent from daily living are especially
needed immediately. Besides this, water pollution is caused by unspecified sources
i.e. contaminant effusing from urban areas, land creation sites, farming lands,
often washed out by rain etc. Other causes include nutrient salts eluting from
the bottom sediment consisting of deposits which are the result of long-term
water pollution. Conditions of these factors should be studied and appropriate
measures must be taken.

3. Threats Caused by Water Pollution

Approximately 70% of the sources of city water in Romania are from surface
flowing water such as rivers, and can be affected significantly by water pollution.
Underground water that accounts for approximately 30% of the total sources
of city water was considered to be of good quality, until pollution caused by
substances such as trichloroethylene etc. became actualized. There is a number
of city water systems affected by water pollution in their sources.

Recently, the excess increase of algae due to eutrophication in reservoirs
sometimes causes foul smell or taste in city water. In 2002, 28 city water systems
were affected by foul smell and taste, disturbing approximately 3 million people
(Negulescu, 2004).

To control water pollution occurring in the sources of city water systems,
system operators are taking measures such as introduction of high-grade water
purifying facilities. However, a contaminated water source is an enormous
burden to the system operators from the stand-point of safety of city water, and
can raise the cost of water treatment operations.

City water must be maintained at a safe and reliable quality for its users at
all times, and the sources of water systems are desired to be maintained as pure
as possible. Therefore, preservation of the quality of city water is becoming
increasingly important.

Approximately 70% of the fresh water supply of industrial water in Romania
depends on river water (approximately half of it is used for industrial tap water)
such as surface water and infiltration water. Industrial water is used for many
purposes such as for raw material, processing and washing of products etc., and
is sometimes affected by contamination of river water.

Industrial water is generally treated by chemical sedimentation. Sometimes
the disposition of sludge made from the contaminant of river water created
through this treatment process raises a problem.
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With the advance of recent urbanization, there are occasionally cases
where effluent from cities flows into agricultural water, causing substantial
damages to agricultural production as well as the living environment in farming
communities.

Currently, the number of areas (of 5 ha or more) that are affected by polluted
agricultural water is approximately 552 nationwide, total area of approximately
43,200 ha. The ratio of damages caused by the effluent from cities (including
household effluent in agricultural communities) is highest of all, and accounts
for 84% of total damaged area.

The result of the investigations conducted for two years since 2005 indicates
that the number of areas damaged has increased by 10%, and the total area
damaged has decreased by 2.9% as compared to the result from 2000. The total
newly damaged area was approximately 12,000 ha, and 91% of the total area
was damaged by effluent from cities.

Types of damage that the fishing industry is suffering from due to water
pollution include:

1. deterioration of fishing environment and damages to boats and equipment
due to floating objects on surface water, deposits etc.;

2. destruction or incomplete development of marine organisms due to algal
blooming or even oil contamination;

3. soiled or rotten boats and equipment due to oil contamination etc.

4. Environmental Quality Standards in Romania

Environmental quality standards concerning water pollution are set as targeted
levels of water quality in public water areas, and they should be achieved and
maintained. The standards are classified in two categories:

1. the levels to be achieved and maintained to protect human health;
2. the levels to be achieved and maintained to preserve the living environment.

In the health category, uniform standards are set for public water areas, while
in the living environment category standards are set for each classified type of
water area depending on the purpose of usage of the water area. According to
the type of area designated, a specific standard can be applied.

The environmental quality standards concerning the protection of human
health were revised, substantially after 1989. The standards currently specify 23
items including:

e heavy metals such as cadmium, lead etc.;
e organochlorine compounds such as trichloroethylene etc.;
e agricultural chemicals such as simazine etc.
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In addition to these, the standards were set as guideline levels for items that
require close monitoring, in order to better understand the condition of water
quality and further promote the prevention of water pollution (Guvernul
Romaniei, 1999).

For items of the living environment category, standards per BOD, COD, and
DO are specified. In order to prevent eutrophication, standards for nitrogen and
phosphorus have been newly set for coastal areas, in addition to the standards
for lakes.

Concerning the removal of the bottom sediment containing hazardous
substances, provisional removal standards are established for bottom sediment
containing mercury or PCBs.

5. Restrictions on Effluents in Romania

In an effort to preserve the water quality in public water areas, the Romanian
Water Pollution Control Law sets nationally uniform standards for effluent
discharged from specified factories into public water areas.

Some standards set for hazardous substances have been added to these
nationally uniform standards, and some have been tightened, in conformity with
the environmental standards concerning human health. New standards have
been set for seven items of organochlorine compounds including dichloromethane
etc., and 13 items of agricultural chemicals including simazine etc., and standards
for lead, arsenic etc. have been tightened.

For those areas in which the environmental quality standards can not be met
or maintained only by satisfying the nationally uniform effluent standards, can
establish local more strict standards in addition to the national standards.

Corresponding with people’s increased concern in the quality of city water,
the “Basic Policies of Preservation of Water Quality in the Sources of City
Water to Prevent Problems in Specified City Water and Irrigation Systems” was
decided upon by the Government, in conformity with the Law Concerning the
Measures for the Protection of Water Quality in Water Resources Area for
the Purpose of Preventing Specific Trouble Drinking Water Supply. In the mean
time, the Romanian National Environment Agency was inquired about the esta-
blishment of a range for specified effluent standards concerning the formation
of trihalomethane, in consideration with the results from the effluent fact-
finding investigations.

Requests were made by seven city water system operators from four counties
for the concerned counties to promote the enforcement of the project for pre-
servation of raw water quality used in city water systems. As a result of these
requests, counties plans for the project have been determined for three operators
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of city water systems in two counties, and determination of other plans are under
way for four operators in three counties.

The Romanian Environmental Protection Law specifies that, in case of a
water pollution accident, the owner of the facility concerned is to take emergency
measures, and that the facility owner is to notify the prefect of the concerned
county of the measures taken.

6. Measures for Domestic Effluents

One of the problems that are contributing to water pollution in public water areas
is effluent associated with daily living such as cooking, laundry, bathing etc.

In order to promote the measures to control domestic effluent it is important
to improve not only sewerage systems but also various other drainage treatment
facilities such as community plants, drainage facilities for agricultural commu-
nities, individual treatment equipment of mixed-effluent etc., according to the
actual condition of each area. At the same time, measures such as increasing
people’s awareness toward the issue, encouraging people to participate in
activities to reduce domestic effluent, should be promoted as well.

The National Environment Agency in Romania formulated the “Guideline
for Guidance on the Promotion of Measures to Cope with Domestic Effluents”,
and holds a Water Environment Forum periodically as part of measures. By the
partial amendments made to the Water Pollution Control Law, stipulations on
measures for domestic effluent such as clarification of responsibilities to be
assumed by the administration and the people concerning domestic effluent; and
systematic promotion of measures for domestic effluent, have been improved
according to the revised Water Pollution Control Law, prefects of counties are
working on the designation of the areas for which intensive measures should be
taken. Support was provided toward designated municipalities for their deter-
mination of a program for the promotion of measures against household effluents,
establishment of facilities to purify water channels severely polluted by household
effluent, development of facilities for collection of used oil and making soap
from it and so on.

7. Sewerage System in Romanian Human Settlements

To support healthy growth of a city, improve public hygiene, ensure a good
living environment, and to preserve the quality of public water areas, sewerage
systems are vital and fundamental facilities.

Currently, a systematic project to improve sewerage systems is under way.
One of the major objectives of this project is to improve sewerage systems, in



WATER RESOURCES MANAGEMENT IN ROMANIA 29

middle-and small-sized municipalities, where the provision of sewerage systems
are significantly behind. Another key objective of this project is to promote
sewerage system operations as well as their high-grade treatment technologies
to meet the requirements of the European Union. Moreover, it is also aiming at
the achievement of the water environmental quality standards, prevention of
flood and improvement of the living environment in urban areas, conservation
of the natural environment in lakes and reservoirs, improvement of the living
environment in agricultural communities, mountain villages, and fishing com-
munities along the Danube River and in the Danube Delta; and promotion of
effective use of treated sewage water and sludge.

Various projects to develop sewerage systems were conducted. These
projects include: public sewerage systems; watershed sewerage systems; sewer-
age channels in urban areas; specified public sewerage systems; and specified
public sewerage systems for environmental preservation. For those areas in
which drastic improvement is needed, a project to promote improvement of
sewerage systems by fully utilizing projects that are operated independently
by the local authorities, in conjunction with the projects supported by the
Government, has been enforced.

From the standpoint of the effect that the improved sewerage systems can
produce in conservation of water quality in public water areas, a project has
been enforced, having as objective to foster the relation between the residents
and the clear water in the community. And in addition to the measures for
controlling domestic effluent which have been enforced on days with fine
weather, a project aiming at collecting and treating polluted urban runoff has
been established.

In an effort to revive small streams in urban areas in response to people’s
need for a peaceful and pleasing urban living environment, various projects are
being carried out. These include:

o sewerage system model project of sewerage system with amenities being
carried out in five locations, a sewerage system utilizing treated sewage
water;

e recycled water sewerage system projects in 13 locations (two new projects),
a system utilizing treated sewage water for flush toilets in urban areas where
demand for water is pressed;

e sewerage system with improved appearance model projects, a project
aiming at improving the appearance of sewerage facilities by planting trees
and creating promenades around rain-water ditches in urban areas;

e sludge recycling model projects, whose objective is to promote the utili-
zation of sludge generated in sewage treatment processes for construction
purposes, by aggressively using the sludge products in construction projects
of sewerage systems.



30 L.-D. GALATCHI

Also a project was started with the objective to develop a sewerage system
that can provide diverse service functions for urban life by actively utilizing
added values of the sewerage system facilities such as the space around facilities,
treated water, sludge etc., and the project also aims at promoting a strategic
urban development utilizing these functions provided by the sewerage facilities.
Additionally, the sewerage system project to cope with snow which is aiming at
maintaining city functions during winter in areas with heavy snow fall was
implemented in nine cities, and a project to promote incorporative development
of sewerage and park facilities, was also implemented.

In an attempt to help promote sewerage projects smoothly, studies on
various issues were conducted. These issues include:

o the basic policies of the sewerage development program and its rationa-
lization;

e design and construction methods of sewerage facilities;

e rationalization and raising efficiency of sewerage technologies treatment
and disposal methods of sludge generated from sewage treatment;

o technology for small-scale sewerage systems;

e upgrading of treatment facilities, the environment of treated water, and
utilization of treated water;

e measures for rain water from a standpoint of sewerage system management;

collection and utilization methods of energy resources generated in sewerage

systems;

improvement of durability of sewerage facilities;

sewerage technologies to cope with environmental changes;

measures for the diversified role of sewerage systems;

maintenance and justification of sewerage systems.

Also, in order to improve sewerage technologies and efficiency of operation,
application of new technologies model projects, in which various new techno-
logies and construction methods are actively introduced, are being carried out.

8. Monitoring System of the Water Quality in Public Water Areas

The National Environment Agency continuously carried out monitoring plans,
and surveys of water quality in public water areas, out of all necessary support
to execute constant monitoring of the water quality in public water areas, in
accordance with the Water Pollution Control Law. The monitoring is conducted
in the areas where the necessity of the water quality monitoring is high, such
as the areas that have been designated to be applicable for the environmental
quality standards.
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In order to strengthen the monitoring system of water quality in public water
areas, it is necessary to promote the automation of monitoring at certain points
where intensive monitoring is needed. Currently, measurements taken by auto-
matic water quality monitoring devices are approved as an official measurement
method for the environmental quality standards concerning pH and DO. Investi-
gations have been conducted to study the possible official approval of measure-
ments by automatic water quality monitoring devices for COD as well (Galatchi,
2000).

The Romanian National Environment Agency provided support toward
local pollution research centres, etc. for their purchase of water quality analyzers,
in an effort to enhance the monitoring systems of prefectures and administrative
ordinance-designated cities.

In order to monitor the status of conformity to the effluent standards, the
local authorities of administrative ordinance-designated cities demand factories
or workshops for pertinent reports, or make on-the-spot inspections as necessary.
Depending on the results of these monitoring activities, they take necessary
administrative measures, such as orders for improvement against factories and
workshops. The National Environment Agency also provided support toward
the concerned local authorities for their development of telemetric water quality
monitoring systems.

9. Purification of Lotic Waters

As measures for purifying rivers, various projects have been conducted. These
projects include:

e the purification water induction project, in which the condition of a polluted
river with a low flow rate is improved by mixing in the purification-purpose
water induced from a large river;

e the direct purification project, in which heavily polluted river water is
purified by the gravel contact oxidation method;

o the sludge dredging project, where the bed of a river containing large
amount of accumulated organic matter is dredged to reduce the sources of
offensive odours and pollution.

As measures to control turbid water and eutrophication in dam reservoirs,
aeration and the removal of nutrient salts are performed in watersheds.

Within the areas requiring extensive measures against domestic effluent,
there are a number of areas where development of domestic effluent treatment
facilities such as sewerage systems etc. is not expected to be constructed in the
near future, despite the fact that the pollution in the area caused by domestic
effluent is substantial and measures should be taken immediately to preserve the
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living environment. To solve this problem, the Romanian National Environment
Agency has been enforcing projects for installation of purifying facilities of
waterways polluted by domestic effluents. This project is to execute a puri-
fication process directly to the polluted waterways and small streams which do
not fall under the categories of “rivers” or “city sewage waterways”.

In areas outside those that have been designated as requiring extensive
measures against domestic effluent, waterway purifying projects that are esta-
blished independently by each municipality have been implemented.

10. Conservation of Water Quality of Lentic Water Bodies in Romania

For lakes and reservoirs and other enclosed water bodies particularly with signi-
ficant pollution sources, the rates of achieving environmental quality standards
are lower than for other areas, because the loads of pollutants are significant and
pollutants tend to accumulate. In, addition, the inflow of nitrogen, phosphorus
and other chemicals leads to the progress of eutrophication.

To improve the water quality of vast closed water areas, it is necessary to
reduce total amount of pollutants flowing into the waters. Area wide total water
pollutant load controls were institutionalized for overall reduction in the loads
of pollutants flowing into waters, but it is still necessary to improve the water
quality of these waters.

They specify the reduction targets of loads at target year by source (industry,
household and other). The reduction targets by source are 12% from domestic
sources, 9% from industrial sources, and 2% from other sources. To achieve
these targets, the improvement of sewage systems has been promoted and other
comprehensive measures depending on the circumstances of each area have
been taken. These measures include: measures for domestic effluents such as
development of community plants, drainage facilities for agricultural communities,
combined-purpose septic tanks etc. measures for industrial effluent, such as
effluent standard for area wide total pollutant load control and so on (Romanian
Waters National Agency, 2001-20006).

Since lakes and reservoirs are enclosed water bodies, pollutants tend to
accumulate easily. Thus, the achievement status of the environmental quality
standards is lower than that of rivers and sea areas. Eutrophication in these
areas is creating various problems in irrigation systems. Lakes and reservoirs
that need immediate measures to meet the environmental quality standard are to
be designated, and the water quality conservation plan for lakes and reservoirs
1s to be determined for those lakes and reservoirs, so that various measures can
be taken comprehensively and systematically. These measures include:
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e projects for conservation of water quality, such as development of sewerage
systems etc.;

e restrictions against sources of pollutants;

e preservation of the natural environment around lakes and reservoirs.

There are ten lakes and reservoirs that have been designated as above.
Eutrophication originally referred to the phenomenon in which the water of
lakes is gradually fertilized by nutrient salts such as nitrogen, phosphorus etc.,
that are supplied from its watershed, followed by consequences on the living
organisms. However, due to the centralization of population and industries,
nutrients are flowing into sea areas, and into the lakes and reservoirs. Overflow
of these nutrients causes the bloom of algae, thus the water quality is deteriorated
progressively, causing serious environmental problems.

Eutrophication not only lowers the clarity or mars the appearance of lakes
and reservoirs, but also causes filtration hindrance in water purification plants,
offensive odor or taste of drinking water etc. It also contributes to occurrences
of algal blooming in sea areas, resulting in damages to the fishing industry.

In consideration of these issues caused by eutrophication, measures have
been taken against nitrogen and phosphorus which are nutrients causing
the problems. The environmental quality standards concerning nitrogen and
phosphorus for lakes were established, and the designation of types of areas was
completed, and effluent standards concerning nitrogen and phosphorus were
established. Restrictions of pollutant load concerning nitrogen and phosphorus
in accordance with the laws have been enforced.

11. Concluding Remarks

The water supply deficit in Romania is caused by the absence of, or insufficient
infrastructure in some regions, as 66% of the rural population (representing
approximately 6.75 million people), does not have access to centralized water
supply, and only 92% of urban inhabitants in Romania have access to the system.
The ability to pursue infrastructure expansion, rehabilitation and modernization
has been limited by a lack of investment and financial resources. Supply issues
are further influenced by excessive consumption of water resources due to low
water tariffs and a general lack of awareness of the importance of water conser-
vation among the population. A major cause of nutrient pollution in Romania
is the inadequate treatment of wastewater. Inadequate treatment is rooted in
inefficient, or absence of infrastructure. Industrial pollution is also a conse-
quence of outdated infrastructure, weak enforcement of regulations and the
absence of economic incentives to promote cleaner production. In turn, infra-
structure weaknesses are rooted in the limited availability of finances for
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upgrading and modernization. The trends in development of water resources
aim at enhancing the water storage capacity by damming some river courses
and by optimizing water consumption. Romania’s current water policy is based
on international recognized principles of good water management — namely
integrated water resources management.
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1. Introduction

Successful management of water resources is one of the most critical issues
facing humanity. Clean and safe fresh water is vital for the life organisms,
human health and ecosystem. It is also a central resource for economic and
social development. Water security is indispensable for sustainable develop-
ment.

Historically, water management has tended to compartmentalize the human
relationship to water resources by considering each activity and use separately.
Water for drinking, agricultural and industrial activities, navigation, fisheries
and recreational use, for energy generation (hydropower plants) and environ-
mental health has each been treated as distinct political, economic, or mana-
gement issues'.

One of the growing consensuses on how to achieve water security is through
a proper use of water recourses and sufficient treatment of wastewater. This
approach sets out a participatory planning and implementation process, based
on sound science.

In the water supply and healthy environment sectors, the wastewater treat-
ment, water conservation and hygiene play the vital role in improving healthy
living environment.

2. Water Resources in the Republic of Georgia: Availability and Quality

2.1. WATER AVAILABILITY AND USE IN THE REPUBLIC OF GEORGIA

The Republic of Georgia is situated in the south-east of Europe and occupies a
territory of approximately 70,000 km* with approximately 5 million populations.
The length of Georgian frontier is 1,969 km. 32.2% of the territory is covered
by forest, 10.9% by water bodies, and 39.6% by agricultural lands?.

The rivers in Georgia are drained in two main drainage basins: the western
part rivers drain into the Black Sea, and the eastern part rivers drain into the
Caspian Sea. Georgia is abandoned by water resources and the amount of water
discharged is about 820,000 tons per km” that is 2.5 times the world average.
About 78 per cent of water resources are concentrated on the western area and
only 22 per cent in the eastern area. The country’s water stock is about 56.5 km’
per year. Approximately 67 per cent of water resources are surface waters’.

There are approximately 26,000 rivers in the country with total length of
59,000 km and about 860 lakes and reservoirs with total area of 170 km?. Most
of the rivers, approximately 93% of all rivers are less than 10 km long. The
longest rivers of the country are: Alazani — 390 km (basin area — 12,000 km?),
Kura — 351 km (21,100 km?), Rioni — 333 km (13,400 km?), Enguri — 206 km
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(4,100 km®)>. The Kura River flows for more than 300 km through Georgia.
The river basin is approximetly 15,000 km®, or 23% of the country’s territory.
The biggest lakes are Paravan — with a 37.5 km? mirror area and Kartsakhi with
26.3 km?.

Water supply in the country is at an average level, and a safe drinking water
supply is the key component of the general objective to ensure the environ-
mental safety and health of the people of Georgia.

The Rioni River is the largest tributary to the Black Sea in Georgia, draining
approximately 20% of the country. Additional contributions to the Black Sea
come from smaller rivers such as (moving southerly) the Enguri, Kodori, Supsa
and Cholokhi. Drainage to the Caspian Sea is dominated by the Kura River®
(known in Georgia as Mtkvari) (Table 1).

TABLE 1. General data of the major rivers of Georgia

2

River Length, km Basin area, m“~  Average Area, km® Basin height, m
Caspian Alazani 390 12,000 3.1 1,900
Sea Basin Kura 351 21,100 7.2 2,100
Black Rioni 333 13,400 12.6 2,800
Sea Basin  Enguri 206 4,100 5.9 3,050

Source: Financing Strategy for the Urban Water Supply and Sanitation Sector in Georgia. EAP task force.
2004

The Kura-Araks river system is the principal source of water for industrial,
agricultural, residential uses and hydropower plants in Armenia, Azerbaijan,
Georgia, Iran and Turkey’. The rivers are important to regional cooperation in
the region as they cross and form many of the borders. Both rivers are very
seriously degraded. Water quality is seriously impaired by the dumping of
untreated municipal, industrial, medical and agricultural wastes. The average
amount of pollutants exceeds the established norms by 2 to 9 times and often
represents a substantial threat to human health®. Various fragmented efforts
applied on intergovernmental level by the country have not led significant
improvement as it requires cooperation among of all the states involved in the
initial pollution of the river waterbodies.

2.2. WATER QUALITY

Water quality is one of the major environmental concerns not only for Georgia,
but also for the whole Southern Caucasus region. During the Soviet period,
large volumes of effluents were discharged into surface water bodies from the
municipal, industrial and agriculture sectors, causing pollution of both surface
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and ground waters’. The sources of water pollution in the country were from the
municipal wastewater, agricultural and industrial sectors. Municipal wastewater
polluted rivers by the organic matters, suspended solids and surfactants. In
the country large industrial facilities producing manganese, ammonia, arsenic,
copper and gold mining, and processing plants, oil refineries and power plants
polluted the river bodies of the Black and the Caspian Sea basins with heavy
metals, oil products, phenols and other toxic substances (Figure 1). Also
wastewaters from copper mining operations heavily polluted the Kazretula
River (tributary of the Kura River) with heavy metals.

Waste-water discharges from major sectors in
Georgia (mIn/m3), 1980-2005
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Figure 1. Caucasus Environment Outlook (CEQO), 2002; Report of the Ministry of Environment
and Natural Resources Protection of Georgia, 2005

After the break-up of the Soviet Union, contamination of surface waters has
decreased, due to sharply decrease of industrial production and subsequent
wastewater discharges. This could have resulted in the temporary improvement
of water quality. However, this is off-set by the fact that the majority of waste-
water treatment facilities ceased to function or work at very low levels of
efficiency, caused the discharge of larger quantities of untreated wastewater
directly into water bodies.

Data surface water quality in Georgia is extremely limited. The water
quality in Georgia is collected by the Environmental Baseline Monitoring
Center of the State Department of Hydrometeorology (Hydromet). According to
the Hydromet, 131 sampling points are chosen in Georgia for baseline water
quality monitoring in the rivers and reservoirs. Due to the lack of funding, only
26 points are monitored at regular basis (i.e., samples are taken and analyzed
each month), another 26 at irregular basis (i.e., samples are taken and analyzed
2 or 3 times per year), and the remaining 70 points are not monitored at this
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time. The collected data are provided by Hydromet to the Ministry of the
Environment of Georgia®. The infrequency of monitoring, and questions as to
the quality control on sample collection and analysis compared to international
norms, complicates any ability to draw conclusions on true ecological health
and threats to Georgian water resources. Based on published and unpublished
data and qualitative interpretations by experts, the following tentative observations
were drown:

e mostly ambient surface water quality exceeds Georgian (and comparable
international) norms many times over throughout the main stems of both the
Rioni and Kura rivers;

e as it is reported, the main stem of the Kura affected downstream from the
cities of Borjomi, Gori, Thbilisi and Rustavi; Tributaries to the Kura of
concern include the Vere River in the Tbilisi area, the Alazani River
downstream from Telavi, the Mashavera River downstream from Madneuli,
and the Suramula River downstream from Khashuri;

e also relatively greater impacts on the Rioni River are to downstream from
Kutaisi and at Poti near the Black Sea;

o surface waters have high nutrient readings (especially ammonia) as a result
from untreated discharges of municipal wastewater. Synthetic organic
chemicals, oil products and metal contamination probably originate from
industrial sources since only 10% of industrial discharge is treated;

e mainly groundwater quality is believed to be very good but essentially no
data are available to support this claim. Data are insufficient to assess
whether more vulnerable groundwater is being contaminated by municipal,
agricultural or industrial pollution®.

The quality of drinking water also is of particular concern. The Ministry of
Labor, Health and Social Affairs has been able to maintain the minimum level
of water system surveillance, though questions of quality control do arise, and
this must be taken into account in interpreting official statistics. Test methods,
especially for microbiological constituents, are not directly comparable to the
World Health Organization (WHO) recommendations. Drinking water standards
were set by the Ministry of Labor, Health and Social Affairs in August 2001,
and were generally adapted from old Soviet norms. Despite these limitations,
concerns over systems’ violations are real. In total (and depending on data
source), approximately 18% to 24% of samples collected from centralized water
systems violated Georgian norms for chemical and microbiological constituents.
Samples from 13 towns and cities exceeded microbiological norms by 50% or
more. Except for the larger cities, monitoring by water utilities for even such
basic parameters as disinfection residual is not carried out. Perhaps a more
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direct measure of concern regarding drinking water is the occurrence of water-
borne disease outbreaks.

3. Wastewater Management in the Republic of Georgia

3.1. WASTEWATER COLLECTION

Perhaps nowhere in Georgia is the decline in water sector investment and
conditions as obvious as in the area of wastewater management. Wastewater
collection systems operate in 41 cities and districts, 30 of which have waste-
water treatment facilities with a total design capacity of 1.6 million m3/day
(including regional treatment facilities in Gardabani with a capacity of 1.0
million m?/day, serving Tbilisi, Rustavi and Gardabani). All wastewater treatment
facilities were designed and constructed as mechanical-biological treatment
plants. The total length of the wastewater networks and sewers is 40,000 km®.

In Georgia wastewater is collected through centralized municipal sewerage
systems. At present none of the treatment facilities operates with the design
capacity’ (Table 2).

TABLE 2. Water supply and wastewater collection services in Georgia

City group Covered by Covered by
centralized centralized
water supply wastewater collection
Large cities (above 140,000 inhabitants) 100.0% 93.2%
Resort towns of the Black sea coastal 81.5% 32.3%
zone
Other settlements 63.7% 28.7%

Source: Financing Strategy for the Urban Water Supply and Sanitation Sector in Georgia. EAP task force.
2004

3.2. WASTEWATER TREATMENT

Only 5 of the 23 municipal wastewater treatment plants are operating in the
country currently, albeit at the reduced efficiency of mechanical mode.
Biological treatment units (which are more effective at reducing organic and
nutrient loading to surface water) are not operational at any of the 19 facilities.
According to unpublished reports (prepared in 1999 for a possible donor grant),
while the plant was initially designed to treat 1 million m® per day, only an
estimated 600,000 m® per day passed through the plant. This reflected the fact
that only 43 out of 100 connections to the sewer collectors had been actually
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installed. The rest of the wastewater (estimates range from 30% to 50% of
the total) from Tbilisi discharged directly to the Kura River without even
rudimentary treatment. Some components within the treatment plant (such as
the sludge digesters) had never been completed. Needed improvements to
wastewater collection and treatment systems were extensive and encompassed
all components®.

All wastewater treatment facilities were constructed before 1990. The
design technology is now outdated and does not comply with modern require-
ments, especially with regard to sludge treatment. Moreover, the technology
relies on almost free electric energy and natural gas. The energy crisis which
followed the dissolution of the Soviet Union, the significant electricity tariff
increase and the lack of financing have negatively influenced almost all waste-
water treatment facilities of the country. The technological processes were
interrupted, the microorganisms used for biological treatment were lost, and
pipes and conduits were clogged up” (Figure 2.).

Untreated waste water discharges in Georgia
(min/m3), 1985-2005
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Figure 2. Source: Caucasus Environment Outlook (CEO), 2002; Report of the Ministry of
Environment and Natural Resources Protection of Georgia, 2005

The condition of wastewater infrastructure in other settlements is rather
lamentable: many facilities are being destroyed, and the equipment is comple-
tely worn out and partly lost. However, despite the difficulties related to the
wastewater sector of Georgia, there are possibilities to treat wastewater and
reconstruct treatment facilities. Regional treatment facilities in the Gardabani
(serving Tbilisi, Rustavi and Gardabani) presently are reconstructed at the
expense of Gruzvodocanal LLC with participation of the Association of
Vodocanals of Georgia®.

The situation regarding industrial wastewater reflects the extensive
downturn in industrial production in the country. Water use, one measure of
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productivity and pollution impact, dropped from a reported 1,542 million m® to
975 million m® from 1985 to 1992 and to 211 million m’ in 1998. One of the
principal industrial categories is food processing, which can generate organic
contamination. Pretreatment of wastewater by the vast majority of industrial
users is the exception rather than the rule. The Ministry of Environment and
Natural Resources Protection of Georgia estimates that more than 80% to 90%
of industrial wastewater is not treated before being discharged to sewers and
municipal wastewater treatment plants (where there is a network), or directly to
surface waters (where there is no network). If biological treatment units were in
operation at municipal wastewater plants (which unfortunately they are not)
pretreatment to neutralize metals, acids and other contaminants would be
essential for good operation®.

4. Conclusions and Recommendations

4.1. CONCLUSIONS

Georgia is rich by ground and surface waters, but the infrastructure and mana-
gement systems are currently in a place to use these resources effectively and in
sustainable way. More than 80% of urban wastewater systems fail to provide
even the most rudimentary treatment. Water utilities are unsuccessful at raising
sufficient revenue from water tariffs to meet even basic operating expenses
for energy and treatment chemicals. Given the expense of treatment chemicals
and the high cost of energy faced by water utilities, it is reported that 70%
of utilities do not disinfect their water supplies. The majority of wastewater
utilities have not performed the required routine repair and restoration work for
a long period of time®.

The most dramatic situation exists in the domestic and industrial sewage
collection and treatment systems. The majority of wastewater treatment plants
are not operating well, and therefore wastewater discharges without treatment
into open water bodies. This causes pollution of rivers, the Black and Caspian
Seas. Such contamination of water resources has become the main reason for
mass intestinal and infectious diseases in Georgia.

Given the scope of these difficulties and serious budget constraints in the
country, recommendations for sector improvement need to be both feasible and
focused on areas that can make a real difference in the near to mid term.

Investments are needed to reduce water losses, eliminate cross-connections
with wastewater collectors, and improve cost-recovery through water metering
and other means.
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Donor assistance could be used to finance infrastructure investments with
the greatest health benefit, for example disinfection technologies and strength-
ening of surveillance laboratories.

Nevertheless, cooperation with industrial sub-sectors that are relatively
more viable economically can set the stage for broader improvements in the
future.

4.2. RECOMMENDATIONS FOR THE IMPROVEMENT OF WASTE WATER
TREATMENT SYSTEMS (WWTS)

e The Ministry of Environment and Natural Resources Protection of Georgia,
in cooperation with other relevant ministries, should begin long-term strategic
planning both at the national and at the utilities level the problems of
wastewater management through the launching of a wastewater program for
the most urgent hot spots;

o The agencies which are responsible for developing and implementing the
wastewater treatment programs should start regulating this sector, developing
sector investment programs and mobilizing resources for their implemen-
tation (budgetary funding and/or external loans and grants), practically to
address these tasks;

o Support the establishment and strengthening of water-sector institutions,
improve water quantity and quality indicators, enforcement of wastewater
regulations, and promote legal and policy reforms in the country would be a
positive sign for overall sector reform;

¢ To strengthen the involvement of the private sector in the provision of water
and wastewater services in Georgia to renew and rebuilt the system of
wastewater collectors that the majority of wastewater treatment facilities
start to function at high levels of efficiency.
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Abstract. Paper deals with storm water management in urban area. Present
methods of stormwater management are focused on protection of real property
against flooding. Securing of long term function of sewerage network and
wastewater treatment plants is linked with increasing cost and is clear that
this method cannot be implemented worldwide. Present methods of storm
water collection endanger state of water bodies and water resources. Rigorous
application of modern trends of drainage of urban areas, whose fundamentals
are discussed in paper, storm water runoff can be minimized and problems with
storm water collection can be eliminated.
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1. Introduction

The present method of treating storm water in urbanised areas focuses primarily
on protecting buildings against flooding, ensuring the long-term functioning of
sewers and wastewater treatment plants.

This conception has successfully resolved the protection watercourses and
resources; however, the existing method urban drainage brings about a number
of problems including:

e Rapid drainage of stormwater flows from hardstanding surfaces increases
the natural flow-rate in small watercourses, which results in growing require-
ments for their capacity.
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e Rapid drainage of stormwater run-off from built-up areas in urban areas
(instead of the potential infiltration) reduces the groundwater renewal.

By thorough implementing the modern trends of urban areas drainage, the
stormwater run-off may be minimized and thus it will be possible to signify-
cantly eliminate the problems related to its drainage.

2. Use, Retention and Infiltration of Storm Water in Urbanized Areas

The use, retention and infiltration of stormwater in the individual buildings are
amongst measures that may be called as the “source control” (= measures at the
source, intervention focusing on the causes of the identified problems). These
measures are usually not only efficient but also economical. When deciding on
the selection of the aforementioned measures, it is necessary to consider certain
aspects. These are namely:

o Protection of watercourses, protection of groundwater and protection of soil
against contamination

Protection of civil structures (mainly buildings) in the vicinity of infiltration
structures

Hydrogeological conditions of stormwater infiltration

Mass loading in the stormwater run-off

Interests of the inhabitants (drainage comfort, health risks etc.).

2.1. STORMWATER IN URBANIZED AREAS

The stormwater run-off from urbanised areas lays one of the major roles in the
field of municipal drainage. During heavy storm events, the stormwater run-off
exceeds by far all other types of wastewater and thus has a major impact on the
designs and dimensioning of a number of civil structures in the urban drainage
systems. The stormwater run-off from the urbanised areas contains a major
share of pollutants, which is reflected in the sewer system, the wastewater
treatment plant and the receiving body of water and it also has an effect on the
potential use of stormwater and its infiltration.

At present, there are a number of reasons for restricting the stormwater run-
off from the individual buildings. The most important include:

e possibility of using the stormwater as service water in households for
purposes that do not require the quality of drinking water,

o reduced flow rate in the sewerage during storm events and a support of the
function of the technical system, mainly in the combined sewerage,
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e reduction in the hydraulic loading and mass loading at the WWTP during
storm events,

o reduction in the hydraulic (mechanical) effects on organisms in watercourses
with a low yield,

e reduced mass loading of pollution by overflows from the combined
sewerage during storms,

e support of renewing groundwater renewal etc.

3. Use of Stormwater

The most common solution to the use of stormwater is for irrigating green
vegetation, either manually or automatically using a time-controlled automatic
device or on the basis of the measured soil humidity. The retained water is also
used as service water for washing, above all in areas where the groundwater is
hard or contains a higher share of iron and manganese. It is also used for toilette
flushing, (the capacity of the cistern supplying WC and laundry washing must
correspond to a one-year water consumption), washing machines, dishwashers,
for cleaning purposes, as service water for crafts and industries etc.
The level of stormwater pollution is generally defined as follows:

o slightly polluted — stormwater run-off from residential areas (streets, bicycle
tracks, pavements, green areas etc.)

e normally polluted — water from residential-industrial areas, villages, parking
lots and roads

o strongly polluted — water form motorways, heavy-traffic primary roads,
open warehouses, transit warehouses for harmful and poisonous substances.

Thus, the stormwater loading is greatly dependant on the local marginal
conditions. Stormwater run-off from the streets should infiltrate only through an
enlivened soil layer or after a preliminary treatment in a corresponding plant.
There is a number of possible preliminary treatments; divided according to the
physical and biological principles, possible utilization is presented, possible
combinations, advantages and drawbacks, as well as maintenance and cleaning

capacity.
4. Stormwater Retention

At present, there is a rising trend of building up the urbanized catchments
resulting in an increasing stormwater volumes and peak flow rates. Each
urbanized area causes a change in the character of the direct stormwater run-off
in an effort to define a potential suitable solution to the run-off conditions in the
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town residential areas in the form of stormwater retention. The problem of large
drainage area may be handled by retention — water storage and it’s controlled
discharging into the receiving body of water. Retention tanks replace the natural
retention capacity of the environment, ensure protection against high water,
stormwater run-offs, but they also retain flushes. However, their protective
function is prevailing. Other tanks provide this function as an auxiliary function.
The actual design and water management solution to the retention tanks must be
preceded by detailed survey work.
The group of retention tans includes:

e Dry retention tanks (retention of stormwater run-off, reducing stormwater
flow rate, being emptied once the flow wave passes)

e Retention tanks with a precisely defined protection room (transforming
the flood wave and once it passes, the protection room is emptied in a
controlled way down to the level of defined storage room)

o Anticorrosion tanks (retention of sediments)

o Stormwater tanks (for retention, short-term water storage, its treatment and
use of water from storm events)

¢ Infiltration retention tanks (short-term retention of excess inflow, partial use
for irrigation purposes)

o Baffle tank (used to balance out the shock flow waves in distant profiles
during flow rate controlling).

4.1. DECENTRALIZED STORMWATER RETENTION

Decentralized retention is stormwater retention in the individual buildings. To
reduce the run-off, use is made of run-off control equipment (throttling line,
vortex regulator, and filtration bed).

Equipment used for stormwater retention, without integrated infiltration into
the subsoil is divided as follows:

Pond with biotope

Retention in pipes, horizontal and sloping roofs
Stormwater retention tank

Retention in parking lots and industrial premises
Retention channel

o Filtration pit

e Plastic honeycomb blocks

o Infiltration with retention room

e Retention system combined with a pipe infiltration.



5.

STORMWATER MANAGEMENT IN URBANISED AREAS 49

Stormwater Infiltration

Various methods employed include: direct infiltration, infiltration with over-
ground water storage, infiltration with underground water storage, and important
combination options. It includes the design of retention tanks, used to retain
stormwater before infiltrating. A number of European countries the infiltration
of unpolluted or little polluted stormwater run-off is supported by administrative
and legislative instruments. The principal and a questionable issue handled so
far is the definition of “unpolluted” and “little polluted” stormwater run-off.

The main marginal conditions of infiltration:

stormwater run-off pollution
requirements for groundwater protection
requirements for soil protection

type of infiltration (type of building).

The systems for stormwater run-off infiltration may be divided according to

the following criteria:

central or decentralized

retention capacity (storage)

surface demands

method and distribution of hydraulic load.

The main technical principles of infiltration:

e surface infiltration
e shallow trench infiltration

combination of shallow trench and trench (multi-component infiltration
element)

trench and pipe infiltration

shaft infiltration

infiltration tanks

multi-element system.

The run-off from hardstanding surfaces are divided into three categories for

the purposes of intended infiltration in terms of the concentration of the
pollution and the potential effects on groundwater:

harmless (wholesome)
tolerated
intolerated.

Harmless stormwater run-off may be infiltrated via unsaturated zones

without pretreatment. However, such a run-off is not unpolluted. Nevertheless,
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the concentrations are considered to be so low that there is no need to be afraid
of groundwater or deterioration of its quality.

Tolerated run-off may be infiltrated following a suitable pretreatment, with
the use of cleaning processes in the infiltration system. Infiltration through a
grassed area may be sufficient depending on the properties of the catchment
surface and retention time of the infiltration area.

Intolerated run-off of stormwater should only be infiltrated following a
suitable pretreatment or it should be conveyed to a sewer system.

Stormwater infiltration is enabled by an infiltration system. At first sight,
these are usually simple civil structures. However, practical examples show that
a proper functioning of these structures, subject to a suitable structural design
and careful construction, is not possible without special knowledge and expe-
rience. Want is also important is professional maintenance of these systems.

6. Stormwater Management

Drained wastewater is always contaminated by e.g. flushes from roofs
hardstanding areas and roads and therefore their treatment must be monitored
and the pollution must be reduced.

There are presently several strong arguments why stormwater should be
utilized:

e ever growing costs of potable water;

e restricted number of quality potable water resources;

o retention and storage of a share of stormwater during heavy storm events =
protection of the individual catchments against flooding;

e stormwater is a suitable source of softwater (washing, irrigating, WC and
installations).

6.1. REQUIREMENTS THE QUALITY OF STORMWATER

The composition of stormwater fro urbanized areas is affected by:

e a number of pollutants (CO,, sulphurous dioxide, NOx, hydrocarbon
compounds, dust heavy metals etc.);

e local conditions (polluted air, character of the land from which stormwater
runs off);

e concentration of mass load (during storm events, it changes substantially in
a number of substances).



STORMWATER MANAGEMENT IN URBANISED AREAS 51

By using stormwater in terms of its composition, the following must not

occur:

o endangering the users health;
¢ endangering the drinking water quality (as a result of a potentially faulty

installation);

e restricted comfort of the water use;

environmental contamination (above all, soil and groundwater).

The decision on the stormwater management method must be preceded by a

careful mapping of the local conditions and analyses:

evaluation of the permeability and characteristics of the subsoil;
depth and direction of the groundwater flow;

ground slope;

water protection zones;

old ecological pollution;

use of land etc.

Results of stormwater management:

reduced share of stormwater in the sewer system — new sewers may have
smaller profiles, or the existing profile need not be increased;

reduction in the number of overflows from the sewer system to the receiving
body of water;

reduced share in the run-off from urbanized catchments during extreme flow
rates in the river;

reduced mass loading of surface water;

o substantially reduced need of constructing retention tanks in the sewer

system (lack of space, private plots, major investment funds, operating
expenses etc.);
improved quality of life by bringing water to drains, passes and ponds;

e improvement of the microclimate in residential zones.

7.

Conclusion

With respect to environmental protection, but also with respect to technical and
economic relations, it is necessary to reduce the volume of drained stormwater
while exploiting all possibilities, through the “permeable programmes imple-
menting when reconstructing hardstanding areas”, retention, use of stormwater
and direct discharges to watercourses.
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With the intention to reach a new generation it is clear that it is necessary
to bear responsibility for protecting this source and to concentrate the atten-
tion as soon as possible on “substitute sources” of water useable with individual
restrictions in all areas of human needs.

The stormwater retention is governed by two principal methods of storm-
water management:

e water is retained in surface or buried retention tanks;
e water is infiltrated into underground.

As the stormwater infiltration into the underground entails a number of
risks, the stormwater in our local conditions will be retained prevailingly in
local retention systems. This solution is more universal also with respect to the
future standard use of stormwater in buildings.
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SMALL URBAN RIVERS OF CHERNIVTSI: LEVEL OF ORGANIC
POLLUTANTS CONTENT, MAIN SOURCES AND EFFECTIVE
GREEN SOLUTIONS

IGOR WINKLER"
Chernivtsi National University, Kotsiubinsky St., 2, 58012,
Chernivtsi, Ukraine

Abstract. This paper provides results of systematic monitoring of the organic
pollutants content in small urban rivers of Chernivtsi, Ukraine. It has been
found that this content continuously exceeds maximum concentration limit for
any weather conditions. We supposed that unorganized and spontaneous urban
effluents provided main part of this pollution. One year long monitoring proved
that organic pollutants level lowered significantly even after partial elimination
of unorganized effluents of residential waste water (RWW). We suppose that
further elimination of RWW effluents would bring organic pollutants content
under maximum concentration limit even in the presence of the organized
sources of urban rainwater and wastewater.

Keywords: small urban rivers; organic pollutants; maximum concentration limit; resi-
dential waste water

1. Introduction

Problem of pollution of small urban rivers with various pollutants including
most dangerous xenobiotics is going more and more severe for many European
cities and megapolises. While main rivers are being systematically monitored
by numerous official and non-government environment protection organizations
controlling many parameters of the water condition, small rivers usually remain
unmonitored and out of attention. Main rivers are very important as water
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sources, water-transportation lines, recreation areas, etc. However, antropogenic
loadinging on the small rivers often exceeds loading level for the main rivers.
Small urban rivers often flow just through the most populated and industrial
heart of modern cities and take organized rainwater, industrial and residential
wastewater discharges. Various emergency effluents also often get into local
small rivers.

As a result, water condition of many small rivers can be estimated as
disastrous. Ecological systems are seriously misbalanced and many living
species are missed or almost missed.

Urban ground waters are also in a very poor condition. Modern chemistry
and other industries produce tons of toxic products and dangerous xenobiotics,
which finally get into waste and ground water. We regularly use about 100
thousand of various chemical compounds, according to a very approximate
estimation'. Most of these compounds are xenobiotics, which do not meet any
appropriate mechanism of natural compensation. In that way toxic compounds
get into small rivers and accumulate in the tissues of plants, fishes and other
organisms. This process seriously damages normal life cycle and causes
diversity depletion leading to gradual extinction of the small river’s ecosystems.

We can classify the following aspects of negative urban influence on the
water condition of the small rivers”:

e Hydrological regime trouble (river-bed cutoff or digging the rivers into
underground pipes, excessive regulation of the river flow;

e There are many artificial ponds on the small rivers. Their total volume can
be much larger than the river-flow;

¢ Incorrect and excessive antropogenic activity in the water protection areas;

e Incomplete or even missed land recreation and melioration actions;

e Numerous municipal and industrial objects are usually placed near small
rivers causing significant discharge of wastewater;

e Riverbanks are often littered within city limits with numerous unapproved
scrap-heaps, which seriously pollute river water (see Figure 1);

e Old and poor city sewerage lines can cause small but numerous effluents of
RWW, which finally get to the local small rivers;

e There are many old municipal rainwater drainage lines, which bring
collected water directly to the local small rivers. Non-cleaned rainwater
brings to the rivers road-washed grease, oil products and suspended dirt
particles.

Four latter problems are considered® as the severest for the small urban
rivers.
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Figure 1. Littered riverbanks of Molnitsa within the city of Chernivtsi, Ukraine

Various rivers suffer of various problems. Sometimes one or two of the above
mentioned troubles can provide main part of the river pollution. Therefore,
finding such major problems and aiming environment protection efforts to
relieve or eliminate those problems can significantly improve condition of the
small urban rivers and bring them back to life.

Our project was aimed to determination of the water condition of the small
rivers of Chernivtsi. There are several small rivers in the city and we selected
one of them, river Molnitsa as an example. This river can be taken as a
characteristic one since it has several branches, which join within the city. The
branches flow through industrial and municipal parts of the city and there are
several municipal rainwater drainage line outlets to Molnitsa.

2. Experiment

2.1. RIVERBANKS AND SAMPLING AREA

River Molnitsa flows to Prut, which is a tributary of Danube. Molnitsa flows
within the city of Chernivtsi for about 11 kilometers. It has two sources outside
of the city and two branches, which enter Chernivtsi in the upper flow.
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Right branch (A) is fuller-flowing and runs through the low-populated part
of the city. There are several ponds on this branch. Some of them are still
functioning and they also collect organized and irregular wastewater discharges.
Other ponds have been drained out and formed small abandoned marshy areas.

Left branch (B) is much shorter and shallower than A. It runs through heavy
populated area of the city, partially through the underground pipes. Several
rainwater lines have outlets ending to the B branch. These lines collect
rainwater from the downtown area with very tough traffic. Obviously, this
water can bring some amount of the transport-related organic compounds and
other water impurities.

Both branches join within the city limits, further Molnitsa flows through
other heavy populated areas, some industrial objects, small woodland area and
finally flows into river Prut.

There is also old municipal sewerage collector, which was built along the
river-bed of Molnitsa about fifty years ago. We found several damaged places
where the sewerage water overflowed from the technical access gulley and run
directly to Molnitsa.

We located sampling area at the junction place of A and B and were taking
samples simultaneously from the A and B branches and below the junction
point. Previous investigations proved that water of Molnitsa is very poor of
living organisms while its riverbanks are seriously littered®. River water was
found yellowish, turbid (especially after atmospheric precipitations), and with
rather strong smell. Therefore, one can conclude that the water from Molnitsa
fails to meet sanitary requirements towards regular river water.

Finding main source of the organic pollution and developing of effective
solution for its reduction was the main aim of our investigation.

2.2. EXPERIMENTAL DETERMINATION OF THE OXIDIZING FACTOR

Organic compound content can be found through determination of the modified
permanganate oxidizing factor’. We were taking sets of three simultaneous
samples. Each set consisted of one sample from the A branch, another one —
from B, and the other sample (C) was taken below the junction point of A and
B. All the samples were taken irregularly, at different weather conditions during
3—4 months of the winter/spring season of 2004/2005 and then of 2005/2006.
More than 40 sets of the samples have been taken.

3. Results and Discussion

Our results prove that the oxidizing factor was constantly over its limit value
of 5 mg O/1 for all the samples taken (See Table 1). Oxidizing factor of the
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B-samples was always higher than that of the A-samples and the values of
oxidizing factor of the C-samples had been found between the A and B values.
Oxidizing factor of the B-samples was higher than that of the A-values even for
the samples taken at the dry weather when there should be no rainwater
effluents to the B branch. This fact proved that there were some additional
sources of organic pollutants flowing into the B branch water. Initially we
supposed that it could be RWW effluents from the damaged city sewerage lines,
which got into the ground water and then gradually infiltrated to the nearby
branch B.

TABLE 1. Average permanganate oxidizing factor (mg O/1) for the samples taken in 2004/2005
and 2005/2006

Sampling Point Atmospheric Precipitations Oxidizing Factor
Season 2004/2005

A No 8.0
A Yes 8.5
B No 15.2
B Yes 20.0
C No 9.6
C Yes 16.8
Season 2005/2006

A No 7.5
A Yes 7.8
B No 11.1
B Yes 12.7
C No 8.1
C Yes 11.4

Experimental measurement error was 3—-7%.

On other hand, one can see that the precipitations-taken samples always
show higher oxidizing factor than those taken in the dry weather. This result is
correct for all the samples and can prove that some amount of traffic-related
organic compounds is actually being washed out of the city roads to the
rainwater drainage and then to the water of Molnitsa. Obviously, this kind of
impurities can get to the river through irregular, non-drainage waters too. This
result proved our assumption of the influence of traffic-related organic
compounds on the overall level of organic impurities in the water of Molnitsa.

Comparing data for 2004/2005 to 2005/2006 one can see that oxidizing
factor for the A-samples changed insignificantly while the B-samples factor
became almost twice smaller in 2005/2006 series. Since there were some fixing
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works on the nearby buildings sewerage lines in the meantime between two
series of our measurements, we can conclude that wastewater effluents really
bring significant part of the organic impurities of the B branch. B-branch water
is the most polluted, therefore further fixing of the sewerage system can
significantly improve quality of the water in the B branch and, consequently,
water quality of Molnitsa.

Basing on our results, we can conclude that RWW effluents bring main part
of the organic impurities of Molnitsa. Left branch of Molnitsa is the most
polluted one and main water improvement efforts should be directed to the
nearby buildings sewerage system fixing, which can bring water quality closer
to the sanitary conditions. Traffic-related organic compounds provide another
part of the water impurities, however, their influence is smaller than the one of
RWW.
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RECONSTRUCTION AND REHABILITATION OF SEWER SYSTEMS
IN SLOVAKIA
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Abstract. The one way of urban water cycle is moving the waste waters from
the producers to the recipient through moving and cleaning system. The missing
of this part of water cycle cause the non only hygienic problems, the danger of
population in urban areas, but the quantitative problem with dry weather and
storm-water flow. The basic system for collection of waste water called sewer
system is for a long time a basic system of urban areas. Because the sewage
system is one of the oldest systems in the cities, they allocate too much
malfunctions. This failures cause by age of the sewer system or/and poor
quality build. Age of the sewers is from 50 to 100 years, and that’s why many
sewer systems in all the world cities need reconstruction and/or rehabilitation.
Rehabilitation is any action for restoration or improvement of the functional
service of existing sewer network or sewer pipeline system. Reconstruction is
the repairing and restoration of the sewer pipelines, which changes the original
technical parameters. Both words meanings the same goal, to improve the
functionality of existing sewer system, with using variously of techniques to
rehabilitate pipelines. Paper shows the known techniques of reconstruction and
the way of capacity appraisal of sewer systems in Slovakia by the own software
tool SeWaCAD.

Keywords: sewerage system, pipeline, reconstruction, rehabilitation, recalculation
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1. Introduction

The historical development of sewer system was consists from systematic and
unsystematic approach. The first sewer systems were constructed with the goal
to dewater small parts of urban areas from waste waters- from inhabitants and
dewatering the waters from the rain. It was the base for systematic sewer
system, which started as the connection of non-systematic sewer systems. The
first goal was easy dewatering the waste waters directly to the nearest recipient,
but this process had to be change, because the contamination of recipient causes
the other hygienic and sanitary problems. The one of interesting systematic
sewer disposal systems was “Heidelberg barrel system” or the “Kiel exchange
bucket system” in Germany. The problem in sewer history was to liquidation
the pollution in sewer system. The resolution was WWTP — Waste Water
Treatment Plant. We could say that today sewer systems were come from last
era, from last century. This is the typical in Slovakia. The all sewer systems in
Slovak cities were built mainly after the second of world war 1945, but the
large cities, capitol of Slovakia Bratislava, the relative big cities in Slovakia
Kosice and Banska Bystrica had sewer system build before the 2nd of World
War. That’s why the majority of present sewers in Slovakia immediately needs
reconstruction respectively rehabilitation.

2. The Reasons of the Sewers Rehabilitation

The sewer systems build in Slovakia in the last century are in very poor
conditions. The construction of sewer system was very fast in the most of the
regional cities. The occurrence was not takes in this era to the quality of sewer
systems, but the priority was only quantity. The expansion of the cities in 50-70
years of the last century involved build of many kilometers of sewer systems.
The fast construction with the non professional approach in this period causes,
that the sewer were constructed with very poor quality. There were many
problems, to keep the slope, to make a waterproof weld connection of the pipes,
to keep the conditions of firm up over the pipe.

Many pipes were broken during the building, and insufficient of supervision
caused the poor quality of execution. The knowing of the people, (which
constructed the sewers, mainly workmen), were at low level, and they hoped,
that it is impossible to reveal the bad quality of execution.

The new modern approach of appraisal of sewer systems shows with using
the TV systems or excavation the sewer failure shows, that the actual conditions
of the majority of sewer systems in Slovak cities are in deplorability. The first
appraisal of the sewer system by the TV camera started approx. in 90 years of
last century, but more years ago, when operational companies repaired the
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breakdowns — failures, shows that the sewer conditions is very bad, but it was
not very important. The concept of impact on environment was foreignism.

The other problem outgoes form the present time of expansion of the cities,
the peripheral parts of the urban areas. The increasing of the living standard
in the big urban areas involved the bigger demanding of expansion of sewer
systems and put the bigger demands for the quality actual water supply, distri-
bution of water system waste water collection by quality sewer system. The
Slovak building regulations make press to the constructors to connect new and
reconstructed buildings to the public sewer system. But on the other hand, in
many cases the public sewer system shows very bad quality, and to make the
household connection to the sewer pipe is sometimes insolvable problem. The
water operational companies know this situation of their system, and they have
to repair the part of sewer pipe, if they want to connect the private/household
connection.

The poor quality of sewer pipes causes the leakage to the underground
water. It is very danger, because the waste water contains dangerous pollutants
very often, and it can be danger for water supply, especially in the hills parts of
Slovakia.

3. What Next?

The solution of rehabilitation of sewers in Slovakia became the very important
and interesting problem. The water companies started to solve these problems
in 90 years. The Slovak legislation, the rise of the water price, the Regulatory
Office for Network Industries — URSO, the Environmental organizations, the
Ministry of Environmental and the public opinion started the press to renew
the not only sewer systems, but the water distribution system with approx.
30% loses of water, and Waste Water Treatment Plants too. The sewers in
Slovakia dewater too much amount of ballast waste waters — depend on location,
from 20-200%. In last years the Department of Sanitary and Environmental
Engineering fetched the measurements of ballast waters in some cities in
Slovakia — Levice, Roznava, Trebisov, Banska Bystrica, Ruzomberok, Pezinok
and Malacky, Devinska Nova Ves and obtained the imagine about sewer
systems in Slovakia, bad waterproof, bad build conditions.

For the evaluation of sewer systems were make the evaluation procedure
based on criteria for evaluation. These studies were a relevant basement for
water companies for start the process of rehabilitation, reconstruction of sewer
system, mainly in cities.

The scientific aim of solution was the NATO Linkage Grant
ENVIR.LG.950.445 — scientific program entitled Integrated Management of the
Morava River Basin — Strategies and Tools. The results from this program had
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two outputs, A) Complex investigation of sewer system Malacky including CSO
monitoring during rainfall, modeling of storm water discharge in sewer system
and the evaluation of transport pollution to the recipient, B) Evaluation of
settling tanks function during rainfall in selected WWTP Devinska Nova Ves
close Bratislava.

4. Sewer Rehabilitation Depend on Investments

The Slovak authorities after negotiations decided to solve the poor quality of
sewer systems. This process was divided into some stages.

o discovery issue of facts

e proposal of solution (expert studies)

e preparation the project — the input for application form preparation

¢ implementation of rehabilitation.

The rehabilitation of sewer system is in many cases much more expensive
process then construction of new sewer systems. The water companies,
which are not rich, must solve it. The best one solution was exploitation of
entry process to EU — European Union. The exploitation of EU challenges —
Operational Programs, for improvement of environmental based on protection
of health of inhabitants, protection of water supply, protection of underground
waters, protection flora and fauna in Slovakia. The various operational programs
concerning waste water disposal from various funds of EU started the process
of projects preparation, as base for application forms.

The majorities in water companies decided very wise to exploit these funds.
So we can says, that the Slovak Republic had luck with this opportunity. But
the conception of exploitation of EU funds goes through MoE (Ministry of
Environmental), or MoCaRD (Ministry of Construction and Regional Develop-
ment) of Slovak Republic. These institutions are responsible for effective
exploitation of the funds. Both Ministries has the departments concerning the
project preparation. There are some possible funds, cohesion, structural, depend
of the high of investment demands.

Because the most important reason in decision process is the quality of
project preparation, which implicates the serious approach in water companies.
It needs to mention, that the EU investments doesn’t cover 100% of investments,
depend on the challenge. Approx from 5-25% covers the water company
respectively applicant/beneficiary. This smaller part of cofinancing is significant
amount of investments too, for beneficiaries.
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4.1. ACTUAL STATE IN SLOVAKIA

Only 56% of Slovak inhabitants are connected to the public sewer system. In
“Conception of water management policy in the Slovak Republic in 2005”
approved by NR (national council) SR is planned perspective percentage of
connection to year 2015 approximately 75%. Till 2004 Slovakia had 7 006 km
sewers and 226 423 sewerage connections which overall length was 1 785 km.
From noticed length of sewers and sewerage connections is significant percent
broken and a lot of undesirable underground and strange water is getting to
them (ballast waters). Ballast waters overloads capacity of sewers and subjects
of Wastewater Treatment (WWT), reduces temperature of wastewater and the
result of it is getting worse efficiency of biological process in WWT. The
amount of underground water from whole quantity outgoing wastewater in SR
reach up to 30.54%. According to data in professional literature the part of
sewers, that needs constant renewal except other also from the reason of
expiration of usage time of drainage pipes. Slovakia needs to renew up to 908
km of the sewers, what is approx. 14.6% of overall length of public drainage in
administration of water companies.

TABLE 1. Estimate costs sewerage pipeline demands in SR

Inhabitants Rehabilition New pipes Total costs Rehabilitation
demand demand costs

mil. km km mil EUR mil EUR

5,4 908 11556 2400 703

5. The Ways of Sewer System Rehabilitation

The first stage when the operator of sewer system wants to sewer system
rehabilitate, is appraisal of existing condition of the sewer system. This stage
we can divide into two roles:

e capacity appraisal and evaluation of sewers
e appraisal and evaluation of structure conditions of sewers.

The reconstruction of combined sewer system is present time take consi-
deration on the environmental too. The new conception of storm water mana-
gement brings the trend to build separate sewer system for storm water and
municipality waste water. These concept need to reconstruct the old combined
sewer system to only sewer system for dewatering the rain waters. The sanitary
sewer system is build separately. It need to exchange the household connections
from combined pipes to pipes for sanitary waste waters. This approach is very
useful, but very costs demanding.






