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1 Driving forces

Following the DPSIR-method the first step in a pressures and impacts analysis is the identification of driving forces. 

	Category
	Driving forces
	Relevant for PRB Neisse

	DIFFUSE SOURCE 
	urban drainage (including runoff)

agriculture diffuse

forestry

other diffuse
	Yes

Yes

Yes

No

	POINT SOURCE
	waste water

industry

mining

contaminated land

agriculture point

waste management

aquaculture
	Yes

Yes

Yes

Unknown

Unknown

Unknown

No

	ACTIVITIES USING SPECIFIC SUBSTANCES
	manufacture, use and emissions from all industrial/agricultural sectors
	Unknown

	ABSTRACTION
	reduction in flow
	Yes

	ARTIFICIAL RECHARGE
	groundwater recharge
	Unknown

	MORPHOLOGICAL

	flow regulation

river management

transitional and coastal management

other morphological
	Yes

Yes

No

No

	OTHER ANTHROPOGENIC
	miscellaneous
	No


2 Pressures

2.1 Diffuse sources

2.1.1 Urban drainage diffuse sources (including runoff)
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Fig. 1
 shows the urban areas in the saxonian part of the catchment. The percentage of urban areas is approx. 12 % (98 km² in total). About 37% of this area are used by industry or for other commercial purposes. (Source: digital land model of Saxony).

Regarding that roads outside the cities are not included in this data set, the percentage of urban areas is a little bit above the German average (12% in 2002).
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On state level there is no information about the degree of connection to drainage systems or the type of drainage system (combined or separated) available. On the other hand almost every city or village in Germany has a drainage master plan (called General​entwässerungsplan). 

For the city of Zittau (second largest city in the saxonian part of the catchment) is shown how the emissions from urban drainage systems can be estimated.

Fig. 1:
Urban areas in the Saxonian part of the Neisse-catchment

Fig. 2 shows a zoning plan for the City of Zittau. Using mean values the degree of impervious areas can be calculated (City area: 772 hectare, impervious area: 336 hectare). 

Within the drainage master plan a conceptual model for the sewer system (see Fig. 3) has been developed. With this model not only the annual loads (e.g. COD) but also the hydraulic stress resulting from single storm events can be calculated.

Fig. 2:
Zoning plan of Zittau
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Fig. 3:
Sewer system in Zittau
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Fig. 4:
Conceptual model for the sewer system in Zittau using STORM

The STORM model for the City of Zittau covers an area of 770 hectare. Approx. 336 hectare or 44% are impervious. The daily dry weather flow is 4.600 m³/day or 53 l/s. 

The model shows that approx. 40% of the storm water (~ 1.5.Mill. m³/year) is discharges by combined sewer overflows. The mean annual runoff from paved areas is around 440 mm/a. 

Projected to the total urban area of 98 km² (50% paved = 50 km²) this results in an annual runoff from paved areas of ~ 22.000.000 m³/a and a combined sewer overflow of ~ 8.8 m³/year.

According to a publication of BROMBACH/FUCHS (2002) who did an extensive literature and measurement review on stormwater runoff (covering 425 sets of data) the mean concentrations in combined sewer overflow are:

Tab. 1:
Mean concentration in stormwater runoff (BROMBACH/FUCHS, 2002)

	
	SS [mg/l]
	COD [mg/l]
	Ptotal [mg/l]
	Pb [(g/l]

	Combined sewer overflow
	175
	141
	1,25
	118

	Storm sewer runoff
	141
	81
	0,42
	70


Multiplying the annual discharges by the mean concentration the emission from CSO’s in the Saxonian part of the Neisse catchment can be estimated to: 

	
	SS [kg/a]
	COD [kg/a]
	Ptotal [kg/a]
	Pb kg/a]

	Combined sewer overflow
	1.540.000
	1.240.800
	11.000
	1.038


At the moment a pollution load model including calibration is under development in Zittau (part of the new drainage master plan).
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Agriculture diffuse

Fig. 5:
Land use distribution in the Saxonian part of the Neisse-catchment (down to Görlitz)

Fig. 5 shows that agriculture is a major driving force in the catchment. Another reason for the importance of agricultural diffuse sources are the soil conditions. Loess-soils consisting of fine material transported from northern areas by wind are very vulnerable to soil erosion.

There are several tools available for modeling the distributed diffuse emissions from agriculture depending on local conditions. One of these tools is MONERIS (Beherndt et al., 1999). MONERIS had been developed to determine the nutrient emissions from diffuse and point sources for river catchments in Germany. The diffuse emissions are composed of at least four different paths:

· atmospheric deposition

· diffuse emissions from surface runoff

· diffuse emissions caused by hypodermic runoff (interflow) 

· diffuse emissions from groundwater (base flow)

Usually diffuse emissions from surface runoff are split in two different processes: 

· diffuse emissions caused by avulsion and 

· diffuse emissions caused by erosion. 

Base for the computation of the different paths is a knowledge of the water balance in the catchment. 

Equation 1: water balance
Q = QGW + QDR + QRO + QURB + QAD

with
Q
= Mean runoff (m³/s)


QGW
= Baseflow (m³/s)


QDR
= Drainage flow (m³/s)


QRO
= Surface runoff from unpaved areas (m³/s)


QURB
= Surface runoff from paved areas (m³/s) and

QAD
= Atmospheric inflow, calculated as the difference between direct precipitation 

    on surfaces of water bodies and the evaporation from these areas (m³/s)
In MONERIS the different components of these water balance equation are computed by empirical equations using mean values for the precipitation. The baseflow is calculated as the difference between the measured runoff and the other components of the water balance equation shown above.
Surface runoff from unpaved areas in MONERIS is computed using the approach from Liebscher & Keller. The equation is based on a statistical analysis of 30-year precipitation and runoff observations in 144 catchments all over Germany. Liebscher & Keller quote a mean error  of 27 mm/a and a correlation coefficient of r=0,965.

Equation 2: precipitation and runoff
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with
qG
= mean annual runoff [mm/(m²*a)]

NJ
= mean annual precipitation [mm/(m²*a)]

NSO
= mean precipitation in summer term [mm/(m²*a)]

NWI
= mean precipitation in winter term [mm/(m²*a)]

The values for NJ, NSO and NW can be taken from the hydrological atlas for Germany (HAD, 2003), see Fig. 6. In the Neisse PRB the mean annual precipitation is between 600 and 800 mm.
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Fig. 6:
Mean annual (left) and mean summer term (right) precipitation in Germany (HAD, 2003)

Using the value qG surface runoff is calculated by a potential function based on a publication of the US SOIL CONSERVATION SERVICE (1972) and also suggested by the German water association DVWK (1984).

Equation 3: surface runoff
qRO = qG * 2 * 10-6 * (NJ – 500)1,65

mit 
qRO
= specific surface runoff [mm/(m²*a)].

In Moneris this equations are used only for agricultural areas and not for forests, wetlands and water bodies:

Equation 4: Surface runoff from unpaved areas
QRO = qRO * (ALN + AOF) * 1000

mit 
QRO
= Annual runoff (m³/a)

ALN
= farmland (km²) und

AOF
= meadows (km²).

Instead of the simple approach listed above it is possible to use a more sophisticated water balance model. In case of the Neisse PRB for two major subcatchments (Pliessnitz and Mandau) water balance models are available from flood protection projects. 
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Fig. 7: Digital elevation model for the subcatchment Bertelsdorfer Wasser
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Fig. 8:
Calculated surface runoff for the German part of the Neisse-Catachment (2-month period in 1981)

Based on the water balance the diffuse emission can be computed by using mean concentration values.

Equation 5. Nutrient concentration of surface runoff 
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= mean area-weighted concentration of surface runoff (mg/l)

AAgri
= agricultural area (km²)

AGreen
= grassland (km²)

AOA
= open areas (km²)

CRO,Agri
= concentration in agricultural runoff (mg/l)

CRO,Grenn
= concentration in grassland runoff (mg/l)

CRO,OA
= concentration in open area runoff (mg

In MONERIS the following concentrations are used:

Table 1: Phosphorous concentrations in surface runoff (due to avulsion)
	Landuse
	Phosphorous (g P/m³)

	Agriculture
	0,8

	Greenland
	0,2

	Open areas
	0,05


From agricultural used soils between 0,8 und 1 g P/m³ are extractable. Another important factor is the saturation of phosphorous in the soil.

With similar approaches the other emissions paths (atmospheric deposition, diffuse emissions caused by hypodermic runoff (interflow) and groundwater (base flow) can be estimated. For more details see the MONERIS manual.

The calculation of emission from agricultural land is not finished yet. It will be a major task for the coming work period.

2.1.2 Forestry

For the Saxonian part of the catchment a detailed GIS about the forest habitat situation is available (see Fig. 9). The maps are including information about the soil situation so it can be used to determine surface runoff and erosion form forestry. In the PRB Neisse project this will be done using the Moneris concept.

[image: image8.png]



Fig. 9:
Sector of the forest habitat map

2.2 Point Sources

2.2.1 Waste water 

Within the catchment several waste water treatment plants with a total capacity of 291.000 PE (population equivalent) are discharging into the river system. 2001 approx. 220.000 PE were connected to this WWTPs. All plants were constructed or refitted after 1991. The larger ones (Görlitz, Zittau, Hirschfelde, Rothenburg, Bad Muskau and Mittelherwigsdorf) are equipped with a mechanical-biological treatment including nitrogen and phosphorous removal.
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Fig. 10:
Waste water treatment plants in the Saxonian part of the Neisse catchment

Fig. 11 shows that in the Saxonian part of the Neisse catchment and especially in the part with a higher population density the degree of connection to a sewer system is rather high. It can be estimated that in this catchment more than 90% of the population are connection to a (mostly combined) sewer system.

Tab. 2:
Waste water treatment plants in the Saxonian part of the Neisse catchment

	WWTP-Name
	Capacity 
(PE)
	connected 
PE
	Outflow 
[m³/a]
	COD 
mg/l
	COD 
kg/a
	BOD5 
mg/l
	BOD5 
kg/a
	Ntot 
mg/l
	Ntot  
kg/a
	Ptot 
mg/l
	Ptot 
kg/a

	Görlitz- Nord
	140.000
	100.000
	2.452.190
	46
	112.801
	4,1
	10.054
	12,8
	31.388
	0,5
	1.103

	Zittau
	85.000
	66.300
	4.132.300
	40
	166.945
	<3
	 
	14,5
	59.918
	0,9
	3.636

	Mittelherwigsdorf
	22.000
	28.800
	1.033.000
	42
	43.386
	4,9
	5.062
	5,3
	5.475
	1,1
	1.136

	Rothenburg
	17.000
	6.700
	236.961
	42
	10.047
	<3
	 
	11,4
	2.701
	0,3
	73

	Hirschfelde
	11.000
	6.100
	328.619
	62
	20.374
	5,2
	1.709
	5,5
	1.807
	1,4
	444

	Bad Muskau
	5.000
	4.300
	259.183
	43
	11.197
	<3
	 
	2,3
	596
	0,7
	179

	Rennersdorf
	4.500
	1.400
	43.131
	37
	1.596
	<3
	 
	2,5
	108
	9,8
	423

	Kiesdorf
	4.000
	4.700
	186.412
	47
	8.761
	4,3
	802
	4,0
	746
	7,0
	1.305

	Ostritz-Nord neu
	2.500
	2.300
	113.897
	24
	2.734
	<3
	 
	80,0
	9.112
	1,5
	165

	Sum
	291.000
	220.600
	8.785.693
	
	377.841
	
	17.626
	
	111.851
	
	8.465
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Fig. 11:
Degree of connection to the sewer system

2.2.2 Industry
According to the statistics of the environmental authorities direct discharges from industry are not very relevant in the Saxonian part of the catchment.

Larger discharges are:

· VEAG Hagenwerder: 3.850 m³/a 

· Landfill site of Görlitz: 8.850 m³/a

Compared to almost 9.000.000 m³/a discharge of the public WWTPs this is not very much. 

2.2.3 Mining

In Berzdorf (Saxony, Germany) the first coal mining activities started in 1835. From 1946 a large surface mine had been developed over the years mainly to produce brown coal for the combined heat and power plant in Hagenwerder between Görlitz and Ostritz. The mine was closed in 1997. Since then the mine is going to be rehabilitated and flooded (see 2.4 for abstractions). 

In Olbersdorf the mining activities closed in 1995. The process of flooding is already finished.

On polish territory the power plant in Turow and the associated coal mine are still active. 

2.3 Morphology

On the 53 km long Czech part of the Neisse about 21 weirs can be found.

The “development” of the Neisse from the Czech border to the Weinau-Park in Zittau started in 1926. Starting in the late 19th century the Mandau was channeled on the last kilometers.

About 63 weirs for different purposes are located In the Saxonian part of the catchment (see Fig. 12).
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Fig. 12:
Flow regulation along the German/Polish part of the Neisse

2.4 Abstraction

Fig. 13 shows the abstraction from surface waters (Max. in m³/day). Beside of several smaller abstraction for industrial or fishing purposes there three major abstractions in the saxonian part of the catchment (Tab. 3)

Tab. 3:
major abstractions in the saxonian part of the catchment

	Purpose of abstraction 
	River
	max. allowed abstraction [m³/d]
	Mean flow 
[m³/s]

	refilling of former mining areas
	Neiße
	864.000
	15,7

	refilling of former mining areas
	Pließnitz
	216.000
	1,16

	transition
	Neiße
	172.800
	19,1
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Fig. 13:
Max. allowed abstraction from surface waters in m³/day.

3 Impacts

3.1 Water qualitiy

Since 1990 the water quality in the Neisse improved very much. Fig. 14 shows the development of the saprobic index as an indicator for the biological water quality over the last 7 years. Fig. 15 shows the actual situation of the saprobic index (I: very good, V: poor).
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Fig. 14:
Longitudinal section of water quality in the Neisse from 1993 to 1999 

3.2 Morphology

Fig. 15: (right side) shows the German habitat survey as an indicator for morphologic situation along the river Neisse.
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Fig. 15:
Saprobic index and German habitat survey

3.3 Ichthyology

Within a research project funded by the German Environmental Foundation (DBU) the fish population in the river Neisse was investigated in detail (Bernáth, 2001).

Between 1999 and 2001 at 20 different location in Germany and the Czech Republic about 13.500 fish were caught. In total 28 different kind of fish could be proved (e.g. rainbow trout, brook trout, pike, carp, eel, perch, roach, minnow), 22 on German territory 15 on Czech territory. 
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