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1. Introduction

All the steps defined in the Decision Support (DS%nual prepared in WP4 of the
SOCOPSE project were worked for Klodnica catchrmenthe WP5 case study. The case
study covered the following steps:

DSS Step 0 System definition

DSS Stepl Problem definition

DSS Step 2 Inventory of sources

DSS Step 3 Definition of baseline scenario

DSS Step 4 Inventory of possible measures

DSS Step 5 Assessment of the effect of the measures
DSS Step 6 Selection of the best solutions

The case study is focused on three priority sulbsgmercury and its compounds, cadmium
and its compounds and polycyclic aromatic hydroocasb The substances are selected
because of their relevance for the industrial (lggadustry, mining) and urban development
profile.

The case study covers literature studies, anabfsisgal documents, and materials prepared
during other projects, dedicated analyses, singolimodelling and very limited sampling and
chemical analyses.

According to WP4 guidelines the following issues aspecially relevant in the case study:
- identification of drivers of change,
- creation of scenarios of emission levels and enwrental change,
- definition of time scale for simulation and futUS concentrations simulations with
uncertainty assessment of the results,
- -cost-benefits and co-benefits analysis,
- -policies and the institutional questions.



2. DSS step 0 System definition

According to physical - geographical classificatiorPoland - Klodnica catchment is located
in upland area of Katowice (central part of macegion Silesian Upland) and Raciborska
Valley (south-eastern part of macro region Silediawland). From an administrative point
of view the Klodnica catchment is located in Séeand Opole voivodships. The length of the
Klodnica river is 84 km and the basin area is 182&. The river-head is located in south
part of Katowice City on the land Murckowski Forest 305 meters over sea level. The
mouth of the river is located in Kedzierzyn - Kqzten 164 meters over sea level. Below is
presented Klodnica catchment within the Balticlsasin (Figure 1).

Strzelce Opolskie county ~— ———_~ /. \\\//7

Tamowskie Gory county

Gliwice county |

Figure 1. Klodnica catchment in Baltic Sea basin

- Management

Klodnica catchment is a part of Odra river basin Vidhich the water management plans
according to Water Framework Directive (WDR) requents are prepared. Draft of the
international Odra river basin management plan \Mader Master Plan for Poland is under
consultation process, starting from the Decemb8820

Klodnica river catchment is in its industrializedrpdefined as heavily modified water body.
Heavily modified water bodies’ (HMWB) (a water borisulted from physical alterations by
human activity, which substantially change its loglgomorphological character). Klodnica
catchment is classified under the code GO 0602. cl&ssification of the subcatchments is
presented below (Table 1).

Table 1 River basin management units in Klodnicaatchment Odra river basin

Code Management units in the Status | Description
Klodnica catchment
Klodnica river down tg . . . .
GO 0201| Kozlowka including HMWB In most part highly industrialised and urbanizedrth part)
and agricultural and forest area (south)
Kozlowka
GO 0202 D_rama_ river with NWB Agricultural and forest area with sparse developraad rura
tributaries areas
G00203 | Toszecki brook NWB Agricultural and forest area with sparse developimemall
towns and rural areas
GO 0204 Klodnica  river  from| HMWB| Most of the area agricultural and forest, the Kiedris highly




Kozlowka down to rive

mouth

changed — interlinked with the Gliwice canal. A& tmouth of
the Klodnica industrialised and urban area isesttl

HMWB — highly modified water bodies
NWB — natural water body

For the catchment the required assessment andipdgparameters are determined. These are

presented in the Table 2.

Table 2 The basic parameters from the proposed iB008 Odra river water management plan opened for
public consultation — Klodnica catchment

Costs of
Identifica Number Co.st.s. of Co_st.s_ of | Number suppleme JCWP
- Number of act|vlt|es aCtIZEIeS of nting with
Name ID_SJCW of J_CWF; J_CWP A B JCWP actions DEROGA
1 of rivers with no | [thousand | [thousand with rxk TIONS
impact PLN] PLN] impact | [thousand
PLN]
Drama G00202 4 4 100.00 9 144.46 0 501.17 -
Klodnica
from
Kozlowka | GO0201 14 0 140 588. 52 840.77 14 19 477(49 14
including
Kozlowka
K odnica
from
Koz 6wka | GO0204 12 0 0.00 12 685.48 12 15 910.97 12
down to
the mouth
Toszecki | 550003 2 2 000 | 2302.88 0 196.11 -
stream

* Costs of activities A investments in the environtaéprotection infrastructure
** Costs of activities in the sewerage systems
*** Supplementing actions concern management, apptanning, agricultural and forestry activities

Klodnica river catchment is managed by the Regiddater Management Board in Gliwice.
Quality monitoring is provided by the Chief Enviraental Inspectorate. The quantity aspects
are monitored by the State Meteorological and Waflanagement Institute. Klodnica
catchment is part of the River Basin Management Pi@pared for Odra river. Odra river
basin covers three countries: Poland, Czech Repuatid Germany. Internationally
recognized water basin management plan is requiBtdkeholders for the Klodnica
catchment are members of the Steering Committ&egional Water Management. These are
as follows:

» Silesian provincial governor.

» Offices of all communities placed on Klodnica Bagid counties).

* Public bodies responsible for national monitorimgl &he control of the environment
(Regional Inspectorate of the Environmental Pratecin Katowice, Institute of
Meteorology and Water Management and Centre of Eatrons and the Control of
the Environment).

* Gliwice canal administration.

* Municipal units of public utilities.

e Industrial plants.

* Research institutes and research - developmenliaiduoals.

* Ecological organizations.

! Integrated water body unit
2 Basic water body unit



e Agricultural sector.

The monitoring system is in the period 2007-2008eaurfollowing changes:
- Data for the years up to 2004 are of certain quédit Hg and Cd;
The analytical techniques have been improved i ZID7;

In 2008 there have been establishment of protdoolpriority substances monitoring
in the Polish State Environmental Monitoring System

Up to 2007, five monitoring points were operated time area of Katowice
agglomeration;

From 2007 in the monitoring network of surface wstén the Klodnica river
catchment measurements of Hg are stopped excephéopoint;

Up to 2007 measurements of Cd are performed 4 tanyesr in all monitoring points.

- Impacts

Klodnica catchment is an example of highly indadized and urbanized area with various
impacts (Figure 2).
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Figure 2. Land use of Klodnica catchment




The population in the Klodnica catchment is arodnahillion inhabitants. The repartition of
the population among the largest cities is showtalde Table 3.

Table 3 Population and main activities

City i?\lﬁ;nb?tear n(t); Main activities
Katowice (S;)gugg%r)n partMining, small and medium enterprises
Ruda Slaska 147 000 Metallurgy sector, chemicalstrg, mining, municipal services
Zabrze 183 000 Coking plants, metallurgy, machinemyping
Gliwice 200 361 Metallurgy, construction, machinemgaponry, chemical industry
Bytom 187 243 Metallurgy steel and nonferrous nsetalining, machinery and equipment
Gliwice county | 115 000 Agriculture, forestry, maobiy
Kedzierzyn 67 200 Coking Plant in Zdzieszowice - direct discharge th@ Odra river
Kozle chemical industry
Total 975 804

Except for the service sector the dominant acésitn the catchment are agriculture including
forestry and industry dominated by mining.

When it comes to the industrial sector (which aeostitutes the main source of pollution in
the region) Klodnica catchment is an example ohlyigndustrialised region. The industrial

sector is dominated by coal mining where the tptalduction in 2007 was 79 668 million

tons of hard coal. The other sub-sectors in thnegre energy production, metallurgy, metal
production, mechanical sector, chemical industry.

With regard to agriculture 40% of the catchmenaasecultivated where the agricultural land
is 5370 ha and the arable land is 4 078 ha. Fgr&std is 2 884 ha. Based on these lands
the:

Total harvest in Silesia region (in 2007) was 7 B89ons;

Cereals with mixtures total harvest (Silesia regkf07) was 6 729 89 tons;
Wheat total harvest (Silesia region, 2007) was@ &btons;

For forestry, raw wood production in Silesia reg{en2007) was 2 334 763%m

As concerns the use of fertilizers (Nitrogen, Ptaspus Potassium) this amounted to 50 997
tons. The sources of water in the catchment are $udace and ground water. In addition to
household consumption these waters are used bdtelgpdustry and the agricultural sector.
Table 4 shows details related to the quantitiewater consumed in the different cities in the
catchment. As shown, households are the main cagrsafwater followed by the industry
sector. Water consumption in agriculture and foyastmarginal.

Table 4 Water use in the counties of the Klodnicaatchment in 2007 (1000 FAyear)

Administra- Water supply Water demand

tive unit -

(county) Total Municipal Households Industry Agn;:ourlél;i?yand
Bytom 10 583.10 7 957.10 5 766.50 2626 0
Gliwice county 8 828.50 4 045.50 3189.30 4 445 338
Gliwice 11 042.80 9 569.80 6 900.20 1473 0
Zabrze 10 255.40 8 548.40 5797.90 1707 0
Katowice 27 979.20 18 950.20 11 961.40 9 029 0
Ruda Slaska 14 849.40 7178.40 4 612.00 7671 0

Source: GUS, 2009

% (GUS) Glowny Urzad Statystyczny (Central Statatioffice), Baza danych regionalnych (Regional Data
Bank): http://www.stat.gov.pl/bdr_n/app/strona.iksle



For the groundwater demand it was around 978 miliid in 2006 (GUS, 2009). In order to
maintain the water supply network being for ins@d&9 km in Katowice and 194 km in
Bytom the investments have been in the range df 8idd 22.2 million PLN (around 5 min
Euro), respectively.

- Waste water discharges and treatment plants

Table 5 shows the amount of treated and non treedger in the Klodnica catchment in 2007.
As shown the share of treated water varies betwlertounties being high for instance in
Zabrze and low in Katowice according to the stdtenfrastructure development. For the
discharge of non treated water the contributionsfthe industry sector and the municipal
systems are almost in the same range.

Table 5 Treated and non treated water — industriahnd municipal 2007 (1000 rhyear)

Treated Non treated
Method Method
Town Total | Total 1000 @ dan? year | Direct | . ..
year (%) Mecha| Chemi- Biologi- Biogens (%) discha- al
-nical cal cal removal rge from P
. systems
industry
. 10632
Katowice | 34589 23957 (62.2 10516 108 1732 11601 (30.7) 5872 4760
Gliwice | 13247 9751 (73.6) 1474 64 910 7309 34963R6 3259 237
;;glfa 14210 | 10154 (71.5) 6064 - 1832 225 4056 (28.5) 6242 1630
Zabrze 16513 15873 (96.1 877p - 388 6718 640 (319 262 378
Bytom 28606 | 25267 (88.3 9345 8718 255 694 333971 3339 -

Source: GUS 2009dant = 1000 mi

Table 6 shows the number of waste water treatmliantgand their distribution among the
different administrative units in the region.

Table 6 Number of municipal Wastewater treatment Plants inthe selected counties in 2007

Administrative unit Mechanical Biological treatment Enhanced biogenic

treatment substances removal
Bytom 0 3 2
Gliwice county 1 11 1
Gliwice 0 3 1
Zabrze 1 3 3
Chorzow 0 1 0
Katowice 2 3 3
Ruda Slaska 0 4 2

Source: GUS 2009

The locations for the discharge points of wastewateustrial and municipal are presented in
the figure below (Figure 3).

* op cit
® op cit



Figure 3. Wastewater treatment facilities in the ubanised areas of Klodnica catchment (IETU archives)
- Land contamination and wastes

Klodnica catchment is characterized with a reldyivarge area of potentially contaminated
sites which include the place where the indusadivities were ceased and the site where the
heavy industries still operates (Figure 4). Thaustdal sites are accompanied with industrial
and municipal landfills (Figure 5).

Figure 4. Industrial sites in Klodnica catchment
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Figure 5. Waste landfills in the urbanised area oKlodnica catchment (IETU archives)

- Water quality

Cadmium concentrations has been very much higher than the reference EU
proposed AA EQS until 2002. These concentration have declined almost to the EQS
level in 2004. However, the concentrations are showing some increase in 2005 (

Figure 6).

cd fro/l]

11.2005, ‘\
2.2006
11.2007 |

Klodnica 63.8 kmm Bytomka 2.5 kmm Klodnica 47.2 km

Figure 6. Cadmium concentrations in Klodnica catehfh

Based on the figures discussed above the implitgttedf the emissions in the Klodnica
River is the high concentration of Hg. These Hgoemtrations are much higher than the
EQS. They are equal to /1 until 2004 compared to the EQS which is 0.@8l. A decline in
these concentrations is registered in 2005 (Figure

® Silesian Voivodships Environmental State Inspet®data
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Figure 7. Mercury concentrations in Klodnica catchnent’

The quality parameter expressed as the sum ofAlikiR the period of 2004-2007 fluctuates
on the level comparable to the required natioraidadrds — around 0.0/ (Figure 8).
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Figure 8. PAH concentrations in Klodnica catchmerft

7 .

op cit
8 The PAH measured parameter: sum of six substarfbeszo(b)fluoranthene; benzo(a)pirene; dibenzogathyacene;
benzo(g,h,i)perylene; indeno(1,2,3-cd)pirene). FRDO6 (with exception of one point Bytomka 2,5 kitng PAH are not
monitored in Klodnica catchment
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3. DSS Stepl Problem definition

In implementing the WFD, environmental managers r@aguired to assess the status of
natural water bodies in terms of achieving the ‘thecological status and Highly Modified
Water Bodies (HMWB) in terms of achieving “Good Hugical Potential” (GEP). In both
cases a good chemical status should be achieveatéy body shows a GEP when there are
slight changes in the values of the relevant bickgquality elements as compared to the
values found at maximum ecological potential (MEPhe MEP is considered as the
reference conditions for HMWB, and is intended tsaibe the best approximation to
a natural aquatic ecosystem that could be achiegwen the hydro morphological
characteristics that cannot be changed withouifgignt adverse effects on the specified use
or the wider environment. Accordingly, the MEP bigical conditions should reflect, as far
as possible, the biological conditions associatétl ¥he closest comparable natural water
body type at reference conditions, given the hydrarphological and associated physic-
chemical conditions.

The most important in the Klodnica catchment are Heavily modified water bodies.
A highly modified water body has a good ecologigatential when there are slight changes
in the values of the relevant biological qualitgrakents as compared to the values found at
maximum ecological potential. Maximum ecologicatgrtial is considered as the reference
conditions for HMWB, and is intended to be the bagproximation to a natural aquatic
ecosystem that could be achieved given the hydnphatogical characteristics that cannot
be changed without significant adverse effectshenspecified use or the wider environment.
Accordingly, the maximum ecological potential shbuleflect, as far as possible, the
biological conditions associated with the closesimparable natural water body type at
reference conditions. It is defined as follows: CGamtrations remain within the range
normally associated with the undisturbed condititmsend in the surface water body type
most closely comparable to the artificial or heavitodified body concerned (background
levels). The chemical and physic-chemical qualitgments supporting the biological
elements should be achieved. It includes also Bpegxiority pollutants as being discharged
(specified in Annex Il of the Directive 2008/105/EX European Parliament and Council on
environmental quality standards in the field of evaiolicy'°.

Actually the chemical status of Klodnica river fible selected priority pollutants cannot be
assessed in a reliable way on the base only ofiexigdata. The problem of pollution with
priority pollutants can be defined as potentia#jerant. At the same time there are not data
on the ecological status of all surface watershea tatchment, especially of the highly
modified water bodi€s.

The Environmental Quality Standards EQS are estaddi in Poland for the selected
pollutants in general. They differs slightly to tlQS defined by the EU Commission
proposal. No specific EQS were established for Kica catchment so far. For two most

° CIS, 2003 Identification and designation of heaviodified and artificial water bodies. Water Framoek
Directive Common Implementation Strategy Working @y, Guidance Document No. 4, Produced by Working
Group 2.2 — HMWB, European Communities, 118p.

19 jist of priority substances first established bgcizion No 2455/2001/EC of the European Parliaradt of

the Council of 20 November 2001 establishing tlsé df priority substances in the field of waterippland
amending Directive 2000/60/EC, replaced by Annetolthe Directive 2008/105/EC of European Parliaimen
and Council on environmental quality standards hie field of water policy, amending and subsequently
repealing Council Directives 82/176/EEC, 83/513/EBa@/156/EEC, 84/419/EEC, 86/280/EEC and amending
Directive 2000/60/EC”, OJ L348, p.84-97, 24.12.2008

1 Wwithin the State Monitoring system samples of waigganisms were taken in 2007 but they were not
analysed so far.
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polluted sub-catchments derogations concerning wamuality and biological potential are
proposed in the Water Basin Management Plan faarfelblThe EQS defined in the proposed
new Directivé? are taken as the reference (Table 7), for assessoiiehe water chemical
guality in the case study area (the maximum andianaverage standard) in the scope of
priority pollutants.

Table 7 AA EQS as reference values for chemicalagtis assessment in the Klodnica catchment case syud

EU Directive Polish standard
Compounds
ny/l ny/l
Mercury 0.05 0.07
. 0.15(class 4)
Cadmium 0.25 (class 5) £0.45-15
Anthracene 0.1 0.4
Benzo(a)pirene 0.05 0.1
Benzo(b)fluoranthene +benzo(k)fluoranthgne 0.03 30.0
Ben;o(g,h,l)perylene + indeno(1,2{3- 0.002 0.002
cd)pirene

The priority pollutants selected on the base ofstexy data in the Directive that are
potentially relevant in the Klodnica river catchrhare the following:

- Cadmium and its compounds,

- Mercury and its compounds,

- Polycyclic Aromatic Hydrocarbons, and anthracene.

Because of data insufficiency — limited scope amterdg of substance monitoring -
importance of other priority pollutants cannot beladed at this moment. The review of
available data on chemical water quality in Klo@noatchment is presented below (Table 8).

Table 8 Sources of information on water quality inKlodnica catchment

Source of Hg Cd PAH
information Status Data quality Status Data quality Status Data quality
Archival data: limited Indication: Limited Analytical
State Monitoring Indication: | reliability of " | reliability of Not possiblg methods used
4 . EQS level . X S
Systeni* Years |above EQS analytical uncertain analytical to determine | of limited
200-2005 methods methods reliability
Reliable

Reliable but analytical
Program State with high Indication: | method but Not possiblg Analytical
Monitoring for | Indication: | detection limit | AA  EQS| with high to determine methods used
the period 20071 above EQS and number of | level detection due to dataof limited
2009° samples and | uncertain |limited number | structure reliability

points of samples and

points

Sampling and | Indication: B(ghi)P&I(1,

Field analytical AA EQS | Sampling 2-cd)P Sampling
... | methods limited methods and | Benzo(a)pyre methods and

measurement | Indication: : : :

reliable but number of | analytical ne analytical
performed by |above EQS .~ .

limited number | yearly methods Anthracene | methods
IETU . i

of measureme reliable Benzo(k)fluo | reliable

measurements | nts ranthene

12 Directive of the European Parliament and of their®@il on environmental quality standards in thédfief
water policy and amending Directive 2000/60/EC

3 Rozporzdzenie Ministra Srodowiska z dnia 20 sierpnia 2008/ sprawie sposobu klasyfikacji stanu

jednolitych cz ci wéd powierzchniowych (Dz. U. Nr 162, poz. 100@jegulation of Minister of the
Environment, 20 August 2008, on ways of classifyéngdition of uniform parts of surface waters]

14




The information on chemical water quality from oatl monitoring system in the Klodnica
catchment indicates there is a problem with meetiveg AA EQS for mercury. It is not
sufficient, according to current monitoring praetio verify water quality for cadmium and
PAH. Furthermore, the analytical methods used enShate Monitoring System before 2004
do not allow for short trend analysis in terms omparability between the data produced in
the past and after full implementation of the Wakamework Directive in Poland.
Nevertheless, the monitoring data give good overnwé decline in concentration of Hg and
Cd in the past 30 years time. To assure the rétiamf Klodnica river water quality
assessmetitfield measurements were performed by IETU (Fig)re

Figure 9. IETU screening of water quality - measurment points

The results of the screening carried out by IETUdelected sampling points are presented
below (Figure 10). These points were chosen aseseptative for the urbanized part of the
catchment and for those are provided by the Metegiwal Institute flow rates.

1 pa stwowy Monitoring rodowiska PM (State Monitoring of the Environment)
> program PM dla woj. | skiego na lata 2007-2009, Katowice 2006r. (Program®M for Silesian
voivodships for period 2007-2009).

18 Around 30 samples of Klodnica river and its trilvida were taken from selected points, four timesary,
April, September and December) in the year 2008aavadlysed for mercury, cadmium and PAH.
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Cadmium Benzo(g,h,i)perylene + indeno(1,2,3-cd)pyrene
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Figure 10. Measured concentrations of Hg, Cd, sumemzo(g,h,i)perylene + indeno(1,2,3-cd)pyrené

The results of the IETU analysis confirm that, inghof the catchment area there is essential
elevation of mercury concentration. Based on tlas@eal changes in concentration, available
information is not sufficient to state whether ttencentrations are definitely above the AA
EQS or not. For cadmium the concentrations in wabeve AA EQS are limited to some
areas in the urbanized parts of the catchmentPRdt high concentrations above AA EQS
can be expected only for two substances: benzoghylene + indeno(1,2,3-cd)pyrene in
the urbanized sub-catchments. The assessment wiicdieor sub-catchments of Klodnica
river catchment is presented in Table 9.

Table 9 Exceeding AA EQSs or changing concentratis per location

" Sampling and measurements performed by IETU
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Locations

Klodnica down to Kozlowka | Drama with | Toszecki Klodnica from Kozlowka
inlcuding Kozlowka™® tributaries stream down to the river mouth™®
- 100-500 % higher than AA

EQS,
- long 30 years downward past - 200- 500 % higher than

trend observed (1970 — AA EQS,

2005), - No data - - No data - - long downward trend —

H - short term 10 years, high water high water uncertain,

9 - downward trend uncertain in  quality quality - short term trend (2005-
the future — stabilization expected. expected. 2015) — uncertain,
possible, - seasonal variations

- seasonal variations of Hg observed.
0 concentrations in river are
]
2 observed.
G - 0-20% hi
2 - 0-20% higher than AA EQS De, aher than AA
= - long downward trend ’
%) - No data - - No data - - long downward trend
observed, . . .
. high water high water uncertain,
Cd - short term trend uncertain — . .
. S . quality quality - short term trend
possible stabilization or rise .
. expected. expected. uncertain,
of concentrations, -
e - seasonal variations
- seasonal variations observed.
OCCurs.
- 100% higher than AA EQS + - 100% higher than AA
only for B(ghi)P&I(1,2-cd)P,| - No data - - No data - EQS only for
no permanent long trend high water high water B(g,h,i)P&I(1,2,3-cd)P*,
PAH . . . :
determined, quality quality - no trend established,
- seasonal variations can be | expected. expected. - seasonal variations
observed. occurs.

* - B(g,h,i)P&I(1,2,3-cd)P — sum of benzo(g,h,i)pkene + indeno(1,2,3-cd)pyrene

According to the results of assessment there imewd for further analysis of the two
subcatchments: Drama with tributaries and Toszbook. These sub-catchments are not
further assessed in the procedure in the case.study

'8 In the Klodnica sub-catchment the problem wittedlited Hg, Cd and PAH levels concern the following
basic units as defined in the hydrological clasaifon of catchments in Poland (11649, 11655, 1163832,
11655 116159, 116529, 11654 116582 located in tith rpart. The following basic units in the southtire
subcatchment can be excluded 116332, 11629, 11622836 116149 as relevant in the assessment

19 the following units of the subcatchment shouldimuded 11659 11669 117169 116999 as relevattien
assessment
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4. DSS Step 2 Inventory of sources

On the basis of Material Flow Analysis (MFA) for mery, cadmium and PAH (in Klodnica
river) catchment various emission sources werectaleas relevant and taken into account,
including:

- Municipal wastewater and use of products in germyasumption,

- Industrial wastewater (mining as predominant), dir@dustrial discharges, indirect
industrial discharges, use of products in the itrgus

- Diffuse pollution sources, sediments, waste deppsiban run off from industrial and
urbanized areas, air emissions/deposition, contedhland and groundwater system,
sediments, agriculture and natural sources.

For preparing MFA on catchment scale accessibtanmtion for source categories was used
including detailed data received from stakeholdstatistical data, and reference examples
from literature, environmental monitoring data, wsll as modelling, simplified model
calculations and expert judgment. For industriall amunicipal point sources, information
obtained from water discharge permits, Integratetiufon Protection and Control (IPPC)
permits for industrial and municipal installatiorend inventory results were u$@d
Additional information on the discharges was preddduring a series of meetings with
relevant stakeholders. It should be noted that dedeided by regional administration is not
sufficient to evaluate the impact of the changegarticular sources of the Klodnica river
system. Other data provided by the industrial amhioipal facilities management is also not
sufficient, due to low detection limits and rangk amalysis performed. Review of the
accessible data is presented in Table 10.

Table 10 Data sources on pollutants emission

Data source Data quality

Regulatory system: Information is not sufficient due to data structuwt the official

Industry emission declarations . : oo X . ;
S ; . registers and permits or limitations in legal regmients concerning

Silesian Voivodships data base |0 X .
ischarge quality reporting.

IPPC plants and discharge permits

Insufficient information: lack of data from facis management
Industrial and municipal inventoryneasurements for the substances are not carriear oa¢asurements
IETU methods not sufficient or reliable - low detectiomits The scope o
inventory is limited - SME are excluded.

=R

Discharge water: sampling a

n : Lo .
chemical analysis performed by IETUBata reliable but limited in scope and spatial rgien

Stakeholder information Reliable — for metal indysénergy sector and municipal sector

In conclusion, the results of emissions inventogrevnot sufficient to exclude or determine
definitely the source categories and assess thgnortance. Assessment of wastewater
treatment plants (WWTP) impact and industrial psmdirces is the most reliable in this case.
To determine the relevance of particular sourcegmaies the total load of the contaminants
and its split among the source categories in tihehozent was assessed. The assessment was
based on iterative process with calculations ofetméssion data and expert judgment applied
successfully. Next, the results were used to vené/impacts of cadmium, mercury and PAH
on the river system. In the analysis of contaminkads a background level of the
contaminants in surface water and groundwater fsetbnsumption was included.

To prove some of the assumptions, a limited nundfeiield measurements of discharge
waters was performed for selected source categofiesy covered wastewater treatment
plants, categorized according to their efficienaggd hard coal mining facilities. For diffuse

20 |ETU performed own study
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sources, data on the potential emissions were gtlfaad analysed using various approaches
and methods:

Database of potentially contaminated sites in tippdyd Silesia agglomeration area of Klodnica
catchment (type of industry, area of the site);

Analysis of database (IETU archives)of waste ldisdiin the Upper Silesia agglomeration area of
Klodnica catchment (type of the industrial wastead, along with discharge parameters derived
from literature;

Potential raw sewage discharge from monitored tdfee({IETU archives);

Assumptions on illegal municipality discharges ofwsrs (based on demographic and
environmental statistics);

Results of performed air deposition modelling (PAEt, Hg) in the area of Klodnica catchment
using air emission inventories for the region avaw@ation of its impact on water system;

Expert analysis of geochemical background of serfaaters from Geochemical Atlas for Upper
Silesia and IETU field measurements with compassoifreference cases;

Analysis of groundwater concentrations from theeStaonitoring and local monitoring networks

and data on groundwater quality and consumablergatity;

Expert judgment of river sediment and soil concdrmin based on the Geochemical Atlas for
Upper Silesia and IETU statutory work and comparssof reference cases.

The achieved tentative assessment of pollutantstonidoad is presented below (Figure 11).

Mercury load in K odnica catchment - source categor split
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Cadmium load in K odnica catchment - source categgrsplit

kg Cd lyear

Source category

B(g,h,i)P +1(1,2,3-cd)P load in K odnica catchment source category spli

& 12-

e

o1

©

(&S]

o 0.8 1

o

= 0.6

T

a 0.4

<

2 0.2

m

E) 0 - : - ||

]
§ S (4 $$ § @é ~Y\}OQ ‘ 0& (\,00(\ (6.&\%
& S > 2 ’ﬁ Q,Q@ S s &
&0 (\q "00 r,_,Q’ \$ IS @& @)
& & & Pl X ® L 3
& o & &
S ¥ ’b& f\
\@
&
Source category

Figure 11. Estimated substance Mass Balance of HQd and sum benzo(g,h,i)perylene + indeno(1,2,3-

cd)pyrene in Klodnica catchment with sectoral split

To achieve high reliability of assessment, measerdgrof discharge quality for representative
facilities is recommended unless reporting regimepadority substances is strengthened in
the catchment along with improved monitoring schefleassessments performed within the
SOCOPSE project allowed for revision of the hypsthen the relative importance of the

identified emission sources. It is presented inlddl.

Table 11 Emission sources impact on the Klodnicatchment — sub-catchment: Klodnica down to
Kozlowka including Kozlowka

Substance Hg | Klodnica down to Kozlowka including Kozlowka
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Impact Confidence
Municipal High (around 30% of the total load Highly certain - baseql on permit data and
wastewater screening)
Mining High (around 15% of the total load possible — t_)ased_ on I'm't.ed screening)
confirmation required
Energy Very low (<5%) Certain - based on permit data — some uncertai

is connected with analytical methods

nty

Metallurgical/chemic

low (5%)

Certain - based on permit data — some uncertai

nty
0)

Air deposition

8 | al sector is connected with analytical methods (permittin
5 . . o Uncertain - expert judgment, simplified
A Alr deposition Moderate (15%), parametrical models (permitting) MFA data
Waste landfills Moderate (15%) Uncertain - expertljudgment, simplified
parametrical model
Soil, ground and Moderate (10%) Highly uncertain — MFA data
natural sources
Sediments Low (5%) Highly uncertain — MFA data
Water upstream (net i i
inflow)
Klodnica down to Kozlowka including Kozlowka
Substance Cd :
Impact Confidence
Municipal Low (around 5%) Certain -based on permit data aneksing)
wastewater
Mining Moderate (10%) Limited certalnt_y - ba_13ed on !lmlted screening
confirmation required
Energy Low (5%) Certain - based on permit data
8 Metallurgical/chemic Low (<5%) Certain - based on permit data
5 | al sector
= — - —
3 high (30%) Uncertain - expert judgment, simplified

parametrical model, MFA data

Waste landfills

High (25%)

Uncertain data - expert judgment, simplified
parametrical model, case analysis

Soil, ground and Moderate (15%) Uncertain — qyahtatlve spatial data analysis, exge

natural sources judgment, MFA data

Sediments Low (5%) Uncertain - expert judgment
Benzo(g,h,l)perylene + Klodnica down to Kozlowka including Kozlowka
indeno(1,2,3-cd)pyrene Impact Confidence

Municipal High around 30% Limited certalr_lty - based on screening values and

wastewater literature references

Mining Moderate (10%) Limited certainty - based on screening values and

literature references
Energy Low (<5%) Limited certalnty - based on screening and
literature
Metallurgical/chemic Low (<5%) Limited certainty - based on screening and

Source

al sector

literature references

Air deposition

Moderate (10%)

Uncertain - expert judgment simplified
parametrical model, MFA data

Waste landfills

Moderate (20%)

Uncertain -expert judgment simple parametrica

model
Soil, ground and Low (5%) Uncertain - expert judgment, linear model, MFA
natural sources data
Sediments Low (5%) Uncertain - expert judgment

In the second sub-catchment selected as relevaheistudy: from Kozlowka down to the
river mouth, the load and concentrations in watethe pollutants depends highly on the
quality of water upstream. Along the river and theerlinked Gliwice canal a simplified

model of sediment and water interaction can beiegpio assess more reliably relation
between those sub-catchments.
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5. DSS Step 3 Definition of baseline scenario

Driving forces of socio-economical development, ismvmental policy impacts and natural

environmental changes are identified as very ingmrin the Klodnica river case study.

Scenarios for changes in source categories caorbently determined on the base of analysis
of already implemented or proposed investment ptgjeplans and programs, expert
judgment, and simplified impact models.

- Driving forces and policy impacts

The impact of socio-economical driving factors gralicy factors are evaluated in short,
medium and long terms. Review of the industrial arfcastructure policies shows that a lot
of changes to be expected in the timeframe of ZWIB". The most important are impacts
of policies being already implemented in the catehtnincluding infrastructure investments.
Slower changes in the future perspective of 20y can be expected for diffuse pollution
due to variety of indirect management actions aaficies implemented in the area and
natural attenuation processes in the environment.

The baseline scenario, defined on the basis oatladyses performed, covers the time frame
of 2007 —2015. For this period in most of the plansl programs there are set up concrete
goals, actions and projects. These are being ung#gementation schemes or are planned to
be executed. The changes in water quality, dupeaed changes in the emissions cannot
be actually assessed in a precise way. The levebufidence is low. The impact of policy
measures on the emissions of contaminants in tleeted sub-catchment is presented in
Table 12.

Table 12 Policies and environmental management achs having impact on water quality in baseline
scenario for Klodnica catchment

Klodnica do Kozlowki wraz z Kozlowk
Policy driver Potential impact

Confidence/relevance

on the river system
IPPC Directive and releva

_ 1f—|igh (10 years) High (existing legal requirements, execution plans
requirements

and actions)

WFD: national regional county
level projects, plans and programs
(WWTP), regional and county and
municipal level plans

High (existing legal requirements, execution plans

gh (10 years) and actions)

Waste management poligy,

directives, .
Waste management plans for Ajigh (10 years)

municipalities

Moderate (existing legal requirements, plans fand
actions under consideration, and planning processes

Soil Framework Directive (SFD) Low (implementation uncertain, lack of executions
and soil relevant actions Moderate (30 years plans for contaminated soil), the remediation
Remediation and revitalization y actions are focused on hot spots — limited to
programs of municipalities economically attractive post-industrial sites)

Mining Waste Directive (MWD)
Mining companies environmentaWoderate (20 years|
Programs

Moderate (implementation rules uncertain, [no
implementation programs established)

Moderate (existing regulations — time lag |in

Mercury phase out in gene af\l/loderate (20 years)achieving the results) — expected shift of the

consumption
problem to waste management

Industrial use of substances Moderate (20 yearsyh Hegal requirements and investment plans)
Moderate (existing legal requirements, time lag in

Commercial use of substances Moderate (20 yeaieving the results) — expected shift to waste
management

% The timeframe of ten years starting at the begigiaif the SOCOPSE project was taken into accotishduld
be noted The situation undergone changes durinthtee years.
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Infrastructure development High (10 years) Higkigiing legal requirements and investmgnt
plans)

Water quality in the Klodnica sub-catchment: frommzZowka to Klodnica mouth, depends
highly on the impact of river water coming from trpam (industrialised part). The tributaries
of Klodnica in this sub-catchment are relativelgani in terms of the analysed substances —
forestry and agriculture are the dominant actisitibere. Impact in the scale of the whole
Klodnica river system is potentially low — lessrao of the contaminant load.

The review of socio-economical factors shows tlegtythave and can have in future an
essential impact on the Klodnica river catchmemidct of socio-economical driving forces
in the region is presented in Table 13.

Table 13 Changes in socio-economic driving forces in the Klodnica catchment area

Socio-economic Klodnica down to Kozlowka including )
- Confidence
driving factor Kozlowka
Urban population Low — population stabilization, age structuenalysis of statistical data, expert
changes changes judgment
ngh — spatial changes, che}nges (.Jf urbar] Er/g‘re}:filysis of statistical data and
Land use changes impact pattern less industrial, highér .
: . . rends, expert judgment
transportation, changes in water regimes
Canal development Moderate - Sediments resuspensio Expert judgment
Built up areas High - changes in the buffering features of {tA@alysis of statistical data, expert
development environment judgment, development profile

High - deeper deposits are exploited with
consecutive higher contamination occurrencs
Mining industry dewatering discharges. Less intensive mir
development operation in the north part. More intens
development in the area near Gliwice, soutk
the Klodnica river

ﬁnalysis of plans and programs
efg the sector, economical
\f%%ecasts, expert judgment

o=

Stable, further restructurisation of the hea&y
eneral

. . i - economical  trends,
Industrial developmentindustries toward more efficient, less pollut

neq<pert judgment

industries
Recreational Low -seasonal impact in selected recreatiop@dneral economical trends,
development areas expert judgment
Natural attenuation an%ositive effect of biodiversity development Expert judgment, Environmental

impact Protection Program

For the sub-catchment: Klodnica from Kozlowka dotenthe mouth there is not expected
high impact arising from socio-economic developmekitthe mouth of the river only the
activities concerning Gliwice canal redevelopmamig industry and urban areas development
can be important additional source of pollutiotha sub-catchment.

- Inventory of the planned measures

In the baseline scenario development the basic umesmdor source categories are identified.
In the inventory all options were included and @usi already undertaken or planned, and
being already implemented in the catchment areahkystakeholders of Klodnica river
management. These are presented in Table 14. Tibemrdies of these actions are relatively
high for the point sources.
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Table 14 Basic measures included in baseline maregent scenario for the sub-catchment: Klodnica to
Kozlowka including Kozlowk

Source category

Possible measures

Efficiency on source category scale
unabated impacts as a basis,
in brackets baseline scenario reduction

Hg Cd PAH
Municipal wastewater| 117E€ Stag;r sewage wreatment 709 (35%) |  70% (50%) | 70% (60%)
Mining wastewater Surface sedimentation pondg 30% (0%) 30% (10%) @5
Energy wastewater BAT processes closed systems 90% (0%) 90% (5%) @0%)
Metallurgical/chemical BAT processes closed systems 90% (10%) 90% (5%0) (@0%)

sector wastewater

Air deposition -
industry

BAT processes, Industrial air
control measures

90% (10%)

90% (10%)

90% (0%)

Air deposition low
emissions housing,

Funding schemes for heating

50% (10%)

30% (10%)

30% (10%)

municipal systems modernization,

emission from mobile sources

8 | Mobile sources policies Nor relevant |  Not relevant 50% (10%
Ug) Closing and recultivation of old
Waste landfills - old landfills, 50% (20%) 50% (35%) 80% (40%)

treatment of effluents
new techniques for newly buil
landfills (capping and leachaté
treatment)
Soil remediation (limited
action),
Redevelopment of industrial
sites — soil treatment
Highly contaminated sites
remediation
None - - -

Waste landfills - new 70% (60%) 80% (0%)

D

70% (5%)

10% (5%) 10% (5%) 10% (5%)

Sail, ground and

natural sources 10% (5%)

10% (5%) 10% (5%)

10% (5%) 10% (5%) 10% (5%)

Sediments

In the second sub-catchment: from Kozlowka dowth&river mouth, the measures concern
municipal sewage treatment in the towns and vilaged industrial wastewater control
measures in the industrial area of Kedzierzyn -1&oZhese, has totally low impact on the
total water quality in Klodnica. The quality is dahined mostly by the water up flow from
the industrialized part of Katowice agglomeration.

It should be noted that revision of existing pldos the industry and municipal systems
(process and end of pipe techniques, wastewatégctioj systems) with regard to their
efficiency of priority pollutants emission redugtiallows for providing considerably reliable
scenarios for the various sources categories.

The split of source categories according to thetrobrevel of mercury emission sources
(municipal, industrial) is presented in Figure The high control measures include: newly
built wastewater treatment plants, high environmkemjuality industrial processes. Low
control municipal cover the untreated wastewateajndge system in industrial areas; low
control sources include industrial waste landfibsi}d small and medium enterprises. Low
control is also relevant for natural and anthropugeiffuse sources.
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M controled minicipal M controled industrial
Olow control industrial Olow control municipal
O low control antropogenic and natural

Figure 12. Level of control of mercury contaminatia in Klodnica catchment (kg/year load)

The most reliable are assessments for point sauftes example of improvement rate for
mercury emission reduction from municipal WWTP regented below (Figure 13). For the
year 2007 the high efficiency treatment of munitipastewater was responsible for mercury
yearly load around 1.7 kg, moderate efficiencyamund 2.6 kg, low efficiency treatment for
3.7 kg. The uncontrolled discharges or discharggsowt treatment were responsible for
input of 5.6 kg. Diffuse sources including drainajeirbanized areas, uncontrolled municipal
waste were responsible for around 5.2 kg.

1.7

2007
Total 16.6
kg Holyear

2021
5 Total68
kg Hgyear

suolewnss
sonsnels

O high efficiency treatment
Omoderate efficiency treatme
Additional effect
of product

oriented policies
can be expected
(1-2 kg Hglyear )

Elow efficiency
M low control municipal

W other municipal

5.6

Figure 13. Effect of WWTP investments on mercury lad in the Klodnica catchment (kg Hg/year load)

- Assessment of the effects of the actual policy amures

Improvement of Klodnica catchment, in terms of egatal and chemical quality resulting
from policies, implementation plans and drivingdes impacts is uncertain for the period of
concern. Currently, there is no possibility to mlotiee response of the water system other
than to model the emission reduction and contanmirdaads, because of insufficient
characterisation of the river system. Only simpledels and expert judgment can be used to
assess future environmental situation. To somenextean be assumed that due to the river
characteristics the relationship between emissant river quality is linear. More detailed
characterization of sediments in the Gliwice camald Dzierzno reservoir should be
performed to determine the impact of all policy sweas on future ecological situation of the
river. Further monitoring and improvement knowledgeessential. The results based on
expert judgment, simplified modelling of simplifiedsessment scheme for baseline scenario,
is presented in Table 15.
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Table 15 Baseline management scenario — trend agais

Possible areas of exceedance 2015

Klodnica down to Kozlowka with
Kozlowka

Confidence/Method

Klodnica from Kozlowka
down to the mouth

Method

100-200 %of AA EQS (area

cd)P

Hg 100-200 % of AA EQS (area 80%)| Low - Expert judgment, trend
3 analysis simple flow model , polic L00%) Moderate - Expert judgment
2 Part (area 20- 50%) 0-50% of AA | 2n& et d€! . POICY Bart (area 10 %) 0-50% of AA | pert judgment,
g | Cd EQS impact , comparisons, river EQS simple flow model,
2 A .
S [TB(g.n)P&I(1,2,3-| Part (area 20- 50%) 0-50% of AA gzg{iitser'zat'on’ mass balance 5 area 10- 50%) 0-50% of | 2SS Palance analysis
D | cd)pP EQS AA EQS
Possible areas of exceedance 2021
Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth
- 0,
Hg 50-150 %of AA EQS (area 60%) fgolo/i? % of AAEQS (area
Q i_rz;vd_ SXFE) ;irct:;lui?ngpgﬁtn ; ﬁsgreral Possible substantial decline in | Low - Expert judgment, trend
- ! i 0 icv i
,% Cd 0-20% of AA EQS Part (area 20%) characterization, mass balance tgg é:oncentratlons 0% of AA gggclzgszl;npact, mass balance
2 :
S [BghiPalL23.| 0-50% of AA EQS Part (area 20 - | 2nawsis Part (area 10- 50%) 0-50% of
9D | cd)p 50%) AAEQS
Possible areas of exceedance 2027
Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth

g |y Long term 0-50 %of AA EQS (area Long term 0-50 %of AA EQS
e |9 40%) . . (area 100%) .
8 r 0% of AA EOS Low - Expert judgment, impact a 4% of AA EOS Very low - Expert judgment mas
g [Cd 00 Q mass balance analysis 00 Q balance analysis
a B(@.h,)P&I(1,2,3-| hos of AA EQS 0% of AA EQS

V.
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- Baseline scenario cost-benefit evaluation

Basic measures with co-beneficiary effect for ptyopollutants including mercury, cadmium

and PAH are included in the baseline scenario. Blemsnario is driven through various

environmental policies and requirements. This sgeneequires huge investments and
resources to be spent or being spent (includinditsreamortisation of the infrastructure and
operational costs) in the timeframe 2007 - 2015%sEhcosts are much higher than the costs
which are planned officially in the Odra river basvater management plan. They concern at
the same time a limited scope of actions in congparito the achieved results, focusing
mostly on the municipal wastewater.

Expenses are covered from municipal sources, industwn sources, EU structural funds,

national funding schemes and municipalities andistiébl own sources are the main sources
of financing the investments. The baseline scenaraduation is presented in Table 16. Co-
benefits for priority pollutants are very high.

Table 16 Basic measures to be applied as the resubf already existing plans and requirements in tl

subcatchment K odnica to Kozlowka including Kozlowla

Basic Costs min Euro

Co-benefits PP
on catchment
scale

Possible measures

gh

Substance Hg
mar;raog;tg:”nent . T Ratio
investments™
costs
Three stage treatment 35
Municipal wastewater Sewage drainage ) 400*** High
system development in 15
industry and municipalities
Mining Surface sedimentation ponds 10* - High
Energy BAT processes closed No data * i High
systems
Metallurgical/chemical BAT processes closed No data * . Moderate
sector systems
Air deposition - Industrial air control No data * i High
industry measures 9
Local programs for 8O+
Air deposition diffuse | elimination of old heating (16/year) - Moderate
° systems
% Air deposition mobile National/European policy No data - Moderate/hi
3 | sources
0 | Municipal waste Recultivation of old
landfills landfills, new techniques fof 50 - High
newly built landfills
. Recultivation of old
:ndugtnal waste landfills, new techniques fof 100 - High
andfills . !
newly built landfills
Public and private
remediation/redevelopmen i High
Soil, ground and of industrial sites — sail 50 9
natural sources treatment
Soil remediation (limited 2 (agriculture,
action) forestry i
Environmental Spatial planning,
management F:eforeZtation ? No data 5 )
Sediments None 0 - -

* only general information on air and water yeasbsts in the industry and municipal sector existseund 100 mil. Euro

(GUS 2009)

** \Water Basin Management Plan for Poland 2009ieerfor public consultation
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*** five years time programs 80 min spent alreadgéd on program evaluation
**x declared by the municipalities costs of the @l municipal plans also include costs coveredhnlast five years.

In the second sub-catchment the benefits concerpimyity pollutants in the baseline
scenario are also very high for the actions un#lertan the first catchment.
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6. DSS Step 4 Inventory of possible additional meaes

The need for additional measures cannot be eval@tihis moment without improvement in
the knowledge of the river system and better emmsassessment, especially for the diffuse
sources. Only speculation is possible on what lahdneasures, are relevant for further
reduction of the emissions. It should be streskat there is high probability that the water
status goals will be achieved in the period 202621 in the baseline scenario. It should be
also underlined that there still exist in somehaf source categories a cost-efficient potential
for improvement. Potential additional measures cawgrovement of existing measures and
implementation of new measures. Important soucé® tcovered in the future are:

- Mining industry;

- Diffuse pollution:
o Contaminated land,
o Air deposition,
o Wastes.

For all the identified potential sources of cadmjumercury and PAH within Klodnica
catchment possible additional reduction measurasbeaidentified and analysed as to their
feasibility and effectiveness (based on inventayedoped in WP3). For that purpose:

- the WP3 substance reports were used,
- the results of the discharge measurements evaluated
- the scale of implementation of measures in padicsburce categories determined

It should be pointed out that for Hg, Cd and beg#u{)perylene + indeno(1,2,3-cd)pyrene
similar technologies and approaches are effechvieduction of the emissions to the water
environment.

Additional measures for the sub-catchment: Klodrfican source to Kozlowka including
Kozlowka are presented in Table 17.

Table 17 Additional measures in the subcatchmenklodnica down to Kozlowka including Kozlowka

Efficiency on source category scale
(compared to unabated impacts;
in brackets relative reduction of additional
measures in comparison with the baseline scenariq)

Hg cd B(g,h,ci)dF)’;L(l,z,s-

Possible measures

Additional contaminant
1. WWTP specific final stages | 950, (500) | 9096 (20%) 90% (20%)
(precipitation,
ultrafiltration)
Sedimentation/filtration

underground unit 70% (40%) 70% (40%) 70% (40%)
pf)‘:{(‘;ch jﬁ‘ggﬁﬂ?ﬂﬂﬂs 50% (200%) |  70% (40%) 70% (40%)
Q | 2. Mining ——
o
g e evess | oo (G0m) | o0 0% | 50 (0%
N . —
Closfei‘t’r‘ﬁ’gt’urpi'srgggnsedor 80% (40%) |  80% (40%) 80% (40%)
3. Industrial Improved capping 80% 80% 80%
waste landfills Leachate treatment 90% 90% 90%
4. Municipal Improved capping 0 o o
waste landfills Leachate treatment 80% 80% 90%
5. Contaminated Post-industrial sites 70% 90% 80%
land recultivation 0 0 °
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Soil remediation including
phitoremediation

70%

80%

40%

6. Air deposition

fuel improvement in
mobile sources

Not relevant

Nor relevant

90% (60%)

Households

90% (60%)

90% (60%)

7. Sediments

Dredging

70%

70%

70%

* - B(g,h,i)P+1(1,2,3-cd)P — sum of benzo(g,h,i)pergenindeno(1,2,3-cd)pyrene

In the Klodnica sub-catchment from Kozlowka downth@ mouth dredging is potentially
mainly in the Gliwice canal as a part of the rernmra action in the water way. The
renovation is still discussed as a possible actiorthe catchment. Implementation of
additional measures will be relevant after 2015 mwheost of the planned investments and
actions will be realized and the goals fulfilledheBe additional scenario timeframe is

between 2016 and 2021.
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7. DSS step 5 Assessment of the effect of the aduhl measures

Assessment of the future ecological and chemicastin the catchment resulting from

potential implementation of additional measures Wwased mainly on expert judgment with

use of contaminant load characteristics, contantioancentrations, seasonal variations in the
concentration of pollutants in water. Similar cagesn literature were also analysed and
compared. Simple fate and transport calculationsewadso applied to assess the future
situation.

Better understanding of the system can be achithredgh trend analysis of a few years data
produced in the modified water body, according tBMDirective, state monitoring system.
This information will be available before the newund of water management planning in
2010. Better description of the catchment physacal chemical characteristics would allow
for more precise modelling. At this point it is mecommended to apply advanced modelling
for the catchment. The assessment of the additioraalagement scenario is presented in
Table 18.
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Table 18 Additional management scenario — trendrelysis

Possible areas of exceedance 2015

Assessment

Confidence/Method

Assessment

‘ Confidence/Method

Klodnica down to Kozlowka with Kozlowka

Klodnica from Kozlo6ka down to the mouth

o | Hg 100-200 % of AA EQS (area 80%) Low - Expert judgment, emission 50-150 % of AA EQS (area 100%)
(&) - y . .
S | cq Part (area 20- 50%) 0-50% of AA | ond nolicy impact, case comparisond @'t (area 10 %) 0-50% of AA Low - Expert judgment, trend policy
7 EQS tami t load bal EQS impact, contaminant load balance
= T50%) 0-50% of AA | oyhominant foad mass baiance Part (area 10- 50%) 0-50% of AA| calculations
3 | 1eB? Part (area 20- 50%) () calculations ) ()
EQS EQS
Possible areas of exceedance 2021
Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth
o | Ho 0-100 % of AA EQS (area 30%) 0-50 %of AA EQS (area 100%)
2 Low - Expert judgment, general trend Possible substantial decline in the ; i
c l c
% Cd 0% of AA EQS Part (area 20%) of policy impacts, contaminant load | concentrations 0% of AA EQS il_r;]);va;:tE xpert judgment, trend policy
S 1eg | 0-50% of AA EQS Part (area 20- mass balance calculations Part (area 10- 50%) 0-50% of AA
v 50%) EQS
Possible areas of exceedance 2027
Klodnica down to Kozlowka with Kozlowka Klodnica from Kozlowka down to the mouth
o | Hg Long term 0 %of AA EQS Long term 0 % of AA EQS
8 . .
s [Cd 0% of AAEQS Low - Expert judgment, trend policy | 0% of AA EQS Low - Expert judgment, trend policy
7 impact, contaminant load mass balance impact
U%) I&B | 0% of AA EQS calculations 0% of AA EQS

2. Sum ofbenzo(g,h,i)perylene and indeno(1,2,3-cd)pyrene
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8. DSS Step 6 Selection of the best solutions

For the Klodnica catchment there remains the guestinether additional measures will be
needed in the future, in case the EQS parametdirsiatibe achieved for the selected sub-
catchments. Further improvement will require addiél investments in the measures
identified in previous step. The cost effectivenesshe additional measures is presented in
Table 19.

Table 19 Additional measures to be applied as thesults of already existing plans and requirementm
the subcatchment Klodnica from Kozlowka including Kozlowka

Costs/effects ratio for source

. Costs
Possible measures category scale
mil. Euro Hg Cd PAH
— ~
1L.WWTP Add|t|_o nal treatment 50 moderate | Low Moderate
techniques (precipitation)
1 1 1 1 *%
Sed|mentat|0n/f|_ltrat|on 10 Moderate | Moderate| Low
underground unit
On ground units 10** Moderate| Moderate  Low
2 Minin inisati
9 Desallr_usauon (reve_rse 30-100** | Moderate | Moderate| Low
osmosis, ultra filtration
Close down restructurisation High social Low Low Low
o costs
Q - -
S 3. Industrlal_ Capping and leachate Bk Low Moderate | Low
3 waste landfills treatment
4. Mun|C|pa_I Capping and leachate B Low Moderate | Low
waste landfills treatment
5. Contaminated | Industrial sites recultivation 100-400*  Low Modéea | Low
land Phitoremediation 50- 200** | Low Low Low
Technological
6. Air deposition |mp_r0\{e_ment/ fuel _change 1Qxxxx Moderate | Low Moderate
for individual heating
systems
7. Sediments Dredging No data Low Low Low

* expert assessment

** - estimation based on literature studies andtgirojects

***_Silesia Voivodships Program for revitalizatiasf post-industrial and degraded land

*xx_ expert assessment including data concernirggal programs for individual heating environmental
improvements implemented for the counties locatedlodnica catchment

- Cost and benefit analysis

Based on the fact that socio-economic factors @&wed in highly industrialized area as
important in the management of the river systempbfired cost-benefit analysis was
performed during a meeting with stakeholders atethe of 2008. It was aimed at assessing
the conditions for taking actions aimed at furtimprovement of the water quality in the
catchment.

- The benefits

In order to assess the costs and benefits pertaitunthe priority substances and their
management in the Klodnica catchment a multicateanalysis (MCA) was intended.
Different stakeholders were invited to participatehe MCA procedure. These stakeholders
were representatives from:

* Regional Water Management Board Gliwice;
» Silesian provincial governor;
» Offices of all communities placed on Klodnica Bagid counties);
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* Public bodies responsible for national monitorimgl ahe control of the environment
(Regional Inspectorate of the Environmental Prodecin Katowice, Institute of
Meteorology and Water Management and Centre of inarons and the Control of
the Environment);

* Municipal units of public utilities;

* Mining industry representative;

* Research institutes and research - developmemtiaiduoals;

» Ecological organizations.

Based on the MCA approach where participation akedtolders obliges a bottom up
approach, the starting point of the MCA proceduas & brain storming to assess and classify
in order of importance the priority substances vnitph impacts in the Klodnica catchment.
The objective of the bottom-up approach was puldgoseganized in a way that
accommodates the direct involvement and partiopatif the stakeholders.

Prior to the brain storming a presentation of th® &nd their potential human and

environmental impacts was done to introduce thleesialders into the subject and to discuss
and identify the goals related to water pollutiorthe catchment. However, although the brain
storming was designed to discuss the PS, and glthdle “moderators” made several

attempts to focus the discussions on the PS, theuskions were rather general. The
interpretation of this general attitude may be aipm@d in different ways; the amount of the

PS is large and most of them as well as their ingpace not known by the stakeholders.
Another interpretation is that for stakeholderg, ¢fuestion of water pollution is not related to
the PS per se but rather to the water quality megs.

The selected goals in order of importance ware:

. Good status of water,

. River remediation and restoration of its funcsip

. Minimizing loads of discharges pollutants fromdividual cities,
. Minimizing risks for disturbance of sanitatioaetworks,

. River living with us,

. Inventory of all the discharges/ good management

. Storm water management.

~No ok~ WN PP

Instead of selecting criteria and indicators to skécted goals which where rather general,
the most accurate procedure to assess the beredfited especially to good status of water
was a contingent valuation method. Another reasorapplying this method was to use the
stakeholders' presence and participation. This ogetivhich is a mixture of methodological
approaches, is in line with the method used by &gianni et al. (2001).

To start with a hypothetical market was built whdre good status of water was transacted.
In standard contingent valuation surveys, the pggpof the study is presented to the
respondents before the questions are asked. Thserpation is about the environmental

problems in focus, the abatement cost for mitigadod the policy instruments to be used.
Since the idea from the beginning was a MCA, infation on costs was not available at that
time. Therefore, a cost equivalent to 10 was useduwméraire and the stakeholders were
asked to elicit their willingness to pay relativethat numeéraire. The valuation question asked
to the respondents was very simple:

If the abatement cost is 10, what do you estinfagebenefits for good water status in the
Klodnica catchment would be in 2015?

% This procedure can be compared to a pilot studgentify a public good to be transacted.
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This is a different way to ask the respondentdlitit ¢heir willingness to pay to reach good
water status in the Klodnica catchment by 2015. JBk5 is related to the WFD that requires
a “good status” for all waters by 2015. The relatoost could be used in the study in two
different ways:

- If costs of good status of water are not availabie, elicited benefits are relative
benefits giving insights on both the magnitude treddifferences relative to abatement
Ccosts.

- If costs are available, the estimated relative bsneould be multiplied by these
numbers to get absolute values of the benefits.

Table 20 shows the estimated results where theageeaelative benefit is equal to 5.45 i.e. if
costs, for instance are equal to 100€ in averagédhefits would be equal to 545 €.

Table 20 Estimated relative benefits

Elicited benefits by the different stakeholders Reltive benefit
100 10
50 5
15 15
50 5
50 5
30 3
100 10
40 4
50 5
60 6
545 54.5

The development of new safe substitutes for pgicgubstances may potentially create new
business opportunities, particularly for the cheahindustry.

- The costs
When it comes to costs the literature include ser@mples that are related to the WFD:

- To achieve the objective of "good chemical and @gichl status" in water bodies in
Germany as stipulated by the European Water Framkevdorective (WFD) in
particular, a package of measures geared to impgovihe water bodies'
hydromorphology would cost around 100 € to 50@Eqapite”*

- In Flanders, a 100 € per inhabitant per year isle@@nnually to achieve the standards
in the Nete basin and this for the pollutants C8Ind P

Other costs are related to different measures tigate water pollution:

- Production of one litre of desalinated water reggii2.8 kJ of energy. Despite the high
current cost ($1 to $8 per’jrsome estimates are available that indicate tseamuld
be reduced to $0.55 per'mithout the consideration of serious pollutionrzetaused
by desalination processes (Simonovic, 2002).

Estimates of the cost of mercury pollution, is & k& establishing tighter emission standards
both for coal burning plants and mining. The curigrs. administration has found it so easy

24 http://www.ncbi.nlm.nih.gov/pubmed/15137151
% hitp://www.emis.vito.be/EMIS/Media/ECM_Abstract &tiapdf
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to weaken the U.S. mercury emission standardsié# widely known that this would impose
a cost on the U.S. population of between 2 andliéidollars annually?®

Since the German case is both about good statvatef and it is related to the WFD its costs
can be used and adapted to give insights on thaitndg of the costs and benefits in the
Klodnica catchment. Hence, the total costs forabming 7 years until 2015 would be 82.2
millions € based on a cost by inhabitant equivatentO € where the total population is 10
million.?” Accordingly, the relative benefit based on thekatmlders' willingness to pay to
reach a good status of water would be in the rarigé48 millions € which is 5.45 times
higher to the costs.

- The institutional issue

Poland has placed high priority on dealing withijdeans of water quality and supply. It has
channelled significant financial resources intoevatollution abatement (0.5 per cent of GDP
in 1992) and into the mobilization of water res@&¢0.7 per cent of GDP in 1992) were
economic instruments (fees and fines) generatentag@r part of the funds for pollution

abatement®. However, in spite of this progress, the overaiéligy of surface and coastal

waters remains poor, due to significant water piaiu at the beginning of the transition
period, as well as financial constraints and leatk$ for the completion of waste water
treatment plants in municipalities and industry

During the brain storming and especially while dssion the policy instruments to deal with
water pollution, the institutional issue was raisgdseveral stakeholders as being one of the
main obstacles to efficient water management in ¢aeechment. The institutions were
criticized for not being efficient enough. In Patam general and Klodnica catchment in
particular, the institutions being both owner of toal mines and the regulator of these were
criticized for non adequate and objective levelsegjulations. Furthermore, there is existence
of many water agencies characterized by overlappiagdates. Therefore a reform of the
institutional functions would be a necessary inpuupply objective policy instruments.

- Strategic approach

The main question in the Klodnica catchment coriogrthe priority pollutants is whether the
baseline scenario will be sufficient for achievipgod chemical and biological status in the
timeframe of 2007 — 2017 and if not, whether add&i measures will be needed in the
context of priority pollutants. Not achieving gooldemical status in the timeframe required
by the WFD might require an establishment of Tramsal areas of exceedance in the
catchment.

Below is presented approach to management pro@sssilon the two scenarios defined in
the case study. That is the baseline scenario hedatlditional measures scenario. The
approach can be integrated within the managemdmnse defined in WFD. In Figure 14
hypothesis on the best case scenario is presehnter.concurrent cycles of River Basin
Management Plans are presented with factor infingnihe system and the potential results.
In this scenario the existing or planned/requireghsures are sufficient to achieve in long
term the goals of WFD.

20 http://www.siwi.org/documents/Resources/Water Hkbfif-4-2005.pdf
27 4% interest rate is used to deal with inflatiomicig the period.

28 http://www.oecd.org/dataoecd/8/36/2451105.pdf

2 http://www.oecd.org/dataoecd/8/36/2451105.pdf
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Analysis, survey

and monitoring

River basin management

plan

If needed establishing
transitional Area of exceedance

Monitoring and
control

No additional costs

Investments in Emission
WATETEL reduction 50%
wastewater .
point sources
Product oriented
actions
Hg load down
to 30 kg/year
Hg

concentrations
reach the AA-
EQS in 30% of
the catchment

2015

No additional costs

Investments in municipal
wastewater

Product oriented actions
Decline in mining sector

Improvement in heating
systems and air protection

Investmentsin  land use
managementand  soil
quality improvement

Emission
reduction 30%
(remains
deffuse
sources )

Hg load down
to 20 kg/ year

Hg
concentrations
reach the AA-
EQS in 70% of
the catchment

2021

No additional costs

Decline in mining sector

Improvement in heating
systems and air
protection

Investmentsin  land
useand soil improvement

Investments in municipal
wastewater (new
generation of techniques

Figure 14. Priority substances management scenariomercury example

Full recovery

2027 - 2040

The assessed effectiveness in reducing the emsssiodg, Cd and PAHs in the scenarios is
presented Figure 15.

Scenarios for mercury and its compounds

20 ~ Ml situation 2007

16 O Baseline scenario

O Additional measures scenario

kg Holyear

Source categories
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Scenarios for cadmium and its compounds
M situation 2007
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Figure 15. Scenarios for Klodnica subcatchment Klodica down to Kozlowka including Kozlowka
(catchment scale¥°

% The calculations are based on the respective tieduatios for source categories and the datsstmations
concerning emissions sources.
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9. Conclusions

For Klodnica case study the prepared decision stigystem in management of waters for
priority substances was applicable and help in gneg a strategic approach for priority
pollutants reduction in the catchment. The mairbfgnm was poised by the lack of data, its
insufficiency or insufficient quality. Strong intestion with stakeholders helped in better
understanding of the existing and future problems @ define the main challenges for the
catchment. For problem and solution identificattbe Material Flow Analysis tool and the
technological reports were used. It was not posdibluse modelling of the catchment status
resulting from the decisions to be taken due tafifgent characterization of the catchment.

Nevertheless, the achieved results pose a wellngex basis for managing the priority
substances in the catchment. Furthermore, the [PPkcation well fits into the process of
water management in Poland as required by the WrRatanework Directive. The detailed
conclusions of the DSS steps are presented below.

Step 0: System definition

According to Water Framework Directive requiremetsdnica case study is an example of

highly modified water bodies located in urbanized andustrialised region. The catchment is

a part of Odra River basin for which the water nggmaent plans are prepared. Draft plan is
now under a consultation process. Accordingly fer tatchment there are established goals
to be fulfilled in the period between 2009 — 2015.

Step 1: Problem definition

Problem definition for the Klodnica case study wesnpered by the quality of accessible
information concerning water chemical status. Althlo there exist monitoring data, but do
not meet quality specifications on the detectionitli scope of analyses. The problem of
pollution with priority pollutants can be definedlp as potentially relevant. At the same time
there are not data available on the ecologicalistat all surface waters and especially of the
highly modified water bodiés To overcome the problem screening of the watelityu
might be performed. The results gives certainthanassessment of the water quality.

Step 2: Inventory of sources

It is relatively easy to identify point sourcesdi$charge through referring to the information
from regional administration. It is much difficuldb make the evaluation on the emission
because of the data quality: detection limit, wayeporting.

For preparing material flow analysis on catchmesgles accessible information for source
categories was used including SOCOPSE MFA tablegaildd data received from
stakeholders, statistical data, and reference ebemmfrom literature, environmental
monitoring data, as well as modelling, simplifiedahel calculations and expert judgment. For
industrial and municipal point sources, informatiaotained from water discharge permits,
IPPC permits for industrial and municipal instatias and inventory results were used.

To achieve high reliability of sources impact ass@nt, measurement of discharge quality
for representative facilities is recommended unteg®rting regime on priority substances is
strengthened in the catchment along with improveshitoring scheme. All assessments
performed allowed for revision of the hypothesistbe relative importance of the identified

emission sources.

3L Within the State Monitoring system samples of waigganisms were taken in 2007 but they were not
analysed so far.
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Step 3: Definition of baseline scenario

Driving forces of socio-economic development, eowimental policy impacts and natural
environmental changes are identified as very ingmrin the Klodnica river case study.
Baseline scenario for changes in source categoaiede currently determined on the base of
analysis of already implemented or proposed investrprojects, plans and programs. Expert
judgment, reference cases and simplified impactetsodan be used to assess the change of
discharge loads from the sources.

The baseline scenario can be well documented ssebsed as to the changes in the impact
for point sources. Those can be listed and paraisete according to their wastewater
discharges. It is more difficult to make assessmétiie changes in diffuse pollution sources.
For those more comprehensive characteristics aaheces are required.

The baseline scenario is consistent partially with Water Management Plan prepared for
Odra river basin.

The possibility to assess the changes in the watality in the catchment is very limited.
Expert judgement and reference cases can be useg@tcome the problem and to achieve an
approximation of the future situation in the catemin

The main question in the Klodnica catchment coriogrthe priority pollutants is whether the
baseline scenario will be sufficient for achieviggod chemical and biological status in the
timeframe of 2007 — 2017 and if not, whether add&i measures will be needed in the
context of priority pollutants.

It should be noted that the priority substancesiecgdn is a co-benefit of indirect actions
concerning other environmental issues.

Step 4: Definition of additional measures scenario

The need for additional measures cannot be eval@tihis moment without improvement in
the knowledge of the river system and better emmsassessment, especially for the diffuse
sources. Only speculation is possible on what lohdneasures, are possible for further
reduction of the emissions.

It should be stressed that due to the uncertaihs®essment carried out in previous steps, it
cannot be excluded that the water status goalsbeithchieved in the period 2017 - 2027 in
the baseline scenario. Monitoring and Revaluatioth® situation is needed to verify the need
for additional measures during the first round atev management plan realization.

At the same time it should be noted that there ti# potential for improvement
(technological, organizational) in many of the s@s: For identification and evaluation of the
potential the SOCOPSE substance reports were used.

Step 5 :Assessment of the effects of the measures

Evaluation of the effects of the measures is ngtjite in reliable way. It can be based only
on the potential to reduction of emissions fromnp@ind diffuse sources where the latter are
the most elusive in assessment.

Step 6: Selection of the best solutions

In the period of 2009 - 2015 the baseline scenairibbe realized with appropriate costs
allocation. It is probable that the goals of acmgvgood chemical status for the selected
priority substances will be achieved. In this p@rimprovements in the monitoring system
are also expected. It means that evaluation ofeffectiveness of the actions for priority
substances should be performed before draftingnthé water management plan for the
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catchment. If the results will not be satisfactting additional measures scenario should be
revised appropriately. The institutional issue he most important management aspect in
Klodnica case. It concerns the decision making ggscthe level of decision, the division of
competences and responsibilities between localhmagand national administration.

Recommendations for DSS improvement

- Definition of the quality of information on eachvkd of assessment sufficient for
decision making or the how to handle uncertaingeatance of expert judgment,
available data evaluation,

0 data quality, detection limit of measurements (eioiss, surface water),
monitoring requirements, modelling of the river Liiya

- Explanation how to handle the situation with dynarmprocesses in the catchment,
policy impacts, socio-economic and environmentabnges (distinction between
baseline scenario — additional measures) — stéps 3-

- Development of the issue of management system sentsl factor of achieving

improvement in the catchment — competences ancdmegplities, decision making

processes — steps 3 —6.

Verification of stakeholders involvement and soetmnomic tools application -step 6.

Development of detailed recommendation on the gesun structure.
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