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THE MONERIS MODEL 
 

The model MONERIS (MOdelling Nutrient Emissions in RIver Systems) was developed and 
applied to estimate the nutrient inputs into river basins of Germany by point sources and various 
diffuse pathways. The model is based on data of river flow and water quality as well as a 
geographical information system (GIS), which includes digital maps and extensive statistical 
information. Whereas point emissions from waste water treatment plants and industrial sources are 
directly discharged into the rivers, diffuse emissions into surface waters are caused by the sum of 
different pathways, which are realised by separate flow components (see Figure 1). This separation 
of the components of diffuse sources is necessary, because nutrient concentrations and relevant 
processes for the pathways are mostly very different. 
Consequently seven pathways are considered: 
- point sources 
- atmospheric deposition 
- erosion 
- surface runoff 
- groundwater 
- tile drainage 
- paved urban areas 
 
 

 
 

Figure 1: Point and diffuse pollutant pathways in the MONERIS model (Behrendt et al. 2000).  
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With the exception of inputs through atmospheric deposition and direct industrial discharges, for 
which results of other studies were directly used, MONERIS carries out a balance for each input 
pathway, i.e.  nutrient influx in the catchment and output, i.e. nutrient inputs in surface waters. 
Through this it is possible to calculate specific retentions and losses on the way from the source to 
input to appearance in the water body and also possible future inputs with changed conditions in 
the form of scenarios. The nutrient loads leaving the catchment were calculated from the 
determined sum of inputs from all individual pathways including internal retention and losses of 
the water body. 
 
 
A. Inputs via point sources 
 
A1.  Nutrient inputs via municipal wastewater treatment plants  
The basis for the estimation of the phosphorus and nitrogen inputs from municipal wastewater 
treatment plants (WWTP) is the determination of the necessary entry parameters. For this, a 
database is generated for every recorded WWTP on which further calculations are based. It 
comprises the following information: 
- Rate of utilisation (AU) 
- Treated population equivalents (EWAU) 
- Treated population equivalents (inhabitants) (EKA) 
- Treated population equivalents (indirect industrial discharges) (EGW) 
- Yearly quantity of water treated partitioned into: 
(1) Domestic wastewater (QH) 
(2) Industrial and commercial wastewater (QGEW) 
(3) External water (QF) 
(4) Urban wastewater (QT) 
(5) Storm wastewater (QN) 
(6) Total wastewater (QGES) 
 
A2.  Nutrient inputs via direct industrial dischargers 
If data has already been published for individual catchment areas, this will be used directly. Where 
only summary data available for extensive areas, the division of inputs in the individual catchment 
areas will be based on the urban areas after CORINE-Landcover. 
   
B.   Inputs via diffuse sources 
The considered pathways for diffuse nutrient inputs are: 
- atmospheric deposition 
- erosion 
- surface runoff 
- groundwater 
- tile drainage 
- paved urban areas 
The methods and database for estimation of at least some paths are clearly different. The 
formulation of the methods, at first, succeeds especially for the two nutrients nitrogen and 
phosphorus. Since the behaviour of phosphorus and nitrogen in the environment is very different, 
the methods for the two elements are not always the same. The starting point for the modelling of 
nutrient inputs into every river basin is an estimate of the water balance:  
Q= QGW  + QDR  + QRO + QURB + QAD 
where Q = average measured runoff [m³/s], 
QGW = base flow and natural interflow [m³/s], 
QDR = tile drainage flow [m³/s], 
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QRO = surface runoff from non-paved areas [m³/s], 
QURB = surface runoff from urban areas [m³/s] and 
QAD = result of the balance between direct precipitation on the freshwater surfaces and the 
evaporation from these surfaces [m³/s]. 
 
The individual components of this water-balance are calculated from the precipitation by means of 
empirical equations as average values for a particular period of five years with the exception of the 
base flow. This is essential because the calculation approach should exclude errors caused by 
periods shorter than 5 years in hydrological and meteorological time series. 
 
B1.   Nutrient surpluses on the agricultural area and their long term change 
Most diffuse nutrient input is caused through agriculture. Therefore, the model for the 
quantification of nutrient inputs in the river systems must consider these agricultural activities in 
an appropriate way. One of the main factors, which determines the size of the nutrient loadings 
from diffuse sources, is the yearly surplus of nutrients on agricultural areas. The nutrients from the 
agricultural activity through the erosion, the surface runoff, the tile drainage and the groundwater 
pathways, go into the river system. 
 
B1.1.   Erosion 
On the basis of the fitted soil erosion maps, average soil loss values were determined for every 
basin. For the whole of Germany, a mean of 3.8 t/(ha· a) is estimated for the annual soil loss from 
arable land. In a further step, a new erosion map is developed in which the fitted soil losses were 
used only for the German states without published reference soil loss data. This map forms the 
basis for all further calculations. For areas with natural erosion (mountainous and rocky areas), a 
constant value of 2.0 t/(ha· a) is used. The nutrient input by erosion can be calculated for each 
basin using Equations 3.34 and 3.35: 
EERP=PBODEN*ERP*SED   (3.34) 
EERN=NBODEN*ERN*SED   (3.34) 
 
where EERN,P = nutrient input via erosion [t/a]. 
ERN = enrichment ratio for nitrogen. 
ERP = enrichment ratio for phosphorus  
NBODEN = nitrogen content in the topsoil 
PBODEN = phosphorus content in the top-soil 
SED = sediment input 
 
B1.2.   Surface runoff 
The calculation of surface runoff is based on the simplified approach according to LIEBSCHER & 
KELLER (1979). With this, the surface runoff and the average total yearly runoff can be calculated 
using the average annual precipitation, the average summer half-year precipitation and the average 
winter half-year precipitation. 

 
 
with  qG = average yearly specific runoff [mm/(m²· a)], 
         NJ = average annual precipitation [mm/(m²· a)], 
         NSO = average precipitation in the summer half year [mm/(m²· a)] and 
         NWI = average precipitation in the winter half year [mm/(m²· a)]. 
 
 The surface runoff is calculated using the following power function (see Equation 3.9), from the 
US SOIL CONSERVATION SERVICE (1972) and also proposed by German Association for Water 
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Resources and Land Improvement (Deutscher Verband für Wasserwirtschaft und Kulturbau) 
(DVWK, 1984): 

 
 
where qRO = specific surface runoff [mm/(m²· a)]. 
 
For the estimation of the total surface runoff from the unpaved areas in a basin, it is assumed that 
these runoff components do not occur in forested and wetland areas or in freshwater bodies itself 
and mined lands (e.g. open cast pits). Then one can calculate the average total surface runoff from 
unpaved areas for every basin with the following equation: 

 
where  QRO = surface runoff from non-paved areas [m³/a], 
            ALN = agricultural area [km²] and 
            AOF = open area (mountainous areas and areas with natural vegetation) 
            [km²]. 
 
For the further calculations, it is assumed that all of the surface runoff reaches the river system. 
The estimation of nutrient inputs via surface runoff considers only the dissolved nutrient 
components transported with the surface runoff into river systems. The nutrient concentration in 
surface runoff of every basin can be estimated as area-weighted mean of the concentrations in the 
surface runoff of the different land use categories. For that it is necessary to divide the agricultural 
areas into arable land and grassland. For the area-weighted concentrations of nitrogen and 
phosphorus in surface runoff, the following is valid: 

 
where  CRON,P = nutrient concentration in surface runoff [mg/l], 
            AACKER = area of arable land [km²], 

AGRÜN = grassland area [km²], 
AOF = open area [km²], 
CROACKERN,P = nutrient concentration in surface runoff from arable land [mg/l], 
CROGRÜNN,P = nutrient concentration in surface runoff from grassland [mg/l] 
and 
CROOFN,P = nutrient concentration in surface runoff from open land [mg/l]. 
 
 

The nutrient input via surface runoff to the river system is therefore: 

 
where  ERON,P = nutrient input via surface runoff [t/a]. 
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B1.3.   Tile drainage 
 
The nutrient input from tile drainage will be calculated for every studied catchment from the 
product of the drained area, drainage water volume and the average nutrient concentrations. 
With the following equations, the drain water flow is calculated according to KRETZSCHMAR 
(1977) on the basis of the summer and winter precipitation. From this, the drainage outflow of 
50% of winter and 10% of the summer precipitation is obtained: 

 
with  qDR = specific drain water flow [mm/(m²· a)], 

NWI = average precipitation in the winter half year [mm/(m²· a)] and 
NSO = average precipitation in the summer half year [mm/(m²· a)]. 

 
This approach takes into account the regional different distribution of rainfall and runoff. 
 
The P-concentration in the catchments was calculated as an area-weighted mean on the basis of the 
values in Table and the estimated areas of sandy soils, loams, fen and bog soils according to the 
soil survey map of Germany (BÜK 1000): 
 
 

 
 

 
 
with   CDRP = drainage water phosphorus concentration [mg P/l], 

CDRSP = drainage water phosphorus concentration for sandy soil [mg P/l], 
CDRLP = drainage water phosphorus concentration for loamy soil [mgP/l], 
CDRNMP = drainage water phosphorus concentration for fen soil [mg P/l], 
CDRHMP = drainage water phosphorus concentration for bog soil [mg P/l], 
ADRS = area of drained sandy soil [km²], 
ADRL = area of drained loams [km²], 
ADRNM = area of drained fen soil [km²] and 
ADRHM = area of drained bog soil [km²]. 

 
The calculation of nitrogen concentration in drain water is based on the regionally differentiated 
N-surpluses (BACH ET AL., 1998). From the N-surpluses the potential nitrate concentration in 
leakage water is calculated according to FREDE & DABBERT (1998) which should correspond to the 
concentration in drainage water. It is assumed that the net mineralisation and net immobilisation in 
both studied time periods are negligibly low. 



 9 

 
 
with   CDRNO3-N = nitrate concentration in drainage water [g N/l], 

NÜLN = nitrogen surplus of agricultural areas [kg N/(ha· a)], 
DNR = denitrification rate [kg N/(ha· a)], 
AF = exchange factor and 
SW = leakage water quantity [l/(m2· a)]. 

 
B1.4.   Groundwater 
 
The P-concentration in the catchment areas was calculated on the basis of the area values of sandy 
soils, loamy soils, fen and bog soils as area weighted average for the agricultural land according to 
Equation: 

 
 
with   CGWLNP = groundwater phosphorus concentration for agricultural land 

[mg P/l], 
CGWSP = groundwater phosphorus concentration for sandy soil [mg P/l], 
CGWLP = groundwater phosphorus concentration for loamy soil [mg P/l], 
CGWNMP = groundwater phosphorus concentration for fen soil [mg P/l], 
CGWHMP = groundwater phosphorus concentration for bog soil [mg P/l], 
AS = area of sandy soil [km²], 
AL = area of loamy soil [km²], 
ANM = area of fen soil [km²] and 
AHM = area of bog soil [km²]. 

 
In a second step, the average P concentrations in groundwater of particular catchments were 
calculated as an area weighted average from the P concentrations of agricultural and non-
agricultural areas: 

 
 
with   CGWP = phosphorus concentration in groundwater [mg P/l], 

CGWWAOFP = groundwater phosphorus concentration for woodland and open 
areas [mg P/l], 
ALN = agricultural area [km²] and 
AWAOF = woodland and open area [km²]. 

 
The nitrate concentrations in groundwater can be calculated according to Equation 
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with   AHG = area of different hydrogeologically rock types [km²]. 

k1 and k2 = model coefficients. 
A value of 0.627 was determined for coefficient a. 

 
with   CSWPOTNO3-N = potential nitrate concentration in leakage water for the total area with 

base flow [g N/m³], 
AF = exchange factor and 
SW = leakage water quantity [l/(m2· a)]. 

 
Following the determination of P- and N- groundwater concentrations, it is now necessary to 
estimate the quantity of the runoff component for every catchment which characterizes the sum of 
base flow and natural interflow to estimate the nutrient inputs by this pathway. 

 
with  QGW = base flow and natural interflow [m³/s], 

Q = average runoff [m³/s], 
QDR = tile drainage flow [m³/s], 
QRO = surface runoff from non-paved areas [m³/s], 
QURB = surface runoff from urban areas [m³/s] and 
QAD = atmospheric input flow [m³/s]. 

 
B2.  Atmospheric deposition 
 
The basis for the estimation of direct inputs into freshwaters by atmospheric deposition is the 
knowledge of the water surface area of a basin which is connected to the river system. The water 
areas will be determined from CORINE-land cover map. In addition, for the total water area, the 
flowing waters will be considered from the results of flow analysis according to BEHRENDT & 
OPITZ (1999) derived from BILLEN AT AL. (1995). After that, one can find out the area of flowing 
waters dependant on the catchment area according to the following: 

 
 
where  AW = total water surface area [km²], 

AWSEE = water surface area from land use map [km²], 
AWFGW = surface area of flowing waters [km²], 
AWCLC = water surface area from CORINE-Landcover [km²] and 
AEZG = catchment area [km²]. 

 
Phosphorus and Nitrogen deposition is rarely measured and there is hardly any blanket coverage 
information available on P-and N deposition in German catchment areas. For the old German 
states, a P-deposition of 0.37 kg P/(ha· a) and a N deposition of 24 kg N/(ha· a) is used. 
 
 
B3.   Urban areas 
 
For the estimate of the nutrient inputs from urban areas, different pathways will be calculated 
separately and later amalgamated. The Figure that follows gives a general overview of the flows of 
materials in urban systems. From these, the inputs from unpaved urban areas are already 
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considered with the inputs via groundwater. In addition, inputs from impervious urban areas 
discharged via the combined sewer system to the waste water treatment plants are already 
contained in the point source inputs from municipal waste water treatment plants. 
 
 

 
Figure 2: Input paths from urban areas 

 
In this section, the methods for the quantification of remaining pathways will be described, which 
are: 
- Inputs from households and impervious urban areas connected neither to a sewer nor a waste 
water treatment plant, 
- Inputs from households and impervious urban areas via combined sewer overflows, 
- Inputs from household and impervious urban areas connected to sewers but not to a waste water 
treatment plant and 
- Inputs from impervious urban areas via a separate sewer system 

 
where   AURBV = impervious urban area [km²], 

AURB = total urban area [km²], 
EDICHTE = population density [E/km²] and 
u1–u4 = model coefficients. 

 

 
 
where   aURBV = share of precipitation realized as surface runoff from impervious 

urban areas. 
 
With the share of the precipitation realized as surface runoff from impervious urban areas and the 
yearly rainfall, the specific surface runoff can be estimated which is discharged from impervious 
urban areas during storm water events in all catchment areas: 
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with   qURBV = specific surface runoff from impervious urban areas [l/(m²· a)] and 

NJ = annual precipitation [l/(m²· a)]. 
 

1.	 Nutrient inputs via separate sewers 
In addition to atmospheric deposition, inputs through leaf-fall and animal excrement are yet to be 
estimated. We accept a value of 4 kg N/(ha· a) for these inputs. The specific N-input from the 
impervious areas will be estimated then using the equation 

 
 
where   ASURBN = specific N-input from impervious urban areas [kg N/(ha· a)] and 

NDEP = atmospheric nitrogen deposition [kg N/(ha· a)]. 
 

The total phosphorus and nitrogen quantities discharged in every catchment area can be calculated 
by multiplication of the impervious urban area connected to separate sewer systems with the 
specific P- and N-inputs. 

 
 
where   EUTN,P = nutrient inputs via separate sewers [t/a] and 

AURBVT = impervious urban area connected to separated sewer system  [km²]. 
 
 

2.� Nutrient inputs via combined sewer overflows 
 
Combined sewer systems collect the input from households, indirect industrial inputs and rain-
water runoff and bring these water to the waste water treatment plant in normal weather 
conditions. The layout of the combined sewer system and the waste water treatment plant is such 
that with normal rainfall, the mixed water mostly flows through the treatment plant. With storm 
water events when only a small fraction is stored, the quantity of water flowing through the 
treatment plant is in accordance with regulations. The quantity of water which is untreatable or 
water which does not enter treatment plants is then discharged to water bodies via combined sewer 
overflow or through a bypass at the treatment plant. 
The total water quantity in the combined sewer system during the days of storm water events can 
be calculated with Equation 

 
where   QURBM = storm water runoff from combined sewer system [m³/s], 

AURBVM = impervious urban area connected to combined sewer system  [km²], 
ZNT = effective number of storm water days, 
EKA = number of inhabitants connected to combined sewer system, 
qE = daily wastewater output per inhabitant [l/(E· d)], 
QGEW = industrial-commercial wastewater [m³/s], 
aGEW = proportion of total urban area in commercial use and 
qGEW = specific runoff from commercial areas [l/(ha· s)]. 

 
A value of 130 l/(E· d) will be used for qE. For the calculation of the quantity of commercial waste 
water, MOHAUPT ET AL. (1998) give a figure of 0.5 l/(ha· s) for qGEW for 10 hours per day based on 
a total urban area in commercial use (aGEW) of 0.8% or in other words 432 m3/(ha· d). 
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The discharge rate of a combined sewer system varies in relation to the removal grade, i.e. the 
retention volume of the combined sewer. The retention or storage volume holds back a fraction of 
the waste water during the storm water event and retards the flow to the treatment plant. One can 
estimate the discharge rate according to MEIßNER (1991) from Equation  

 
 
where   RE = discharge rate of combined sewer overflows [%], 

qR = rainfall runoff rate [l/(ha· s)], 
VS = storage volume [m³] and 
NJ = annual precipitation [l/(m²· a)]. 

 
From this, MEIßNER (1991) and BROMBACH & MICHELBACH (1998) give a retention volume of 
23.3 m³/ha with 100% rate of discharge. With a removal grade of 10% there is no retention 
volume. According to HAMM ET AL. (1991), a rate of discharge of 25% corresponds to a retention 
volume of ca. 6 m³/ha. In their studies of the Lake Constance catchment area, BROMBACH & 
MICHELBACH (1998) estimated an average removal grade of 50% and a mean rainfall runoff rate of 
1 l/(s· ha) 
The nutrient concentration in combined sewers during overflow events can be calculated with the 
previously given assumptions from: 

 
 
where   CMN,P = nutrient concentration in combined sewers during overflow [g/m³], 

AGEN,P = inhabitant-specific N- or P-output [g/(E· d)], 
CGEWN,P = nutrient concentration in commercial wastewater [g/m³] and 
QGEWM = runoff from commercial areas connected to combined sewers [m³/d]. 

 
The total input of nutrients caused by combined sewer overflows in a catchment area can be 
calculated on the basis of the Equation that follows: 

 
 
where   EUMN,P = nutrient input via combined sewer overflows [t/a]. 
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3.� Nutrient inputs via sewers not connected to wastewater treatment plants 

 
The waste water statistics identify people connected to water treatment plants and also the 
proportion of population connected to a sewer system but not to a waste water treatment plant. In 
the following, it is assumed that the proportion of urban areas which are connected to a sewer but 
not to a waste water treatment plant corresponds to the proportion of people only connected to a 
sewer system. Regarding the inputs of materials, these areas can be considered in the same way as 
the areas with separate sewer systems (see above). The same is assumed for the specific values of 
the nutrient inputs from these areas. 
In addition, the nutrient inputs from the inhabitants who have only a sewer connection must be 
considered. The proportion of human nutrient output transported mainly as particulate material to 
waste water treatment plants is already described. For the dissolved fraction it is assumed that this 
proportion is fully supplied to the sewer system. The total nutrient input along this pathway will 
then be calculated according to the Equation 

 
 
where   EUKN,P = nutrient input via impervious urban areas and from inhabitants 

connected only to sewers [t/a], 
AURBK = urban area connected only to sewers [km²], 
EURBK = inhabitants connected only to sewers, 
QGEWK = annual runoff from commercial areas only connected to sewers  [m3/s] 
and 
AGESN,P = inhabitant specific output of dissolved nutrients [g /(E· d)]. 

 
The specific human dissolved nutrient outputs were 1.05 g P/(E· d) and 9 g N/(E· d) 
 
 

4.� Nutrient inputs via households connected neither to wastewater treatment plants or 
sewers 

 
Up to now, only the proportion of people and urban areas connected to sewers have been 
considered. Inputs into water bodies may also come from people or areas connected neither to 
sewers nor waste water treatment plants. For the nutrient inputs from these areas, the following 
applies 
 

 
 
where   EUNN,P = nutrient input via inhabitants and impervious urban areas 

connected neither to sewers nor to wastewater treatment plants [t/a], 
RBN,P = nutrient retention in soil [%], 
AURBN = impervious urban area connected neither to a sewer nor to a 
wastewater treatment plant [km²], 
EURBN = inhabitants connected neither to sewers nor to wastewater 
treatment plants, 
AGESN,P = inhabitant specific output of dissolved nutrients [g P/(E· d)] and 
KABF = proportion of dissolved human nutrient output transported to 
wastewater treatment plants [%]. 
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C.   MODEL INPUT 
 

�� River/catchment name/gauge station names 
�� Catchment area (km2): Mean slope  (%), Tile drained area (%) 
�� Landuse area (km2) 
�� Statistics of municipals: Inhabitants,  arable area (km2) 
�� Urban systems: Inhabitants connected to WWTP or/and sewer, sewer flow length, total 

discharge of P, N from WWTP per catchment 
�� Hydrogeological type areas (km2) defined by soil, porosity, permeability, depth of 

groundwater 
�� Mean soil loss (t*(ha*a)), proportions of soil type on total area (km2), 
�� Nitrogen content in topsoil (%), clay content (%) 
�� Precipitation (mm/m2), atmospheric deposition (gN/m2), mean evaporation (mm/a) 
�� Nitrogen surplus (kg/(ha*a)) 
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D.   MODEL OUTPUT 
 
The final output is an estimate of annual nutrient load at the river outlet (emissions minus retention 
and loss within the river) for its subcatchment and for the whole basin area. 
 
E.   FIRST APPLICATION OF MONERIS IN NECKAR BASIN 
 
The reference year for the first application of the model is the year 2000.The model was run for the 
whole Neckar basin. The basin was divided in 42 subcatchments ��"+�

��<+�

��"��	��<+
�
4 

 
 

 
 

Figure 3: Neckar basin 
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Some of the model outputs for the Neckar basin are shown in the below graphs. 
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Figure 4: Nutrient emissions at the outlet of the Neckar basin for the reference year 2000 
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The method used in this Excel files refers basically to the report “Nutrient Emissions into River 
Basins of Germany” (Behrendt et. al, 2000). It has been applied to many catchments in Europe. 
In order to make the application of MONERIS with EXCEL as flexible as possible we separated 
the input data (BasicInfo.xls), the pathways and a file in which all results are collated and summed 
up (MONERIS.xls). 
Up to now MONERIS can calculate nutrient emissions from up to 300 catchments. Please ask Mr. 
Behrendt, Mr. Venohr for an extended version if you want to do this calculations for more than 
300 catchments. 
 
 
The complete set consists of following files: 
 
1 BASICINFO 
2 ATMOSPHERIC DEPOSITION 
3 OVERLAND FLOW 
4 EROSION 
5 TILE DRAINAGE 
6 GROUNDWATER 
7 URBAN SYSTEMS 
8 POINT SOURCES (WWTP) 
9 BACKGROUND 
10 SURPLUS 
11 MONERIS 
 
 

7����	
����	�#��
����������#�����������8,-���!��9 �+�
:�������
 
All data needed for the calculation are collated in the BASICINFO file. The data always refer to 
the net catchments1. Like this all calculations are made for the net catchments first and later on 
summed up for the total catchment to enable a comparison with the measured nutrient load in the 
rivers. 
The files are linked in several ways. Like this you have to be carefully with deleting or displacing 
cells or columns. Following should help to avoid loosing links: 

-� All files have to stay in the folder MONERIS. 
-� When deleting or adding columns to BASICINFO all other files should be opened. The 

links than will be updated automatically. 
-� When working with cut & paste, the links will be changed from the origin location to the 

new location. You can avoid loosing links by keeping all other files closed. In general it’s 
better to work with copy & paste. 

-� The file MONERIS is linked only to the sheet “results” of the different pathways. When 
changing method, content or structure of the sheets you only have to make sure not to 
change the structure of the sheet “results”.  If you keep the filename and the sheet structure 
it is no problem to exchange the whole file, for example to test different methods or 
different sets of parameters. 

                                                 
1 Net catchments means the catchment area of the river course between two monitoring stations.  
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In this file the results of the different pathways are summed up and displayed in the sheet “report”. 
It is distinguished between the results of the net catchments and those from the total catchments. 
There also is the possibility to do these calculations for all catchments or only for those located 
within an artificial subdivision, for example within an administrative area. These catchments can 
be selected in BASICINFO/generals/column H. 
 
 

*�!� �-�,�
The colours in this file have following meanings: 

-� Yellow: there are links from the pathway files to these cells. They are necessarily needed 
for the calculations. 

-� Light blue: these cells are needed for intermediate calculations  
-� Red letters: these cells are containing equations and do not have to be filled in by the user 
 
-� On sheet “generals” you’ll find a button to refresh the flow net equation. This button starts 

a macro, which copies the equation from these columns to all columns where the equations 
are needed; also the cell links are adapted. You only have to do this once. With this macro 
only 300 catchments can be considered! When building the flow net equation please use 
this structure: 

 
A B C D E 

Name Spring/ flushed 
catchment 

Catchment area Area sub catchment Positive equation 

1 Q 5 5 = D1 
2 D 10 5 = D2+E1 
3 Q 8 8 = D3 
4 D 25 7 = D4+E3+E2 

 
       Not like this! 
 
 

= sum(D1:D4) 
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Water quality standards are implemented through a process of calculating Waste Load Allocations 
(WLAs) and/or Total Maximum Daily Loads (TMDLs). Ultimately Permit Limits are developed 
based on the calculated WLAs and TMDLs. Many of these required calculations are performed 
with computer simulation models. Either steady-state or dynamic modelling techniques may be 
used. 
 

QUAL2K (Chapra, S.C. and Pelletier, G.J. 2003) is a 1-D stream/river water quality model that is 
intended to represent a modernized version of the QUAL2E model (U.S. EPA 600/3-87/007, 
Brown and Barnwell 1987). 
 
QUAL2K is similar to QUAL2E in the following respects: 

•�  One dimensional. The channel is well mixed vertically and laterally. 
•� Steady state hydraulics. Non-uniform, steady flow is simulated. 
•�  Diurnal heat budget. The heat budget and temperature are simulated as a function of 

meteorology on a diurnal time scale. 
•�  Diurnal water-quality kinetics. All water quality variables are simulated on a diurnal time 

scale. 
•�  Heat and mass inputs. Point and non-point loads and abstractions are simulated.  
 

The QUAL2K (Q2K) framework includes the following new elements: 
•� Software Environment and Interface. Q2K is implemented within the Microsoft Windows 

environment. It is programmed in the Windows macro language: Visual Basic for 
Applications (VBA). Excel is used as the graphical user interface. 

•� Q2K uses unequally spaced reaches. In addition, multiple loadings and abstractions can be 
input to any reach. 

•�  Q2K uses two forms of carbonaceous BOD (slow CBOD and fast CBOD) to represent 
organic carbon. In addition, non-living particulate organic matter (detritus) is simulated. 

•�  Sediment-water fluxes of dissolved oxygen and nutrients are simulated. 
•�  The model explicitly simulates attached bottom algae. 
•�  Both alkalinity and total inorganic carbon are simulated. The river’s pH is then simulated 

based on these two quantities. 
•�  A generic pathogen is simulated. Pathogen removal is determined as a function of 

temperature, light, and settling. 
 

%1�8���
����������
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The conceptual representation of a stream used in the QUAL2K formulation is river that has been 
divided into a number of unequally spaced reaches or computational elements equivalent to finite 
difference elements (Figure1).  
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                          Figure 1: QUAL2K segmentation scheme 
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A steady-state flow balance is implemented for each model reach: 

 

where Qi = outflow from reach i into reach i + 1 [m3/d], Qi–1 = inflow from the upstream reach i –1 [m3/d], 
Qin,i is the total inflow into the reach from point and nonpoint sources [m3/d], and Qab,i is the total outflow 
from the reach due to point and nonpoint abstractions [m3/d]. 

 
Figure 2: Reach flow balance 

 

%10�;���	�
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QUAL2K simulates changes in flow conditions along the stream by computing a series of steady-
state water surface profiles. Once the outflow for each reach is computed, the depth and velocity 
are calculated in one of three ways: weirs, rating curves, and Manning equations. 
- If a weir exists then: 2/3**83.1 hii HBQ �  , where Qi is the outflow from the reach upstream of 
the weir in m3/s, Bi = the width of reach i [m] and Hh = the head above the weir [m].  
 

The head above the weir is then: 
3/2

*83.1 ��
�

�
��
�

�
�

i

i
h B

Q
H  

and the depth of the reach upstream of the weir is: hwi HHH ��  , where Hw = the height of the 
weir above the river bed. 
 
- Power equations can be used to relate mean velocity and depth to flow: 

For each computational element, a 
hydrologic balance in terms of flow, a heat 
balance in terms of temperature, and a mass 
balance in terms of constituents 
conconcentration is written. The model 
presently simulates the main stem of a 
river. In addition, multiple loadings and 
abstractions can be input to any reach. 
Tributaries are not modelled explicitly, but 
can be represented as point sources. 
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baQU �  and 	
QH �   , where 	

 ,,,b  are empirical coefficients determined from velocity-

discharge and stage-discharge rating curves. 
 
Each reach is idealized as a trapezoidal channel. Under conditions of steady flow, the Manning 
equation can be used to express the relationship between flow and depth as: 

3/2

3/52/1
0

*
*
Pn

AS
Q c� ,where S0 = bottom slope [m/m], n = the Manning roughness coefficient, Ac = the 

cross-sectional area [m2], and P = the wetted perimeter [m]. 
 

The cross-sectional area of a trapezoidal channel is computed 
as: � �
 � HHssBA ssc ***5.0 210 ��� , where B0 = bottom width [m], ss1 and ss2 = the two side 
slopes as shown in [m/m], and H = reach depth [m]. 
 

The wetted perimeter is computed as: 111 2
2

2
10 ������ ss sHsHBP  

 
After substituting the last two equations, the below equation can be solved iteratively for depth: 

� �

� �
 �HssBS

sHsHBQ
H

ss

ssn

k
210

10/3

5/2
2

2
2

10
5/3

1 5.0

11

��

�
�
��

�
� ����

��  

where k = 0, 1, 2… n, where n = the number of iterations. The method is terminated when the 
estimated error falls below a specified value of 0.001%. 
 
The calculated stream flow rate, velocity, cross-sectional area and water depth serve as a basis for 
determining the heat and mass fluxes into and out of each computational element (reach) due to 
flow. 
 

%1/�;�	��*	
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The heat balance (Fig.3) takes into account heat transfers from adjacent reaches, loads, 
abstractions, the atmosphere, and the sediments. A heat balance can be written for reach i as: 
 

 
 

where Ti = temperature in reach i [oC], t = time [d], E ’i = the bulk dispersion coefficient between reaches i 
and i + 1 [m3/d], Wh,i = the net heat load from point and non-point sources into reach i [cal/d], �w = the 
density of water [g/cm3], Cpw = the specific heat of water [cal/(g oC)], Jh,i = the air-water heat flux 
[cal/(cm2 d)], and Js,i = the sediment-water heat flux [cal/(cm2 d)]. 
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Figure 3: Reach heat balance 

�
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Both advective and dispersive transport processes are considered in the mass balance. Mass is 
gained or lost from the reach by transport processes, wastewater discharges and withdrawals. Mass 
can also be gained or lost by internal processes such as release of mass from benthic sources or 
biological transformations. 
 

Table 1: Model state variables 

Variable Units 
Conductivity �mhos 
Inorganic Suspended Solids (ISS) mg/l 
Dissolved Oxygen mg/l 
CBOD �g/l 
Dissolved Organic Nitrogen �g/l 
NH4-Nitrogen �g/l 
NO3-Nitrogen �g/l 
Dissolved Organic Phosphorus �g/l 
Inorganic Phosphorus �g/l 
Phytoplankton �g/l 
Detritus mg/l 
Pathogen cfu/100 mL 
Alkalinity mgCaCO3/L 
pH s.u. 
Bottom algae g/m2 

 

For all except the bottom algae, a general mass balance (Fig.4) for a constituent (Table 1) in a 
reach is written as: 

 



 25
where Wi = the external loading of the constituent to reach i [g/d or mg/d], and Si = sources and sinks of the 
constituent due to reactions and mass transfer mechanisms [g/m3/d or mg/m3/d]. 
 

 
Figure 4: Reach mass balance 

 

In each reach, the model computes the major interactions between up to 15 state variables (Table 
1). The model uses a finite-difference solution of the advective-dispersive mass transport and 
reaction equations and it specifically uses a special steady-state implementation of an implicit 
backward difference numerical scheme, which gives the model an unconditional stability (Walton 
and Webb, 1994).  
 

01�8���
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The input data are shown in Table 2. The river flow, water temperature and hourly concentration 
of the state variables are the input data required at the headwater of the simulated river.  For each 
of the system reach the hydraulic and the meteorological data tabulated below are required. Also, 
information about the point and diffuse sources that enter or leave the river are essential. 
 

Table 2: Model Input 

Headwater Reach-Hydraulics Reach-Meteorology Point/Diffuse Sources 
Flow; 
Water 
temperature; 
Hourly 
concentration of 
the water quality 
state variables 
(Table 1)  

Reach length; 
 

Elevation of reach upstream 
& downstream ; 
 
Downstream 
latitude/longitude  (0 ,‘ ,“); 
 
Bottom width, side slope, 
channel slope, Manning 
coefficient; 
 
If known: 
Weir height, prescribed 
dispersion (downstream) 
prescribed rearation, 
bottom algae coverage, 
bottom SOD coverage, 
prescribed SOD, 
prescribed CH4flux, 
prescribed NH4flux, 
prescribed Inorg. Pflux 

Hourly air 
temperature; 
 
Hourly dewpoint 
temperature; 
 
Wind speed ; 
 
Hourly cloud cover 
shade;  
 
Integrated hourly 
effective shade  
(fraction of solar 
radiation that is 
blocked because of 
shade from 
topography & 
vegetation)  
 

Name and location of 
the point source or 
abstraction enters or 
leaves the river; 
 
Location of the 
upstream and 
downstream kilometres 
over which the diffuse 
source or abstraction 
enters or leaves the 
river; 
 
Point/diffuse source 
inflows and outflows 
(m3/s) 
 
Temperature and water 
quality state variables 
concentrations of the 
point/diffuse source 
inflow 
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The model QUAL2K is forced by some model rate parameters: Stoichiometry of plant and detrital 
matter; rate parameters for inorganic suspended solids, oxygen, oxygen reaeration, CBOD, organic 
N, ammonium, nitrate, organic P, phytoplankton, bottom algae, detritus, pathogens and pH. 
And by light and heat parameters:  Photosynthetically available radiation, background light 
extinction, linear chlorophyll light extinction, nonlinear chlorophyll light extinction, inorganic 
suspended solids light extinction, detritus light extinction, atmospheric attenuation model for 
solar, atmospheric turbidity coefficient, atmospheric transmission coefficient, atmospheric 
longwave emissivity model, wind speed function for evaporation and air convection/conduction. 
Recommended values of the above parameters are given in the user-manual. 
 

/1�8���
�,��������
A series of worksheets that present tables of numerical output are generated by QUAL2K. 
 
1. The hydraulics summary worksheet contains flows, velocities, travel time, depths, and cross-

sectional areas along each reach;  

2. The temperature output worksheet summarizes the mean, max. and min. temperature output for 

each model reach; 

3. The WQ Output,WQ Min. & ,WQ Max worksheets summarize the mean,  

minimum and maximum concentration of the state variables for each model reach; 

4. The Sediment Fluxes worksheet summarizes the fluxes of oxygen and nutrients between the 

water and the underlying sediment compartment for each model reach; 

5. The Diel Output Worksheet displays temperature and concentration of the state variables against 

time (hr). 
 

QUAL2K displays a series of charts that plot the model output and data versus distance (km) and 
time of day (in hours) for model outputs. 

�
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Known values of the below parameters at specific distance (km) along the river are used as control 
data for validating the model: 
 

•�  Hydraulic characteristics (Q,H,U,ttravel)  
•�  Minimum and maximum daily Temperature  
•�  Minimum and maximum daily concentrations of the water quality  state variables 
•�  Mean daily concentrations of the water quality state veriables and other concentrations and 

fluxes (if known), such as: bottom algae, total nitrogen-data, total phosphorus-data, total 
suspended solids-data, NH3 (unionized ammonia)-data, % saturation-data, SOD-data, 
sediment ammonium flux, sediment methane flux, sediment inorganic phosphorus flux, 
ultimate carbonaceous BOD, total organic carbon 
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In general there is high data density and availability but in some thematic areas (such as water 
quality measurements highly resoluted in time and point pollution loads from waste water 
treatment plants) data assembling is time consuming because they are not yet or insufficiently 
digitalized. This fact hinders the calibration and validation of the water quality model QUAL2K at 
the entire basin scale. Therefore the lower part of the River Neckar, from Hofen to Mannheim, 
where there is better data coverage was selected for model calibration and validation. 

'1.�@ 	����A�	
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Along the River Neckar there are 14 water quality stations (Figure 5). The data from these stations 
were obtained by LFU (Landesanstalt für Umweltschutz Baden-Württemberg) (Table 3). Hydro-
meteorological data including discharge, air temperature, wind speed, dew point temperature and 
solar radiation on an hourly basis for the years 1988-2003 were collected by LFU stations (Figure 
5). 
 

 
 

Figure 5: Water quality and hydro-meteorological stations (LFU) 
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Table3: Water quality stations and data availability (LFU) 
 

Station Water quality variables Temporal resolution 

 
Water temperature; 
Dissolved Oxygen; 
Conductivity; 
pH 

 
Hourly data from 
1/10/84 to 4/2/05 

Wendlingen 
Hofen 
Aldingen 
Poppenweiler 
Pleidelsheim 
Besigheim 
Kochendorf FM 
Gundelsheim 
Rockenau 
Neckargemond 
Mannheim 
 

 
N_anorg., ISS, CBOD, 
N_NH4, N_NO2, N_NO3, 
NH3, TP and detritus 

 
Data on a random day 
of each month 
(1972-2002) 

Schwenningen 
B�rstingen 
Kirchentellinsfurt 
Deizau 
Lauffen 

Water temperature, 
Dissolved Oxygen, 
Conductivity, pH, 
N_anorg., ISS, CBOD, 
N_NH4, N_NO2, N_NO3, 
NH3,TP and detritus 

Data on a random day 
of each month 
(1972-2002) 

 
The tributaries of the River Neckar are simulated as point sources. Their water quality and 
hydrometeorological data are taken from gauges located at the meeting point of each tributary with 
the River Neckar. Multiple loads of point and diffuse sources data are taken from MONERIS and 
statistical data (Statistisches Landesamt Baden-Württemberg, Stuttgart). 
 

'1%�7����������	�	�

The lower Neckar (200km) is influenced by weirs.  For this part of the river cross sections every 
100m were provided by Matthias Schneider (sje). Water surface profiles were obtained by 
processing the cross sections. The hydraulic parameters for the Manning formula and weir formula 
were taken from these profiles. 

'10�������	�����
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Point sources include point pollution loads from wastewater treatment plants (WWTPs) and water 
extractions along the River Neckar, loadings of its tributaries to the main stem and loadings of 
Moneris areas with an outlet to the River Neckar. Diffuse sources include loadings of Moneris 
areas that contain parts of the river Neckar. 

'1/�8��������	�	�

There is currently no data available on diffuse sources, water extractions and point pollution loads 
from WWTPs (see Table 2 for details). Also, there is a need for water quality measurements 
highly resoluted in time (hourly) at the headwater of the River Neckar (Schwenningen). 
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The part of the River Neckar from Hofen to Mannheim was selected for model calibration and 
validation, since there is better data coverage for this lower part of the river (Figure 6). 
 
 

 

 
Figure 6: Segmentation of the simulated river 

 

The model was first tested in some simple cases of flow in channels with uniform cross section, 
constant slope and constant flow rate. In these special cases the hydraulic output (water depth) 
may be analytically computed and the model accurately reproduces the analytical solution. 

In the case of a rectangular channel, under conditions of steady flow, the Manning equation   can 
be used to express the relationship between flow and depth as:  
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where  Q: flow (m3/s) 
            n: Manning roughness coefficient  
            b: bottom width (m) 
            h: water depth (m) 
            S0: channel slope (m/m) 
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Equation 1 can be solved iteratively for water depth:  
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where k = 0, 1, 2, …, n, where n = the number of iterations.  
 
The method is terminated when the estimated error falls below a specified value of 0.001%.  

The estimated error is calculated as: %100
1

1 �
�

�
�

�

k

kk

h
hh

�  (3) 

 
 
Equation 2 was solved iteratively for a rectangular channel (Figure 7) with b = 4m,  
S0 =0.001, n = 0.02 and Q = 10m3/s and concluded to h = 1.68 m. 
 
 
 

 
 

Figure 7: Simulated rectangular channel 
 
 
The cross-sectional area can be estimated as A = b*h = 4*1.68= 6.72 m2 and the velocity can be 
estimated as U = Q/A = 10/6.72 = 1.488 m/s. 
 
The model QUAL2K run for the same input data and by introducing some measurement data for 
validation concluded to the same results as above (Figure 8). 
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Figure 8: Water depth and velocity simulated by QUAL2K 
 

The model was then applied to the part of the River Neckar from Hofen to Mannheim. The 
reference year for the first run of the model was 2000. The river was divided into 21 unequally 
spaced reaches. The downstream end of each reach is controlled by a weir. After introducing the 
upstream river discharge (Q = 2.9 m3/s), the hourly water temperature and the hourly concentration 
of the water quality state variables at the river's headwater (Hofen) for 19th June 2000, the 
geometric (Table 4) and meteorological characteristics were prescribed for each of the 21 reaches. 
There are still missing data from diffuse sources, water extractions and point pollution loads from 
WWTPs along the river. The loadings from selected Neckar tributaries and those from Moneris 
areas with an outlet to the River Neckar were considered as point sources (Table 5). Measurement 
data of river discharge, water temperature and state variables from gauges located at the main stem 
of the River Neckar were used to validate the model simulations (Table 6).  
 

(m) 

(km) 

(m/s) 

(km) 
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Table 4: Geometric characteristics of the 21 subdivided reaches of the simulated river 

�
��	�����$�(�
#�����	
$ ����	  ���	  ���	 %������	��	���

�������

?�������	��

��	�����
$#�(� =�����	�� ?�������	�� �	  ����	  ����	  ����	

&� 	4			� � �
�4��>� ��4		� 	4>	� 	4>�� 	4			?�

.� �4@�� �
�4��>� �
	4�	@� �?4		� 	4>
� 	4>�� 	4			?
=�

%� 
	4	@� �
	4�	@� �	�4>>�� �
4

� 	4�
� 	4�>� 	4		
	
@�

0� 
?4	>� �	�4>>�� 
==4	@�� �>4		� 	4
�� 	4
>� 	4			�?>�

/� ��4
?� 
==4	@�� 
=
4��
� �=4		� 	4

� 	4
	� 	4			?>��

5� 

4@=� 
=
4��
� 
@?4
	�� �	4?	� 	4
	� 	4��� 	4			>?
�

'� 
=4	�� 
@?4
	�� 
?@4�
@� �?4		� 	4�
� 	4�=� 	4			@���

B� ��4?�� 
?@4�
@� 
?
4
	�� >�4
>� 	4�	� 	4�
� 	4			?���

6� �>4@
� 
?
4
	�� 
>
4�>
� >�4		� 	4
>� 	4�	� 	4			�
?�

2� >�4�?� 
>
4�>
� 
�=4		�� ��4@>� 	4�
� 	4
�� 	4			@
��

.&� >@4�?�� 
�=4		�� 
�	4
�	� ?
4		� 	4
=� 	4�>� 	4		
	?
�

..� ?@4

�� 
�	4
�	� 
�?4�

� >�4�	� 	4�	� 	4��� 	4			

=�

.%� @@4�
�� 
�?4�

� 

@4
��� �
4>?� 	4
	� 	4�?� 	4			>?��

.0� =>4
�
� 

@4
��� 

�4>=�� ?	4@	� 	4
	� 	4
�� 	4			�@@�

./� 
	=4@��� 

�4>=�� 
�?4	��� �?4�	� 	4�@� 	4�
� 	4			
@?�

.5� 
�	4>�=� 
�?4	��� 
�
4
@@� >>4
	� 	4
�� 	4��� 	4			��>�

.'� 

�4
��� 
�
4
@@� 

>4	=�� �?4		� 	4
@� 	4�
� 	4			�
��

.B� 
��4??=� 

>4	=�� 

�4
�=� ??4>�� 	4
>� 	4�	� 	4			�>
�

.6� 
�
4�

� 

�4
�=� 
	?4
=?� >@4@�� 	4��� 	4�=� 	4			�	?�

.2� 
��4=�
� 
	?4
=?� 
	�4
�
� 
	>4>=� 	4
>� 	4�	� 	4			>@@�

%&� 
>�4
	�� 
	�4
�
� 
	
4
��� 
�>4		� 	4
	� 	4
?� 	4			
	
�

%.� 
?�4?@@� 
	
4
��� =
4>�?� ��4�
� 	4�=� 	4��� 	4			>�=�

 

Table 5: Neckar tributaries and Moneris areas with outlet 
to the River Neckar considered as point sources in the model 
 

 

 

Some of the model outputs against distance (km) and comparison with available data are plotted in 
the graphs below (Figure 9). 
 

Table 6: Stations of measurement 
data for model validation 
 
!�	�����

+��1�
$#�(�

8�	���������
�	�	�

B"��'� 	�

5)��'��'� ��

!"���'/��)��� 

�

!)����)� ��+� �?�

C���� ��+� �
�

<"� �'�"�+�
39� ?>�

�&'��)� ��+� @>�

�"�1�'�&� 

@�

���1���+"'�� 
�=�

9�'' ��+� 
?=�

9��',�
+�8�+&+��'��
+�'�+&+�
*�)&���"��
��+�����&��,�
.���")*���
�8-��',�
�"'�&���*��-�
�'���B�

 

�������������

��	����

+��	�����

$#�(

8	���

������	��

8�������	��	����������
���

���-��#	�

��&����� � ��+� �
@
�	D�
@
>	D���1��

!"���'/��)�� = E����)(�� '"'�

9&�� �	 9&��FC"��/�� '"'�

C���� ��+

�


�'G

�
@�
	D�
@��
D�
@����

D�
@��@D�
@��	D�
@�=	

D���1��

����'

??

<"� ��

�
@>
	D�
@>�	D�
@>�	�

D�
@>?	D�
@>=	D���1��

H������)�
?=

H����

�
@@
	D�
@@�	D�
@@
	�

D�
@@=	D���1��

9"�(�� == �)G '"'�

9��1�� ��+ 
�� �)��G �
@=?	D�
@=@	D���1��



 33

)�����	����

	

�


	


�

�	

��


	

	�	
		
�	�		

��+�$�%�5*����� 9��'���+������ ��+�$�%�9�'�+&+
��+�$�%�9�8�+&+ 9�'�+&+���+������ 9�8�+&+���+������

 
 

?����
����,"����

	

�

�

>

@


	


�


�


>

	�	
		
�	�		

.�$+���A;% .��$+���A;%����� .�$+���A;%�9�'

.�$+���A;%�9�8 9�'�+&+�.������ 9�8�+&+�.������

 
 

        

�����	��������������

	

�	


		


�	

�		

��	

	�	
		
�	�		

�'"���!�$&�!A;%����� �'"���!�$&�!A;%

�'"���!�$&�!A;%�9�' �'"���!�$&�!A;%�9�8
 

(km) 

(km) 

(km) 

(0C) 

(mg/l) 

(ug/l) 



 34

      

 �����������

>		
>�	
?		
?�	
@		
@�	
=		
=�	

			

	�	


		

	�	
		
�	�		

�"'��$&+ "�% �"'��$&+ "�%����� �"'��$&+ "�%�9�'

�"'��$&+ "�%�9�8 9�'�+&+��"'������ 9�8�+&+��"'������

 
 

     

-���	��

	

�		


			


�		

�			

��		


			


�		

�			

��		

�			

	�	
		
�	�		

��
�$&��A;%����� ��
$&��A;% ��
$&��A;%�9�' ��
$&��A;%�9�8

 
 

    

������	

	

�	

�	

>	

@	


		


�	


�	


>	

	�	
		
�	�		

�B��$&��A;%����� �B�$&��A;% �B�$&��A;%�9�' �B�$&��A;%�9�8

 
 

 (km) 

(km) 

(km) 

  (umhos) 

 (ug/l) 

(ug/l) 



 35

��������

	

�


	


�

�	

��

	�	
		
�	�		

�B
�$&��A;%����� �B
 �B
�9�' �B
�9�8

 
 

�;

?,	

?,�

?,�

?,>

?,@

@,	

@,�

@,�

@,>

@,@

=,	

	�	
		
�	�		

�B �B����� �B�9�'
�B�9�8 9�'�+&+��B����� 9�8�+&+��B�����

 
 

Figure 9: Comparison between model simulation and available data against distance (km) 

 

 

Some of the model outputs at the 13th reach against time (hour) and comparison with available data 
are plotted in the graphs below (Figure 10). 
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Figure 10: Comparison between model simulation and available data against time (hr) 

 

Model Uncertainty Analysis 

Confidence in the model results may be compromised because QUAL2K uses over a hundred 
parameters, the values of which are not precisely known.  In addition uncertainties are due to 
incomplete knowledge about the magnitude of various inputs and abstractions as well as about 
their precise location along the river. All these uncertainties may influence up to 15 state variables 
used in the model.  
Further developments will focus on the most important input variables to be modified and on 
locations along the river where uncertainty analysis could be applied. Uncertainty analysis 
techniques that can be employed are: sensitivity analysis, first order error analysis, Monte Carlo 
and fuzzy logic-based simulation. For the Neckar Basin a balance between existing data and local 
expertise will be used in order to minimize complexity for model uncertainty analysis. 

 

  

 

 

(hr) 
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BRIEF DESCRIPTION OF THE USER INTERFACE OF QUAL2K 
 

The computer code used to implement the calculations for QUAL2K (Q2K) is written in Visual 
Basic for Applications (VBA). Excel serves as the user interface. Colour is used to signify whether 
information is to be input by the user or output by the program: 
Pale Blue designates variable and parameter values that are to be entered by the user. 
Pale Yellow designates data that the user enters. This data are then displayed on graphs generated 
by Q2K and used for the validation of the model simulation. 
Pale Green designates output values generated by Q2K. 
Dark solid colours are used for labels and should not be changed. 
 
All worksheets include two buttons: 
Open Old Files. When this button is clicked, the file browser will automatically open to 
allow you to access a data file. All QUAL2K data files have the extension, *.q2k. 
Run. This button causes Q2K to execute and to create a data file that holds the input 
values. The data file can then be accessed later using the Open Old File button. 
 
 
Input data Worksheets 
 
 

1. QUAL2K Worksheet 
 

The QUAL2K Worksheet is used to enter general information regarding a particular model 
application. 
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2. Headwater Worksheet 
 

The Headwater Worksheet is used to enter flow and hourly concentration for the system’s 
boundaries. 
 

 
 
 
3. Reach Worksheet 
 

The first part of the Reach Worksheet used to specify reach labels, distances and elevations. 
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The second part of the Reach Worksheet used to specify the system’s hydraulics. 
 

 
 
 
4. Meteorological Worksheet 
 

Five worksheets are used to enter meteorological and shading data. 
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5. Rate parameters Worksheet 
 

Recommended values for these parameters are given in the model’s manual documentation. 
 
 

 
6. Light and Heat Worksheet 
 

This worksheet is used to enter information related the system’s light and heat parameters. 
Recommended values for these parameters are given in the model’s manual documentation. 
 

 
 
 
 
 
7. Point Sources Worksheet 
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This worksheet is used to enter information related the system’s point sources. The mean, range/2, 
time of max values of all the water quality concentrations of the inflow are entered in this 
worksheet. 
 

 
 
 
 

8. Diffuse Sources Worksheet 
 

This worksheet is used to enter information related the system’s diffuse (i.e., non-point) sources. 
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Available measurement data of hydraulic characteristics, temperature and water quality 
constituents at specific locations along the river are entered in five worksheets. 
 

 
 
Minimum and maximum measurement data for water quality data at specific distance are entered 
in 2 different worksheets 
 
The worksheet below is used to enter known mean daily values for water quality data and other 
concentrations and fluxes at specific distance. 
 

 
 
 
Other Concentrations and Fluxes (if known) that entered are: 
Bottom Algae, Total nitrogen-data, Total phosphorus-data,Total suspended solids-data, NH3 
(unionized ammonia)-data, % saturation-data, SOD-data, Sediment ammonium flux, Sediment 
methane flux, Sediment inorganic phosphorus flux, Ultimate carbonaceous BOD, Total Organic 
Carbon.  
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The worksheet below is used to enter diel data (hourly data) for a selected reach. This data is then 
plotted as points on the graphs of diel model output. 
 

 
 
 
 
Output data Worksheets 
 

These are a series of worksheets that present tables of numerical output generated by QUAL2K. 
 
1. Source Summary 
This worksheet summarizes the total loading for each model reach. 
 

 
 
 
2. Hydraulics Summary 
 

This worksheet summarizes the hydraulic parameters for each model reach. 
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3. Temperature Output 
 
This worksheet summarizes the temperature output for each model reach. 
 

 
 
 
 
4. WQ Output 
 
This worksheet summarizes the mean concentration output for each model reach. 
 

 
 
 

Two similar worksheets summarize the minimum and maximum concentration output for each 
model reach. 
 
5. Sediment Fluxes Worksheet 
 

This worksheet summarizes the fluxes of oxygen and nutrients between the water and the 
underlying sediment compartment for each model reach. 
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6. Diel Output Worksheet. 
 
This worksheet displays diel output for temperature and water quality state variable data. Along 
with the water temperature, the temperature of the surface sediments is also displayed. In addition, 
the diel variation in total suspended solids, total phosphorus, total nitrogen, and oxygen saturation 
are also displayed. 
 

 
 
 
 
Spatial Charts 
 
QUAL2K displays a series of charts that plot the model output and data versus distance (km) along 
the river. 
 
An example of the plot for dissolved oxygen is shown below. The black line is the simulated mean 
DO (as displayed on the WQ Worksheet), whereas the dashed blue line is the minimum (WQ Min 
Worksheet) and the dashed red line is the maximum (WQ Max Worksheet) values, respectively. 
The black squares are the measured mean data points that were entered on the WQ Data 
Worksheet. The blue squares are the minimum (WQ Min Worksheet) and the red squares are the 
maximum (WQ Max Worksheet) data points, respectively. 
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The following series of variables are plotted versus distance (km) along the river: 

 
 

�
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QUAL2K displays a series of charts that plot the model output and data versus time of day (in 
hours) for temperature and the model state variables. The figure below shows an example of the 
diel plot for pH. The red line is the simulated pH (as displayed on the Diel Worksheet). The black 
squares are the measured data points that were entered on the Diel Data Worksheet.  
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