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Foreword

China’s rapid economic development—coupled with strong population growth,
increasing urbanization, and improved living standards—has led to an increasing
burden on existing water resources in recent years. The supply and disposal
structures were often unable to keep pace with growth, which among other things
led to severe water pollution.

Germany has mastered similar water pollution challenges in its past. The use of
modern environmental protection technologies and sustainable water management
has resulted in globally recognized quality in water protection and drinking water
quality. Experiences from two decades of intensive collaboration between research
and industry can serve as an example for other nations to sustainably strengthen
and improve environmental protection, especially in the area of vital aquatic
ecosystems.

Sustainable water research has now become an important topic in the emerging
economic nation of China. The Urban Water Resource Management (UWRM)-
project presented here was able to analyze the current state of a Chinese urban and
lake catchment with its practically applied methods and models and present treat-
ment options. It not only raises public awareness of the issue but also brings
together the representatives of international research institutes, local authorities, and
global companies. The existing German-Chinese cooperation in research and
industry should also be further expanded in the future in order to work effectively
with current solutions to environmental problems.

Within this UWRM-project, the German nonprofit association OpenGeoSys e.V.
is supporting the compilation of all project results in a compendium, and making it
available to all interested parties. The purpose of the OGS e.V. is the promotion of
science and research for computer-aided simulation in the environmental science
and geotechnology. Those results often serve as a bridge to transfer knowledge
between science, research, and the public. In addition, the association tries to
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promote other national nonprofit corporations in the field of science and research in
ideal and financial ways. The purpose of the association is achieved by carrying out
training courses, publicity work, advertising, and in particular by the production of
visual material and publications like this book.

Leipzig, Germany
March 2018

Thomas Kalbacher
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Chapter 1
Introduction

Agnes Sachse, Zhenliang Liao, Weiping Hu, Xiaohu Dai and Olaf Kolditz

1.1 Idea of the Book

This book synthesizes the results of research into water research management con-
ducted in university-based or affiliated institutes, companies and local authorities
and their partner. The background is a research and development programme on
“ManagingWater Resources for Urban Catchments”. It ran between 2015–2018 and
was funded by the German Federal Ministry of Education and Research (BMBF).
Scientists and company employees worked together in the inter-disciplines and inter-
national project. The overall goal of the project was the development of sanitary and
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2 A. Sachse et al.

environmental engineering system solutions for sustainedwater quality improvement
in the city of Chaohu. It involved an innovative approach—Urban Water Resources
Management (UWRM)—that provides for efficient sanitary systems in urban and
rural areas as well as with the needs of natural aquatic ecosystems. Chao Lake plays
a central role as the ecological and economic resource and drinking water source
for Chaohu City to be protected for future generations. This Research and Devel-
opment Project (R&D Project) contributes greatly to the sustainable development
of the Chaohu region and Anhui Provincial Government’s master plan “Ecological
Lake City of Chaohu”.

1.2 Process and Character

The book is based on the results of five Work Packages (WP-A, WP-B, WP-C,
WP-D andWP-E) dealing with UrbanWater Resources Management, Decentralised
Wastewater Management, Early Warning Systems for Surface Water Systems, Envi-
ronmental Information Systems and Groundwater Modelling Systems. The book has
a special character: It presents practise- and implementation-oriented results from
the Sino-German cooperation and it shows how such cooperation can work and also
reveals the challenges in international cooperation.

1.3 Target Groups

The book is intended to be used for three main target groups:

• Urban Water Resources Management Practitioners, for examples regional water
authorities or water management institutions

• Scientists and funders of water resources management projects and those who are
facing the challenge of implementation-oriented and interdisciplinary research

• Project members of the “Urban Catchment”, to have the full project results sum-
marised in one compendium

We hope that experience from Managing Water Resources for Urban Catchment
project can be useful to them. And we hope that we can encourage others to proceed
the previous research approaches and initial implementations and solutions strategies.

1.4 Overview

This book is the compendium (complete publication) of all working packages (WP)
within the Urban Catchment project. It focuses on reproducibility as well as trans-
ferability to other regions (concepts, methods, workflows, application creation, etc.).
The book supports the publicity work of Sino-German Research project as well as
national and international project visibility. It includes various media from the three-
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year project period: presentations, abstracts, conferencepapers, photos andmaps.The
book presented here was compiled in close cooperation with the OpenGeoSys e.V.

This chapter describes the idea behind the book and introduces the Chinese
research area around Chao Lake and the city of Chaohu, one of the fastest growing
urban areas in the world. It also includes a detailed literature research about current
issues in environmental research and describes the aspects of the 13th Five-Year-Plan
of Major Water Project in Chaohu Basin.

In Chap. 2, the objective as well as the proposed solution and background of the
German-Sino research project in UrbanWater ResourcesManagement are explained
in detail. In addition, all German and Chinese project partners from universities,
authorities and companies are briefly introduced. The chapter is rounded off by an
overview of the temporal development of the 3-year research project. The method-
ology to achieve the project goal deploys the Urban Water Resource Management
(UWRM) concept – holistically viewing the urban water network and all levels
of the aquatic system according to the principle of emissions (source of pollu-
tion)/immissions (contamination).

Chapter 3 presents the results ofWork PackageA (WP-A), which deals with urban
water resources management in the city of Chaohu and its surroundings. The city and
the surrounding area draw their drinking water from the heavily polluted Chao Lake.
In order to propose effective methods for improving water quality, a comprehensive
analysis of the sea-city system is necessary, as well as the establishment of an online
monitoring system for water quality (urban monitoring). Among other things, the
chapter focuses on the available data sets (data scarcity especially regarding input
data: precipitation) for hydrodynamicmodels and describesmethods of data process-
ing (e.g. disaggregation of rain data by using DiMoN tool). This pre-processing of
input data is crucial for an effective drainage system assessment with hydrodynamic
models (e.g. itwh.Hystem-Extran) and offers the possibility to present solutions in
urban water management. An another part of the chapter presented the results of the
generation of a digital elevation model (DEM), which was necessary for the delin-
eation process of hydrological catchment areas. The Institute forUrban and Industrial
Water Management (TU Dresden) and the Institute of Urban and Industrial Water
Management (itwh Hannover) participated in this working package.

The catchment area of theChaoLake is characterized by the diffuse sources of pol-
lution by indirect discharges of untreated or inadequately treated domestic wastew-
ater, pollution from livestock production and agricultural runoff and groundwater
passage. Scientists from the Department of Decentralized Wastewater Treatment
and Reuse (UFZ Leipzig) developed within the WP-B (Chap. 4) a comprehensive
Geographical Information System (GIS) tool called “ALLOWS” to create and eval-
uate decentralised wastewater management scenarios that will be compared on a
cost-efficiency basis in order to point stakeholders towards appropriate wastewa-
ter management solutions. Using GIS enables the visualisation of the information,
highlighting particular areas where actions should be prioritised for reasons such as
population density, existing health or environmental risks, pollution or contamination
of water bodies, etc.

http://dx.doi.org/10.1007/978-3-319-97568-9_2
http://dx.doi.org/10.1007/978-3-319-97568-9_3
http://dx.doi.org/10.1007/978-3-319-97568-9_4


4 A. Sachse et al.

An important basis for successful implementation of the Urban Water Resources
Management concept is the establishment of extensive monitoring platforms (urban
and lake observatories) for the sources of water pollution as well as the recipient,
Chao Lake. The observatories serve as an early warning system for operational
water management (drinking water). Chapter 5 introduces a showcase of WP-C
how such a monitoring system can be designed, deployed, and operated to inform
stakeholders at the lake. It further shows how such a monitoring system can be
elaborated by adding knowledge from modelling. The underlying strategy of this
approach is that a thorough information about the current state of the lake system and
its dynamics is helping drinking water suppliers and other stakeholders to optimize
their process engineering, short-term reaction towater quality deterioration, and long-
term planing. The large and shallow Chao Lake in the Anhui province serve as an
example of tailored in situmonitoring of water quality dynamics (e.g. AWATOS buoy
with multi-parameter probe (EXO2, YSI) for basic physical, chemical and biological
variables and a multi-channel fluorescence probe (Phycoprobe, bbe moldaenke)) and
modelling tools for water managers as well as the shallow Bao’an Lake in the Hubei
province as a special case for the applicationof dynamicbiomonitoring (e.g.Daphnia-
Toximeter). In addition, a three-dimensional numerical model (GETM) of Chao
Lake was set up to predict stratification dynamics as well as lake-wide circulation
patterns and transport. Such information can be valuable for lake managers, e.g.
for understanding large-scale wind-driven transport of scum-forming cyanobacteria,
pollutant distribution or the occurrence of resuspension events. The research was
supported by cooperation of Institute of Hydrobiology (TU Dresden), Department
of Lake Research (UFZ Magdeburg), bbe Moldaenke GmbH, Nanjing Institute of
Geography & Limnology (CAS) and Institute of Hydrobiology (CAS).

An Environmental Information System (EIS) provides data for the UWRM-
concept, including required data infrastructures, interoperable simulation tools and
web services. On the one hand, the combination of monitoring and modelling plat-
forms in the EIS enables the identification of pollutant sources and pathways in the
entire catchment area and, on the other hand, it is an important instrument for oper-
ational water management and long-term water quality forecasts. WP-D (Chap. 6)
demonstrates aWebGIS approach for an environmental information system for time-
series data from observation sites in Chaohu City (e.g. buoy, biomonitoring, Urban
Laboratory, Urban Monitoring) to monitor water quality and hydrological parame-
ters. in the second part of the chapter, a virtual geographic environment is introduced
to present all available data sets for the Chao Lake catchment in one geographic
context, such that the relevance and information for each data set are adequately
visualised and the interaction with other data sets is coherently illustrated. Using
the OpenGeoSys-DataExplorer (open source development within the project), all
available data and models can be integrated and visualized in a geographical context.
This work was carried out in cooperation of AMC, WISUTEC and the Department
of Environmental Informatics (UFZ Leipzig).

Theworking groupWP-E in collaborationwith Institute of GroundwaterManage-
ment (TU Dresden) and Department of Environmental Informatics (UFZ Leipzig)
dealt in detail with the development of a groundwater model for the hydrological

http://dx.doi.org/10.1007/978-3-319-97568-9_5
http://dx.doi.org/10.1007/978-3-319-97568-9_6


1 Introduction 5

catchment area of Chao Lake (Chap. 7) which considers the water quality and water
quantity. The groundwater model has been created containing the complete hydraulic
system of the urban and suburban area including the network of rivers, streams and
ditches. In addition, the model considered nutrient inputs from agricultural use in
the Chao Lake area as well as other nutrient inputs via surface water that have an
impact on groundwater.

1.5 Study Area

1.5.1 Chao Lake

Chao Lake (Chinese name: Chao Hu), known as Juchaohu Lake, also nicknamed
Jiaohu Lake, is named after the lake shape likes a bird’s nest. It is the largest lake in
Anhui Province and one of the five major freshwater lakes in China (Fig. 1.1).

It is located in the central part of Anhui Province and on the left bank of the lower
reaches of the Yangtze River valley with a longitude of 117◦16′54′′, 117◦51′46′′ and
latitude 31◦43′28′′, 31◦25′28′′.

It belongs to the Yangtze River system and is a typical fault-depressed lake
developed on the basis of structural basins. The total area of Lake Chao Basin is
13,350km2, and the area above Chao Lake is 9131km2, of which, the area of hills

Fig. 1.1 Chao Lake (Source: Marieke Frassl)

http://dx.doi.org/10.1007/978-3-319-97568-9_7
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is 7735km2 (accounting for 84.7%), the polder area is 612km2 (6.7%) and the lake
surface is 783km2 (accounting for 8.6%, when the water level is 12.00m). The area
below Chaohu Gate is 4219km2.

Chao Lake basin covers Hefei city, and Feidong, Feixi, Juchao, Hanshan, Hexian,
Lujiang,Wuwei andShucheng county. ChaoLake area extends acrossBaoheDistrict,
Feixi County, Feidong County, Chaohu City, Juchao District, Lujiang County.

ChaoLake is an importantwetland inPeople’sRepublic ofChina (PRC), a national
key scenic spot, and an important source of drinking water in Hefei and Chaohu. It
posses multi-functions such as industrial water use, agricultural irrigation, flood
control, fishery and tourism. It plays an extremely important role in the social and
economic development of the basin.

In 2015, the annual gross domestic product (GDP) of the basin reached 692.805
billion Chinese yuan, accounting for 31.5% of the total GDP of Anhui Province,
indicating that the basin is an important area and the central region affecting the
stability of Anhui’s economy and society.

The bottom of the lake is flat, with elevation varying from 5 to 10m and the lowest
4.61m. The lake basin slopes from northwest to southeast with an average slope of
0.96%. The lake can be divided into East half lake and West half lake along the
line of Zhongmiao - Laoshan Island - Miaozuizi (here is the narrowest point of the
Chao Lake with a width of 7.5km). The water surface area of the West half lake
is about 248km2 with the bottom elevation above 5.5m; the surface water area of
the East half lake is about 531km2 with the bottom elevation about 5m. When the
lake is at the multi-year-averaged water level of 8.37m, the lake is 61.7km long and
12.47kmwide with a water surface of 769.55km2, an average water depth of 2.89m,
a maximum water depth of 3.76m, a volume of 2.07 billion m3 and a lake shore line
of 155.7km.

The lake basin is of subtropical humidmonsoon climate. The annualmean temper-
ature at the typical ZhongmiaoMeteorological Station in the lake area is 16.1 ◦C,with
the highest monthly averaged temperature 28.7 ◦C on July and the lowest monthly
averaged temperature 2.8 ◦C on January. The average annual frost-free period is 263
days. Average annual rainfall is about 980mm with a maximum annual rainfall of
1881.4mm in 1991, a minimum annual rainfall of 516.7mm in 1978. Thirty percent
of the average annual precipitation distributes in spring, 48% in summer and 22% in
autumn and winter.

The average water resources in the Chao Lake catchment area was 3.767 bil-
lion m3. Water resources was unevenly distributed during the year, 61.7% in May-
September and 38.3% in the period of April to April. The interannual variation of
the water resources was large. For example, in 1991 and 1969, the water resources
were 9.74 and 7.19 billion m3 respectively, while it was only 1.35 billion m3 in the
special dry year 1978.

There are 33 rivers and streams drain into Chao Lake. The main rivers are Hangbu
River-Fengle River, Paihe River, Shiwuli River, Nanfei River, Dianbu River, Zhegao
River, Zhaohe River and Baishitian River. Hangbu River-Fengle River, Paihe River,
Nanfei River and Baishitian River account for more than 90% of the runoff. Hangbu
River-Fengle River is the river with the largest amount of water injected into Chao
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Lake, followed by Nanfei River and Baishitian River, accounting for 65.1, 10.9 and
9.4% of the total runoff respectively. These rivers are most from the hills with large
catchment area, shorter flow routine, steeper slope, fast confluence through polder
area around the lake, into the Chao Lake. After collecting water from the south, west
and north sides, Chao Lake gives outflows into the Yangtze River through the Yuxi
River which lies to the southeast to Yuxi port of Wuwei County.

Chao Lake water level usually has a steep rise in flood season, with annual
amplitude of 1.44–4.92m. The average annual runoff into Chao Lake is about 4.25
billion m3 with the maximum runoff of 10.88 billion m3 into Chao Lake in 1991.
The lake water transparency is generally 0.15–0.25m, the corresponding water was
brown. The water in the northeastern is more transparent, while the water in the
western, northwestern and southern parts of the lake, as well as near the banks and
estuaries severely affected by storm waves, are less transparent.

Lake eutrophication and algal blooms have always been an important environ-
mental issue facing Chao Lake (Fig. 1.2).

The average total phosphorus and total nitrogen concentrations in Chao Lake in
2016 were 0.100 mg/l (greater than 0.099 mg/l in 2011) and 1.696 mg/l (higher than
1.14mg/l in 2011), respectively. Those are themajor pollutants of the lake. Thewater
quality of all 9 measuring points surpassed Grade III standard of surface water. The
maximum value of total nitrogen in the eastern half lake of the lake was 1.81mg/l and
the annual average was 1.30 mg/l (higher than 0.988 mg/l in 2011); the maximum
total phosphorus was 0.101 mg/l, with an average annual value of 0.076 mg/l (less

Fig. 1.2 Algae bloom in Chao Lake (Source: Olaf Kolditz)
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than 0.092 mg/l in 2011). The east half of the lake was slightly polluted with its
water quality of IV. Among the 6 monitoring sites in the half lake, the water quality
was of IV at 5 measuring sites and of V at the other one site. The western half of
the lake was moderately polluted, with a max total nitrogen of 2.56 mg/l, an annual
average of 2.20 mg/l (lower than 2.48 mg/l in 2011) and a max phosphorus of 0.122
mg/l, an annual average of 0.111 mg/l (lower than 0.114 mg/l in 2011). There is three
measuring sites in the half lake. Its water quality was of IV at one sites and of V at
the other two sites. From the view of monthly changes in 2016, the total phosphorus
and total nitrogen concentrations in the whole lake were 0.091 mg/l and 2.925 mg/l
in April respectively. After then total nitrogen concentration and total phosphorus
concentration decreased, but rebounded from late May to June with the ratio of N to
P in the lake decreasing as the bloom extended to the whole lake and the scale of the
bloom increased. The average concentration of total phosphorus and total nitrogen
in the whole lake dropped sharply because of the continued heavy rainfall from July
to early August. The average concentration of total phosphorus and the total nitrogen
in July were 21.5 and 5.8% of the previous month respectively. After the middle of
August, the total nitrogen concentration of the whole lake remained stable, and the
total phosphorus concentration increased rapidly. The total phosphorus concentration
of thewhole lake increased by 24.7 and 61.5% inAugust andSeptember, respectively.
In October, with the decrease of total phosphorus concentration and the increase of
total nitrogen concentration, the ratio of nitrogen to phosphorus in the lake area
increased. In the whole and the east half of the lake, the inferior V water quality were
mainly concentrated in August and September, while in the west half lake those kind
ofwater qualityweremainly concentrated inApril and also inAugust and September,
were the main pollution indicators are pH, TP, TN.

In the 1950s, the main specie of the summer algal bloom in Chao Lake was
Microcystis of cyanobacteria, with a small amount of Anabaena. In the spring and
summer of 1963, algal bloomswere dominated byMicrocystis and Anabaena. By the
1980s, Microcystis still accounted for an absolute advantage (the whole lake aver-
age accounted for about 95%). Anabaena increased in winter and spring, but only
accounting for 20%, less than 1% in summer and autumn. Although Microcystis is
the dominant species of cyanobacteria in Chao Lake from the point of the occurrence
frequency since 2010, Anabaena is the first dominant species from the point of the
annual biomass, accounting for 54% of the total biomass of cyanobacteria, with Aph-
anizomenon accounting for 28%, Microcystis accounting for 17%. Microcystis was
dominant in April and May, with a dominance of the whole lake in the period from
June to September, especially in August. Aphanizomenon dominated most of the
months before Microcystis dominance in June and after Microcystis bloom subsided
in October, November. Anabaena appeared earlier, faded later than Aphanizomenon,
from March to May in spring and from October to December in autumn and winter.
However, Anabaena sp. occupied a considerable proportion of eastern half lake at
certain sites in summer. The population of cyanobacteria in Chao Lake possessed
distinct seasonal succession: Anabaena from spring - Aphanizomenon at spring and
summer - Microcystis in summer - Aphanizomenon in autumn - Anabaena in winter.
Cyanobacteria in spring and winter were higher in the western lake area of Chao
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Lake, especially in the mouths of rivers flowing into the lake. The algae usually
clusters to the north off-shore area under the influence of south wind and resulting in
a sharp increase in the number of algae. When encountering a west wind, cyanobac-
teria bloom occurs in the water source area of Chaohu City, which is located at the
water outlet of the northeast of Chao Lake, under west wind field and throughput
water current. From April to mid-May, 2016, the density of algae in Chao Lake was
generally stable, and the density of algae in the west half lake and eastern half lake
of the lake remained relatively low, basically below 2 million cells/l. From mid-May
to mid-August, the highest concentration in the western and the eastern reached
8.94 and 8.17 million cells/l. From mid-August to early October, the density of the
algae in Chao Lake fluctuated violently and the density of algae reached one year’s
high value, the maximum algae density of the west and the east reached 24.24 and
11.54 million cells/l, respectively. At the time, the algae density in the western was
significantly higher than that of the eastern. In the late of October, the density of
algae in the Chao Lake and the eastern rapidly dropped below 2 million cells/l. At
Bakou and Chaohu Shipyard measuring points, which indicating status of drinking
water sources quality, algae density ranged from 5 to 25 million cells/l in 2016, with
a mean average density of algae of 1.24 and 2.18 million cells/l, and the annual
algal density fluctuations significantly lower than the average algal density in the
eastern and the western semi-lakes. Algal at these two sites only exceeded 10 mil-
lion/l on May 24 and July 26. From April to October of 2016, the degree of bloom
in the whole lake, the western half lake and the eastern half lake were all from no
obvious bloom to mild bloom. No obvious algae bloom accounted for 37.2%, slight
algae bloom 51.0%, mild algae bloom 11.8%. Eighty-eight times the algae bloom
monitoring was effectively performed by satellite remote sensing technology in the
Chao Lake in 2016. Of which, 24 were absent of obvious bloom, accounting for
27.3%, 55 were of sporadic bloom, accounting for 62.4% and 7 were of particle
water bloom, accounting for 8.0%; 2 were of a regional bloom, accounting for 2.3%.
The largest scale cyanobacterial blooms were detected on June 26 with an area of
about 237.6km2, accounting for 31.2% of the whole area Chao Lake. The occurrence
of cyanobacteria blooms mainly occurred in the last ten-day of June and September
and at the beginning of October. There were more frequent sporadic blooms from
July to August.

1.5.2 Chaohu City

Chaohu city is located in the middle of Anhui Province, where close to Chao Lake.
The city has 2063 km2 of area with 940 thousand population and nearly 400 thou-
sand permanent resident population. The average rainfall around the city is about
1000–1158mm, and about 65% of rainfall concentrated during June to August every
year (Zhang and Liao 2016).
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The inland river in the city is a complex network system, which constructed by
Huancheng River, Xier Pool, Lujia River and so on, as it shows in Fig. 1.3 and
Table 1.1.

According to the picture, themain river cross includesGuishan-Xipie-Shuangqiao
River system,West Huancheng - East Huancheng River system, Yuxi-Tian River sys-
tem, Xiaowangzhuang-Xier-Lujia River system and Baoshu-Juzhang River system.
Tian River was the main river cross of Yuxi River. Two dams were set on both of the
up and down stream of Tian River for flood protection, also made the river closed
from outside river system. The West-East Huancheng river system goes around the
centre of the city with 4.4km length and 0.16 km2 area, and connected to the Chao
Lake. The area of Xier Pool is 0.038 km2, which collects the water comes from

Fig. 1.3 The map of Chaohu city

Table 1.1 The basic information of Inland River

River system River Length (km) Width (m)

Guishan-Xipie-Shuangqiao Guishan River ∼3 10–15

Xiepie River 3.3 20–50

Shuangqiao River 1.3 20–40

West Huancheng - East Huancheng West Huancheng River 2.7 40

Zuanchi River 2.0 Silt up

East Huancheng River 1.5 40

Xiaowangzhuang-Xier-Lujia Xiaowangzhuang River 2 4

Xier Pool 0.038 km2

Lujia River 1.5 40

Yuxi-Tian Tian River 1.5 80

Baoshu-Juzhang Anchengyu River 2.5 30
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Xiaowangzhuang River, and connected to the East Huangcheng River and Tian river.
Both the Lujia River and Xier Lake are blocked from outside river system as the silt
up happened for many years.

1.5.2.1 The Investigation of Pollution Source in Chaohu City

It is possible to find out the distribution of pollution source in Chaohu city by combin-
ing tracking and tracing analysis. The research area (Zhou and Liao 2014) including
the old and the new district of Chaohu city, which are residential area in the city with
both combined sewer systems and separated sewer systems. There are two sewage
pumping station, three rain and sewage combined pumping stations and one wastew-
ater treatment plants in the research area. The area is marked in Fig. 1.4 by a green
polygon.

(1) Water quantity data

The annual water consumption data in the research area, whichwas come from 89442
houses and grouped by neighbourhood, was collected during 2013 (Zhou and Liao
2014). The water consumption data of pollution source can also be obtained after
combining both the neighbourhood water consumption data and pollution source
data (shown in Table 1.2 and Fig. 1.5). As there is no such industry which need huge
quantity of water (for example, beverage industry and landscape architecture) in the

Fig. 1.4 The research area
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Table 1.2 The water consumption data of each pollution source

Pollution source Source number Annual consumption
(1000 tons)

Industry 5 1682

Resident 255 6293

Public services 466 5629

Catering 8 37

Hospital 18 838

Total 752 14,479

Fig. 1.5 The water consumption data of each pollution source

research area, the waste water quantity can be approached by 90% of consumption
water (Zhou and Liao 2014).

(2) Water quality data

Considering the pollution source data, pipe network data and the water quantity data
from both pumping stations and waste water plant, it is possible to confirm the water
quality of each pollution source (Table 1.3) (Zhou and Liao 2014).

(3) The distribution of pollution source

Based on the tracking and tracing analysis, the distribution of pollution sources can
be found in the research area. According to the waste water plant and the pipeline
network, the analysis is able to figure out the distribution of pollution sources in the
area which are illustrated in Fig. 1.6 (The green point is the waste water plant, and
the red points are the location of pollution source).
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Table 1.3 The water quality of each pollution source

Pollution source COD (mg/l) NH3-N
(mg/l)

TN (mg/l) TP (mg/l) SS (mg/l)

Industry 500 40 60 6 150

Resident 358.46 48.55 59.42 4.17 46.62

Public services 358.46 48.55 59.42 4.17 46.62

Catering 1560 3.15 37.25 6.22 252

Hospital 256.48 20.83 28.24 2.16 40

Fig. 1.6 The distribution of pollution source
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Fig. 1.7 The pipe network model

1.5.2.2 The Pipe Network Model of Chaohu City

The pipe network model was built based on the collected data (Xie et al. 2017).
The MIKE URBAN, a software used for pipe network model simulation (Brown
1976; Xie et al. 2016) was used as the tool to set up the model. Also, the ENVI5.1
model and ENVI and the GIS were used on the modelling process (Xie et al. 2017).
The generalisation of the pipe network system was based on the data of network,
pollution, pumping stations, the type of land using and terrain. The details are given
as follow:
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(1) Drainage pipe network

The model of drainage pipe network was built by ArcGIS10.1, which including
sewage pipes, storm sewer, combined pipes, manholes. The interface of MIKE
URBAN was used to input the ArcGIS data into system and set up the structure
of the model.

(2) Sub-catchment area

The watershed boundary was found by ArcGIS10.1, and the catchment areas were
set based on the boundary. Then the sub-catchment areas were confirmed by applying
Theissen polygon principle on each manholes. There are 234 sub-catchment areas
in total after the process.

(3) The type of land using

The classification of the type of land using was bound to each sub-catchment areas
in the model by ArcGIS10.1 (Xie et al. 2017).

(4) Pumping station

The four pumping stations were treated as boundary condition of the model, and
each of them was set at the nearest manhole.

(5) Pollution source

The pollution sources were connected to the manhole and pipe network. The dis-
charge of each pollution source were decided by the water consumption data. There
are 125 pollution sources in the area (Xie 2017).
After all the process were finished, the pipe network model was built as Fig. 1.7.

Fig. 1.8 The result of model on pumping station B on the dry day
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Fig. 1.9 The result of model on pumping station B on the rainy day

The boundary conditions of the model were designed by rainfall data. The time
step of the runoff simulation was set as 1min according to the rainfall series, and
the time step of pipe network simulation was set between 1 and 5 seconds for the
stabilisation requirement. The model was used to simulate the situation in both a dry
day (0:00 to 24:00 May 13rd, 2016) and a rainy day (May 16th, 2016). The water
level data of the pumping station B was collect to compare with the result of model
simulation (Figs. 1.8 and 1.9). The dry day (8:00 to 22:00, August 10th, 2014) water
quality data of the manhole JW01, which is the first manhole behind station B, was
collected to compare with the simulation results of model (Fig. 1.10). And the rainy
day (June 2nd, 2015) water quality data of the manhole JY02 was also collected for
the comparing. Both of the data and the results of model simulations were given as
Fig. 1.11 (Xie 2017).

1.5.2.3 The Inland River Model of Chaohu City

The inland river model was built based on the data of river direction, river length and
hydraulic structure by MIKE11 (DHI, MIKE11 2015; Zhang and Liao 2016). The
data of 150 river sections are also collected for model developing. The generalization
of the model including 6 river courses, 5 boundary points, 13 water gates (the small
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Fig. 1.10 The result of model manhole on the dry day

Fig. 1.11 The result of model on manhole JY02 on the rainy day

blocks on the map) and 1 pumping station. Each part of the river were labelled by
the codes DGH, XHCH, DHCH, TH, XEC, LJH on the map. The numbers following
the code are the length of the point on the river (the unit is meter). All these feature
are given in Fig. 1.12.

We also considered the following during the modelling:

(1) The time step of model

Considering the stabilisation and the time costing, the time step of the model was
5 s, and the space step was decided by MIKE11 based on the river sections.
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Fig. 1.12 The generalization of model

(2) The boundary condition

The data of the dry days (November 28th andDecember 10th, 2013) and the rainy day
(June 2015) were collected as boundary condition with frequency once an hour. The
water quality data of each river sections on the same time were also collected (Zhang
and Liao 2016).

(3) The roughness rate of the river bed

As one of the most important parameter of the model, the roughness rates (Zhang
and Liao 2016) of the river bed were set in range 0.25–0.4 based on different and
adjusted based on the data of water level and discharge.
After the process above, themodel was used for validation. The hydrodynamicmodel
was used to simulate the water level and discharge on December 10th, 2013, and the
water quality model was used to simulate the water quality from December 5th to
December 10th, 2013. The results of 4 points on the river (Xishenggong Bridge,
Renmin Bridge, Tuanjie Bridge and Yangba Bridge) are given as Figs. 1.13 and
1.14. Based on the results, both of the hydro-dynamic model and water quality model
provided a superior simulation.
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Fig. 1.13 The result of hydrodynamic model
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Fig. 1.14 The result of water quality model
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1.5.2.4 The Water Environment Information System in Chaohu City

All the data, models were combined into an information system at the end of the
research (Hu and Liao 2017). The system was built on Visual Studio 2010 with
Microsoft Access 2003 and ArcGIS Engine10.1. There are mainly 3 basic function
modules: Map operation module, model results case module and staff and equipment
information module. TheMap operation module was shown as Fig. 1.15. In this part,
the ArcGIS Engine 10.1 bound with Visual Studio 2010 by C# to achieve basic GIS
function such as map roaming, bookmark, feature selection and GIS information
searching. Model results case module searches the result of the inland river model
above and visualizes the selected data. In this part, the results can be searched by
time and location and displayed by MSchart, a controller in Visual Studio for data
visualization. Also, the results of models were bound to the ArcGIS information,
which means it is possible to search the model results through the map roaming and
feature selection. The windows of this module were shown as Figs. 1.16 and 1.17.
The staff and equipment information module is based on SQL Server and OLEdb
method (a method used in Visual Studio for data operation) and used for staff &
equipment information searching.

Fig. 1.15 The Map operation module of the system
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Fig. 1.16 The search function of Model results case module

Fig. 1.17 The results visualization function of Model results case module

1.6 Literature Research - State of the Art

Due to the rapid economic development in the last decades, China is now facing
serious environmental challenges (Wohlfart et al. 2016; Yue et al. 2015), including
water pollution, water shortage, floods, water salinisation, groundwater depletion,
catchment soil erosion, ecosystem deterioration and biodiversity loss. Especially
water pollution is a large risk to the Chinese society today. More than 40% of China’s
rivers are severely polluted, and 80% of its lakes suffer from eutrophication (Liu and
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Yang 2012). Sincemost of the drinkingwater inChina is collected from surfacewater,
harmful algal blooms and chemical spills in rivers or lakes are of great concern (Chen
andLiu2014;Tanget al. 2006;Wanget al. 2008).Wells and aquifers are contaminated
with fertilisers, pesticide residues and heavymetals frommining (Li et al. 2013b) and
petrochemical industries (Li et al. 2013a). About 300 million people in rural areas
are lacking safe drinking water resources (Dou et al. 2014; Liu and Yang 2012). As a
result, water resourcesmanagement andwastewater treatment coupledwith pollution
control policies are urgently needed to improve the water environment as a whole.
Therefore, China has launched a number of water pollution control plans over the
last decade, to deal with the existing problems (Chinese Ministry of Environmental
Protection 2016). Water has become a major topic within the 11th Chinese Five-Year
Plan and the “Major Science and Technology Program for Water Pollution Control
and Treatment” (Mega Water Projects 2006–2020) has been initiated by the Chinese
government. It’s goals are to improve wastewater treatment technology and drinking
water supply as well as to rehabilitate polluted rivers and lakes (Chen et al. 2015a, b;
Zhi et al. 2016).

There is a wealth of scientific literature on various aspects of water quality, algal
blooms, accumulation of pollutants in lake sediments, and the ecological status of
Chao Lake (187 ISI publications as of 19 August 2013). Little research has been
conducted onways to improve the lake’s water quality.Many factors contribute to the
lake’s extremely highpollutant level, includingnutrient inflow, such as eutrophication
(Shang and Shang 2007), phosphate accumulation in sediments (Zan et al. 2011,
2012) or the formation of cyanotoxins (Chen et al. 2008), and contamination by
heavy metals (Han et al. 2011) and organic toxins (He et al. 2012).

1.6.1 Most Cited Literature Around Chao Lake: 1990–2017

Numerous studies have intensively analysed Chao Lake and its catchment: Chao
Lake, with an average depth of about 3m, is one of the five largest fresh-water lakes
in China (Figs. 1.18 and 1.19). Before the 1950s, it was well-known for its scenic
beauty land for its richness in aquatic products.Over the last decades,with the popula-
tion growth and economic development in the drainage area, nutrient-rich pollutants
have drained increasingly into the lake (Kang et al. 2016b). Especially the Nanfei
River is bymanymeasures themost heavily polluted tributary toChaoLakewith high
concentrations of persistent organic pollutants in suspended particulate matter (Liu
et al. 2017). But the nevertheless the pollution status of the most of the lake’s tribu-
taries and estuaries is still unknown (Wang et al. 2016a). This pollution has resulted
in lake eutrophication, lake ecosystem structure disharmony and lake ecosystem
damage (Yang et al. 2016a). The historical heavy eutrophication in Chao Lake is the
main source of increasing organic matter sediment (algae and terrestrial input) in the
eastern part of the lake (Xu et al. 2017). High eutrophication levels occurred in the
western Chao Lake in spring and summer, whereas high levels occurred in the eastern
lake, especially in the middle of the lake, in autumn and winter (Yang et al. 2016a).
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Fig. 1.18 Overview of
publications regarding Chao
Lake, limited to countries

Fig. 1.19 Overview of publications regarding Chao Lake, limited to subjects

The increasing pollution of freshwater lakes in China, especially the Chao Lake
dominates the literature. The most frequently cited topic around the Chao Lake deals
with microcystin (cited more than 200 times). Microcystin (MC) is produced by
cyanobacteria in freshwater (Chen et al. 2005).
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Blooms of cyanobacteria developed during summer inChaoLake (Li et al. 2016c).
An intensive bloom was observed in 1980 (Kong et al. 2017). Chao Lake has been
experiencing lake-wide toxicMicrocystis blooms in recent decades. The abundances
of total and toxic Microcystis and Microcystin concentrations showed significant
positive correlation with the total phosphorus and water temperature, suggesting
that increases in temperature together with the phosphorus concentrations may pro-
mote more frequent toxic Microcystis blooms and higher concentrations of Micro-
cystin (Yu et al. 2014).

Human intoxications by hepatotoxic Microcystins (MCs) can lead to liver dam-
age or even death. Some reports suggest that the incidence of human primary liver
cancer in the eastern region of China is related to the presence of Microcystins found
in drinking water. Microcystins could accumulate in living organisms and transfer
through the food chain, consequently threatening human health, when irrigation with
contaminative lake water containing a variety of Microcystins (Chen et al. 2009; Jin
and Chang 2013). According to the study by Chen et al. (2009) fishermen at Chao
Lake, are exposed to very high levels of Microcystin contamination. So far, there
have been no direct evidences of MC occurrence in human tissue in consequence of
exposure to MC. In this study, the autors improved cleanup procedures for detecting
MCs in serum sample using liquid chromatography-mass spectrometry.

Most of the aquatic products from the three large lakes in China seem to be unsafe
for human consumption due to Microcystin accumulations, with the estimated daily
intake (EDI) values 5–148 times, 2–50 times and 1.5–4 times higher than the tolerable
daily intake (TDI) value in Taihu, Chao Lake and Dianchi, respectively. In addition,
the toxin accumulation in the harvested organisms varied intensity from month to
month and by species which suggests that consumption risks may be reduced or
avoided by either adjusting the legal fishing seasons or the species of fish and shell-
fish harvested (Peng et al. 2010). Xie et al. (2005) as well as (Jiang et al. 2017)
describes the bioaccumulation of hepatotoxic Microcystins in freshwater fishes from
the large, shallow, eutrophic Chao Lake in September 2003, when there were heavy
surface blooms of toxic cyanobacteria. The MCs showed a tendency to accumulate
up the food chain, and fish at the top of the food chain were at high risk of exposure to
MCs in Chao Lake.The study showed that one hundred grams of fish muscle would
contain about 1.3–25 times the recommended tolerable daily intake of Microcystin
by humans, indicating that fish are already severely contaminated by MCs and that
the local authorities should warn the public of the risk of poisoning by eating the
contaminated fish (Xie et al. 2005). Microcystins, which are the secondary metabo-
lites of cyanobacteria, may accumulate in fish via feeding or bioaccumulation, and
finally harm human health through the food chain. Protein is the most expensive
component in fish feeds. Based on cost effectiveness, availability, and crude protein
content, cyanobacteria seem to have considerable potential in fish feeds (Dong et al.
2012). Shrimp are also affected byMicrocystin contamination (Chen and Xie 2005).
Among the shrimp muscle samples analyzed, 31%were above the provisional WHO
TDI level, suggesting the risk of consuming shrimps in Chao Lake. It is recom-
mended that edible mussels should not be collected for human consumption during
toxic cyanobacterial blooms in Chao Lake (Chen and Xie 2008).
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One possible method in the elimination of cyanobacteria blooms in the lake is
the increased colonization with carp. The results of the study by Xie and Liu (2001)
suggest the applicability of a new food-web manipulation (increased stocking with
filter-feeding fish) for controlling cyanobacteria blooms in hypereutrophic lakes,
especially in lakes where nutrient inputs cannot be reduced sufficiently, and where
zooplankton cannot effectively control phytoplankton production. Also, the elimi-
nation of overwintering cyanobacteria in sediment is vital to control cyanobacterial
blooms. Therefore the sediment plow-tillage method was introduced as an innova-
tive technique for eliminating overwintering cyanobacteria in sediments from Chao
Lake (Zhou et al. 2016). A bacterium capable of degrading Microcystin was tenta-
tively identified as Paucibacter sp. The optimum temperature and initial pH for MC
degradation were 25–30 ◦C and pH 6–9, respectively (You et al. 2014).

In Chao Lake a collapse of the foodweb toward a simplified structure and decreas-
ing biodiversity and trophic interactions can be observed. The lake ecosystem was
approaching an immature but stable status from the 1950s to the 2000s. Discussion
about the potential driving factors and underlying mechanisms, hypothesizing that
hydrological regulation may play a significant role in driving all of these changes in
Chao Lake in addition to eutrophication and intensive fishery. As a new newmanage-
ment tool, Ecopath, a typical steady state model for trophic mass-balance analysis
in ecosystems can be considered (Jørgensen 2016; Kong et al. 2016).

Accumulation and degradation of cyanobacteria in water cause peak values in
taste and odor (T&O) compounds in western Chao Lake which leads to exceeding
odor thresholds (Jiang et al. 2016).

The extension and frequency of algal blooms like cyanobacteria in surface waters
can be monitored using remote sensing techniques and in-situ monitoring. Knowl-
edge of their vertical distribution is fundamental to determine total phytoplankton
biomass in the shallow eutrophic lake of Chao Lake as well as for forecasting algae
bloom (Bo et al. 2016; Xue et al. 2017). The estimates of total phytoplankton biomass
were both consistent with in situ measurements and consistent for remotely sensed
reflectance observations made on the same day and on consecutive days (Li et al.
2017). Data from satellite images are a good tool for analysing the distribution of
cyanobacteria in Chao Lake. The cyanobacteria in Chao Lake were dominated by
species of Microcystis and Anabaena. Microcystis reached its peak in June, and
Anabaena had peaks in May and November, with an overall biomass that was higher
than that of Microcystis (Zhang et al. 2016c).

Lake eutrophication in general has become a serious environmental problem in
China. Current status and future tendency of lake eutrophication in China was anal-
ysed by Jin et al. (2005).

The agricultural intensification and the extensive use of fertilizers leads to a heavy
metal pollution in sediments in Chao Lake Valley (Tang et al. 2010). The sediment
in the drinking water source area (DWSA) of the Chao Lake was threatened by
heavy metals from other areas (He et al. 2016a). Surface sediment samples were
analysed to determine the concentrations of 25 metal elements. The results of the
pollution indices indicate that Chao Lake was weakly to moderately affected by Ti,
V, Cr, Mn, Co, and Ni but was severely contaminated by Hg and Cd. The overall
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pollution level in the eastern lakewas higher than that in thewestern lakewith respect
to the pollution level index (PLI). The contribution from industrial and municipal
impact was negligible, despite the rapid urbanization around the studied area (Wang
et al. 2016b). The Nanfei River (Anhui Province, China) is a severely polluted urban
river that flows into Chao Lake. Multivariate statistical analysis demonstrated that
Hg, Cu, Cr, Cd, and Ni may have originated from industrial activities, whereas As
and Pb came from agricultural activities. Therefore, sediments in the Nanfei River
watershed are heavily polluted and urgent measures should be taken to remedy the
status (Shiguang et al. 2016).

Nevertheless the knowledge on the distribution of Total arsenic (As) between
the particle and aqueous phases in freshwater lakes remains largely unknown. The
high proportions of Algae, especially Cyanophyta in the composition of suspended
particulate matter in the three largest shallow lakes of China (e.g. Chao Lake), might
play an important role in affecting the As distribution between the aqueous and
particulate phases in aquatic ecosystem (Yang et al. 2016b).

Seventeen polycyclic aromatic hydrocarbon (PAH) compounds were determined
in surface sediments collected from the Chao Lake. The sites, located in the down-
stream of the local iron-steel manufacturing plant located in the Nanfei River con-
tained very high concentrations of 17 PAH. Five factors were identified to generate
PAH, including industrial waste, wood/biomass burning, diagenetic origin, domestic
coal combustion, and industrial combustion (Han et al. 2016; He et al. 2016b; Li
et al. 2016a; Zhang et al. 2016a).

The risk assessment on phosphorus release from stream-bed sediments has its
maximum content emerged in autumn, followed by winter, and the minimum
occurred in spring or summer. The negative and significant correlations of water
total phosphorus and sedimentary total phosphorus may indicate that the risk of sed-
imentary phosphorus release was great in the western and eastern Chao Lake during
algae bloom sedimentation (Li et al. 2016b; Liu et al. 2016b; Wu et al. 2016).

China is themost polluted region as affected by Tetrabromobisphenol A (TBBPA)
compared with other countries. Tetrabromobisphenol A (TBBPA), a currently inten-
sively used brominated flame retardant, is employed primarily as a reactive flame
retardant in printed circuit boards but also has additive applications in several types of
polymers. Sources of TBBPA in China are mainly derived from the primitive e-waste
dismantling, TBBPA manufacturing and processing of TBBPA-based materials and
can be found for example in Chao Lake, Anhui (industry concentration site) (Liu
et al. 2016a).

The residual levels ofDDT-related contaminants (DDX)were higher in the surface
and core sediments in the western lake area than in other lake areas, which might be
due to the combined inflow effects of municipal sewage, industrial wastewater and
agricultural runoff. The DDX residues in the sediment cores reached peak values in
the late 1970s or early 1980s (Kang et al. 2016a).

Environmental pollution caused by synthetic pyrethroid insecticides has received
a great deal of attention with the increase in usage recently. The medication and
insecticide permethrin was found in the water, air and sediment of the Chao Lake.
Sediment was the largest sink. In order to protect 95% of species in Chao Lake,
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the maximum annual input amount of permethrin should be controlled below
78.2 t a−1 (Liu et al. 2016d; Wang et al. 2016a). Aquatic biota have long been rec-
ognized as bioindicators of the contamination caused by hydrophobic organic con-
taminants (HOCs) in aquatic environments. Culter erythropterus and Protosalanx
hyalocranius (fish) are the most sensitive to organochlorine pesticides (OCPs) in
Chao Lake and can therefore serve as indicators of the lake’s health and assist in the
assessment of OCPs risks to human health (Liu et al. 2016c; Zhang et al. 2016b).

The composition and diversity of benthic macroinvertebrate communities in the
five largest freshwater lakes of China was analysed by Cai et al. (2012). Ben-
thic assemblages in Chao Lake changed greatly over two decades. These observed
changes are discussed relative to the ability of individual different taxa to tolerate
eutrophication, algal blooms, Microcystins and associated habitat deterioration (Cai
et al. 2012).

Groundwater is the important source of water for drinking, washing, and irrigation
in the watershed of Chao Lake (Yang et al. 2016c). A seasonal patterns of nitrate-N
concentration is found in the groundwater close to vegetable land, orchard and rice
field possibly due to different time and amount of fertilizer application (Qian et al.
2007; Wang et al. 2014; Yang et al. 2014). Cyanobacterial proliferation threatens
the safety of drinking water supplies worldwide and in the drinking water source of
Chao Lake (Shang et al. 2015). The groundwater near Chao Lake poses a significant
health risk for the local residents when used for drinking water (Yang et al. 2016c).
All collected groundwater samples (especially from the western coast of the lake)
from the Chao Lake region had detectable concentrations of Microcystins. High
concentrations of Microcystin observed in this lake are the result of the bloom’s high
proportion of toxic cyanobacteria strains (Yang et al. 2016c).

The majority of the Chao Lake Basin exhibits intermediate to high flood disaster
resilience, but there are distinct variations within the basin. The resilience is clearly
influenced by the natural dimension indexes, the highest resilience levels are mainly
located in the hilly, mountainous regions, and the lowest resilience levels mainly
occur in the south-southeast plain of the Chao Lake Basin and the river estuary of the
Chao Lake (Sun et al. 2016). Some studies are available which estimates the value of
ecosystem services such as material production, air purification, water conservation,
biodiversity, recreation, species conservation, education and scientific research along
Chao Lake (Li and Gao 2016). This is important because the provision of ecosystem
services could be affected by landscape structural changes (Zhang and Gao 2016).

Effective lakemanagement can help preserve the stability and long-termdynamics
of a sensitive ecosystem such as the large shallow Chao Lake located in one of the
most densely populated areas in China. Often, however, the interactions between
water level control and nutrient loading are overlooked and largely underestimated
(Kong et al. 2017).

Integrated engineering techniques had the potential to remediate heavily polluted
rivers (Shuangqiao River, one of the most heavily polluted rivers inflowing to the
Chao Lake) by a multi-pond constructed wetlands system and an in situ purification
system consisted of sediment dredging, hydrophytes restoration and artificial floating
islands (Fang et al. 2016; Weigen et al. 1990).
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Chapter 2
Managing Water Resources
for Urban Catchments

Olaf Kolditz, Thomas U. Berendonk, Cui Chen, Lothar Fuchs,
Matthias Haase, Dirk Jungmann, Thomas Kalbacher, Peter Krebs,
Christian Moldaenke, Roland Müller, Frank Neubert,
Karsten Rink, Karsten Rinke, Agnes Sachse and Marc Walther

2.1 Objective

Theoverall objective of the projectwas the development ofwatermanagement system
solutions for a sustainable improvement of water quality in the city of Chaohu and
in the Chao Lake. The Urban Water Resources Management (UWRM) concept is
the innovative approach, which includes both efficient urban water management in
urban and suburban areas, as well as interaction with aquatic ecosystems. Data and
models for planning purposes and regional water management are made available by
using a comprehensive online environmental information system for authorities and
water suppliers. The Chao Lake plays a central role as an ecological and economic
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protection and raw water supplier for the drinking water supply of the population of
the city of Chaohu. The research and development project (R&D Project) thus makes
an important contribution to the sustainable development of theChaohu region as part
of theMasterplan Ecological Seascape Chaohu of the Anhui Provincial Government.
The scientific and technical solutions are implemented in demonstration projects.

2.2 Proposed Solution

In order to achieve the project objective, methods of the UWRM concept were
applied, such as the holistic view of the urban water network and all levels of the
aquatic system according to the principle of emissions (pollution source) / immis-
sions (contamination). Urban water management includes a comprehensive view of
all urban resources: the lake as a source of drinking water and objects worthy of
protection, the restoration of the urban water network, rainwater management and
wastewater treatment. Rapid development rates in the demonstration region fully
take into account suburban and rural areas and the impact of agriculture (non-point
sources of pollution). The UWRM concept is based on a regional implementation
strategy with flexible decentralized cluster solutions for wastewater treatment. An
important basis for the successful implementation of the UWRM concept is the
establishment of extensive monitoring platforms (Cities and Lakes Observatories)
for sources of water pollution and the recipient Chao Lake. The observatories serve
as an early warning system for operational water management (drinking water).
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Long-term monitoring also allows reliable evaluation of measures and observations
of pollutants such as micropollutants. An Environmental Information System (EIS)
provides data for the UWRM concept, including required data infrastructures, inter-
operable simulation tools and web services. On the one hand, the combination of
monitoring and modelling platforms in the EIS enables the identification of pollu-
tant sources and pathways in the entire catchment area and, on the other hand, is an
important instrument for operational water management and long-term water quality
forecasts. The modelling platforms examine all levels of the coupled hydrological
system including soils and groundwater.

The implementation concept was developed in close cooperation with regional
stakeholders and municipal utilities. The demonstration projects - in which four
German companies are involved - play an important role in the cooperation between
industry and science and the actual applicability of the results. The project objectives,
the methodology and the implementation concept have resulted in the following
project structure for the R&D project “Urban Catchments”, which are divided into
6 subprojects:

• A. Urban water management
• B. Decentralized wastewater management
• C. Chao Lake
• D. Environmental information system
• E. Groundwater
• Z. Project Management

In response to programs already initiated in the Chaohu community, representatives
of the Tongji Research Institute recommended that the model region focus on the city
of Chaohu and the east side of the lake for the R&D Project “Urban Catchments”.
Due to rapid urbanization in the region, suburban and rural areas are included for
scalable decentralized sewerage techniques and for shutting down the water/mass
balances of Chao Lake to model the entire catchment area.

The project structure is regionally divided into the urban (A) and suburban/rural
areas (B) as well as Chao Lake (C) with the environmental information system acting
as an integrating element of the project (D). Figure 2.1 is a schematic diagram of the
project structure, which includes methodical elements as well as regional elements
like the central asset Chao Lake and the observatories. Efficient management of
water resources required a monitoring network and modelling tools to plan and
create appropriate measures.
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Fig. 2.1 Work packages overview, http://www.ufz.de/urbancatchments/index.php?en=34132

In addition to technological and solution-oriented subprojects of the larger R&D
project, the discussion on the cross-cutting issue of capacity development (CD) was
continued. The most important aspects in CD can be found in all sub-projects in the
areas of plant design, operation andmaintenance; Quality control; Data management
and software training in the use of the environmental information system (monitoring
and modeling).

2.3 Background

Rapid economic development and population growth in China go hand-in-hand with
increasing urbanization, involving growing mega-cities, industrialization, and inten-
sified agriculture. As a result, soils and water resources are increasingly stressed
and productive management strategies towards sustainable planning are urgently
needed. Pollution containing hazardous substances for environmental and human
health, depletion of water resources as a result of demographic change, and urban-
ization processes are increasingly at an alarming rate. Consequently, the protection
of aquatic ecosystems and the security of drinking water provision are becoming
an increasing economic challenge in water management. The Chinese government
recognizes the importance and complexity of the situation and has initiated a pro-
gram titledMajorWater Program of Science and Technology forWater Pollution and
Governance (2006–2020) (see Sects. 2.3.1 and 2.3.3). Chao Lake currently exhibits
extremely high levels of pollution (some areas are at the worst Level V). The causes
are not only the lacking capacity of water treatment used in industry and intense
regional agriculture, but also the lack of integrated plans for resilient environmental

http://www.ufz.de/urbancatchments/index.php?en=34132
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engineering for urban and rural areas. Many scientific studies have examined the
most prevalent pollutants–lake and river sediments contain sometimes high levels
of heavy metals, alkylbenzene, and pesticides–but research on technical solutions to
improve the water quality has not been substantial. Summer algal blooms in Chao
Lake are regular occurrences due to extremely high phosphorus imports, which then
results in high levels of cyanotoxins (microcystin, in particular). Chao Lake is the
most important source of drinking water in the area, and this severe human health
hazard presents an urgent need for action towards improving the water quality. The
BMBF-project “Managing Water Resources for Urban Catchments in Chaohu city
and Chao Lake” presented here set itself the goal of developing versatile solution
strategies using monitoring and model concepts.

Valuable insights and foundations for the development of the Chao Lake region as
well as the need for research and measures for solutions to improve the water quality
of the Chao Lake have already been provided by the BMBF joint project “Min-
imization of eutrophication at Lake Chao, China - Anhui Province” (2005–2010).
Partners included TUBraunschweig (Leichtweiß-Institut für Hydraulic Engineering,
Institute of Sanitary andEnvironmental Engineering), the Leibnitz-Institute of Fresh-
water Ecology and Inland Fisheries (IGB Berlin), the University of Jena (Vorhaben
02WT0529) and the Anhui Environmental Protection Bureau (AEPB). This project
focused primarily onHeifei drinkingwater treatment (biologically activated filtration
to remove cyanotoxins prior to actual drinking water treatment), lake eutrophication
(includingmacrophyte purification techniques, such as reed stocks, as a “green liver”)
and the development of a decision support tool (Krüger et al. 2010, 2012). There is
a key gap in dealing with urban areas in terms of urban water resource management
(UWRM). In many countries, like China, there is a large division between sanitary
engineering (water provision and sanitary sewers) and river and lake management.
The role of the urban environment plays on the ecological status, the functioning of
and the services provided by the aquatic ecosystems is not being adequately consid-
ered. This gap should be filled by integrating engineering expertise into the “Urban
Catchments”-project.

2.3.1 “Mega Water Program”

The “Mega Water Program” cooperation is a joint declaration of intent for German-
Chinese cooperation. The “Major Program of Science and Technology forWater Pol-
lution Control and Governance” (“Mega Water Program”) brings together a number
of different Chinese ministries with the goal to reach a significant improvement of
water quality in selected lakes and rivers by 2020. The Innovation Cluster “Mega
Water Program”1 is a project supported by the Federal Ministry of Education and

1http://sino-german-major-water.net/de/.
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Research (BMBF) in the program “CLIENT - International Partnerships for Sus-
tainable Climate Protection and Environmental Technologies and Services” in the
field of “SustainableWaterManagement” since 2015. The Innovation Cluster “Mega
Water” includes the R&D project “Clean Water from Source to Consumer” (SIGN),
“GoodWaterGovernance andGermanWater Technology for Two Important Chinese
Waters”(SINOWATER) and “Managing Water Resources for Urban Catchments:
Pilot Project Chao Lake” (URBAN CATCHMENTS). The aim of the Innovation
Cluster “Mega Water Program” is to intensify Sino-German research and economic
cooperation and to improve the opportunities for the German companies involved
in the projects in the Chinese market. The overall network, with the speaker Prof.
Dr.-Ing. Max Dohmann of the BMBF, includes the main topics:

• Urban Water Management,
• Integral urban drainage and rainwater treatment,
• Wastewater treatment and sewage sludge disposal,
• Monitoring programs, early warning concepts and environmental information sys-
tems,

• Analysis of water eutrophication, sea and river remediation,
• Evaluation of pollutant degradation and ecotoxicology,
• Development of water treatment processes,
• Operation of water distribution systems as well
• “Good Water Governance”.

The coordination of the Innovation Cluster Mega Water in China is supported by the
BMBF-project office “Clean Water” (see Sect. 2.3.2) in Shanghai.

2.3.2 “Clean Water”

Since July 2012 the project office “CleanWater” at Tongji University in Shanghai has
been supporting the implementation of the Sino-German “Research and Innovation
Programme CleanWater” as well as bilateral water research projects in China, which
are implemented specifically through theCLIENTFund.2 The project office supports,
in co-operation with its Chinese partners, relevant decision-makers in identifying
problems and needs in the Chinese water sector as well as the finding and promotion
of innovative solutions and their implementation. Furthermore the project office
supports the formation of research co-operation between universities and the private
sector and facilitates access to Chinese institutions.

2https://www.fona.de/en/project-office-clean-water-16846.html.
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2.3.3 13th Five-Year-Plan of Major Water Project in
Chaohu Basin

The Chinese Government released its 13th Five-Year Plan (2016–2020)3 on 17th
March 2016. It promotes a cleaner and greener economy, with strong commitments
to environmental management and protection, clean energy and emission control,
ecological protection and security, and the development of green industries. Specific
objectives for environmental protection in the 13th Five Year Plan (FYP) period
include:

• reduction of water consumption by 35% by 2020 as compared to 2013;
• estimated total consumption of primary energy in 2020 of less than 5 billion tons
of standard coal;

• energy consumption per unit of GDP to be reduced by 15% in 2020 (compared to
2015);

• reduction of carbon dioxide emissions per unit of GDP by 40–45% by 2020
(compared to 2015 which is consistent with China’s Plan for Addressing Climate
Change (2014–2020)).

The 13th FYP of Major Water Project on Chaohu Basin aims firstly to estab-
lish an index system and methods for evaluating and selecting the pollution control
technologies applicable to Chaohu Basin. The plan will innovate an integrated gover-
nance mode for the entire process of the small watershed pollution control which can
reduce the pollutant load of Chao Lake by the clean runoff and water conservation in
the upper reaches of Paihe River. The 13th FYP is, with regard to the Chaohu Basin,
divided into five sub-projects:

1. Subproject 1 focuses on the application and verification of the most important
watershed pollution control techniques in the Chaohu Basin. The aim is to achieve
the objectives of good water quality for the Chao Lake and to develop a scheme
that optimizes the reduction of pollutants in the catchment area. In addition, a
water quality target management and decision-making platform for the entire
Chaohu Basin will be developed to formulate a comprehensive and sustainable
use of Lake Chao Lake for the city of Hefei City.

2. Subproject 2 includes the integration of water conservation and environmental
protection technologies for clean water catchment areas. It is about the Jianghuai
area, where agriculture is a diffuse source of major pollution in the upstream
watershed of the Paihe River. Techniques need to be developed to control the
discharge of nitrogen and phosphorus both in the water cycle and in agriculture
and to prevent the transfer of pollutants to the nearby wetlands. These techniques
must be integrated into the upper reaches of the Paihe River. The result of this sub-
project would be an innovative model for clean drainage and water conservation
in agriculture and the control of urban pollution and outflow regulation.

3http://www.gov.cn/xinwen/2016-03/17/content5054992.htm.
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3. Subproject 3 focuses on small catchment areas in the Chaohu Basin with diver-
sification of pollution types, diversity of land use, interdependence of urban and
rural areas, verification and improvement of urban and suburban water treatment
techniques, groundwater abstraction technologies aswell as river-ecological reha-
bilitation, and urban non-point pollution.

4. Subproject 4 focuses on ensuring water quality and reducing pollutants from
inputs like agriculture and the inflow of River Paihe, especially in the drinking
water corridors. It will also promote technologies that improve water quality.

5. Subproject 5 aims to review and improve the Chao Lake water body, and develop
long-term treatment programs that prevent algal blooms using biological and
physical methods. In addition, long-term technical measures for eutrophication
regulation are being prepared in Chao Lake.

The “UrbanCatchments”-project is based on the approaches of both the 11th and 12th
as well as the 13th Five Year Plan, thereby supporting the model- and technology-
based realization of environmental objectives in the Chaohu Basin.

2.4 “Urban Catchments”-Project History

The successful cooperation in the “UrbanCatchments”-project could only be realised
through the ongoing projectmeetings, workshops and research trips. The following is
a brief outline of the events and was documented by the UC Project Management on
the Project ManagementWiki: https://svn.ufz.de/urbancatchments. In the following,
the most important events are presented chronologically.

2.4.1 Important Dates and Achievements in 2015

On 01.04.2015, the BMBF-CLIENT project “Managing Water Resources for Urban
Catchments” (www.ufz.de/urbancatchments) was officially launched. Immediately
afterwards, the first network meeting took place in Bonn. Ministerialrat Dr. Ulrich
Katenkamp invited the three German-Chinese CLIENT joint projects SIGN,
SINOWATER and URBAN CATCHMENTS to the first coordination and network-
ing meeting on 13 April 2015 in the Federal Ministry of Education and Research in
Bonn. This meeting of all German project partners served to coordinate and network
with each other. At the same time, preparations were made for the Chinese kick-off
meeting in Beijing. A few days later, the first project meeting took place in Leipzig
(28.04.2015).

The project Kick-off in Beijing took place on 06–07.05.2015 (Fig. 2.2): State
Secretary Dr. Georg Schütte and Vice Minister Prof. Jianlin Cao sign a joint declara-
tion on the cooperation “Mega Wasser Programm” to kick off the work of the three
CLIENT joint projects funded by the BMBF. In order to exploit technical synergies

https://svn.ufz.de/urbancatchments
www.ufz.de/urbancatchments
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Fig. 2.2 Joint-Declaration and Kick-Off in Beijing (Source: BMBF/MoST)

in support of the impact of German research and development projects in China,
the three CLIENT collaborative projects have been combined into one Major Water
Innovation Cluster. As German spokesman of the Major Water Innovation Cluster,
Ministerialrat Dr. Ing. Ulrich Katenkamp introduced Prof. Dr.-Ing. Max Dohmann.
On the Chinese side, Prof. Yonghui Song replaced Prof. Meng Wei, President of
the Chinese Research Academy for Environment and Science (CRAES). The three
German-Chinese CLIENT collaborative projects SIGN, SINOWATER and URBAN
CATCHMENTS met the day before to get to know each other across the borders of
the individual projects. Networking topics were discussed in a “World Café” with
the Chinese project partners under the headings: Good Water Governance + Lake
Eutrophication, Lake River Conservation + Monitoring, Modelling, Early Warning
Concepts, Environmental Information Systems, + Urban Water Management, Sew-
erage, Stormwater, wastewater treatment, sludge disposal + water treatment/water
distribution.

On 29.06.2015 the 2nd Project Meeting took place in Leipzig with discussions
on cooperation agreements and working plans of the working packages (Fig. 2.3).

On July 10, 2015, ameeting of industrial partnerswithin the “UrbanCatchments”-
project like WISUTEC, AMC, bbe, TUD-HYB took place in Chemnitz. The aim of
the meeting was the detailed coordination of the activities of all subproject partners
until the summer of 2016: times agreed for the achievement of milestones. The
first task is a functioning pilot data network in Germany to demonstrate on the
one hand the connectivity of the devices and probes and tests and on the other
hand to show the possibilities of software and hardware solutions to the Chinese
delegation from Chaohu. In addition, requirements were discussed at Chinese side
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Fig. 2.3 2nd Project Meeting in Leipzig (Source: UC Project)

and will be regulated by contract: starting work on site, site infrastructure at the
site (electricity, water, network, work, laboratory material, etc.), access to the site
(for project staff and service providers), maintenance (frequency, activity) during
ongoing operation, certification of software and hardware (including reimbursement
of costs), payment of additional costs, e.g. Mobile costs. The data transmission
on site was again discussed. Based on the discussions of the last project meeting,
it was determined that the buoy regularly loads its data onto a still-to-be-defined
FTP server (presumably with Chao Lake Management Authority (CLMA)). AMC
will operate (presumably virtualised) a server with a SensoMASTER service at the
CLMA, which will retrieve the data from the buoy and forward it to the data center.
In the drinking water works, the computer of the daphnia toximeter is equipped with
the SensoMaster software as a data collector and acts locally as a data collector and
transmitter.Due to the high hardware requirements of the daphnia oximeter (real-time
image processing), this solution must first be tested in practice in Germany.

A short time later a meeting took place together with WISUTEC, AMC, UFZ in
Chemnitz. Presentation of the water information system for Saxony by WISUTEC
and the next activities of working package D: Data integration: GIS data prepared
by UFZ ENVINF, integration of GIS data from itwh into the OGS DataExplorer,
defining data (IO: parameters, results) for the lake models.

On July 22, 2015, the UFZ, WISUTEC, AMC met in Leipzig. The UFZ data
management concept including data logger portal, mass data portal and research
portal was presented by WKDV. In addition, the setting up of the FTP server for the
UFZ buoy was discussed.

For one week (28.09–03.10.2015) representatives of the Chao Lake Management
Authority and Chinese Research Partners met in Leipzig for the BMBF CLIENT
“Urban Catchments”-project (Fig. 2.4a). The meeting starts on 28.09.2015 with
talks which are given by Prof. Olaf Kolditz, Mr. Tang Xiaoxian, Prof. Zhaosheng
Chu, Mrs. Ursula Schmitz, Prof. Chengxin Fan, Prof. Zhenliang Liao, Prof. Peter
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Fig. 2.4 (a) Participants of the 1st Chao Lake Workshop in Leipzig (28.09.2015). (b) Meeting of
workshop participants in front of the building of Wisutec in Chemnitz (Source: UC Project)

Krebs, Mr. Dr. Manfred van Afferden and Mr. Dr. Frank Neubert. On the second
day, a delegation of representatives of the Chao Lake Management Authority vis-
ited the project partner WISUTEC Umwelttechnik GmbH in Chemnitz (Fig. 2.4b).
They were accompanied by Chinese scientists involved in the “Urban Catchments”-
project. The two Chemnitz-based companies WISUTEC Umwelttechnik GmbH and
AMC presented modern data management technologies for the water industry. Using
the example of the software solutions AL.VIS and SensoMaster of the two SMEs
operating in Germany, it was demonstrated how future integrated data management
could be designed for Chao Lake. In addition, a meeting took place at the Technische
Universität Dresden to discuss the potential supports of TUD needed for online and
biomonitoring installation in Chaohu and for monitoring station maintenance and
the visit of the online and biomonitoring stations in Dresden. The following day, the
UFZ field site in Harz Mountains (Rappbode Reservoir) was visited. The next day,
the itwh in Hannover was on the plan with introduction of itwh and related projects
and simulation models, talks about data request (surface data, sewer network data,
special structures, rainfall data, …), data preparation and explanation of the German
regulations and standards. At the end of the week was still a visit to bbe in Kiel
(bbe Moldaenke) on the program with presentation of bbe’s contribution to the UC
project: Early warning for taste and odour problems, Biomonitoring, Chlorophyll
probes, new approaches for cyanobacteria measurements and photosynthetic activ-
ity, UV fluorescence: monitoring of organic materials determination and Discussion,
evaluation of particular Chinese needs and potential application of bbe’s technologies
close to Chao Lake.

The signing ceremony of the cooperation agreement between UFZ and CLMA
took place during the visit of the German Chancellor Angela Merkel city of Hefei
in China (26–30.10.2015) (Fig. 2.5). This was an important milestone for the Sino-
German cooperation within the Major-Water Program. Germany and China, repre-
sented by the Chinese PrimeMinister Li Keqiang, have agreed to work together more
closely in urban water management. The Chao Lake, which supplies the fast grow-
ing cities of Hefei and Chao with drinking water, is particularly heavily burdened by
sewage. A “biomonitoring” as an innovative observation method, developed by the
Helmholtz Centre for Environmental Research GmbH-UFZ in Leipzig, is to be used
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Fig. 2.5 The signing ceremony of the cooperation agreement between UFZ and CLMA (Source:
Bundesregierung/Jesco Denzel)

for the first time in this region and to contribute to the improvement of water quality
in the long term. The continuously collected measurement data should be fed into
an environmental information system. This allows predictions for the overall system
“Lake City” and thus an early warning system for the water supply from Chao Lake.
This collaboration has now been officially decided. The new cooperation builds a
bridge between the participating ministries of research, science and companies, and
regional administrations. “In order to bring German know-how from science and
industry into the development and implementation of innovations to solve Chinese
water problems, we need to involve all stakeholders. This is how both sides benefit”,
said Federal Research Minister Prof. Dr. Johanna Wanka in Berlin and emphasized
that this was also an important step in the context of the new China strategy of the
BMBF. The Federal Ministry of Education and Research presented the China strat-
egy to the public on Wednesday. The “Urban Catchments”-project of the Leipzig
Helmholtz Centre is part of the cluster of three projects “Mega Water”, which is
connected to the Mega-Water Program of the Chinese government.

At the same time, the 4th Chaohu workshop took place (28–30.10.2015) in Nan-
jing, Chaohu (Fig. 2.6), Hefei and Shanghai. The aim of the workshopwas to visit the
suburban area of Chaohu, discussion and presentation of results within every work
groups and excursion to water supply.



2 Managing Water Resources for Urban Catchments 47

Fig. 2.6 4th Chaohu Workshop (Source: Manfred van Afferden)

On 09.12.2015 the UFZ, WISUTEC and representatives of the TU Dresden met
in Dresden to discuss the development of the prototype for the environmental infor-
mation system “Urban Catchments” and to organise the planned presentation in the
summer for the next workshop in Chaohu and other potential buyers in Shanghai and
Wuhan.

2.4.2 Important Dates and Achievements in 2016

At the end of 2015 respectively at the beginning of 2016, all members of the working
groups met each other. The work group A gave a summary of the retrospective 2015
and presented the plans for 2016. For the planned establishment of the Urban Mon-
itoring System in Chaohu, there are delays in identifying the exact points of contact
for the selection of suitable locations. In order to avoid delays in project process-
ing, alternatives are therefore found at other locations (Shanghai, Nanjing, Wuhan).
The work group B discussed the provision of the FTP server for the UFZ buoy as a
prerequisite for the remote sensing data transfer: buoy-> UFZ-> WISUTEC. This is
especially important for the UC demonstration project “Environmental Information
System”. For the demonstration project, the functionality of the UIS prototype for
the three data sources has to be presented: (a) buoy in the Rappbodetalsperre (UFZ),
(b) UrbanObservatory in Dresden (Lockwitzbach) (TUD-SWW) and (c) Biomonitor
in Dresden (TUD-HYB), Moldaenke) on the basis of German locations. The next
steps of the WP-D were discussed: The work group should focus on the fact that the
remote data transmission from the monitoring project “buoy” and the biomonitor to
WISUTEC is realized and thus the online data in AL.VIS. This would enable all UC
monitoring projects at the German sites to be mapped in theWISUTEC software and
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important milestone of WP-D in data integration would have been achieved. Since
a direct transfer of environmental data abroad is not possible, a corresponding FTP
server at NIGLAS should be set up to ensure the data transfer from the buoy to the
server. From there, the data can then be obtained for the German partners. Currently
the buoy is still in the Rappbodetalsperre. The data transfer from the buoy via the FTP
server to the UFZ Data Management Portal (DMP) is operational (as of 01/2016).
For the Urban Observatory, the first two (out of 5) stations will first be set up on the
grounds of the Tongji University campus. The technical data transmission from the
stations to WISUTEC is already working. After consultation with bbe Moldaenke,
the UC biomonitor is to be installed in the Wuxi waterworks. For the technical data
transmission from the biomonitor to WISUTEC, a software update from AMC has
to be done on the biomonitor.

The delegation fromMinistry of Science and Technology of China (MOST) led by
Mr. Zhe Yang (Deputy General Director for the Major Programs) and Prof. Xiaohu
Dai (Dean of the Faculty of Environmental Research at Tongji University) visited
UFZon12th and13th January2016.During this visit, the joint cooperation agreement
between UFZ and Tongji University has been renewed under the new challenges in
particular with regard to intensive cooperation under the Chinese Government’s 13th
Five-Year Plan (2016–2020) (Fig. 2.7). The joint research agenda is to continue the
development of “Urban Catchments” concepts for integrated water management of
lake cities in the North-China plain such as Chaohu.

The delegation talked about the research portfolio Helmholtz Centre for Environ-
mental Research - UFZ (Figs. 2.8 and 2.9). Prof. Georg Teutsch (scientific director
of the UFZ) presented the diverse ongoing activities of the German-Chinese coop-
eration at the “Centre for Advanced Water Research” (CAWR) of the UFZ and the
TU Dresden and discussed the prospects of a strategic cooperation with China in
environmental research.

On March 15th, 2016 a meeting of the project management of “Urban Catch-
ments” with colleagues of the Institute of Hydrobiology of the Chinese Academy

Fig. 2.7 The cooperation agreement between UFZ and Tongji University (Prof. Dai) has been
renewed (Source: UFZ)
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Fig. 2.8 The delegation from the Chinese Ministry of Science and Technology (MoST) visited the
UFZ in Leipzig and held intensive talks on the prospects of strategic cooperation in environmental
research (Source: UFZ)

Fig. 2.9 Subsequently, the Chinese delegation looked at a demonstration of the Chao Lake Envi-
ronmental Information System (EIS) at the Visualization Centre of the UFZ - VISLAB (Source:
UFZ)

of Sciences (CAS-HYB) in Wuhan took place. During a workshop, Prof. Kolditz
presented the BMBF-CLIENT project and demonstrated the results of the “Chaohu
Environmental Information System” to the professors and students with the aid of
a mobile visualization unit. CAS-HYB is project partner of “Urban Catchments”
and cooperates in particular with the TU Dresden (Institute of Hydrobiology, Prof.
Berendonk). Common interest is especially the biomonitoring. At the end of May
2016, colleagues from TU Dresden (D. Jungmann and M. Rybicki) and the com-
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pany bbeMoldaenke will start a “Biomonitoring tour” at various facilities inWuhan,
Nanjing and Shanghai (CAS-HYB, Tongji University, NIGLAS) to promote the new
methodology/technology and strategies for early warning systems for the continuous
monitoring of water quality, for example in the field of drinking water monitoring,
in China.

On March 14, 2016, representatives from Chaohu City, Tongji University, Chi-
nese companies, and “Urban Catchments” met for talks in Chaohu on the planned
establishment of an “Environmental Data Centre Chaohu”. After being welcomed
by Mr. Zhang, the head of the Chaohu Construction Bureau, Prof. Liao and his col-
leagues presented the results of the Chaohu project at Tongji University as part of the
Major Water Program (Urban Drainage System and Water Quality Modeling). Sub-
sequently, Prof. Kolditz reported on the BMBF-CLIENT project “Managing Water
Resources for Urban Catchments - Chaohu” and demonstrated the current state of
data integration with the aid of a mobile visualization device (Fig. 2.10). The discus-
sion was chaired by Mr. Wang (Chaohu Construction Bureau). In particular, the visit
served to inform local users and stakeholders about the concepts and opportunities
for environmental information systems developed through urban catchments on one
side and on the other side to identify opportunities for cooperation between Ger-
man and Chinese companies in the area of environmental information technology.

Fig. 2.10 O. Kolditz demonstrates the environmental information system Chaohu (part of the
BMBF-CLIENT project “Urban Catchments”) with a mobile 3D visualization device (Source: N.
Umlauf)



2 Managing Water Resources for Urban Catchments 51

Fig. 2.11 The first status seminar of the BMBF-CLIENT project “Managing Water Resources for
Urban Catchments” took place in Leipzig (Source: UC Project)

Therefore, the portfolios of the German companies involved in “Urban Catchments”
(AMC, bbe Moldaenke, itwh, WISUTEC), technologies and products, equipment
and software solutions were presented and contact details were exchanged.

Almost exactly one year after the project was launched, the first status seminar
of the BMBF-CLIENT project “Managing Water Resources for Urban Catchments”
took place in Leipzig on 19.04.2016 (Fig. 2.11). In the first year of the project,
already presentable results were achieved: first models of urban water system (WP-
A) and lake (WP-C ), progress in the development of planning tools (WP-B) and
biomonitoring (WP-C) and a first version of the Environmental Information System
(WP-D) with online data links to the UC monitoring systems and 3D visualization.
The cooperation with the Chinese partners (CLMA in Chaohu, Tongji University in
Shanghai, NIGLAS Nanjing, CAS Hydrobiology inWuhan) has reached a new level
through intensive working journeys - with first joint publications and concrete plans
for joint ventures. An important milestone was the “Germany Tour” of the Chinese
cooperation partners to all locations of the “Urban Catchments” team (from Dresden
to Kiel).

In mid-May 2016, a delegation from the “Urban Catchments”-project, consisting
of Dr.-Ing. Dirk Jungmann and Dr. Marcus Rybicki (TU Dresden), Dr. Cui Chen and
Thomas Aubron (UFZ Leipzig) as well as ChristianMoldaenke from bbeMoldaenke
visited various scientific institutes in China (Fig. 2.12a–c). The aim of the trip was to
deepen the cooperation with the Chinese institutes and to stimulate research oppor-
tunities within the framework of German-Chinese cooperation. The first station led
the delegation to the Institute of Hydrobiology of the Chinese Academy of Sciences
in Wuhan. A field station was visited at Biandantang Lake near Wuhan and a joint
workshop was held. The topic was specifically the application of dynamic (techni-
cal) biomonitoring as well as the integration of other online monitoring techniques
into the research of the institute. As a result, it was decided to establish a water
quality monitoring in a body of water monitored by the institute. The second station
was the Nanjing Institute of Geology and Limnology of the Chinese Academy of
Sciences (NIGLAS). In addition to the existing cooperation in the area of maritime
modelling, the workshop resulted in possible cooperation in the area of 1) sediment
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Fig. 2.12 (a) “Urban Catchments” Delegation in Wuhan. (b) “Urban Catchments” Delegation in
Nanjing. (c) M. Rybicki examines samples of biomonitoring (Source: UC Project)

toxicity and 2) the planning of decentralised wastewater management. The third
stop was at Tongji University in Shanghai, where the goal was to exchange views
on current decentralized wastewater management projects in the Chaohu region. As
a result of this meeting, Shanghai Jiaotong University has become a new potential
cooperation partner with ongoing projects in the Chaohu region. The subsequent visit
allowed a detailed exchange of information about ongoing projects and the trans-
fer of data from the project region. At the end of the trip, the Chenshan Botanical
Garden (Shanghai) was visited, which is characterized by intensive research in the
field of river water treatment (pollution by diffuse entries) and soil rehabilitation.
The aim here was also the exploration of future cooperation. The next steps are the
organization of workshops with the corresponding Chinese institutes in Germany as
well as the initiation of a student exchange to consolidate the scientific relationship.

TheBMBF-CLIENTproject “ManagingWater Resources forUrbanCatchments”
succeeded in building a first SME partnership: In the context of the 4th Govern-
mental Consultations between Germany and PR China on 13.06.2016 in Beijing,
AMC and WISUTEC as well as HC System and EWaters signed a Memorandum-
of-Understanding for future cooperation between the German and Chinese SMEs
(Fig. 2.13a–c). Their major interest is in building a joint venture for future coopera-
tion in developing environmental information technology (including both soft- and
hardware solutions) for sensor-based monitoring of environmental systems (e.g. for
water supply and waste water). The company representatives as well as from Prof.
Kolditz and Prof. Liao attended the 8th German Chinese Forum on Economic and
Technology Cooperation hold at the same day and reported about ongoing projects
in the Major-Water-Program as well as Sino-German cooperation concepts in future.
The cooperation between research institution and companies – the so called “2+2
Concept” – shall foster research and development as well as implementation of novel
environmental technologies.
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Fig. 2.13 (a) Frank Neubert (CEO AMC), Cui Chen (UFZ), Olaf Kolditz (UFZ/TUD), Jonathan
Fan (CEOHCSystem), NicoleUmlauf (BMBFProject Office CleanWater), Zhenliang Liao (Tongji
University),Weijun Zhang (GMEWaters), Jan Richter (CEOGEOS/WISUTEC), and one colleague
of (HC System) during the 8. German Chinese Forum on Economic and Technology Cooperation
(from left to right). (b) J. Fan, F. Neubert, W. Zhang and J. Richter (from left to right) during the
Signing Ceremony. (c) J. Fan, J. Richter, F. Neubert and W. Zhang (from left to right) after the
Signing Ceremony (Source: UC Project)

TheGerman companiesAMCandWISUTECmet on04.07.2016 inShanghaiwith
the Chinese companies HC System and Ewaters to coordinate cooperation in setting
up a monitoring program for the city of Chaohu (Fig. 2.14). The talks were held in
a very constructive atmosphere and were mainly used to inform each other about
their own product lines and to identify interfaces for possible joint developments.
The Sino-German consortium intends to apply for an Environmental Data Centre as
part of a bid by the Asian Development Bank (ADB).

On 07–08.07.2016 the Digital Earth Summit took place in Beijing, which was
hosted by the Chinese Academy of Sciences (Institute for Remote Sensing and Earth
Observation). As part of the “Virtual Geographical Environments” (VGE) session,
the “Virtual Environmental Information System - Chaohu” and the Helmholtz-CAS
Network “Research Centre for Environmental Information Science” (RCEIS) were
presented. The embedding of environmental information systems in virtual realities
is of great interest both for scientific purposes (e.g. integration of large heterogeneous
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Fig. 2.14 The presentations of the project partners served as information and to identify interfaces
for possible joint developments (Source: UC Project)

Fig. 2.15 German delegation visited the Chao Lake Authority (Source: UC Project)

data sets) and decision makers for the visual support of complex planning processes.
In the second part of the 3rd “Urban Catchments” trip in 2016, Prof. Kolditz, Prof.
Liao, Prof. Kuang and Ms. Umlauf visited the Chao Lake Authority on July 12 and
reported about the current progress of the BMBF-CLIENT project (Fig. 2.15). On
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Fig. 2.16 (a) Visiting HC System in Shanghai. (b) O. Kolditz visited EWaters partner companies
in Shanghai (Source: UC Project)

the way from Shanghai to Chaohu City, a stop was made in Wuxi. The Wuxi New
District Construction Bureau has been briefed on the possibilities of environmental
information systems. On the campus of Tongji University, the location for the urban
measuring station was visited.

On 13.07.2016, Olaf Kolditz visited both HC System and EWaters partner com-
panies in Shanghai (Fig. 2.16a, b). HC System, with more than 100 employees,
is a growing expert for developing environmental system solutions in various areas.
EWaters is a highly specialized consultant for water solutions planning based on their
modelling expertise. Prof. Kolditz briefly reported about the progress of the “Man-
aging Water Resources for Urban Catchments” project in Chaohu and particularly
emphasized the related “Environmental Information System”. However, comprehen-
sive urban development includesmuchmore thanwater resources and drinkingwater
supply, i.e. domestic heating/cooling, energy supply . . . (City4.0). Olaf Kolditz vis-
ited EWaters partner companies in Shanghai Virtual Information Systems (VIS) and
admired the professional working level and the “young and dynamic” Chinese teams.

The first Chinese version of theWISUTEC software for the “Environmental Data
Centre Chaohu” was developed in August 2016 and was set online (Fig. 2.17). It is
planned to complete the final version by the beginning of 2017. The availability of
environmental software in the national languages is an extremely important prereq-
uisite for the acceptance of the research products of the BMBF project, especially
among the authorities and stakeholders. With this software development, WISUTEC
has not only made an essential contribution to the planned Environmental Informa-
tion Center Chaohu, but also underlined the commitment of the German company
partners to engage in the development of innovative environmental software (Water
4.0) in China in close cooperation with the Chinese company partners.

From 15 to 20.08.2016 Prof. Liao was a guest at CAWR at the TU Dresden
(Fig. 2.18). The aim of the joint meeting was to discuss the status of both Chaohu’s
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Fig. 2.17 First Chinese version of the WISUTEC software developed for the “Environmental Data
Centre Chaohu” (Source: WISUTEC)

“Urban Catchments” and “Key Technologies and Management Modes for the Water
Environmental Rehabilitation of a Lake City from the Catchment Viewpoint”. Dr.
Moldaenke from bbe has informed Prof. Liao about the new possibilities of biomon-
itoring.

During 17th and 19th of October 2016 the 2nd Sino-German Workshop of the
Institutes of Hydrobiology (IHB) in Wuhan (China) and Dresden (Germany) took
place in the Institute of Hydrobiology in Dresden (Fig. 2.19a, b). From IHB Wuhan
Professor Dr. Hongzhu Wang, head of the Department of Freshwater Ecology, and
Associate Professor Dr. Haijun Wang attended to the three-day workshop. After a
short introduction of the IHB Dresden by Prof. Thomas U. Berendonk and three
additional talks of institute staff, Prof. Hongzhu Wang talked about the current state
of freshwater assessment in China using organisms (bioindicators) and current prob-
lems of aquatic ecosystems in China. Subsequently, Associate Prof. Haijun Wang
explained themesocosm facility of the Institute on the LakeBiandantong nearWuhan
and the ongoing experiments, which focus on the effects of heavy nitrate pollution.
The first day of theworkshopwas finalized by a visit of the biomonitoring field station
of the IHB Dresden in the waste water treatment plant in Kreischa near Dresden. Dr.
Marcus Rybicki explained the functioning of the station and the successful imple-
mentation and usage of the Daphnia-Toximeter from bbe Moldaenke. The second
day of the workshop focused in two sessions on the enhancements and adjustment
of the project ideas for the joint DFG-NSFC Call (Deutsche Forschungsgesellschaft
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Fig. 2.18 Following the meeting with Z. Liao, M. Rybicki, D. Jungmann, C. Chen, O. Kolditz and
C. Moldaenke met for a city walk around Dresden (Source: UC Project)

and National Natural Science Foundation of China) in 2017 and the second phase
of the “Urban Catchments”-project. Prof. Berendonk and Dr.-Ing. Dirk Jungmann
introduced the current project ideas and headed the following discussion. Dr. Bertram
Boehrer from UFZMagdeburg attended the session about the second “Urban Catch-
ments” phase to complete the scientific partners of project part C. The workshop was
finalized in the morning of the third day with the signature of a Memorandum of
Understanding of both Institutes. A visit of our industry partners Dr. Frank Neubert
(AMC) and Dr. Matthias Haase (WISUTEC) in Chemnitz accomplished this fruitful
and discussion rich workshop.

On 18.10.2016, the Helmholtz Association - Chinese Academy of Sciences:
“Strategic Partnership - Moving Ahead Together” Scientific Symposium took place
in the institute of high energy physics (IHEP) of the Chinese Academy of Sci-
ences (CAS) in Beijing (Fig. 2.20). After the opening greetings from Prof. Otmar
D. Wiestler, the president of Helmholtz association and Prof. Tieniu Tan, the vice-
president of ChineseAcademy of Sciences, both sides have given presentations about
the past, ongoing projects and future strategies. Prof. Kolditz presented the joint Sino-
German Research Centre for Environmental Information Sciences (RCEIS) and its
cooperation projects in China. Prof. Wiestler summarized the results of the bilateral
Strategic Symposium. In addition, he proposed that China and Germany should open
bilateral research programs in the following fields, such as geo- and environmental
sciences, brain research, health and life sciences, energymaterials and energy storage
technology so that the outstanding scientists can exchange ideas in order to achieve
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Fig. 2.19 (a) Discussion session in the seminar room of the Institute in Dresden. (b) M. Rybicki
explains the functioning of the waste water treatment plant Kreischa and the position of the moni-
toring station (Source: M. Rybicki)

the win-win-based future-oriented strategic cooperation and the cooperation model
should be guaranteed by joint research institutes.

On 21 October 2016, the delegation of the Helmholtz Association visited the
Tongji University, in Shanghai. In the first session about “Information and data
science”, the president of Helmholtz Association, Prof. Wiestler introduced the
Helmholtz strategy on information & data science. The vice-president of Tongji
University, Prof. Zhiqiang Wu gave a talk about the innovation strategy of the uni-
versity. Several talks in the area of smart manufacturing and industry 4.0 were given
by the Chinese colleagues from Tongji University. Afterwards, the potential coop-
eration between Helmholtz association and Tongji University were discussed. Prof.
Kolditz showed a video about the visualization of the environmental information
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Fig. 2.20 Prof. Otmar D. Wiestler visits CAS-president Prof. Bai Chunli (Source: Helmholtz
Association and Chinese Academy of Science)

system in Chao Lake, which is their current China-German cooperation project in
China, funded by German ministry of Eduation and Research (BMBF). On the sec-
ond session about “Clean water program”, Prof. Xiaohu Dai, the Dean of College
of Environmental Science and Engineering from Tongji University presented the
Sino-German cooperation inWater Science, Technology and Education. Mrs. Nicole
Umlauf, head of BMBF-Project “Clean Water” Office Shanghai, gave the talk about
the BMBF water projects in China. Prof. Kolditz and Prof. Liao gave a joint pre-
sentation about the current state of the BMBF-CLIENT project “Managing Water
Resources for Urban Catchments - Chaohu”. At last, they emphasized the need to
strengthen cooperation in the fields of water science, information technology and
industry.

The Sino-German Major Water Programme Conference took place in Shanghai
on 9th December, 2016 (Fig. 2.21). The Conference was to ensure the implementa-
tion of technical cooperation projects and promote the greater achievements of the
Sino-German cooperation. The conference was organized by theMinistry of Science
and Technology of PRC, Ministry of Environmental Protection, Ministry of Hous-
ing and Urban-Rural Development and the German Federal Ministry of Education
and Research. As Chinese representatives, Dr. Chen Chuanghong, the Director Gen-
eral from Office of Major S&T Projects Most, and Mr. Liu Zhiquan, the General
Inspector and Deputy Director General from the Department of S&T and Standards
gave opening talks. As German representative, MinDirig Wilfried Kraus, the BMBF
Deputy Director General gave an opening speech. During the conference, Prof. Wei
Meng, who is an Academician and the technical team leader ofMajorWater Projects,
talked about the progress ofMajorWater Program and Suggestions for Sino-German
Cooperation. Dr. Christian Alecke from BMBF Division Resources and Sustainabil-
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Fig. 2.21 TheSino-GermanMajorWater ProgrammeConference inShanghai (Source:UCProject)

ity introduced BMBF CLIENT Programme. In addition to that, the topics about
Major Water Program in 13th Five-Year Plan such as the German prospects for
future cooperation in Beijing-Tianjin-Hebei region and Tai lake Basin and system
design for eutrophication control of Taihu lake, were also discussed. In the afternoon
session, proposal for Major water projects of 13th Five-Year Plan based on exist-
ing projects and similar experiences were discussed. Prof. Xiaohu Dai from Tongji
University talked about the progress of the Sino-German Major Water Programme.
Prof. Kolditz, together with Prof. Liao, gave presentations about recommendations
for monitoring, modelling, early warning programs and information systems. Prof.
Andreas Tiehm from German Water Centre, together with Chinese partner, intro-
duced the recommendations for drinking water safety, treatment and distribution.

2.4.3 Important Dates and Achievements in 2017

TheGerman newspaper “Volksstimme” fromMagdeburg reported on 14.02.17 on the
transport of a research buoy from the Helmholtz Centre for Environmental Research
UFZ in Magdeburg to Chao Lake, China (Fig. 2.22). Using the buoy, the researchers
are able to investigate the algae infestation in the Chao Lake and thus contribute to
the improvement of water quality. This was explained by the UFZ project manager
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Fig. 2.22 German newspaper reported on the transport of a research buoy fromMagdeburg to Chao
Lake, China (Source: www.volksstimme.de)

for this area, Karsten Rinke from the Department of Lake Research of the “Urban
Catchments”-project. With the transport of the research buoy to the Chao Lake, an
important milestone for the project is within reach - the establishment of modern
monitoring stations for monitoring water quality as an important element of the
“Chaohu Early Warning System”.

At the beginning of March 2017, the measuring buoy, which was jointly devel-
oped by engineering firm Plischke and the UFZ, arrived safely in Nanjing. Burkhard

www.volksstimme.de
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Kuehn and Dr.-Ing. Marieke Frassl from the Department of Lake Research set up
the measuring buoy on Chao Lake together with colleagues from the partner insti-
tute NIGLAS. After ensuring that no equipment had been damaged during delivery,
Mr. Kuehn and Mrs. Frassl explained the procedure of the measuring buoy to her
colleagues from NIGLAS: Jinge Zhu, Mr. Zeng Ye and Mr. Yun. In this practical
experience, all language barriers were successfully overcome and the buoywas ready
to go from the hardware side. Within a few days, the German partners Frank Neu-
bert and Ziran Tao from AMC and their Chinese colleague Liu Yixiang from HC
Systems jointly set up an FTP server, which is used for the online transmission of
measurement data. On Sunday, the entire measuring system was successfully tested
and put into operation. The buoy was then re-packed and delivered to Chao Lake
at the beginning of the second week. Despite the bad weather the measuring buoy
was successfully built within 1.5 days (Fig. 2.23a–c). The data set, measured by
all sensors, is transmitted twice a day to the FTP server and can be checked online
by NIGLAS colleagues. Of particular interest for the research are the data with the
newly developed FluoroProbe from bbe Moldaenke. The data thus obtained provide
a deeper insight into the development of blue-green carpets on Chao Lake. In the
next fewweeks, a database will be published by the German partners Matthias Haase
and Markus Hillmann of WISUTEC to allow a simple analysis and quality control
of the buoy data. All in all, the two weeks with testing and setting up the buoy was a
great success, which strengthened the cooperation between the UFZ and NIGLAS.

Fig. 2.23 (a) Construction of the buoy. (b) Installation of all sensors of the buoy. (c) Successfully
installed buoy on the Chao Lake (Source: UC Project)
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Shortly thereafter, it was announced that HC Systems could provide a server with
data ports for the transmission of buoy data. They have hosted the data of the buoy
until the transmission was stopped by the Chinese side in July 2017.

On 27.03.2017 first results of the groundwater model of Chaohu were presented.
Since the beginning of 2017, work has been ongoing on the Chaohu groundwa-
ter model, which is an integral part of the new “Work Package E” of the “Urban
Catchments”-project. Surface waters are the major water resources in the North
China Plain. However, subterranean water plays an important role in the water cycle
and is a crucial transport path for pollutants entering surface waters - such as Chao
Lake. The groundwater model is based on the available database in the region and
the lessons learned from the ongoing project. Figure 2.24 shows an insight into the
underground hydraulic system (groundwater levels) in the geographical context of
the environmental information system - OpenGeoSys. The model will help to gain
a better understanding of the interaction between the Chao Lake and the surround-
ing urban regions of Chaohu, as well as explain the occurrence of the algae toxin
microcystin in groundwater.

On May 4, 2017, the installation of online data transmission from Chao Lake was
successfully started. After the measuring buoy was anchored by the cooperation of
theUFZand theChinese partner instituteNIGLASat LakeChao, the buoywas able to
start itsmeasurements and the twoGerman companiesAMCandWISUTEC success-
fully put online data transmission into operation. Figure 2.25 shows the transmitted
data during the test operation of the buoy ashore at the NIGLAS Institute. When
setting up the software, it was possible to fall back on the technical support of the
cooperation partner HC System, which provided the server technology in Shanghai.
On the 21st of April the measured data could be researched and used by the Chinese
operator of the buoy using the software AL.VIS/Timeseries. On the transmission
path from the buoy to the server, the SensoMaster software is used, which transmits
the measured data to the database server in a uniform protocol. Currently, almost
40 series of measurements are transmitted from the buoy. It is planned to connect
further sensors for measurements in flowing waters to the information system.

Fig. 2.24 Visualization of the groundwater model of Chaohu (Source: UC Project)
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Fig. 2.25 Transmitted data during the test operation of the buoy (Source: WISUTEC)

Fig. 2.26 Participants of the 2nd “Urban Catchments” Status Conference in Leipzig (Source: UC
Project)

On 13.06.2017 the 2nd “Urban Catchments” Status Conference took place in
Leipzig. The UFZ project manager Prof. Kolditz organized this conference and
the representatives of CAWR (UFZ, TUD) from the four SMEs (AMC, bbe, itwh,
WISUTEC) and the OGS e.V. participated (Fig. 2.26). Each group presented their
research results in the “Urban Catchments”-project, which was achieved in the last
year. Mr. Helm and Mr. Wagner of WP-A (Urban Water Resources Management)
gave presentations on “UrbanMonitoring andDataProcessing” and “Rainfall-Runoff
Simulation Shuangqiao River”. Afterwards,Mr. Li from the itwh presented the sewer
network simulation of Chaohu City, focusing on data basis and usage, problems and
proposed solutions. Mr. Aubron represented the WP-B (Decentralized Wastewater
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Management) and reported on the latest results from the project entitled “Testing the
Concept of Decentralized Wastewater Treatment in Chaohu Catchment”. Miss Dr.
Frassl and Mr. Rybicki (WP-C: Chao Lake) presented the results of hydrodynamic
modelling at Chao Lake and informed about the planned biomonitoring system.
In addition, Dr. Frassl installed in March with colleagues from the partner insti-
tute NIGLAS a measuring buoy on the Chao Lake. WP-D collated the information
on the environmental information system. Mr. Pohl, the representative of the new
WP-E (Groundwater System), explained the progress in groundwater modelling in
the Chao Lake catchment. After the presentations the difficulties during the project
and plans for the future were discussed.

From June 26 to July 8, 2017, Marcus Rybicki (WP-C) from the Institute of
Hydrobiology of the TU Dresden (IHB-TUD) visited the Institute of Hydrobiology
of the Chinese Academy of Sciences (CAS IHB) in Wuhan. After the successful
transfer of the equipment for biomonitoring by the project partner bbe Moldaenke,
the testing of the equipment and the installation of the biomonitoring at Bao’an Lake
inWuhan (field station) were on the program (Fig. 2.27a, b). During the first week of
the two-week stay, bbe Moldaenke’s daphnia toximeter and a selection of additional
probes (IQSensorNet, WTW) for monitoring physico-chemical parameters were set
up on a test bench in the laboratory. The CAS-IHB completed the selection of probes
with a dedicated IQSensorNet probe formonitoring nitrate and ammonium since par-
ticularly high ammonium concentrations can lead to toxicity to aquatic invertebrates
and fish. Furthermore, it was begun to optimize the cultures for daphnia and algae
along with the staff and students of the institute in terms of quality control. Parallel
to the laboratory work, a suitable location for the measuring station was established
on the field station. In accordance with the requirements of the measuring location,
the CAS-IHB started equipping the measuring station with a mains connection, an
uninterruptible power supply and air conditioning. After completion of the labora-
tory test series, all equipment was transferred to the field station during the second
week. Parallel to the ongoing optimization of the measurement site, the IQSensorNet
was first put into operation and the probes were exposed in one of the field meso-
cosms of the field station. After installing the water pumps and laying the hoses, the
daphnia toximeter was also put into operation. The first outdoor measurement series
started on Wednesday, 05.07.2017. On July 6, the remote access to the devices via
the mobile network was realized, so that the project partners of AMC could start
with the configuration of the data transfer into the central project database. Based
on the first measurement results of the daphnia toximeter, the adaptation of the con-
figuration of the device to the measurement site has begun. On Friday, 07.07., a last
joint maintenance of the daphnia toximeter and the transfer of the equipment to the
Chinese colleagues took place. Finally, a list of tasks for the final optimization of the
measuring station was prepared, which will be processed successively in the follow-
ing days. Parallel to the practical work there was an intensive scientific exchange. So
Mr. Rybicki gave a lecture on Friday, June 30, as part of the institute’s “Freshwater
Ecology Seminar”, where he presented the CAWR and the Institute of Hydrobiology
of the TU Dresden with its research focus. In the ensuing discussions, project ideas
were concretized and opportunities for academic exchange, especially for students,
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Fig. 2.27 (a) M. Rybicki with Master and Ph.D. student of Prof. Wang after the R workshop on
06.07.2017 in the premises of the “Daye Bao’an Lake Wetland Park”. (b) H. Wang and M. Liu in
front of the daphnia toximeter installed in the field station andMaster Student C. Xu after successful
installation of the IQSensorNet probes in a Pondmesocosmos (Source: UC Project)

were evaluated and planned. On Thursday, the 6th of July, due to the request of the
Chinese colleagues, a workshop was organized and performed byMr. Rybicki for the
students of the working group headed by Prof. Hongzhu Wang for the introduction
into the statistical and development environment R.

In July 2017, the delegation led by Saxon State Ministry of Environment and
Agriculture (SMUL) Thomas Schmidt visited Tongji University (Fig. 2.28). Tongji
University cooperates intensively with the Leipzig-based Helmholtz Centre for
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Fig. 2.28 Minister of State Thomas Schmidt and his delegation visited Tongji University in May
2017 (Source: UC Project)

Fig. 2.29 In an intensive course, fundamentals of environmental fluid mechanics were imparted
by M. Walther and O. Kolditz (Source: UC Project)

Environmental Research in the “Urban Catchments”-project and is working on the
development of an environmental information system as the basis for restructuring
strategies for the Chao Lake. The project, which is jointly managed by the UFZ and
the TU Dresden under the consolidation of the CAWR (Centre for Advanced Water
Research), is the largest German-Chinese environmental research project in Anhui
Province.

After the delegation visit of the Saxon Minister of State Thomas Schmidt, JProf.
Walther (Pollutant Hydrology at TU Dresden) and Prof. Kolditz accepted the invi-
tation by Prof. Liao at the Tongji University for giving lectures (Fig. 2.29). In an
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intensive course, fundamentals of environmental fluid mechanics were imparted.
The Tongji University and the TU Dresden want to deepen their joint activities not
only in research but also in teaching. This is more than obvious - citing the unity
of research and teaching - because both universities are involved in UNEP pro-
grams. The UN Environment-Tongji Institute for Sustainable Development (ISED)
was established in 2002.4 The post-graduate training program CIPSEM initiated by
UNEP, UNESCO and BMUB has been implemented at the TUDresden since 1977.5

The target groups for both programs are specialists and executives from develop-
ing and emerging countries working in the environmental field. TU Dresden and
the Helmholtz Centre for Environmental Research–UFZ, which founded the joint
CAWR water centre,6 together with Tongji University and other Chinese partners,
want to teach along the Yangtze River to deepen their understanding of the complex
and diverse environmental processes in river basins to students and professionals
(RIVERCHALLENGE - “From Source to the Sea”). On the sidelines of the courses
there was also opportunity with Profs. Dai and Dohmann to talk about current devel-
opments in the “Major Water Program”.

From 21 to 25.07.2017 Prof. Liao and Mr. Fan (CEO) and Li from HC System
visited the project partners of “Urban Catchments” (Figs. 2.30 and 2.31a), Chem-
nitz (Fig. 2.31b) and Dresden (Figs. 2.32, 2.33 and 2.34). The aim of the trip was
above all the visit of the German company partners AMC, WISUTEC and itwh
with the demonstration of UC products. HC Systems was able to convince itself of
the performance of the system solutions on site and thus received further important
information for the application for the ADB project Chaohu for the implementation
of an environmental information system. At the visualization centre of the UFZ in
Leipzig, the virtual environmental information system Chaohu was presented by Dr.
Karsten Rink and Lars Bilke. In particular, concepts and possibilities of integrating
complex, heterogeneous, large data sets using the OGS DataExplorer in a uniform
geographical context were demonstrated. In addition, process models for different
aquatic compartments can be integrated. Other possibilities for using VR systems,
e.g. for geothermal deposits, were demonstrated by JProf. Dr. Haibing Shao. Another
point was the presentation of the book project “Urban Catchments - Chaohu” by Dr.
Agnes Sachse and the concrete involvement of the Chinese side in the publication
project. In Chemnitz, the guests discussed with the company representatives of AMC
and WISUTEC the status of the work for the connection of measuring systems to
the server at HC System and for the research by means of the implemented software
for the data center Chaohu. In addition, an even stronger cooperation between IT
specialists from the three companies HC System, AMC and WISUTEC was agreed.
The aim is to be able to develop a competitive offer for the ADB project “Data Center
Chaohu”. In addition to the visit to Chemnitz, the visit of the test stations (TUD) on
the sewage treatment plant in Kreischa followed. Until the organizational handling of
the transport of the measuring stations, the technical modalities for the integration of

4http://unep-iesd.tongji.edu.cn.
5https://tu-dresden.de/bu/umwelt/cipsem.
6https://www.ufz.de/cawr.

http://unep-iesd.tongji.edu.cn
https://tu-dresden.de/bu/umwelt/cipsem
https://www.ufz.de/cawr
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Fig. 2.30 Demonstration of the virtual environmental information system Chaohu in the Vislab of
the UFZ in Leipzig (Source: UC Project)

Fig. 2.31 (a) The delegation around Prof. Liao visited the UFZ in Leipzig and WISUTEC in
Chemnitz (b). (Source: UC Project)

further third-party measuring systems into the current server system of HC System,
AMC and WISUTEC could be clarified on site. The future possible data acquisi-
tion for the provision of water quality parameters and the required hydrographs for
model calibration were demonstrated. Based on the objective of the project “Urban
Catchments” for the development of a comprehensive urban water management and
environmental information system to increase the sustainable, rising water quality
of the Chaohu region, further possibilities for existing system solutions in the Dres-
den area were demonstrated. Realistic solutions for the strategy-controlled real-time
storage management in existing channel systems were presented. The central control
system over the entire drainage system of the city of Dresdenwas set up in the sewage
treatment plant “Kaditz” and was presented to the delegation.

From 18.08. until 02.09.2017 Benjamin Wagner (ISI-TUD, member of the
WP-A) visited the project partners of “Urban Catchments” in Shanghai. The aim
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Fig. 2.32 Visit of the sewage treatment plant Kreischa near Dresden (Source: UC Project)

Fig. 2.33 Visit to the sewage treatment plant in Kaditz and the control system implemented by
itwh (Source: UC Project)

of the trip was above all the scientific exchange of the project partners for WP-A.
Furthermore, the journey served as preparation for the dispatch and integration of the
monitoring stations into the environmental information system at HC Systems. At
Tongji University’s College of Environmental Science and Engineering, themodel of
the Shuangqiao River Basin was discussed with Yufeng Lou (Fig. 2.35). Afterwards
it was possible to coordinate with Chongjia Luo the important points for the setup,
the test operation and the preparation for the integration of themonitoring stations. In
a first test operation measurement data from Germany were sent to the HC Systems
server. With the help of these tests, any errors in the transmission system are detected
andquickly resolved. Through energetic support fromProf. Liao, important boundary
conditions for transport and customs modalities could be clarified. A site survey was



2 Managing Water Resources for Urban Catchments 71

Fig. 2.34 View into the machine hall of the sewage treatment plant Kaditz (Source: UC Project)

Fig. 2.35 B. Wagner (ISI-TUD) visited the project partners of “Urban Catchments” in Shanghai,
Prof. Liao (Tongji University) (Source: B. Wagner)
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conducted to check the information obtained by satellite imagery about important
structural structures in the flow cross section of the Shuangqiao River, which have an
influence on the discharge behaviour in heavy rainfall events (Fig. 2.36). Any special
features (e.g. bridge piers) can thus be excluded or confirmed. Other important input
parameters (e.g. soil infiltration capability, special climatic boundary conditions)
were discussed and evaluated with the help of the Chinese partners.

On November 17, 2017, a signing ceremony took place inWuhan on the occasion
of the 10th anniversary of the regional partnership between the Free State of Saxony
and the province of Hubei (Fig. 2.37a). “Urban Catchments” has actively partici-
pated in the delegation trip of the Free State of Saxony. During the ceremony, the
directors of the Institute of Hydrobiology of the Chinese Academy of Sciences CAS-
IHB (Prof. Hongzhu Wang) and the Technical University of Dresden (Prof. Thomas
Berendonk) completed a cooperation agreement (Fig. 2.37b). The latter agrees to
further intensify the scientific cooperation of the hydrobiologists of both countries,
and the MoU also supports the submission of further joint research projects, such as
“Urban Catchments - Wuhan”. In addition, cooperation in education is also sought.
At the technology forum in the context of the delegation trip on November 16, 2017
Prof. Kolditz presented the ongoing “Urban Catchments”-project Chaohu. In addi-
tion, Prof. Berendonk presented the Institute of Hydrobiology and the “Center for
Advanced Water Research - CAWR” in the seminar of the CAS Institute of Hydro-
biology. During the delegation trip there was also a conversation with Minister Li
(MEP Hubei). His return visit to Dresden took place in December.

Organized by WP-A project, four online water monitoring stations arrived at
the campus of Tongji University in Shanghai at the beginning of December 2017.
Christian Koch from the UrbanWater Management of the TUDresden was on site to
coordinate unloading, set-up and commissioning. Together with Professor Liao and
especially his students, all measuring stations were unpacked and all the respective
sensors connected. The system offers a wide range of parameters, in addition to a
number of physico-chemical parameters, the water level and flow of the channel or
flowing water can be detected. After calibrating most of the sensors, a measuring
station was installed at a wastewater pumping station on the campus (Fig. 2.38).
Above all, this procedure serves the experience gained by the operators on site. Thus,
data transmission, maintenance and calibration routines can be trained for later use
of the measuring stations in the test area. In spring 2018, the measuring systems
will be relocated to the Chao Lake, allowing measurement data to be collected, in
particular, for the calibration of the already created numerical models.
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Fig. 2.36 Site visit in Chaohu (Source: B. Wagner)
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Fig. 2.37 (a) Signing of the Cooperation Agreement between the Directors of the Institutes of
Hydrobiology of the Chinese Academy of Sciences CAS-IHB (Prof. Hongzhu Wang) and the
Technical University of Dresden. (b) Discussions on the joint contract (Source: UC Project)
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Fig. 2.38 The online monitoring stations were successfully installed in Shanghai (Source: Tongji
University)

2.5 Project Partners

Due to its complexity, this research project is interdisciplinary and therefore relies
on the support of numerous partners. This section gives an overview of all involved
Chinese partners from science, administration, and government agencies as well as
the German project partners from science and industry.

2.5.1 Chinese Partners

2.5.1.1 Tongji University

Tongji University, formerly Tongji German Medical School, was founded by Erich
Paulun, a German doctor in 1907. The name Tongji suggests cooperating by riding
the same boat. It was one of the oldest and most prestigious institutions of higher
education in China. The university has developed rapidly in all respects since the
country’s opening-up policy in 1978. As one of the leading universities in China, it is
now a comprehensive university with ten major disciplines in sciences, engineering,
medicine, humanities, law, economics, management, philosophy, arts and pedagogy
with strength in architecture, civil engineering and oceanography. The UNEP-Tongji
Institute of Environment for SustainableDevelopment (IESD)was jointly established
byUnited Nations Environment Programme (UNEP) and Tongji University (Tongji).
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The College of Environmental Science and Engineering (CESE) at Tongji University
was one of the earliest established colleges dedicated to environmental education and
research in China. Environmental Engineering is one of the national key disciplines.
During the past decades, Tongji University makes great efforts to research and prac-
tice for pollution control and improvement of water quality in the Chaohu area, and
gave its special contributions to the water environmental rehabilitation of Chaohu.

2.5.1.2 Chinese Academy of Science

The Chinese academy of Sciences (CAS) was established on November 1, 1949,
in Beijing, where it is headquartered. It was formed from several existing scientific
institutes and soon welcomed over 200 returning scientists who contributed to CAS
the high-level expertise they had acquired abroad. It is the world’s largest research
organisation, comprising around 60,000 researchers working in 114 institutes and
has been consistently ranked among the top research organisations around the world.

2.5.1.3 Chinese Academy of Science: Institute of Hydrobiology

With a history of 82years, Institute ofHydrobiology (hereinafter abbreviated as IHB),
Chinese Academy of Sciences (hereinafter abbreviated as CAS), is a comprehensive
academic research institution which devotes to the studies of life processes of inland
aquatic organisms, ecological environment protection and utilization of biological
resources. It was evolved fromNatural HistoryMuseum ofAcademia Sinica founded
in Nanjing, January 1930, and was renamed in July 1934 as Institute of Zoology and
Botany of Academia Sinica. The Institute was divided into two in May 1944, i.e.
Institute of Zoology and Institute of Botany under Academia Sinica. In February
1950, after the establishment of CAS, the main division of Institute of Zoology of
Academia Sinica, Institute of Botany of Academia Sinica, the division of phycology
of Shandong University and some researchers from the National Academy of Peking
were merged into Institute of Hydrobiology, Chinese Academy of Sciences. It was
then located in Shanghai, but moved to Wuhan in September 1954. In 2011, IHB
entered the pilot project of the CAS Innovation 2020 programme. In 2015, it became
one of the feature institutes in the CAS pioneer initiative.

2.5.1.4 Chinese Academy of Sciences: Nanjing Institute of Geography
and Limnology

Nanjing Institute of Geography and Limnology (NIGLAS), Chinese Academy of
Sciences, formerly Geography Institute of China, was founded in Beibei, Chongqing
inAugust 1940. It is the only institute specializing in the research of lake-basin system
in China and was ever directed by Huang Bingwei, Ren Meie, and Zhou Lisan who
are Chinese Academy of Sciences (CAS) Academician at different time in its history.
Research fields in NIGLAS include:
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• lake environment protection and resources utilization
• lake-basin system evolution and manipulation
• regional sustainable development with focus on lake sediment and environment
evolution

• lake hydrology and water resources
• lake biology and ecology
• lake environment and engineering
• lake-basin process and manipulation
• resources and environment of basin and regional development
• lake-basin monitoring and digital basin

2.5.1.5 HC Systems

HC Systems,7 with more than 100 employees, is a well-known digital technology
service company and senior intelligence expert in the environmental field. Founded in
2005, the company specializes in the automation, information, and intelligent high-
tech services for industrial control processes in the environmental field. The business
scope covers various water environmental industry chains such as municipal water
treatment (water supply and drainage), pipe network pumping stations, urban flood
control, solid waste treatment, etc.; integrated system research and development,
smartwater supply,water environment treatment solutions, engineering construction.

2.5.1.6 EWaters

EWaters Corporation8 specializes in consulting and environmental technology trans-
fer into the Chinese market, with a main business focus on advanced technological
applications in all water systems. Staying at the leading edge of modern modelling
technology, risk management, water quality monitoring technology and asset man-
agement, the accumulated wealth of local and international expertise enables to pro-
vide innovative, intelligent and integrated solutions and to help the clients to achieve
the best management practice.

2.5.1.7 Chao Lake Management Authority

The Chao Lake Management Authority (CLMA) of Anhui province was established
in 2012. CLMA focuses on a number of tasks about Chao Lake including planning,
environmental protection and tourism for the comprehensive planning, governance,
development and application of Chao Lake.

7http://www.haocang.com/.
8http://www.ewaters.biz/.

http://www.haocang.com/
http://www.ewaters.biz/
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2.5.2 German Partners

2.5.2.1 Helmholtz Centre for Environmental Research

The Helmholtz Center for Environmental Research–UFZwas founded in 1991 under
the name UFZ-Umweltforschungszentrum Leipzig-Halle GmbH and has more than
1100 employees at its locations in Leipzig, Halle and Magdeburg. It investigates
the complex interactions between man and the environment in used and disturbed
landscapes, especially densely populated urban and industrial agglomerations and
natural landscapes. The scientists of the UFZ develop concepts and procedures that
should help to ensure the natural foundations of life for future generations.

Department of Environmental Informatics

The Department of Environmental Informatics at the UFZ in Leipzig in cooperation
with the Chair of Applied Environmental Systems Analysis at the TU Dresden is
developing methods and software for the simulation of terrestrial environmental
processes. As a result, the OpenGeoSys (OGS9) software is being developed for
over 25 years. It offers a multitude of algorithms for the numerical simulation of
coupled thermo-hydro-mechanical-chemical (THMC)processes in porousmedia and
can be applied for numerous hydrological and geotechnical applications (Kolditz
2002; Kolditz et al. 2012). In addition to the numerical process simulation with
OGS THMC, data processing workflows are developed for environmental system
analysis. This includes data integration from various sources (e.g. remote sensing,
surface monitoring, geological data) or the visualization of complex data collections
for decision making processes based on simulation results from different scenarios.
An important instrument for this is the OGS Data Explorer (Rink et al. 2013, 2014).
The Department has numerous collaborations with the People’s Republic of China,
with projects focusing on environmental challenges and energy storage applications.
Within the “Urban Catchments”-project, members of the department developed a
Virtual Geographic Environment (VGE) for the exploration and understanding of
complex collections of geoscientific and numerical data sets.

Environmental and Biotechnology Centre

The UFZ department “Environmental and Biotechnology Centre” (UBZ) has been
developing, testing and implementing decentralised, nature-based (green) technolo-
gies and management concepts for (waste)water management since 2002. In addi-
tion to new and improved green (waste)water technologies, innovative operational
and organisational models have been developed to ensure sustainable and efficient
resources management. In addition, the research carried out by the UBZ aims at
creating or adapting legal frameworks for the successful implementation of techni-
cal and managerial solutions in close cooperation with decision-makers. Relevant
project examples that were managed by UBZ or where the UBZ took a leading role

9www.opengeosys.org.

www.opengeosys.org
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include: (1) Urban Transformation: Feasibility Study to Model Integrative Urban
Redevelopment, Including Wastewater, Energy and Waste (UBA); (2) SWINGS:
Safeguarding Water Resources in India with Green and Sustainable Technologies
(EU); (3) NICE I and II: Formation, Conception andModeration of a National Com-
mittee for the Implementation of Decentralized Wastewater Management Scenarios
in Jordan (BMBF); (4) SMART I and II: Integrated Water Resources Management
in the Lower Jordan Rift Valley (BMBF); and (5) SMART-Move: Management of
Highly Variable Water Resources in Semi-Arid Regions (BMBF).

Department of Lake Research

The Department of Lake Research (SEEFO) at the UFZ in Magdeburg consists
of an interdisciplinary team of 9 scientists, 7 technicians and a varying number
of third-party funded scientists. The strength of the scientific team is the process-
oriented handling of complex questions in the aquatic area. Extensive experience
from program-oriented research (POF) as well as from numerous third-party funded
projects exists in the areas of lake and reservoir management, lake restoration, water
monitoring, aquatic biogeochemistry, and lake modeling. Special skills are available
in the fields of limnophysics, biogeochemistry, microbiology, plankton ecology and
modeling. Current priorities in ongoing research in the Department SEEFO are on
the online water quality monitoring, coupled physical-ecological modeling, and the
carbon cycle in lakes and reservoirs. International research activities of the depart-
ment are focused on South America, China, the Caucasian area as well as Europe.
As part of the “Urban Catchments”-project, the Department of Lake Research is
involved in the development, construction and evaluation of the online monitoring
system of the Chao Lake.

2.5.2.2 Technische Universität Dresden

The Technische Universität Dresden (TUD) is one of eleven German universities
that currently have the status of a university of excellence. It is the largest university
in the federal state of Saxony.

Institute of Urban and Industrial Water Management

The Institute of Urban and Industrial Water Management (TUD-SWW) has 39
employees in the chairs of Urban Water Management, Industrial Water Manage-
ment and Drinking Water Supply (03/2018). In the field of wastewater treatment,
the employees of the Chair of Urban Water Management deal with processes and
systems of municipal and industrial wastewater and sludge treatment as well as
their optimization. In the field of urban drainage, the main topics are the integrated
consideration of urban drainage systems for holistic optimization and immission-
oriented requirements, the cost-efficient development of urban drainage systems, the
investigation of transport and sales processes in sewers and urban waters as well as
the adaptation of urban water management to changing framework conditions. The
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professorship has extensive experience in coordinating and carrying out research
activities of projects funded by public funds (e.g. EU, BMBF, BMWi, German Fed-
eral Environmental Foundation, German Research Foundation) but also in the field
of contract research the employees havemany years of experience. The operation and
the evaluation of online monitoring systems of the water quantity and quality in the
sewage system and in urban waters have been tested in numerous national and inter-
national campaigns. Since 2012, an observatory for the long-term observation and
analysis of drainage processes is under construction in Dresden. The findings from
this preliminary work flow directly into the capacity development of the Chinese
cooperation partners as well as the simplification of the measuring stations via proxy
measurements. In cooperation with AMC andWISUTEC, the integration of data into
a server-based management system was tested. The data provide an indispensable
basis for understanding the pollution processes, optimizing the effluent system effi-
ciently, and minimizing urban flooding. The IWAS (International Water Research
Alliance Saxony) project has provided experience in working in fast-growing urban
systems in Brasilia. The aspect of changing framework conditions for urban water
management planning could also be methodologically and substantively examined
in other IWAS regions as well as in several national research projects. The proposed
two-step procedure for the identification and minimization of the water pollution
could already be applied successfully in several times. The resulting combinations
of activities form the basis for integrated development and management concepts of
urban water management. As part of the “Urban Catchments”-project, the Chair of
Urban Water Management has developed a system for the development of an online
monitoring system for water quality in Chaohu and in the Chao Lake. This includes
the monitoring of urban wastewater and water networks.

Institute of Hydrobiology

The Institute of Hydrobiology at TU Dresden (TUD-HYB) has demonstrated its
expertise in biological effect monitoring in numerous publications and projects
in recent years (Mazurova et al. 2010; Jungmann et al. 2001; Jungmann et al.
2004, 2009; Ladewig et al. 2006; BMBF: IWRMMozambique and KoPiGe, IWAS
Scheifhacken et al. 2011; Ertel et al. 2012; Seiler andBerendonk 2012). In addition to
monitoring, the focus was also on risk assessment. The development and evaluation
of test strategies for the determination of an environmental risk and the establishment
of standard test procedures for the OECD have been part of applied research at the
institute for many years (Federal Environment Agency FKZ: 295 63 075; FKZ: 299
65 221/05FKZ: 360 12; FKZ: 202 67 437; FKZ: 299 67 44). The personnel and tech-
nical capacities at the Institute of Hydrobiology include 3 scientific and 4 technical
staff, 1 administrative employee, 2 post-doctoral student, 6 doctoral students and
4 Bachelor and 6 Master students. In the evaluation of long-term monitoring data,
the institute has extensive experience from projects with dams and streams (BMBF
KoPiGe). As part of an international project inMozambique and Namibia, a biomon-
itoring concept has been developed for the city of Tete, which lies within the coal
mining industry at the mining area on the Zambezi, and scientists fromMozambique
qualified. Together with the water authority ARAZambezi, a report was prepared on
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the effects of the river depression on the Sambesi fauna. The Institute was respon-
sible for the coordination of research in Ukraine within the IWAS (International
Water Science Alliance Saxony) Initiative (BMBF) for concepts for the efficient
improvement of surface water quality. Within the “Urban Catchments”-project, a
field study at the waste water treatment plant Kreischa (near Dresden, Germany) was
performed to gain experience with the Daphnia-Toximeter and the FluoSens under
field conditions and to apply this technology to the Chao Lake, China.

Institute for Groundwater Management

The Institute for Groundwater Management (TUD-IGW) consists of the Professor-
ship of Groundwater Management (Prof. Dr. R. Liedl) and the Junior-Professorship
of Contaminant Hydrology (JProf. Dr. M. Walther). The institute was founded in the
year 1946 and emerged from the former Institute of Soil andWater Management and
is since than an essential part of the Department Hydrosciences at the Technische
Universität Dresden. The IGWprovides a broad educational background to Bachelor
andMaster studies focussing on various methodological and applied topics. Scientif-
ically, the institute aims to address both, fundamental and applied research questions.
Examplary current working topics enclose stable isotope chemistry, tracer technolo-
gies, karst hydraulics, coastal groundwater systems or aquifer storage and recovery
systems. Thereby, the institute provides expertise in the application and develop-
ment of numerical models together with respective field monitoring and laboratory
analysis.

2.5.2.3 AMC–Analytik & Messtechnik GmbH Chemnitz

AMC–Analytik & Messtechnik GmbH Chemnitz10 is an SME with more than 20
years of experience in the fields of monitoring and process control systems, measur-
ing, testing and information systems. More than 20 engineering graduates, techni-
cians and skilled workers guarantee the development of complete project solutions
through the phases of planning and configuration, programming, installation and
commissioning, documentation and training as well as maintenance and servicing.
Qualifications in the fields of electrical engineering, computer science, automation
technology and process engineering form the basis for a detailed analysis of the
technical, technological and physical processes as a basis for the development of
complete system solutions. Customers include German and foreign companies and
institutions from a wide range of industries, such as Public sector clients, power
engineering, automotive industry, mechanical and plant engineering, primary indus-
try as well as research/development and training. Based on market-proven industrial
components, AMC develops tailor-made solutions ranging from signal acquisition
in hydrological monitoring and early warning stations to centralized and decentral-
ized processing to distributed output and evaluation of data in local networks and on

10http://www.amc-systeme.de.

http://www.amc-systeme.de
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the Internet. For the “Urban Catchments”-project, AMC implemented the complete
chain of an environmental information system.

2.5.2.4 WISUTEC Umwelttechnik GmbH

The administration of large, inhomogeneous and spatially distributed data covering
a variety of different topics is one of the challenges of working on major environ-
mental or cleanup projects today WISUTEC11 experience in this area comes from
working on the large Wismut GmbH project. During years of working on one the
most important environmental projects in Germany and Europe - the remediation
of the residues of uranium ore mining in Saxony and Thuringia - WISUTEC was
able to develop the web-based AL.VIS information systemwith its research, analysis
and GIS/map features. WISUTEC Umwelttechnik GmbH has extensive experience
in the planning and implementation of environmental monitoring systems in Ger-
many, Eastern Europe, Russia and Central Asia. The company develops web-based
database solutions with GIS functionalities for national and international projects.
This includes information systems for the management of:

• environmental data (surface water, groundwater, climate values, substance sam-
ples),

• GIS information,
• and data and information about the observed objects, e.g. documents, photos,maps.

The range of services also includes:

• Application programming (.NET, C#), especially in the area of environmental data
management

• Database development (ORACLE, MS SQL Server, PostgreSQL/PostGIS)
• Implementation and hosting of (web) portals
• Development of IT Concepts
• IT consulting services
• Data migration (“legacy data transfers”)

In recent years, WISUTEC has participated in several projects for the development
of early warning systems in the field of environmental monitoring of waters.With the
practical experience gained, important work was carried out on the development of
software modules for an early-warning system in the R&D project “Conception and
exemplary implementation of a pilot station for water body monitoring with regard
to radiological and chemical-toxic ingredients”. In the “Urban Catchments”-project,
a comprehensive environmental information system was set up.

11http://www.wisutec.de/en-gb/Company.

http://www.wisutec.de/en-gb/Company
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2.5.2.5 bbe Moldaenke GmbH

Formore than 20 years bbeMoldaenkeGmbH12 has been one of the leadingmanufac-
turers of environmental technology products. bbe develops and produces measuring
instruments and software for water quality control. bbe devices are used in oceanog-
raphy and limnology, drinking water quality control, raw water control, bath water
quality assessment, aquaculture system monitoring and environmental control. bbe
Moldaenke GmbH specializes in the construction and development of spectrofluo-
rometers for chlorophyll analysis and for the analysis of naturally occurring pigments
(algae pigments, etc). In addition, bbe Moldaenke GmbH is the market leader in the
field of biological early warning systems, the toximeters/biomonitors for the detec-
tion of environmentally harmful substances and mixtures in drinking water intake
and in environmental monitoring. bbe has been building and selling Daphnia algae
and fish biomonitors for about 20 years. However, sensitive monitors are not straight-
forward, which means that adjustments have to be made over and over again. For
this purpose, proprietary systems have been developed which are used worldwide
(eg China). The bbe team focuses on important tasks such as development, quality
control and customer care. Many simple works of the production process have there-
fore been outsourced. International cooperation requires presence in many places
simultaneously outside of Germany (more than 35 countries). bbe has been build-
ing spectrofluorometers for 25 years. The aim of this device is the humic substance
analysis and the evaluation of the elimination of high molecular weight fractions
of humic substances. It is believed that high molecular weight fractions contribute
to the growth of bacteria in drinking water, so the flocculation in a waterworks can
be controlled according to this parameter. This aspect was very interesting within
the “Urban Catchments”-project regarding waters with high sewage and agricultural
runoff content, such as Chao Lake.

2.5.2.6 Institute for Technical-Scientific Hydrology GmbH

The institute for technical-scientific hydrology GmbH (itwh)13 with headquarters
in Hanover and branches in Dresden, Flensburg and Nuremberg was founded in
1987 and has more than 70 employees, mostly engineers, hydrologists and com-
puter scientists. The main activities of itwh lies in the creation of studies, con-
cepts, R&D projects, etc. in urban areas such as drainage concepts, general drainage
plans, urban flooding studies, concepts andmeasures of rainwater management, real-
time control of sewer systems, etc. As great successful projects can be mentioned:
Changde, Chaohu (PRC); Dresden (Fuchs et al. 2015), Düsseldorf, Frankfurt, Ham-
burg, Hannover, Karlsruhe (Germany); Hanoi (Vietnam); Milwaukee (USA)14; War-
saw (Poland); Vienna (Austria) (Fuchs and Beeneken 2005). In the software area,

12https://www.bbe-moldaenke.de/en/.
13https://www.itwh.de/en/.
14https://www.itwh.de/files/dokumente/referenzen/Projekt_RTC-Milwaukee.pdf.

https://www.bbe-moldaenke.de/en/
https://www.itwh.de/en/
https://www.itwh.de/files/dokumente/referenzen/Projekt_RTC-Milwaukee.pdf
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simulation models and GIS applications for the rainfall-runoff transport process in
the urban area are being developed. The itwh operates predominantly in Germany
and the neighboring states, in cooperation with other engineering offices/universities
but also in China and Vietnam. In the Chinese city of Changde/Hunan Province, an
ecologically oriented master plan for the urban areas as well as the adjoining sur-
rounding area was set up, in which numerous measures of rainwater management
and water remediation are conceived and partly developed. In Chaohu, a master plan
was drawn up with the aim of developing the city into an ecological seaside city.15

For the urban catchment project itwh was responsible for the modelling and planning
of the rainwater management and sewer systems of Chaohu.

2.5.2.7 OpenGeoSys e.V.

Modelling and computer-aided simulation in the field of environment and geotechni-
cal engineering is becoming increasingly important in decision-making at themunic-
ipal, national and international level. The results of such computer models often act
as a bridge to the knowledge transfer between science, business, politics and popula-
tion. This is especially the case if the processes take place underground and are thus
usually hidden from the eye of the observer, such as e.g. in case of soil contamina-
tion or geothermal energy production. The aim of the German non-profit association
OpenGeoSys e.V. is to create better transparency and in particular to inform about
how such models and concepts are responsibly developed, created and subsequently
communicated, so that decision-makers can evaluate them and the media and the
population can understand them. The OGS e.V. helps to shape the communication
between science, research, politics, administration, companies, as well as media and
public in the environmental and geotechnical research field. A main focus is on the
coordination of knowledge and technology transfer and cooperation between univer-
sity and non-university institutions. This also includes the promotion of specialist
qualification in the field of environmental technology in the context of training and
further education measures.
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Chapter 3
WP-A: Urban Water Resources
Management

Peter Krebs, Firas Al Janabi, Björn Helm, Honghao Li,
Benjamin Wagner, Christian Koch, Renyuan Wang
and Lothar Fuchs

3.1 Introduction

The Anhui Chao Lake Environmental Rehabilitation Project (ACLERP) calls for the
laying of 100km of sewer and reaching 30,000m3/d in capacity at the wastewater
treatment plant. The “MasterplanÖkologische Seestadt Chaohu”1 names the remain-
ing deficits of ACLERP and gives concrete recommendations for further plans.

1https://www.wasser-hannover.de/de/projekte/oekologische-seestadt-chaohu.
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In the model region of Chao Lake (Chaohu), the fragile interplay of natural and
settlement space is currently pronounced and endangered. The region around the
lake with the major cities of Hefei and Chaohu City is one of the fastest growing
urban areas in the world. The city of Chaohu draws its drinking water from Chao
Lake and its further development is strongly linked to itswater quality. The increasing
anthropogenic pollution components of the lake have led to a significant deterioration
of water and water quality in recent years.

An important prerequisite for a better understanding of the lake - city system is
the development of an online monitoring system for water quality in the city and in
the lake. This includes the monitoring of urban wastewater and water nets. Therefore
the listed project partners in Work Package A (WP-A) work together to: install a
water monitoring system and coordinate its operation as well as data management
(covered by TU Dresden), capture data, modelling and planning the rain water man-
agement and sewer systems (covered by itwh), build a data integration (covered by
WISUTEC and AMC), organize on-site support (by Tongji University (Shanghai)).
The online monitoring stations were installed at different sites and provide important
data for model calibration and validation. Within the “Urban Catchments”-project
(UC-Project) WP-A covers the urban part of the system analysis and therefore the
development of measures for improvements can be considered as the final result.

3.2 Goals

To design effective approaches to improve water quality in urban water and stormwa-
ter management supported by an online monitoring system, decision-makers would
understand the physical and ecological processes at work, develop a range of possible
management tools that are suitable to the site and its problems. To make efficient
use of available resources, managers could adopt the water management tools to
ensure that targets will be met at the lowest possible cost, especially in using projects
technologies for nature-based rainwater and river water treatment. In designing poli-
cies to achieve a better understanding for scientist and decision-makers, the focus of
the part will be on micropollutants, sewage network protection planning tools and
riverbank infiltration (co-funding activities).

3.3 Data Scarcity - Uncertainty and Challenge

Firas Al Janabi, Björn Helm, Benjamin Wagner, Honghao Li, Lothar Fuchs

As long as the possibility exists to reproduce the natural processes (e.g. infiltra-
tion of rainwater to the soil) with hydrodynamic rainfall-runoff models the demand
for input data is grown with the complexity of the models. A simple split there-
fore between pervious and impervious areas becomes more divided into smaller
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subsurfaces. Each of them with its own characteristics (e.g. roughness for overland
flow, depression storage). Even if more and more techniques for measuring these
parameters are explored, the database for all parameters actually does not exist. So
measurements in the field are still needed, that the signals weather from radar, laser
and so on could be evaluated and the quality of the data could be secured within a
small range of uncertainty. The quality of the model itself has a strong relationship
with the data quality. With regard to hydrodynamic simulation of drainage system,
lack of pipe network information obviously leads to incorrect results. There is no
current Automated Property Map, so real imperviousness could not be determined.
Vegetation data gives the basic knowledge of wetting losses and runoff parameters.
Without geological data, it is difficult to assess the permeability of the soil. If the
data is not sufficient for the simulation, some realistic assumptions will be taken in
order to fulfil the requirements. In this case simulation results have uncertainties and
the calibration process needs to be carried out.

3.3.1 Drainage System Hydrodynamic Simulation

3.3.1.1 Sewer System

Due to the security rules of administrative authority of Chaohu city, it is impossible
to get the current sewer system data for this project. Under this circumstance, the
channelization database from 2010 was taken from the previous Chaohu Masterplan
Study project, which was carried out by “Wasser Hannover”. By analysing the raw
database of 2010, some typical conditions regarding to Channelization are listed
below:

• Area without sewer (illustrated by Fig. 3.1)
• Unclear flow direction (an example is shown in Fig. 3.2)
• Important information of the sewer system such as elevation data are missing
• Current sewer system has conflicts with existing sewer system on the Masterplan
2030 drawings, such as sewer dimension, flow direction, etc.

For area without sewer system, fictitious sewers were generated according to
the drainage masterplan 2030. Unclear flow direction was adjusted through overall
analysis of corresponding subnetworks. All above works help to set up a reasonable
hydrodynamic model. Blocked sewers could cause the change of flow direction and
reduce the discharge capacity, as well as the sediments within the sewers (Fig. 3.3).
The current situation of the sewers will affect the evaluation dramatically. Therefore
the measured and accurate sewer system is needed for the future work.

3.3.1.2 Catchment

From the raw database, following catchment-related problems are also found:
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Fig. 3.1 Area without sewer within Shuangqiao River catchment

• No current Automated Property Map
• No current geological data and vegetation data
• Land use conflicts among different drawings

By means of the masterplan 2030 of Chaohu city, Baidu Map, Google Map and
the satellite photo, land use types for each area were determined. Referring to corre-
spondingChinese local technical standards (Municipal Housing andUrban andRural
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Fig. 3.2 An example on unclear flow direction of sewer system

Fig. 3.3 Example of blocked sewer (a) and channelized river. (b) with sediments

Planning and Construction Bureau of Zuhai 2015), percentage imperviousness for
each land use type was assumed according to the building type and mandatory green
area ratio of each land use type. Table 3.1 represents different imperviousness for
various land use types.
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Table 3.1 Area types and corresponding percentage imperviousness

Land use type Percentage imperviousness [%]

Bus station, railway station 100

Railway, warehouse, street 90

Industrial/business district, square, parking
place

80

Residential district, infrastructure,
administrative office

70

Medical use, suburban residential district 60

Unbuilt district (currently green area or
uncultivated)

40

Green space 20

Forestry 15

Table 3.2 Standard values of model parameters (Source: itwh.Hystem-extran parameter library)

Wetting losses
(mm)

Depression
storage losses
(mm)

Initial runoff
coefficient

Final runoff
coefficient

Impervious area 0.5 1.8 0.25 0.85

Pervious area 2.0 3.0 0 0.6

Street 0.5 0 0.25 0.95

3.3.1.3 Model Parameters

In this project itwh.Hystem-Extran2 was used for the simulation of sewer system.
After building up the hydrodynamic model, model parameters were set in order to
run the simulation. Due to lack of geological information of Chaohu city, empirical
runoff parameters for each type of areas were selected (Table 3.2), which should be
calibrated afterwards.

itwh.Hystem-Extran is the classic option for single or long-term series hydrody-
namic simulation of sewer systems. itwh.Hystem-Extran consists of three modules:
Hystem-Extran-Editor, Hystem-Extran-Simulation and Hystem-Extran-Viewer, and
it supports three simulation methods: ZEBEV, HYSTEM, EXTRAN. itwh.Hystem-
Extran stores all incoming data (network data, rainfall data, special profiles, etc.) in
a model database and all simulation results in a results database. Results databases
from various simulation can be easily compared. After around 30 years continuous
running of this hydrodynamic model (itwh.Hystem-Extran) and the improvement of
model itself, the simulation results with standardmodel parameters have been proved
to be confident without model calibration.

2http://www.itwh.de/de/software/software-produkte/produkt-detailansicht/hystem-extran.html.

http://www.itwh.de/de/software/software-produkte/produkt-detailansicht/hystem-extran.html
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3.3.2 Data Scarcity for Waterbody Simulation

Thanks to available satellite images it could be shown, how fast Chaohu City is
grown and which influence of the Shuangqiaohe riverbed it causes. A residential
area should serve as an example as it can be seen in Figs. 3.4 and 3.5. Based on the
delineation process for the Shuangqiao River catchment, which is described more
detailed in Sect. 3.5, only the riverbedwithout storage basins and lakes could be done.
During project time it was not possible to clarify the water management policy within
the storage basins spread in the main city area. Throughout the security guidelines
environmental parameters (soil type, evaporation height) are not free available. As a
first attempt standard values where chosen for the river model in coordination with
the parameters for the sewer system model.

Fig. 3.4 Shuangqiao River bed structure (pink) in comparison to the old satellite images provided
by ArcMap Basemap layer based on DigitalGlobe imaginary from 2014
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Fig. 3.5 New satellite image provided by google maps (2017 digitalglobe, CNES/airbus)

3.3.3 Outlook

In the further sections, methods and solutions for dealing with the uncertainty and
data scarcity problems, are described. With the help of remote sensing data and
empirical values, it is shown that, despite a low data basis, modelling is possible,
even if the load-bearing capacity and meaningfulness of the model results can only
be achieved by means of a reduction with measured data.

3.4 Disaggregation of Rain Data – Methods and Use
for Hydrodynamic Modelling

Firas Al Janabi, Björn Helm

The demand for high-resolution precipitation data at temporal scales fluctuating
from daily to hourly or even higher resolution is an enormous problem for hydrolog-
ical modelling. For many locations around the globe, rainfall data quality and quan-
tity are very poor, and consistent measurements are only available at a coarse time
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resolution. Models for spatially interpolating hourly precipitation data and tempo-
rally disaggregating daily precipitation to hourly data have developed for application
to multisite scenarios at Chaohu watershed scale. The specialized tool for rainfall
disaggregation, in particular at fine time scales, has been examined in more detail.
Disaggregation tool called DiMoN based on multiplicative random cascade model
used to disaggregate rain data from Chaohu, China whose meteorological data are
scarce. A special disaggregation technique, which, instead of using simultaneously
both coarser and finer time scales in one mathematical expression, couples indepen-
dent stochastic model, at each time scale, have been further analysed. According to
the absence of hourly data at Chaohu station, data from a station called Luogang,
approximately 57km from Chaohu has been used as a reference station for disag-
gregation of daily values of Chaohu into hourly and 15min resolution. Correlation
between observed and model-generated data have been found to be 0.84 and 0.77 for
hourly and 15min resolution respectively. NSE (Nash-Sutcliffe Efficiency), RMSE
(Root Mean Square Error) and RSR (RMSE-observation standard deviation ratio)
show that the model has generated data within an acceptable range. Improvement
in the model performance has been demonstrated by the use of finer resolution of
longer time series from Chaohu itself.

3.4.1 Daily Precipitation Data

Daily data for six stations (Anqing, Chaohu West, Hefei, Huoshan, Nanjing and Wu
Hu) surrounding the study area was obtained from World Meteorological Organisa-
tion and National Climate Data Centre, USA (Table 3.3). Figure 3.6 displays a map
where all the stations and their approximate distance to the main station (Chaohu
West) are shown. Hefei is the closest station while Huoshan is the farthest one from
Chaohu. The data quality of the daily precipitation can be classified as a good qual-
ity data with only 1.7% of missing values on an average. The next tables contain
information about the available values for each station (Table 3.4) and percentage of
missing values of each station (Fig. 3.7). Stations Anqing and Hefei have the longest
records of available data and the stationWuHu has the highest percentage of missing

Table 3.3 Status of available dataset

Station Time series Missing data [%]

Anqing 1970–2015 1.48

Chaohu west 2000–2015 0.68

Hefei 1970–2015 1.20

Huoshan 1980–2009 1.99

Nanjing 1970–2010 1.94

Wu Hu 2000 (May)–2015 3.77
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Fig. 3.6 Map showing all the stations and the distance of each station with respect to the main
station, Chaohu (Chaoxian) (Source: Google Maps)

Table 3.4 Station details (Source: https://gis.ncdc.noaa.gov/maps/ncei/cdo/daily)

Station Latitude [◦] Longitude [◦] Elevation [m]

Anqing 30.533 117.050 20

Chaohu west 31.600 117.833 21

Hefei 31.867 117.233 36

Huoshan 31.400 116.333 68

Nanjing 31.933 118.900 15

Wu Hu 31.333 118.350 20

values which is 3.7%. For simplicity in comparison of the stations, the time series
from 2000 to 2010 has been taken into account based on the fact that this period has
recorded values for all the stations (except Huoshan for which the series is from 2000
to 2009). Within this time frame, all the stations had fewer gaps scattered through
the entire time frame.

Figure 3.8 is a graph of daily precipitation of Chaohu West versus time. From the
graph, it can be seen that the highest peak of rainfall occurred on 27th August 2008
with a rainfall of 121.92mm depth, followed by a second highest peak on 23rd July
2008 with a rainfall depth of 105.16mm. There are seven other peaks with rainfall
higher than 60.00mm depth. Most of the peaks fall in the months of May, June, July,
and August with one exception in the month of March (2001) and one in the month
of November (2009).

https://gis.ncdc.noaa.gov/maps/ncei/cdo/daily
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Fig. 3.7 Pie chart showing the percentage of available data from all the stations for the years
2000–2010

Fig. 3.8 Hyetograph of Chaohu West (2000–2010)

3.4.2 Sub-daily Precipitation Data

Similarly, the hourly reference time series available was the station Luogang. The
time series includes precipitation data from 1st January 1984 to 1st January 2014.
The data had a lot of gaps and the only period of time that was suitable for use was
the time period between 1st March 2010 and 28th February 2011. High-resolution
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data of 15min was from the same station from the time period of 1st January 1984
to 1st January 2014. A small part of it was found suitable for further steps which had
a continuous data from 1st May 2010 to 2nd September 2010 (four months).

3.4.3 Preprocessing of Rain Data

As discussed earlier, based on the availability of data, the time series 2000–2010 was
taken into consideration for this study. This time series includes daily precipitation
records of the stations Anqing, Chaohu West, Hefei, Huoshan, Nanjing and Wu Hu
(Fig. 3.9). A time period of eleven years has been considered in this study.

3.4.4 Disaggregation of Daily Data to Sub-daily Values

The disaggregation of the daily data from the six stations were disaggregated to
hourly scale with the help of DiMoN tool, an application tool for statistical disaggre-
gation of precipitation over the time (Lisniak et al. 2013). DiMoN based on Cascade
model of disaggregation which requires reference hourly data and daily data to be
disaggregated as input to the model (Fig. 3.10). Firstly, input files were prepared
for the DiMoN model. The input files to be used for DiMoN needs to be in a par-
ticular format. Ideally, the hourly reference input file needs to belong to the same
station whose daily data needs to be disaggregated. However, in this case, due to
the unavailability of reference hourly values from Chaohu, hourly and 15min values
from Luogang were taken into consideration. Since DiMoN works on five steps, it
was necessary to aggregate the hourly values obtained to 6 hours resolution to dis-
aggregate it into 15min resolution. Tests were performed to ensure the similarities
between Luogang and Chaohu.

Fig. 3.9 Improvement of data quality
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Fig. 3.10 Chart showing the inputs and output of DiMoN model

3.4.5 Disaggregation Output

The daily precipitation from Chaohu West was disaggregated with DiMoN model.
The historical reference hourly data was taken from a station named Luogang. The
absence of hourly reference from Chaohu West limits the possibility of comparing
the disaggregated output and observed hourly data. Therefore, the disaggregated
hourly values were aggregated to 24-h duration and then compared with the observed
daily precipitation which has been summarized in Table 3.5. It can be seen that the
descriptive statistical properties of observed and generated time series are similar in
both stations. The difference in the spread (variance) of data is understandable, as
the model does not replicate the daily values exactly. Based on the probability of
occurrence of a rainy day from the reference hourly data, even a day with rainfall in
reality (observed) can get no rain in the generated data series.

In addition to this, the probability of exceeding was also calculated to compare
the generated and observed 24-hour precipitation values. The plots in Fig. 3.11 show
that the curves were almost replicated by the model for both stations. In case of
hourly values, the probability of exceeding of a rainfall intensity of 125mm/day is
0.02% which is the same in both generated and observed time series. One of the
limitations of DiMoN is that it sometimes estimates that the precipitation through
the entire day has been collected in one single hour. For instance, the highest rainfall
collected in one day for Chaohu is 121.92mm on 27th August 2008 (Fig. 3.8). On
disaggregating, DiMoN calculated that this rainwas collected in a time span of 1 hour
on the same day between 8 am and 9 am. Therefore, the second peak that occurred on
23rd July 2000 was taken into account for illustration. The observed rainfall depth
was 105.16mm. Figure 3.11 shows how this value was disaggregated through the
entire day in which maximum rainfall occurred at 8 am with a precipitation depth of
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Table 3.5 Comparison of model generated (hourly and 15min) and observed 24h precipitation of
Chaohu west (2000–2010)

Chaohu west (hourly) Chaohu west (15min)

Observed Generated Observed Generated

Total 10,988.41 10,999.00 10,988.41 10,999.00

Mean 2.7341 2.7368 2.7341 2.7368

Standard deviation 7.8522 8.1075 7.8522 7.9510

Variance 61.6568 65.7317 61.6568 63.2177

Coefficient of variance 2.8719 2.9625 2.8719 2.9053

Skewness 5.6457 5.7523 5.6457 5.7991

Correlation 0.84 0.77

Fig. 3.11 Comparison of observed (daily) and generated (hourly) precipitation values of Chaohu
west (2000–2010)

37.3mm followed by 31.8mm of rainfall at 10 pm. On adding the total rainfall as
generated by themodel the daily amount of precipitation amounts to 111.6mmwhich
is slightly overestimated compared to 105.16mm observed in reality. Similarly, in
case of 15min resolution, the disaggregated deviates from the observed at a few
points.

The NSE for the disaggregation of daily to hourly was found to be 0.65 and for
the disaggregation to 15-min resolution was found to be 0.54. NSE equal to 1 means
that there is a perfect match between observed and generated values. In this case,
the efficiency of hourly time scale is higher than that of the 15min resolution. This
is because the hourly values obtained after disaggregation of daily values have been
aggregated to 6 hours time scale in order to obtain 15min resolution. Therefore,
the errors of daily to hourly disaggregation have been propagated to the 15min
disaggregation resulting in a reduced efficiency.

Finer temporal resolution of precipitation data is required in many hydrological
studies. The availability of meteorological stations collecting sub-daily precipitation
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value is scarce compared to the stations maintaining daily values. In such cases, it
is possible to disaggregate the coarser resolution data to finer resolution by using
reference series from a neighbouring station. The use of DiMoN, a disaggregation
model based on the concept of the cascade to disaggregate the daily precipitation
values to hourly and 15min resolution has been demonstrated in this study. In absence
of 1 hour and 15min resolution data from the main station, Chaohu reference data
has been used from a neighbouring station, Luogang. A high correlation of 0.84 in
the hourly values and 0.77 in the 15min resolution was obtained. However, in some
cases, disaggregation of extreme value was not realistic with DiMoN disaggregating
approximately 80% of the rain amount in a one-time unit. The possible reason for
this could be the use of a short reference series from a different station. DiMoN can
be used as a disaggregation tool and best result can be expected with longer reference
series from the station of concern.

3.5 DEM/DTM – Effects on Hydrodynamic Models
(e.g. Input Parameter, Runoff and Landuse)

Benjamin Wagner, Björn Helm

The delineation of hydrological catchment areas is one of the most important and
fundamental steps in the process of establishinghydrodynamic rainfall runoffmodels.
For the Chaohu City region and the Shungqiao He catchment area, examples of the
influence of terrain models with different resolutions and data quality are shown.
This also demonstrates the importance of measuring campaigns and data acquisition
on site, so that measurement data from remote sensing methods can be validated and
the actual goal of identifying the pollutant mass flows can be successfully achieved
with the help of the models.

3.5.1 Raw Data

For the model build up usually GIS data for the landuse, sewer system and other
typical model parameters provided by companies or the government are used. Time
consuming challenges in an international project are at first to build these connections
to the regional government. The typical mentality and also the major differences in
language make a data handling more complex, additional to the need to manipulate
the data to fit in the model structure.

With gathered data from websites or official partners methods of inverse distance
weighting (IDW), ordinary kriging,ANUDEM(ANUFenner School of Environment
and Society and Geoscience Australia 2008 and Hutchinson (1988)) and triangulated
irregular network (TIN) were used to build digital elevation models (DEM) for the
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delineation process. The revision process takes place with satellite images from
google maps, bing maps and the ArcGIS provided maps.

As a second attempt DEM from radar satellite missions JPL NASA (https://www.
jpl.nasa.gov/) with a resolution of 90 × 90m was used.

During the research project a high resolution DEM could be obtained, so that a
3rd delineation process could take place.With a resolution of 1 × 1m and the highest
trust factor this DEM will be used as the reference, because ground control points
were used to check the measured data with a mean range of 0.3m (Andoczi-Balog
2017).

The links to the hydrodynamic sewer model are the land-use data, maps of the
city and the built sewer model as input to avoid doubled surfaces.

3.5.2 Data Manipulation

Based on a study project it showed up, to get DEM out of the elevation contour maps
the best results could be obtained by IDW and kriging method. Problems of these
methods are so called bulls eyes (e.g. Nusret and Dug (2012)), also the possibility to
produce sharp surface intersects like it is common in urban areas. Therefore, satellite
images and a visual control of the results are essential.

The evaluation process of the 90 × 90mASTERDEM (https://asterweb.jpl.nasa.
gov/gdem.asp) was assumed accordingly. General information about the quality of
the ASTER DEM could be found in (Tachikawa et al. 2011).

After the setup of the DEM (analogue maps based, satellite or airborne mission
based either) the use of hydrologicalmethods aswritten inBurrough et al. (2015)were
done. (e.g. Fill Sink, Flow Directions). The complete process is shown in Fig. 3.12.
To end up with a good quality which can be obtained by the method several iterations
have to be done. Otherwise, too much computer resources are needed.

As mentioned before (Sect. 3.5.1) additional features for urban areas have to be
taken into account:

• sharp change of elevation (e.g. channelized river with rectangle cross section)
• river forced to flow in sewer
• e.g. buildings or bridges causing wrong elevation signals.

So for the urban part several adjustments on the hydrological methods have to be
done. The DSM (digital surface model) could be obtained by erasing houses, trees,
and so on. Based on the compromise of slope within a certain range some bridges
may be not erased in the river. Within the analyses of the depressions the remaining
bridges could be identified (Fig. 3.13) and throughout the use of slope filter erased
from DSM.

An old but quite important method: visit the area. Pictures of the river, landscape
and cross sections are made and taken into account. The use of survey maps is very
helpful to check flow directions, estimations for width, and so on.

https://www.jpl.nasa.gov/
https://www.jpl.nasa.gov/
https://asterweb.jpl.nasa.gov/gdem.asp
https://asterweb.jpl.nasa.gov/gdem.asp
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Fig. 3.12 Delineation process of the catchment of Shuangqiao River

To finish themodel setup andmake it possible to run themodel several estimations
have to be done. The following list shows the needed parameters and accordingly
the source.

• DEM: slope, flow direction, area, subcatchments, cross-section until the water
table

• GIS: landuse, impervious area,
• Literature: soil parameters, flow parameters (e.g. roughness factors, depression
storage)

• Pictures: cross-section river, soil.
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Fig. 3.13 Sinks (green) before filling algorithm

3.5.3 Results

The importance of data evaluation and data plausibility could be seen in the prelim-
inary and final model results (Fig. 3.14).

Even if the calibration process could not be shown as the essential part of the
modelling process (Choi and Ball 2002), it is quite important to find out the source
of possible pollution. The southern part of the mountain region is more rural and
may be an additional source for the eutrophication of the Chao Lake.

Fig. 3.14 Results of the different delineation approaches: (a) IDW, Kriging. (b) ASTER DEM
from JPL NASA and, (c) with high resolution DEM from Airbus
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3.6 High Resolution Water Monitoring – A Short Review

Christian Koch, Björn Helm

3.6.1 Introduction

Water monitoring means the collection of chemical, physical and biological parame-
ters within a water body over a certain period of time. In addition, the determination
of hydraulic conditions, such as the depth and width of a river as well as flow veloc-
ity and flow rate. Primarily, monitoring can be used to assess the current state of a
water body. Running over a longer period of time, it can provide information about
the development of water quality and is able to prove the success of certain water
protection measures that has been taken (Arle et al. 2014).

3.6.2 Types of Water Monitoring

In urban and industrial areas, there are lots of interactions between surface water
bodies and urban drainage. Therefore, the observation of quality and quantity of
wastewater is also important. Only if both parts are considered and the campaign
takes place over several months, a detailed system analysis is possible (Tränckner
2010). In order to detect both continuous and acute loads for the water body, a high
resolution is necessary. Typically, water quality measurements are taken at a large
temporal distance. The European water framework directive (Commission 2000),
hereinafter EU-WFD, specifies three types of water monitoring:

• surveillance monitoring,
• operational monitoring,
• investigative monitoring.

The first one is supposed to be a long term monitoring to evaluate the present
conditions and their possible developments. Usually, it is only measured twice in a
management period.Operationalmonitoring takes place atwater bodieswhich are not
in a good state. It is done to observe the effectiveness of measures taken to improve
the conditions. The resolution is mostly higher than of surveillance monitoring.
Investigative monitoring is only done when further information about a water body
cannot be obtained with operational monitoring. All these types of monitoring do
not have a high resolution, although the EU-WFD recommends the implementation
of “more detailed analysis in areas that are protected for drinking water or for natural
habitats and species” (Commission 2009).
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3.6.3 Necessity of High Resolution Water Monitoring

When trying to understand the linkage between urban drainage systems and surface
water bodies such as rivers and lakes, it is necessary to establish a water monitoring
with a very high resolution. For example, during a rain event different processes
happen simultaneously. To obtain the effects on sewer system and surface waters,
it is not sufficient to measure water quality and quantity just once a day or even
once per hour. The mostly short-term peaks of flow rate cannot be detected. Thus,
information about the amount of an eventual discharge of wastewater into a river and
with it the intake of certain loads of pollutants cannot be derived. Another example
for the need of a high resolution water monitoring could be the detection of some
discontinuous sources of surface water pollution. Whether anthropogenic or natural,
it is often not possible to recognize them, when the observation is set up only once
a day.

3.6.4 Methods

The two examples mentioned show that continuous high resolution monitoring is
necessary, especially in an urban catchment. With this, it is feasible to analyse and
compare various chemical, physical and hydrodynamic parameters of different loca-
tions and construct a precise water quality model for the area. Sources of pollution
or points of unsuitable water flow can be determined and measures to improve the
resilience of the whole water and wastewater system can be developed. After their
implementation, the monitoring system is able to check the performance of the
adjusted network. Thereby, it can help to prove the success and justify investments.

ChaohuCity is a highly attractive opportunity to implement a high resolutionwater
monitoring system. As mentioned before, the city is about to change massively. As
part of theAnhui Chao Lake Environmental Rehabilitation Project (https://www.adb.
org/projects/44036-012/main), additional 100 km of sewer channels will be built.
This offers fascinating prospects to run amonitoring system and evaluate the situation
before, during and after the project. Especially the impacts on rivers, which discharge
into the Chao Lake, seem interesting. It might be shown that fewer pollutants and
nutrients enter the lake than before. For this purpose, a monitoring system consisting
of four independent but also integrated stations was designed. Two of the stations are
equipped for measuring in sewers and two for obtaining information in small rivers.
They all provide high resolution data of:

• physical (e.g. temperature and electric conductivity),
• chemical (e.g. concentration of ammonium and COD) and
• hydrodynamic (e.g. water level)

parameters. Those for operation at a sewer are set up with automatic air flush to
maximize the required maintenance interval. The two stations, which monitor the

https://www.adb.org/projects/44036-012/main
https://www.adb.org/projects/44036-012/main
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Fig. 3.15 Monitoring station at a small river

river water quality, are additionally equipped with oxygen and pH sensors as well
as a flow velocity measurement. One of them is able to observe the phosphorus
concentration in a half-hour resolution. The whole system is connected to a web
server, which makes it possible to watch live data, control the working modes of the
sensors and even to calibrate some of them via remote access (Fig. 3.15).

3.6.5 Outlook

With the high resolutionwatermonitoring system, a “changemonitoring” of an urban
catchment is possible and thus the control of success can be considered probable.
Whenmeasured values are compared to other stations, plumes can be traced and flow
paths can be detected. Also, an automatically computed mass balance is conceivable.
High resolution data is an indispensable requirement for a sufficiently accurate water
quality model. Otherwise, there would be no good basis for calibration.

3.7 Drainage System Assessment with Hydrodynamic
Model

Honghao Li, Lothar Fuchs

Chaohu city (Fig. 3.16) has been rapidly growing for a couple of decades, and
its urban population has increased from 335,830 in 2000 to 404,789 in 2010
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Fig. 3.16 Channelized area of Chaohu city (black) and Study area within Shuangqiao River catch-
ment (blue)

(Population Census data from National Bureau of Statistics of the People’s Republic
of China3, 4). This increase in urbanization leads to a change in land use pattern and
an increase urban runoff due to higher proportion of paved area.

3https://en.wikipedia.org/wiki/Sixth_National_Population_Census_of_the_People
%27s_Republic_of_China
4http://www.citypopulation.de/China-Anhui.html.

https://en.wikipedia.org/wiki/Sixth_National_Population_Census_of_the_People%27s_Republic_of_China
https://en.wikipedia.org/wiki/Sixth_National_Population_Census_of_the_People%27s_Republic_of_China
http://www.citypopulation.de/China-Anhui.html
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Due to global climate change, the rainfall pattern has been changed and becomes
more unpredictable since last 30 years. Therefore previous technical standard used
for the urban drainage system design in China has been revised in last years.
Normally the design of drainage pipelines is carried outwith the help of the traditional
runoff formula, which shows somehow oversized after long term verification. There-
fore computational modelling tools are recommended to evaluate the real system and
make scientific decisions.
The main goal of setting up the hydrodynamic model of channelization is to assess
the real condition of the current sewer system under different circumstances and help
to make decisions based on scientific modelling results.

3.7.1 Data Basis

Following data were used to build up the hydrodynamic model in itwh.Hystem-
Extran:

• Sewer data
• Area data
• Digital elevation data
• Other inputs data, such as rainfall, inhabitation, etc.

3.7.1.1 Sewer

Sewer data in digital format were collected and transformed into the database. All
unimportant branch pipes smaller thanDN300 and street inlet junctionswere ignored.
Overview of the sewer system were illustrated in Fig. 3.17.
Total length of around 200kmwas built up in themodel, around 50%are the rainwater
sewers, 40% are wastewater sewers, and the rest are combined sewers, which mainly
located in the old city centre.

3.7.1.2 Area

As there are no topographical maps with detailed estate information, therefore each
area with different utilization purpose was regarded as one single catchment. All
information of the catchment were stored in the geodatabase, which was created by
itwh.FOG5 based on ArcGIS platform.
Figure 3.18 shows the urban channelization area of Chaohu city and land use in
Masterplan 2030. With the help of satellite photos and online maps, such as Baidu
Map and Google Map, current land use types for each area were defined.

5http://www.itwh.de/de/software/software-produkte/produkt-detailansicht/fog.html.

http://www.itwh.de/de/software/software-produkte/produkt-detailansicht/fog.html
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Fig. 3.17 Overview of sewer system in Chaohu city

Different imperviousness (Table 3.6) were determined according to the utilization
goal for each type of land use.

3.7.1.3 Digital Elevation Model

To make an analysis of potential flow paths, a digital elevation model in a raster with
high resolution is needed. Raster encodes geographic data in the pixel as well as the
pixel locations.
Figure 3.19 shows the digital elevationmodel ofChaohu city.Colour indicates surface
elevation value. White represents the highest and black means the lowest.
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Fig. 3.18 Channelization area (black) and land use of year 2030

Table 3.6 Area types

Land use type Imperviousness (%) Area (ha) Area (%)

Bus and railway station 100 6.87 0.3

Railway 90 9.43 0.4

Warehouse 90 23.80 1.1

Industrial district 80 38.74 1.8

Business district 80 146.07 6.7

Square 80 11.96 0.6

Parking place 80 3.12 0,1

Residential district 70 736.12 33.9

Infrastructure 70 157.17 7.2

Administrative office 70 30.53 1.4

Medical use 60 24.87 1.2

Suburban residential district 60 9.84 0.5

Unbuilt district 40 291.57 13.4

Green space 20 300.56 13.9

Forestry 15 12.84 0.6

Street 90 367.04 16.9

Total 2170.53 100
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Fig. 3.19 Digital elevation model of Chaohu city (Source: airbus defence and space)

3.7.1.4 Rainfall

As Chaohu city does not have its own rainfall intensity formula, which was gener-
ated from long term rainfall statistics, therefore the rainfall intensity formula from
the adjacent Hefei city was used to generate the design storm. The distribution of
each 5-minute rainfall was created based on Euler type II method (DWA, Deutsche
Vereinigung fürWasserwirtschaft (2006);Königer 1981),which is similar toChicago
rainfall pattern used in China (Administration et al. 2014).
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Fig. 3.20 Design storm (return period of 2 a, duration of 120min)

Fig. 3.21 Disaggregated rainfall series for longterm simulation

According to the national technical standard “Code for design of out-doorwastew-
ater engineering” (MOHURD 2011) 2016 edition, the return period of 2 years was
chosen for the drainage system assessment in Chaohu city.

The design storm with return period of 2 a and duration of 120 min is shown
in Fig. 3.20. The generation of model rainfall is based on the stormwater intensity
formula from nearby Hefei city. Rainfall peak takes place between 35 and 40min.

Artificial long term rainfall series were used in order to get the continuous
hydrograph of each outlet discharged into Shuangqiao River. The details about the
disaggregation of this long term rainfall series can be found in Sect. 3.4.

In Fig. 3.21 the long term rainfall series with duration of 11 years is displayed.

3.7.1.5 Wastewater Information

According to theMasterplan 2030 of wastewater channelization, 5 subcatchments of
wastewater within the channelization area of Chaohu city were divided (Fig. 3.22).

Wastewater amount and inhabitants from Wastewater Masterplan 2030 are sum-
marized in Table 3.7. Specific wastewater discharge was about 160–165 l/(cap*d).

Information of 3 industrial point sources were collected and listed in Table 3.8.
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Fig. 3.22 Wastewater subcatchments

3.7.1.6 Model Parameter

As there are no measured geological data within the observation area, therefore the
general empirical model parameters were implemented for the simulation. Following
parameters in Table 3.9 were used for different area types:
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Table 3.7 Wastewater statistics

Nr. Subcatchment Area [ha] Inhabitants Wastewater from
household
[104 m3/d]

1 Laocheng 128.2 30000 0.50

2 Chengdong 796.5 144000 2.33

3 jiatang 430.1 82000 1.33

4 Guanwei 194.3 29000 0.47

5 Chaobei 692.3 105000 1.71

Table 3.8 Industrial point sources

Nr. Company Amount
[104 m3/d]

Amount
[104 m3/d]

Discharging
sewer

1 Wanwei group 197.6 2.06 DN 800

554.4

2 Chaohu casting
group

27.7 0.11 DN 400

13.1

3 7410 Factory 11.7 0.03 DN 500

Table 3.9 Standard values of model parameters (Source: itwh.Hystem-Extran parameter library)

Wetting losses
(mm)

Depression
storage losses
(mm)

Initial runoff
coefficient

Final runoff
coefficient

Impervious area 0.5 1.8 0.25 0.85

Pervious area 2.0 3.0 0 0.6

Street 0.5 0 0.25 0.95

3.7.2 Methods

3.7.2.1 Potential Flowing Path

As the geographic data located in the pixel, and each pixel contains one elevation
value, potential flow path were determined based on the flow direction weighting
method, which is illustrated in Fig. 3.23.
The potential flow paths are essential to determine the natural rainwater watershed.
Combined with the analysis of sewer system, realistic catchment for Shuangqiao
River was determined afterwards.
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Fig. 3.23 Runoff accumulation according to flow direction weighting (Source: Esri)

Figure 3.24 indicates potential flow paths. Four different colours represent four
intervals of grid code value. From green, yellow lines to pink, blue lines, the grid
code value continually increase. Bigger value means more runoff accumulation, thus
the flow tendency forms.

3.7.2.2 Sewer Topology Check

After importing the sewer data into the geodatabase, topology checkwas performed to
identify the errors in the system.Following conditionswere checkedwithin itwh.FOG
(Fig. 3.25).

All important errors should be eliminated in order to run simulations. The missing
information was complemented by other data source and empirical assumptions.
Due to the poor data quality, the longitudinal sections of main sewer were checked
to avoid abnormal changes in sewers. In order to get the proper area assignment
relationship of the drainage pipelines, some fictitious sewers were generated in areas
where information about the sewers was missing (Fig. 3.26). For the newly built
sewers, interpolation method was implemented according to the height of the start
point and end point.
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Fig. 3.24 Potential flow paths of Shuangqiao River catchment

3.7.2.3 Area Assignment

As there is no detailed Automated Property Map, which showed the real utilization
of the area, accurate area assignment of each estate was impossible. Therefore the
general area assignment method of Thiessen Polygons within the channelization area
was implemented. After importing the area data into the geodatabase, area topology
check was performed in order to avoid area overlaps and gaps between areas. Some
green areas adjacent towater bodywere not assigned to the sewers, and some areas far
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Fig. 3.25 Error check of channelization data

away from themain sewers were not assigned as well. Area assignments were carried
out automatically, some unrealistic assignments were manually modified (Fig. 3.27).

3.7.2.4 Dry Weather Flow

Specific water demand of 150l/(cap*d) and 10% sewer infiltration were regarded as
input value for wastewater production. All inhabitants were assigned automatically
to wastewater and combined sewers except the sewers with length shorter than 5m.
The total inhabitants of each sewer were calculated based on the assigned area and
the population density.
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Fig. 3.26 Example of fictitious sewer network

Fig. 3.27 Catchment assignment by Thiessen Polygon for rainwater pipelines
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3.7.3 Results

After setting up the hydrodynamic model in itwh.Hystem-Extran, the simulation was
executed with the design storm of 2a and the rain duration of 120min (Abbreviation:
T2D120). For the manholes with less than 50m3 overflow volume, which may cause

Table 3.10 Damage potential classification

Overflow Volume Damage Potential Index Number of Manholes
[m3]

<500 Small I 405

500 – 1000 Middle II 62

>1000 Severe III 30

Fig. 3.28 Simulation result of manholes with overflow (T2D120 model rainfall)
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really little damage, is regarded as safe manholes. When over-flow volume exceeds
50m3, it may cause damage to the urban infrastructure. In this project, the damage
caused by overflow from manholes were classified into three categories, which are
small damage, middle damage und severe damage (Table 3.10).

The hydrodynamic simulation results regarding manhole overflow are shown in
Fig. 3.28. Manholes with more than 50 cubic meters overflow are marked in green,
yellow and red. Each colour corresponds an interval of overflow value.

As the northern part of Shuangqiao River catchment has the natural slope above
1%, which make the rainwater easier flowing into Shuangqiao River, therefore the
overflowing manholes are rare to find. In the southern part of Shuangqiao River,
which is really flat compared to the northern part. Under rainfall conditions, the
rainwater was pumped to Shuangqiao River. Due to the flow capacity of the pipelines
and too many paved areas, large amount of overflowing manholes could be found.
Figure 3.29 shows the flow capacity of the sewer system, negative value represents
the flow direction is adverse to the sewer’s slope. In the figure, green represents no

Fig. 3.29 Simulation results of pipeline utilisation rate (Qmax/Qfull, T2D120 model rainfall)
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limited gravitational flow in the pipelines, the rest colours represent the pressurized
flow.When the flow capacity is strictly limited like the throttle (red lines in Fig. 3.29),
which will cause strong backwater effect and overflowing manholes.

In general, the simulation results show the real condition of the current sewer
system. With this results, necessary measures should be developed and implemented
in order tominimize the damage caused by urban flooding. Further concept regarding
to water resource management and improvement of current sewer system should be
deepened in order to improve the water environment in Chaohu.
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Chapter 4
WP-B: Development and Testing
of a GIS-Based Planning Tool
for Creating Decentralized
Sanitation Scenarios

Thomas Aubron, Manfred van Afferden, Ganbaatar Khurelbaatar
and Roland Müller

4.1 Introduction

In Chinese peri-urban and rural areas with low population density, the implemen-
tation of central wastewater infrastructure and management concepts is difficult,
mainly because of high investment costs and inadequate operation and maintenance
concepts. However, these areas strongly contribute to precarious environmental sit-
uations of which Chao Lake is a perfect illustration. In the lake catchment three
primary diffuse sources of pollution have been identified: (1) indirect discharges of
untreated or inadequately treated domestic wastewater, (2) pollution from livestock
production, (3) agricultural runoff and groundwater passage. In 2011, these primary
nonpoint sources caused 42% of organic (COD) inflows to the lake, 38% of TN,
and 42% of TP (Asian Development Bank, ADB 2015). To improve water quality in
Chao Lake, investment in wastewater management is likely to be the easiest action
as it also helps to improve the quality of the local inhabitants. However, defining
and implementing cost-efficient investment plans is difficult and requires enlighted
decisions.
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4.2 The ALLOWS Tool: A Tool for Planning Decentralised
Wastewater Management

A key challenge to reduce surface and/or ground water pollutions is to limit or
stop the release in the environment of untreated/partially treated or insufficiently
treated wastewater. In most situations, the inability to protect the environment from
wastewater pollution does not rely on a single issue but rather on the combination of
several factors. The main factors to be considered to successfully run a project are:

• The planning of the infrastructure requirements: Deciding what needs to be
done, in which order (prioritisation) and what the future requirements will be
is not easy when dealing with infrastructure whose lifespan can range up to 80
years (sewer network). Planning needs to be methodically carried out as the con-
sequences of poor planning can be felt during several generations.

• The financing of the infrastructure: Evaluating the financial burden associated
with a specific scheme or technical solution is important to take enlighted and
appropriate decisions. This requires an assessment of the capital costs and, some-
times more importantly, of the costs of operation and maintenance activities that
have to be carried throughout the entire lifespan of the project.

• The regulatory and compliance aspect: Laws and regulations have to be
respected, especially when it comes to meeting treatment performance (discharge
limits) and obtaining permits and approvals. Monitoring the performance of
installed systems is also essential aswell as non-compliance protocols to remediate
to problems.

• The technological choices: Hundreds of technologies are available on the market
for collecting and treatingwastewater but selecting the best fit to a given situation is
not always easy. Collection efficiency and treatment performance have to meet the
local constraints such as operators’ skills, robustness requirements, maintenance
complexity, etc.

All the potential issues related to wastewater management increase in complexity
when suburban and rural areas have to be serviced because technical and economic
constraintsmake centralisedwastewatermanagement (all-sewer and a singlewastew-
ater treatment plant) an unlikely solution. In these situations, stakeholders are often
left with the responsibility to improve sanitation without having the tools to do so
and without the resources needed to take cost-efficient decisions that will bring the
highest benefits (social, environmental and economic) to a region and its inhabitants.
To overcome these issues, the UFZ has developed a specific tool called “Assessment
of Local Lowest-CostWastewater Solutions” (ALLOWS) (van Afferden et al. 2015).
ALLOWS enables the compilation of various types of data (see Fig. 4.1) in a Geo-
graphical Information System (GIS). The objective is, at a given scale (from local
to regional), to create and evaluate wastewater management scenarios that will be
compared on a cost-efficiency basis in order to point stakeholders towards appropri-
ate wastewater management solutions. With this approach, the stakeholders are able
to refine their scenarios according to local specificities and constraints in order to
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Fig. 4.1 Some of the data fed to the ALLOWS tool

evaluate the financial requirements to meet the objectives (population covered, pro-
tection of a specific water body, etc.). This tool also enables the long term planning
of the objectives according to economic constraints.

Using GIS enables the visualisation of the information, highlighting particular
areas where actions should be prioritised for reasons such as population density,
existing health or environmental risks, pollution or contamination of water bodies,
etc. For the area of application, the addition of infrastructure data (buildings loca-
tion, roads, water and sewer networks, existing wastewater treatment plant, etc.) to
topography, cadastre and land use data enables the creation of wastewater manage-
ment scenarios. According to the scale of application (local or regional) and the
data available, it becomes possible to identify the buildings and/or villages that can
be connected to a single wastewater treatment unit. Scenarios are thus created by
changing the level of connection, resulting in shorter or longer sewer networks and
in wastewater treatment plant of bigger of smaller capacity. Villages can also be
connected in clusters to limit the number of wastewater treatment plants required
but at the cost of increasing the length of sewer line and/or the number of pumping
stations. The different scenarios created can be evaluated on an economic basis over
the project lifespan and the most cost-efficient solutions identified.

Finally, the ALLOWS tool can also help the stakeholders to prepare manage-
ment schemes for operation, maintenance and monitoring of the planned wastewater
infrastructure. Decentralised wastewater infrastructure can then be locally or cen-
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trally planned and managed to meet the local conditions (administrative and legal
framework). However, for ALLOWS to produce its optimum results, a large amount
of data is required and this data has to be as up-to-date as possible to reflect the
evolution of the local conditions.

4.3 Surveys and Data Collection

Regional survey

The region around Chaohu has experienced a severe urbanisation during the last
couple of decades. This has resulted in a heavymodification of both the city landscape
and its perimeter. To apprehend the reality of the situation, a preliminary survey of
the area has been carried out using available satellite images and more specifically
the historical imagery tool from Google Earth™. This tool allows going back in time
and to observe the evolution of the urbanisation process according to the satellite
images available. This varies according to the area selected but also according to the
scale of the image. As an example, satellite images are available for the entire study
region since 1984 but zoomed-in images of Chaohu city itself are only available since
2007. The lower definition of the older images does not allow for a close analysis
even though the urbanisation pattern remains visible (Fig. 4.2).

Figure 4.2 shows that Chaohu City has greatly expended but that this expansion
has been mostly contained by the northern mountain range. This also shows that
thirty years of intense urban development has had a visible impact on the land which
will impact the local hydrology and how the pollution concentrates and moves.

Image Landsat / CopernicusIIImIImmagemmageagemmmmmmmm LandLandLandsssaaat / aat /t / CCCopeCCopeopeCCCCCCC rrrnrrnniciiccuuusss

Image © 2018 CNES / AirbusIIImIImmagemmageagemmmmmmmm ©©© 201820182018 CNCNCNENNEESEESSEEEEEEE  / S // AAAirrrburrbubusss

(a) (b)

Fig. 4.2 Historical satellite images of the Chaohu region in 1984 (a) and 2017 (b) from Google
Earth™
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Site visits

This survey of the historical satellite images allowed the identification of two areas
representative of both Chaohu City itself and the rural/sub-urban areas around
Chaohu City. These two areas are:

• An urban area close to the heart of the city where new buildings have been con-
structed near older ones (see red box on Fig. 4.3).

• A rural/sub-urban area located near the lake shore within the economic influence
zone (20km) of Chaohu City (see blue box on Fig. 4.3).

These two areas were then the object of specific site visits to evaluate in more
details the local situation. The places visited are marked by red stars on Fig. 4.3.
Beyond realising first-hand observations, these site visits were aimed at getting a
“feel” for the local situation and, rather than collecting hard data, to engage discus-
sions with the local residents. Specific attention was given to the following elements:

• The type of area (business, industry, agriculture, residential, etc.)?
• The type of population (mostly young, middle age or old people?)
• The social structure (lower, middle or upper class)?
• The condition of the infrastructure (access roads, energy, etc.)?
• The water management (potable water, sanitation, rain water, etc.)?
• The waste management (collection, incineration, etc.)?

Fig. 4.3 Location of the urban (in red) and rural (in blue) area of interest
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Discussions with the residents aimed also at understanding what the dynamics of
the local areas are in terms of urbanisation and changes in way-of-life. This helped
getting a clearer picture of existing local initiatives and if these weremeeting the peo-
ple’s expectations while contributing to improve the environment. The discussions
finally enabled the identification of some of the administrations and/or institutions
involved in the local initiatives discussed and to evaluate if these institutions could be
contacted to obtain specific details. This task had previously proved to be challenging
from Germany.

Literature and local experience

A difficulty of the project was indeed to access existing hard data about the adminis-
trative layout (cadastre, etc.), water quality,water consumption and pollution sources.
Although a few publications on the subject exist in English, most of the literature
is in Chinese and not necessarily available to foreigners. Of the literature available,
several documents were citing governmental or university studies in Chinese, mak-
ing it impossible to use the mentioned data because of the language barrier, when it
was available from outside China. Consequently, contacts and discussions with the
local partners and residents were essential to access data and obtain insight on the
local situation and policies. Among the key sources of information were partners and
contacts from:

• Local administrations and authorities (Chao Lake authority, Chaohu municipality,
etc.),

• National and regional Universities (Shanghai),
• Public research centres (Nanjing).

Satellite data

Some of the key information needed to plan decentralised wastewater management
are topography-related. Topography defines where the water flows and thus enables
the identification of where wastewater can cost-efficiently (limited use of energy
or moving-parts equipment required) be transported by relying on gravity. At the
regional scale, topography is most efficiently analysed using a Digital Elevation
Model (DEM) processed with a GIS. To obtain a DEM without organising a survey
expedition, several options exist. The first one is to browse open access (free) satellite
data. This option has, typically, a vertical accuracy of 30m for a horizontal accuracy
of a fewmeters and does not enable the creation of a useful DEM for our purpose. The
second option, which we selected, was to purchase satellite data with high accuracy.
In this case, we used data from Airbus Defence and Space. The data was bought
for an area covering 200km2, including most of Chaohu City and the suburban/rural
area surrounding Chaohu City (see white frame on Fig. 4.2) so other colleagues from
the “Urban Catchments”-project could make use of it.

This data was bought specifically for its one meter (1m) vertical and horizontal
accuracy enabling the creation of a very accurate DEM. This, in turn, allowed the
delineation of catchments and the identification of water runoff flow paths which led
to the localisation of potential pollutants flow path and/or pollutant sources.
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4.4 Scenario Preparation

Once the topographical data had been collected, it had to be aggregated and pro-
cessed in order to prepare the wastewater management scenarios. While the site
visits helped to figure out which technical solution could be feasible, it was only
after the data processing that the management scenarios were defined. Typically,
tens or hundreds of different scenarios can be created from the data set by changing
the potential clustering of houses and villages. However, framing conditions should
be used to reduce the scenario number to a manageable amount, enabling meaningful
comparison. Usually, between three (3) and five (5) scenarios are created.

Data aggregation

Data aggregation consists in combining all the data available in GIS. Table 4.1 lists
two types of data: the data necessary (mandatory) and the data whose availability
is not critical but highly beneficial to a project. The table finally shows the data
availability for this project.

As can be seen in Table 4.1, it has not been possible to obtain the entire dataset for
the “Urban Catchments”-project with the consequence that other sources of infor-
mation had to be found (i.e. satellite images to identify roads and buildings) and
that assumptions had to be taken. The assumptions taken to overcome the miss-
ing/partially available data are discussed in the presentation of the scenarios.

Data processing

Once the data was aggregated, it had to be processed (Table 4.2). The first processing
steps define the location of houses and villages within the landscape (topography and
hydrology) while further processing steps deal with the organisation/connection of
the buildings between themselves (clustering) and the definition of technological
specification.

The design of potential sewer network is critical to identify if a specific building
and/or a specific village can be connected to a sewer network that will bring the pro-
duced wastewater to a single location where aWasteWater Treatment Plant (WWTP)

Table 4.1 List of data to be aggregated for the creation of wastewater management scenarios

Type of data Requirement Project availability

Digital elevation model (DEM) Mandatory Yes

Buildings (DEM) Mandatory Incomplete

Road network Mandatory Incomplete

Protection zones/regulations Optional No

Cadastre and planning Optional No

Administrative boundaries Optional No

Sewer networks and wastewater
treatment plants

Optional Incomplete

Land use Optional No
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Table 4.2 Data processing steps and type of action

Action order Type of action

Defining settlement boundary Data processing

Computing micro-catchments Data processing

Computing building density Data processing

Identification of building with potential
connection to sewer networks

Network design

Identification of potential location for wastewater
treatment plants

Network design

Selection of buildings and/or villages clustering Scenario definition

Selection of size and location of wastewater
treatment plants

Scenario definition

can be built. This potential buildings connectivity enables the simulation of different
sewer options and permits to modify the location of WWTPs. These simulations
are compared and the realistic options are turned into scenarios. In the absence of
cadastre, WWTP locations were selected as unbuilt area within or at a reasonable
distance of villages.

Scenario analysis

The scenarios defined through the data processing step can then be analysed and
compared. Evaluation is made on a technical level (e.g. length of sewer line, number
of pumping station, number and size of wastewater treatment plants, type of tech-
nology for the treatment of wastewater, etc.) to determine the components required
for each scenario. A cost assessment of each scenario can then be performed and
the results compared to identify the best option(s). Recommendations can finally be
made on the best option to manage wastewater at the selected scale (village, region
…). The preferred options are not always the cheapest to build as operation and
maintenance complexity and costs over the life span of the system are considered.

4.5 Wastewater Management Scenarios for the Test Areas

4.5.1 Scenarios for the Urban Areas

Urban context

The first set of scenarios focuses on the urban areawhere it has been observed that old
villages had been swallowed by urban extension. During site visits and interviews
with inhabitants, it has been found that these villages had not been connected to
the sewer installed for the new developments/suburbs built nearby and, as such,
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wastewater management in these villages remains an issue. Typically, in these urban
villages, open pit-latrines are used for faeces with the leachate infiltrating into the
soil and potentially contaminating groundwater and/or nearbywaterways.When full,
these latrines are emptied by nearby farmers that use the “compost” as crop fertilisers.
The remaining wastewater (grey water) produced by the households is discarded
in rainwater drains or sent directly into nearby waterways. From the satellite data
analysis, it is estimated that at least 13,000 people are living in these urban villages.
This number was calculated by multiplying the number of buildings identified in
the delineated urban villages by the number of inhabitants per household, using
the assumption that one building equal one household. These 13,000 people live
in an area of 1.2km2 equal to a density of 10,800 habitants per square kilometre.
This high density support considering these villages as a source of pollution of the
urban waterways and justifies the use of ALLOWS to test wastewater management
scenarios in urban/peri-urban areas. The visits of these urban villages also highlighted
the fact that these villages cannot be considered as industrial or commercial centres.
It is thus assumed that the wastewater found in these villages can be classified as
domestic wastewater.

Urban topography and hydrology

Figure 4.4 shows the DEM that was created for the Chaohu area from the 1m-
accuracy satellite data. The DEM does not consider infrastructure such as buildings,
bridges, roads and railways in order to avoid interference with the hydrology of the
region. However, the berms and/or ground elevations on which the infrastructure is
built are correctly represented.

This DEM shows, as expected, a gradient from the slope that goes from the
mountain range to the lake. It also shows that the area bordering the right bank of
the Shuangqiao River is quite flat. It is the location of most of the “urban villages”
identified during the site survey. On the downstream part of the river’s left bank, a
berm following the river modifies the topography of the land. The hydrological anal-
ysis of the urban area shows that the “urban villages” previously identified are all
part of the Shuangqiao River catchment. Several micro-catchments have been com-
puted by analysing flowdirection and flow accumulation, resulting on “topographical
streams” that bring runoff water to the river. Overall, the computed streams are close
to the streams observed during site visits or on satellite images.
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Fig. 4.4 DEM and hydrological map of the Chaohu area ( c© Cnes 2017, Distribution Airbus DS)

Figure 4.5 shows the Shuangqiao River catchment and its subdivision into micro-
catchments in the different colour shades on the map. These micro-catchments are
those contributing to the discharge points observed where wastewater is released into
the ShangQiao River. Some low-lying areas are not included in themicro-catchments
as the computation estimated that these areas are not contributing to a discharge point
but instead to the ShangQiao River itself.

As can be seen on the map, the localisation of the villages in the river catchment
gives four potential situations:

• A village is included in its entirety in a micro-catchment.
• A village is split between two or more micro-catchments.
• A village a village is located in the river contribution area.
• A village is split between one or several micro-catchments and the river contribu-
tion area.
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To simplify the scenario construction, village unity has be conserved and a village
split between one or more micro-catchment has been allocated in its entirety to the
catchment where most of the village is located. Three scenarios have been devised.
They are presented in Sect. 4.5.2–4.5.2 along with the rationale behind their creation
and the specific decisions for the grouping of villages.

4.5.2 Urban Wastewater Management Scenarios

Urban scenario 1: Low clusterisation

Figure 4.6 shows a map of the first urban scenario. In this first scenario, the villages
are grouped in clusters if they are geographically close and if they are not separated by
existing infrastructure such as highways or railroads. The use of pumping stations and
pressurised sewers have been implemented but reduced to the minimum through the
use of gravity. The WWTPs have been located outside the villages on non-built area

Fig. 4.5 Hydrological map of the urban area
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Fig. 4.6 Map of urban scenario 1

and when possible, at the lowest location. WWTPs have also been located as close
as possible to the wastewater discharge points that had been previously observed.

Urban Scenario 2: High clusterisation

Figure 4.7 shows themap of the second scenariowhere villages have been clustered to
a higher degree. In this scenario, villages that are geographically further apart have
been connected together but not if they were separated by existing infrastructure
(highways, railroads …). This scenario has the interest of reducing the number of
WWTPs but the adverse effect is an increase in the number of pumping stations and
the length of pressurised sewers to connect the villages together and to the WWTPs.
Here again, individual villages are connected to a single WWTP. The WWTPs are
also located at the lowest location near the discharge points to make the best use of
gravity.
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Fig. 4.7 Map of urban scenario 2

Urban Scenario 3: Clusterisation and connection to municipal sewer

Figure 4.8 presents the third urban scenario. This scenario is similar to the Scenario
2 except for the villages adjacent to a main road or a highway connecting newer part
of the city. In these situations, it is expected that municipal sewer mains are located
along the roads and highways and that the villages can be connected to these sewer
mains. The result is a steep reduction in the number of WWTPs but a somehow
similar number of pumping stations. The municipal sewer mains and the municipal
WWTP are expected to be able to handle the additional wastewater inflow without
requiring upgrades. For the villages not connected to the sewer mains, the location
and connections to the WWTPs follow the same rules as in Scenario 2.
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Fig. 4.8 Map of urban scenario 3

4.5.3 Results for the Urban Scenarios

For all the urban scenarios, the connection of the buildings to the closest sewer lines
have not been technically or economically considered as too many parameter related
to the specific building design enter into consideration. Additionally, the WWTPs
capacity (in Person Equivalent (PE)) has been oversized by 20% to acknowledge
the potential growth of the connected population and the fact that some economical
activities (restaurants, shops, etc.) may occur and result in an increase of wastewater
production. This 20% increase in plant capacity serves also as a safety buffer for the
design and operation of the WWTPs.

Components analysis

Table 4.3 presents the different technical elements that would need to be built for
each urban scenario. These elements are the number ofWWTPs, split in different size
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Table 4.3 Description of the main components of the urban scenarios

Item Item Urban scenario 1 Urban scenario 2 Urban scenario 3

Number of
WWTP

X < 10 PE 1 1 1

10 ≤ X < 50 PE 1 0 1

50 ≤ X < 500
PE

7 5 4

500 ≤ X < 2000
PE

16 13 5

X ≥ 2000 PE 0 0 0a

Total 25 19 11

Length of
pressurised sewer
(m)

1990 2680 1200

Length of gravity
flow sewer (m)

57,800 59,400 58,900

Number of
pumping stations

37 42 41

Number of
manholes

1180 1230 1200

aThis scenario requires the connection of an additional 6600 PE to the Chaohu municipal WWTP.
In this scenario, we consider that the existing infrastructure (sewer and WWTP) can handle the
additional volume and load of pollutants

categories, the length of gravity and pressurised sewer and the number of pumping
stations and manholes.

The first scenario require the construction of 25 WWTPs of which one is con-
sidered an onsite system (X < 10 PE) and one is a very small decentralised system
(between 10 and 50 PE). The other 23 WWTPs are of small or medium size but no
system reaches the 2000 PE size. This first scenario also requires the construction of
c.a. 2km of pressurised sewer and 58km of gravity sewer as well as 1180 manholes.
This is high sewer length is acceptable to cover almost 16,000 PE overall. The high
number of WWTPs has for consequence to limit the number of pumping stations
required to 37.

The second scenario limits the total number of WWTPS to 19 with 70% of the
WWTPs being in the range between 500 and 2000 PE. Here aswell, noWWTP above
2000 PE has to be built and only one onsite system is required. In this scenario, the
number of pumping stations required to connect the villages together and to the
WWTPs reaches 42 and the length of sewers c.a. 2.7km (pressurised) and 60km
(gravity). 1230 manholes would also have to be built.

Finally, the third scenario calls for only 11 WWTPs of which one is an onsite
system and 50% of the remaining are of the class 500–2000 PE. It is important to
note that in this scenario, half of the population would be connected to the municipal
WWTP of Chaohu City and that it is expected that no upgrades would be required
for both the WWTP and the sewer lines. This scenario calls for the construction of
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Table 4.4 Cost comparison of the urban scenarios

Costs Station Urban scenario 1 Urban scenario 2 Urban scenario 3

Capital costs ($) WWTP 9,110,425 8,894,981 4,428,201

Pumping stations 575,056 652,766 637,224

Pressurised sewer 1,309,632 1,194,966 743,116

Gravity sewer 17,757,447 17,700,259 17,557,289

O&M costs ($)
(year−1)

WWTP 1,215,727 1,279,223 656,062

Pumping stations 3016 4157 4360

Pressurised sewer 7335 6693 4162

Gravity sewer 208,569 207,869 206,119

Capital costs total
($)

28,752,560 28,442,973 23,365,830

O&M costs total
($)

31,053,407 32,423,453 18,846,644

Net present value
($)

59,805,968 60,866,426 42,212,474

41 pumping stations, 1.2km of pressurised sewer lines, c.a. 59km of gravity sewer
and 1200 manholes.

Table 4.3 shows that the two first scenarios are quite similar. This is due to the
decision to not connect villages separated by highways and railroads to avoid major
construction challenges. The third scenario is quite different but relies on the assump-
tion that the existing municipal infrastructure can handle the additional wastewater
flow. Overall, the third scenario seems less complex to implement on an organisa-
tional basis (operating 11 new WWTPs is not as challenging as operating 25) and
may be more efficient to limit river/lake pollution by limiting the number ofWWTPs
and thus the risks of system failure.

Costs analysis

Table 4.4 presents the results of the costs estimations calculated according to the tech-
nical specifications presented in Table 4.3. For this analysis, the following assump-
tions were taken:

• The unit costs for each technological component are from a database compiled by
the UFZ through several similar projects in countries such as Germany, Jordan,
India, Mongolia and Oman.

• The costs are presented in US dollars for easier comparison.
• A scenario’s Net Present Value (NPV) is the total cost of a scenario over the life
span of the project brought back at the cost of today. Inmore details, the NPV is the
sum of the capital costs, paid once at the beginning of the project, plus the O&M
costs that are paid every year during the lifetime of the project but calculated if
the entire sum had to be paid today.
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• The discount rate used for the calculations was set at 2.25%, as per data from the
central bank of the People Republic of China.

• The life span of the WWTPs was set at 30 years. Reinvestment in WWTP has
not been considered after 30 years as it is not clear which technology would be
selected or if a connection to the municipal WWTP would be preferred.

• The life span of the sewers was also set at 30 years old. The typical lifespan
of a sewer network is usually around 80 years but given the local urbanisation
dynamics and the current construction materials used and techniques employed,
the sewer network is not expected to last beyond 30 years without heavy upgrades
that cannot be considered in this situation.

• The life span of the pumping stationswas set at 30 yearswith a reinvestment every 5
years in moving parts, electrical equipment and water tightness. This reinvestment
has been included in capital costs instead of Operation and Maintenance (O&M)
costs for facilitating the calculations.

• For the treatment systems below 10 PE, septic tanks and dispersal fields have been
selected as the single technology. This decision was made because septic tanks
design is quite common and easy to replicate and install. The use of dispersal
fields ensures that the treated effluent is spread over a big enough area enabling
the remaining nutrients to be used by plants and soil organisms.

• A single wastewater treatment technology was selected for all systems above
10PE: the Sequencing Batch Reactors (SBRs). The reason is that SBRs are space
efficient which is of high importance in built-up environments where space is
at a premium and usually expensive. SBRs have also the capacity, if operated
correctly, to reduce nitrogen by up to 80% by performing both nitrification and
denitrification. A drawback to the use of SBRs is that they are energy intensive,
relying on pumps and aerators that consume electricity and are also O&M heavy
as they require frequent cleaning and change of spare parts.

• Finally, scenario 3 considers that the municipal WWTP of Chaohu City is able to
cope with the connection of an additional 6600 PE.

Table 4.4 shows that, as expected, the scenario 3 is the cheapest option. The main
reason is because theWWTP costs (capital and O&M) are greatly reduced compared
to the scenarios 1 and 2. The costs of scenarios 1 and 2 are quite similar (1.6%
difference) but in scenario 2 (high clusterisation), the higher number of pumping
stations overcomes a lower cost for WWTPs and makes this scenario slightly more
expensive.

Recommendations

Scenario 3 seems the most feasible option on both an economic and technical basis
as it limits the number of WWTPs to be built and reduces both the investment in
capital and the O&M costs. Scenario 3 also limits the number of WWTPs to be built
and thus lower the risks of pollution associated to the potential failure of treatment
systems. If for some reasons the scenario 3 becomes unrealistic, the scenario 2 would
be the preferred replacement option as it has a lower number of WWTPs to be built
(19 instead of 25) than scenario 1, even if it is marginally more expensive. The
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lower number of WWTPs in scenario 2 would also facilitate both maintenance and
monitoring activities and reduce the risk of system failure. The low space available
at the building level in the urban environment renders impossible in most of the
cases the installation of onsite wastewater treatment and thus forces the collection
and transport of raw wastewater to an outside area for treatment. In every scenario,
installing a sewer network in urban villages is expensive. However it is necessary to
limit the discharge of untreatedwastewater intowater bodies. A sewer networkwould
also help to improve the sanitary situation in the urban villageswhere pit latrines have
been observed and present a risk to the local inhabitants. Finally, preparing another
scenariowhere the urban villageswould have been connected together independently
of the existing infrastructure (highways and railroads) would have likely shown an
interesting result on both a technical and economic level. However, the feasibility of
such a scenario is difficult to assess as closing down roads, highways and railroads
always presents significant constraints that local administrations are usually reluctant
to experience.

4.5.4 Scenario for the Rural Areas

Rural context

The second set of scenarios focuses on rural/peri urban areas. Some of the villages in
these areas a experiencing depopulation as younger people leave to findwork in urban
areas to come back only a few times a year during holiday time. Some other villages
manage tomaintain their level of population,mostly employed in various agricultural
activities. However, the population of these villages has still expressed the need to
improve their current quality of life and especially the local water management.
Indeed a common observation was that these villages experience a low or inexistent
coverage by wastewater management infrastructure. The sanitation situation in some
of these villages is poor with some households still relying on buckets to get rid of
night soil. In other cases, the situation is very similar to the urban villages with pit
latrines being used and emptied regularly by farmers using the “compost” as crop
fertiliser. In these villages the contamination of waterways by domestic wastewater
is expected and is likely to exacerbate diffuse pollution by agricultural fertilisers. A
specificity of these rural areas is that the local population seems to live exclusively
in villages or hamlets ranging from a couple to a few tens of households. The bigger
villages may be fitted with a couple of commercial buildings (shops or restaurants)
but this remains a rare occurrence. The local wastewater can thus also be classified
as domestic wastewater. As such, these rural/peri-urban area are also the perfect
situation to use the ALLOWS tool to test wastewater management scenarios.

Rural topography and hydrology

Figure 4.4 previously showed the DEM that was created from the 1m-accuracy
satellite data. This DEM also includes the rural area of interest (in the North West
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corner of the map). Again, this DEM does not consider the existing infrastructure to
limit the impact on the hydrology of the region. However, the berms and/or ground
fluctuations on which the infrastructure is built are correctly represented. The DEM
shows that the topography of the rural area of interest is quite flat. The DEM also
shows that the rural area is generally low lying and has an elevation close to those of
the nearby river and of the lake. The area of interest shown on Fig. 4.9 is delineated
by two rivers coming respectively from the north-east and north-west and connecting
at the south of the selected area. A highway marks the northern border of the area.
Both rivers have a berm on their bank that isolate the area from the rivers themselves
while the highway has been built on pillars and, as such, does not affect the local
hydrology. The hydrological analysis of the rural area showed severe inconsistencies
with the visual observation (satellite images) of the area:

• The water from the streams and canals flowed towards the north while Chao Lake
is located in the south where the two rivers are in fact flowing.

• Most of the computed waterways don’t match the observations from the satellite
images.

The discrepancies between the computed delineation of the waterways and the visual
observations are attributed to the flat topography where a 1m elevation accuracy is
not enough to correctly represent the shape of the land. Only a field survey would
be able to identify the topographical specificities. Hence, the DEM was not used for
the hydrological analysis. Instead, satellite images were used to delineate the dense
network of streams and canals (Fig. 4.9).

The three scenarios prepared are presented in Sects. 4.5.5–4.5.5). The specificities
of the scenarios and the rationale behind their creation is discussed in the respective
subchapter. However the following topographical and hydrological conclusions were
drawn:

• The reduced slope constrains the use of gravity flow sewer.
• The high water table presents a challenge for the installation of below-ground
infrastructure (sewer, collection tanks …).

• The high water table presents a risk of either or both ground water infiltration into
the sewer or of sewage contamination of the groundwater.

From these conclusions, the following assumptions were made:

• The installation of sewer lines deeper than 1.5m would present too much risk of
pollution or groundwater infiltration and should be avoided.

• The slope of the sewer line should not be lower than 1%. A minimum of 1.5%
would be preferable but a 1% slope will be tolerated for length of up to 100m.

• The installation of sewage pumping station will be more frequent than is common.
The water proofing of these pumping stations will have to be carefully done to
avoid both ground water infiltration into the sewer or of sewage contamination of
the groundwater.

Additionally, without access to the local cadastre, it was not possible to identify
the land where wastewater treatment systems could be installed (public land …).
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Fig. 4.9 Hydrological map of the rural area

As such, it was assumed that the wastewater treatment systems would be built at
the most convenient location (reduced sewer length, close to the villages’ centres of
gravity, etc.). As a result, a 100m radius circle was extended around the centre of
gravity of each village to identify the maximum reach of gravity flow sewer lines.
Three different situations then occurred:

• A specific village was entirely covered by a circle and did not intersect another
circle: a gravity flow sewer and a single wastewater treatment plant were consid-
ered.

• Two ormore circles intersected and covered all the neighbouring villages: a gravity
flow sewer would be installed and a single WWTP would be built to service these
villages.

• Two or more circles intersected but did not cover all the neighbouring villages:
gravity flow sewer would be installed to cover as much of the area as possible.
The effluent would be collected in a pumping station and sent through pressurised
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sewer to the WWTP. A reduction of the length of pressurised sewer and of the
number of WWTPs is always deemed to be the best option.

From these results, three wastewater management scenarios were prepared and
are presented below.

4.5.5 Rural Wastewater Management Scenarios

Three scenarios have been prepared for the rural area: high decentralisation, low and
high clusterisation. These scenarios purposefully present very different wastewater
management possibilities that range from one extreme (onsite wastewater treatment)

Fig. 4.10 Map of rural scenario 1
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to the other (high clusterisation). A scenario presenting the centralisation of wastew-
ater collection and treatment in the study region has been avoided as such scenario
would be unlikely to be either technically feasible or affordable.

Rural scenario 1: Onsite wastewater treatment and reuse

The first scenario prepared for the rural area avoids completely the use of pumping
stations and wastewater collection infrastructure (sewer) by requiring each building
of the villages to be connected to their ownwastewater treatment system. Figure 4.10
shows a map of the test area where all the buildings of the villages are connected
to their own onsite treatment systems. The use of onsite wastewater management is
common in rural areas where space is usually available for installing the treatment
technologies and where the treated effluent can be reused in nearby lands (usually
for tree irrigation). This approach typically requires robust technologies that usually
have a lower treatment performance and relies on thewide area available to spread the
remaining nutrients to avoid pollution. The drawback to onsite wastewater manage-
ment is that the number of WWTPs can be high and that the type of technology used
usually produces sludge that needs to be pumped out regularly (every six to twelve
months and disposed of in an appropriate facility. In onsite wastewater management
schemes, the monitoring and control of the systems is critical to avoid pollution and
sanitary risks.

Rural scenario 2: High decentralisation

The second rural scenario presenting high decentralisation is shown on Fig. 4.11.
In this scenario, one single WWTP per village is envisioned to treat the wastewater
produced. As such, the villages are fitted with sewer lines but these are kept to the
minimum. The use of pumping station and pressurised sewers is also avoided asmuch
as possible to limit the technical complexity (construction, O&M, etc.) and to keep
the costs as low as possible. Nonetheless, as show on the figure, it is obvious that a
high number of WWTPs would have to be built, having an impact on the cost of the
scenario but, more importantly, the aspects related to the operation and maintenance
of the WWTPs will be complex to handle, increasing potential risks of failure and
environmental pollution.

Rural scenario 3: Clusterisation

Finally the third scenario is presented in Fig. 4.12. In this scenario, the villages
are grouped together in clusters as much as possible with pressurised sewer lines
and pumping stations to keep the number of WWTPs to a minimum. This scenario
represents one way to connect the villages together but other clusters would have
been possible. The low number of WWTPs is counterbalanced by a high number of
pumping stations and longer distances of pressurised sewer. In this scenario, operation
and maintenance of the WWTPs would be simplified while the maintenance of the
pumping stations and pressurised sewer lines would be more complex.
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Fig. 4.11 Map of rural scenario 2

4.5.6 Results for the Rural Scenarios

Before detailing the technical and economic evaluations, a couple of points have to
be mentioned. The first point is that, as for the urban scenarios, the rural scenarios
are not considering the connection from a building to the closest sewer line. The
second point concerns the capacity of the WWTPs. This capacity (in PE) has been
increased by a 15% factor to cover the potential growth of the villages and to ensure
a safety buffer volume during operation.

Components analysis

Table 4.5 presents the technical components of the different scenarios created. These
components include the number of WWTPs, the length of gravity and pressurised
sewer lines and finally the number of pumping stations andmanholes. Inmore details,
the number ofWWTPs is split between the same five classes of sizes as for the urban
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Fig. 4.12 Map of rural scenario 3

scenarios. These classes have an impact on the technical specificities and the costs
of the treatment systems.

For the first scenario, 865 WWTPs (onsite systems) would have to be built. No
sewer lines, either gravity or pressurised, would be built, avoiding also the need for
pumping stations and manholes. For the second scenario, 36 WWTPs would have
to be built, the smaller systems servicing 3 PE (onsite systems) and the bigger 290
PE (small decentralised WWTP). The total length of sewer lines to be build reaches
12,200m (12.2km) of which 11,700m (11.7km) are gravity lines and almost 500m
are pressurised lines. For the sewer network, 250 manholes would have to be built (1
mahnole every 50m approximately). Finally, two (2) pumping stations would have
to be built. Finally, the third scenario calls for only eight (8) WWTPs. Of these,
two would be onsite systems, five WWTPs would be of the 50–500 PE range while
the last WWTP would be sized for approximately 1430 PE. This scenario calls for
the longest sewer network with 5590m of pressurised sewer as well as 11,620m of
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Table 4.5 Description of the main components of the rural scenarios

Item Item Rural scenario 1 Rural scenario 2 Rural scenario 3

Number of
WWTP

X < 10 PE 865 6 2

10 ≤ X < 50 PE 0 10 0

50 ≤ X < 500
PE

0 10 0

500 ≤ X < 2000
PE

0 20 5

X ≥ 2000 PE 0 0 1

Total 865 36 8

Length of
pressurised sewer
(m)

0 480 5590

Length of gravity
flow sewer (m)

0 11,700 11,620

Number of
pumping stations

0 2 22

Number of
manholes

0 250 350

gravity sewer. Additionally, 350 manholes and 21 pumping stations would have to
be built.

Table 4.5 shows clearly the trade-off between the different scenarios where onsite
wastewater management avoids the need to use sewer but increases the number of
WWTPs to be built. On a technical level, this trade-off is easy to assess as the higher
the number ofWWTPs and pumping stations to be built, the higher the risk of failure
even if the failure of one single onsite system should have a very limited impact.
However, on an economical or organisational basis, operating and maintaining a
high number of WWTPs and pumping stations can quickly become challenging and
expensive (energy costs, spare parts, pumps’ replacement). For the small-scale treat-
ment technologies robustness and low O&M requirements are usually key selection
criteria when deciding which technology to use. These criteria typically limit the
operating costs but may increase the capital to be invested at the beginning of the
project. On an environmental level, onsite and small-scale robust wastewater treat-
ment systems are usually less efficient at removing nutrients. This may be an issue
in sensitive areas and may require the use of more complex and expensive (capital
and O&M) treatment technologies.

Costs analysis

Table 4.6 presents the results of the costs estimations calculated according to the
technical specifications presented in Table 4.5. For this analysis, the assumptions
taken were similar to those taken for evaluating the urban scenarios with the excep-
tion that constructed wetlands were selected as the wastewater treatment technology
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in replacement of the SBR technology. The reasons are that in this rural context,
obtaining land for the construction of the WWTPs is not assumed to be a constraint
and that selecting a more robust but space-demanding technology is more appropri-
ate. Constructed wetlands have the capacity, if designed and operated correctly, to
reduce total nitrogen by up to 60% by performing both nitrification and denitrifica-
tion. Constructed wetlands are able to reach higher treatment performance but in this
context, it has been decided to be conservative. Finally, constructed wetlands have
also been selected as they can be designed to be operated without the need of pumps,
limiting operating costs and the risk of failure of the moving parts.

Table 4.6 (onsite wastewater management) is the cheapest option over the project
life span. The main reason is that scenario 1 has lower capital costs as it does not
require sewer and pumping stations. However, Scenario 1 has higher O&M costs.
This could pose a problem as each owner of onsite treatment systems has to pay every
year for the O&M costs while for collective systems like in scenarios 2 and 3, the
O&M costs are ventilated through the water bill (a few cents per cubic meter of water
consumed). While scenario 1 is the cheapest option, scenario 3 (high clusterisation)
is the most expensive option with a very high level of investment required for the
pressurised sewer and the pumping stations. These high investment costs coupled
to higher O&M costs do not overcome the low level of investment required for the
WWTPs themselves. Finally, the cost of scenario 1 (high decentralisation) is 20%
cheaper than scenario 2 and almost half the price of scenario 3.

Table 4.6 Cost comparison of the rural scenarios

Costs Station Rural scenario 1 Rural scenario 2 Rural scenario 3

Capital costs ($) WWTPa 3,304,662b 880,890 388,361

Pumping stations 0 31,084 326,383

Pressurised sewer 0 297,728 3,358,788

Gravity sewer 0 3,190,374 3,178,610

O&M costs ($
year −1)

WWTP 60,550 14,870 12,325

Pumping stations 0 130 1,661

Pressurised sewer 0 1,668 18,813

Gravity sewer 0 37,447 37,310

Capital costs total
($)

3,304,662 4,400,076 7,252,141

O&M costs total
($)

1,310,625 1,171,316 1,517,540

Net present value
($)

4,615,286 5,571,392 8,769,682

aIncludes the reinvestment every 10 years for the treated effluent disposal system
bDoes not include the creation or upgrade of a sludge treatment facility
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Recommendations

While scenario 1 is the cheapest, the cost differential between scenario 1 and scenario
2 is not so high as to prevent scenario 2 to be selected. Indeed, the limitation in the
number ofWWTPs between scenario 1 and 2 (from 865 to 36) would simplify O&M
activities while enabling more frequent visits (less sites to visit) and limit the risk of
failure. Scenario 2 would thus be the preferred option. Scenario 3 is in all aspects the
least preferred option as it is both technically complex (number of pumping stations
and length of pressurised sewer) and expensive. The only interest of scenario 3 is to
limit the number of WWTPs to seven, simplifying O&M activities.

4.6 Decentralised Wastewater Management for Pollution
Alleviation At Catchment Scale

4.6.1 Evaluating Potential Alleviation

The scenarios presented above for the two test regions have been developed according
to the local specificities. Having the overall objective to intercept and treat raw
wastewater before its nutrients can pollute the local environment and ultimately
Chao Lake, these scenarios are mainly differentiated by their technical specifications
and their economic consequences. However to improve the water quality of Chao
Lake, it is important to assess the level of pollution alleviation that the different can
achieve. Eventually, this assessment asks the question of how to best invest resources
(money) for limiting wastewater pollution? Before comparing the scenarios together,
the simple decision to modify the technical components in type or number can have
a significant impact on the amount of pollutants removed. Usually, more technically
complex and energy intensive systems are able to provide better nutrient removal.
However, complex systems are more prone to failure and a single failure can have
a more serious impact, over the long term, than a lower treatment performance. A
pollution alleviation assessment of the different scenarios will be presented below.
This assessment relies on the treatment capacity of the selected technologies for the
common parameters of BOD5 and TN. These two parameters are among the highest
contributors to the pollution of Chao Lake and their removal mechanisms by the
selected technologies are usually quite well understood. The treatment performance
of the technologies used below is quite conservative to avoid over estimating the
pollution alleviation potential. Other pollutants such as phosphorus have knowingly
been excluded from the study as they commonly require additional treatment steps
that make the systems more expensive and more likely to fail (the more treatment
complexity, the higher the risks of system failure).

Pollution alleviation in urban areas

At the scale of the urban test region, the c.a. 13,000 inhabitants of the urban vil-
lages are currently responsible for the production of 384,300m3 of wastewater per
year (water consumption of 101 litres per person per day with an estimated typical
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Fig. 4.13 Cost of removing pollutants in urban areas over the project life (30 years)

wastewater return ratio of 80%) containing about 285 t of BOD5 (60g produced per
person per day) and 58 t of TN (12.2g produced per person per day). The different
scenarios created are offering a quite similar environmental performance. Indeed, it
is expected that the technologies selected (SBR or connection to the activated sludge
municipal wastewater treatment plant) are similarly able to remove 95% of the BOD5

and 80% of the TN. This means that only 15 t of BOD5 and 12 t of TN would be
released in the environment each year. While the release in the environment of this
amount of pollutants would still be excessive, it would offer a net improvement com-
pared to the current situation. If the connection of the urban villages to sewer and
wastewater treatment was to happen, it is to be hoped that the natural remediation
capacity of the Shuangqiao River combined to some river water quality improvement
infrastructure currently built would contribute to greatly limit the flow of pollutants
towards Chao Lake. In terms of costs over the life span of the project (30 years),
Fig. 4.13 highlight the fact the treatment of BOD5 is always cheaper than the treat-
ment of TN. Additionally, the treatment costs of scenario 3 are also cheaper than
those of scenarios 1 and 2. This is due to the fact that in scenario 3, the treatment of
the wastewater from the 6600 PE connected to the municipal WWTP is assumed to
be cost neutral (no upgrade required).

Pollution alleviation in rural areas

At the level of the rural test region, it is expected that the estimated 2600 inhabi-
tants are currently responsible for the release into the environment of 77,000m3 of
wastewater per year containing c.a. 57 t of BOD5 and 11.6 t of TN. The final selec-
tion of a rural scenario has a strong impact on the potential pollution alleviation
due to the specific technological assumptions taken. In scenario 1, it is assumed that
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Fig. 4.14 Cost of removing pollutants in rural areas over the project life (30 years)

one septic tank and one dispersal fields would be used for each building in the test
region. Sceptic tanks can be expected to reduce the BOD5 discharge by c.a. 65%with
some of the remaining BOD5 as well as a little bit of the nitrogen removed through
soil passage and plant uptake in the dispersal field. However, it is still expected that
relying on onsite treatment could release up to 11.5 t of BOD5 per year and 10 t of
TN. In the case of scenario 2 and 3, the use of constructed wetlands enables a much
better protection of the environment. Indeed, constructed wetlands can be expected
to remove at least 90% of the BOD5 load and between 40 and 60% of the TN load,
according to the design selected. In the case of your test region, this result on less
than 6 t of BOD5 and between 6.6 and 4.2 t of TN released in to the environments.
Another interest of scenario 2 and 3 is that the collection and treatment of all the
wastewater from a village in a single place enables the setting up of irrigation reuse
schemes. These schemes would enable the implementation of nutrient management
plans that could reduce the use of fertilisers and contribute to reducing non-point
source pollution which is much more complex to halt than wastewater pollution. On
an economic level over the life span of the project (30 years), it is interesting to
observe on Fig. 4.14 that scenario 1 is the cheapest in terms of BOD5 removal but
the most expensive in terms of TN removal. This is due to the fact that the robust
onsite treatment technology selected (septic tank and disposal field) is not the optimal
solution for managing nitrogen. Scenarios 2 and 3 have a BOD5 removal cost that
are similar but scenario 3 is more expensive to remove TN. This is explained by the
fact that the cost of the sewer network brought back to the amount of TN removed
is higher in scenario 3 than in scenario 2. Scenario 2 would thus be the most cost
efficient option in rural areas for removing pollutants.
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Finally it is interesting to note that rural scenario 2 is overall cheaper than the
two of the three urban scenarios. This is uncommon but can be explained by two
factors. The first factor is that the rural scenario deals with only 2600 PE while
the urban scenarios deal with 13,000 PE. This puts a bias in the calculations as the
numbers obtained are based on the treatment performance of the selected technolo-
gies expressed in percentage removal of the total load of pollutant and not brought
back to the inhabitant. Factoring in the number of inhabitants connected would have
shown that urban wastewater management scenarios are cheaper per unit of nutrient
removed than the rural scenarios. The second reason is that in urban areas, the lack
of space requires heavier sewer infrastructure (with more pumps) that increase the
costs for the scenario.

4.6.2 Replication Potential in Catchment of Chao Lake

Having understood the potential pollution alleviation of the scenarios for each test
area, it is important to evaluate the potential replication of decentralised wastewater
management in the catchment of Chao Lake. First of all, the catchment of Chao Lake
covers 13,130 km2. In this area are living 11 million inhabitants with at least. 3.2
million in urban area and 7.8 in rural areas (Asian Development Bank, ADB 2015).
However, this population repartition is likely to change as several projects are under
way to relocate some rural population towards urban centres (Asian Development
Bank, ADB 2015) and some urban population to make place for new infrastructure
and improve quality of life (Asian Development Bank, ADB 2017). These resettle-
ment plans have a serious impact on the potential implementation of decentralised
wastewater management in Chao Lake catchment as not enough data is available
to clearly assess which criteria will be used to decide of the potential transfer of
population. The sub-chapters below present in more details the context and potential
for replication of decentralised wastewater management in urban and rural areas.

Replication potential in urban areas

Concerning the urban area, the implementation of decentralised wastewater man-
agement may be feasible in several situations. The first situation would be the urban
areas where the local authorities have decided to not replace the existing uncon-
nected buildings with newer developments. In these areas, decentralised wastewater
management could be an option albeit probably more expensive than connecting
these areas to existing municipal WWTPs. This situation would require the local
authorities to accept the responsibility and risks associated to have small WWTPs
located within the urban area (municipal WWTPs are usually located outside urban
area). A second situation would be to apply decentralised wastewater management
to new urban area under development in order to avoid overloading or upgrading
existing centralised WWTPs. This option would also have the benefit of enabling
new economic activities relying on water availability (urban farming, cooling for
industry, etc.). An important aspect of this second point would also be to spread the
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(a) (b)

Fig. 4.15 Photos of failing wastewater treatment system in a rural village (a) and (b)

release of treated wastewater to different locations to improve the local water cycle.
Centralised municipal WWTPs are usually collecting (waste)water over a wide area
while releasing it in a single location, unbalancing the local water cycle. The poten-
tial for replicating decentralised wastewater management in the urban area of Chao
Lake Catchment is thus expected to be reduced. It could however be an interesting
option for the transition phase of fast urbanisation that China is experiencing.

Replication potential in rural areas

If some rural villages are quite clearly left to “die”, it is unlikely that all rural villages
will be abandoned as this would hinder local economic activities and especially agri-
culture. It is thus more likely that the local authorities will encourage the aggregated
of the rural population in some bigger villages where basic services (electricity,
water, sanitation, etc.) will be improved. In these villages, implementing decen-
tralised wastewater management could make sense and would have to be assessed.
From our observations of the rural areas and our discussions with the local popu-
lations, few villages have been renovated so far and are equipped with wastewater
collection and treatment technologies. Still, in the renovated villages, the failure of
wastewater treatment systems (Fig. 4.15) has been observed and linked to inade-
quate technological choices (equipment unfit for the harsh wastewater environment,
design errors, etc.) as well as poor or inexistent operation and maintenance activities.
It is thus expected that implementing decentralised wastewater management in rural
area would require the selection of more robust technologies and the implementation
and enforcement of a monitoring plan with contingencies procedures established for
failing systems.

As mentioned before, 7.8 million inhabitants are currently living in the rural areas
of the catchment of Chao Lake (Asian Development Bank, ADB 2015). This rural
population produces c.a. 632,000m3 of wastewater every year and c.a. 170,850 t of
BOD5 and 34,750, of TN per year. By simple extrapolation, the costs for providing
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decentralised wastewater management for 7.8 million people could reach between
14 billion (scenario 1) and 26 billion dollars (scenario 3). To avoid reaching such
a high cost, the interventions should be prioritised and the technology standardised
(one type of technology/design for a similar situation). Additionally, this estimation
does not consider economies of scale that could be made by awarding design and
construction contracts for tens of systems instead on individual systems. Finally, the
relocation of some rural population towards new urban developments would also
reduce the costs as it is always cheaper to build new infrastructure than to retrofit
existing situation (opening and closing up roads for laying pipes is expensive) and as
relying on centralised municipal wastewater treatment systems in these new urban
developments would be more cost-efficient that building several small scale WWTP
in existing villages.

4.7 Conclusions

Low clusterisation happen to be the most cost-efficient wastewater management
approach in the rural area around Chaohu while a combination of clusterisation and
centralisation presents the best perspectives within the urban area of Chaohu City
itself. In urban areas centralised wastewater management offers significant cost sav-
ings compared to decentralised options. It may however not be feasible if the existing
infrastructure is not able to cope with the additional inflow of wastewater. In rural
areas, centralisation becomes an option too expensive while onsite wastewater man-
agement is unlikely to provide sufficient environmental protection to improve water
quality in Chao Lake. For both urban and rural areas, the bulk of the costs are related
to the sewer infrastructure while the technological decisions impact the long term
O&M costs and the economic burden that is carried over the lifespan of the treat-
ment systems. It is thus important to select the collection and treatment technologies
according to the specific local needs but also to limit the technological variability
to profit from economy of scale, both for the capital invested and for simplifying
O&M activities. The ALLOWS tool is in a position to provide stakeholders with a
solution to identify and prioritise the local/regional needs for wastewater manage-
ment while at the same time estimating the financial requirements that the different
options would entail. The ALLOWS tool enables the local stakeholders to build their
wastewater management plan and to start the discussion with the funding agencies
in order to reach sanitation and environmental protection goals. Increasing the level
of technological specification (phosphorus removal, emerging pollutants, etc.) dur-
ing the scenario creation and comparison would also provide the stakeholders with
additional data that could be used to prioritise the investment of available resources
towards more urgent pollution sources or polluted areas. Finally, an iterative process
using the ALLOWS tool to evaluate the local policies such as population relocation
and adapting these policies according to the results provided by the tool would con-
tribute to take more cost-efficient decisions but also decisions that would provide a
better environmental impact.
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Chapter 5
WP-C: A Step Towards Secured
Drinking Water: Development
of an Early Warning System
for Lakes
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5.1 Introduction

Marcus Rybicki, Marieke Frassl, Dirk Jungmann, Karsten Rinke

Lakes are important ecosystems that provide a number of ecosystem services includ-
ing provision of drinking water, flood control, fisheries and in general a high natural,
cultural and aesthetic value. Provisioning services from lakes are particularly rele-
vant in regions where lakes supply drinking water. In these water bodies, a high water
quality is of utmost importance in order to produce drinking water at required quan-
tities and at affordable prices. High nutrient loading, eutrophication, and toxicant
pollution, however, are growing stressors in many places, driving severe water qual-
ity deteriorations that harm domestic water supply, quality of life and social welfare.
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Fast growing urban areas are particularly vulnerable to these deteriorations in surface
water resources, because waste, waste water, and chemical pollutants (heavy metals,
pesticides, etc.) are affecting nearby aquatic ecosystems. While in river ecosystems
these pollution pressures only affect water users further downstream, i.e. not directly
the pollution producer responsible for the water quality deterioration, standing water
bodies like lakes or reservoirs directly and often negatively feed back to the adjacent
urban communities.
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Excellent case studies of fast growing urban areas and coincidental deterioration
of surrounding lake ecosystems can be found inChina, e.g. at the lowerYangtzeRiver.
The large shallow lakes in this region are suffering from pollution and eutrophication
caused by nearby urban areas and agricultural land-use, e.g. Lake Taihu and the
urban areas of Suzhou and Wuxi or Chao Lake with the urban areas of Hefei and
Chaohu city. Both lakes are used for drinking water supply and suffer from frequent
harmful algal blooms impeding drinking water production. Operators of the drinking
water plants do not only call for a long-term restoration of the lakes but also for a
thorough water quality monitoring in order to be informed about the composition of
the withdrawn raw water.

This chapter introduces a showcase how such a monitoring system can be
designed, deployed, and operated to inform stakeholders at the lake. It further shows
how such a monitoring system can be elaborated by adding knowledge from mod-
elling. The underlying strategy of this approach is that a thorough information about
the current state of the lake system and its dynamics is helping drinking water suppli-
ers and other stakeholders to optimize their process engineering, short-term reaction
to water quality deterioration, and long-term planing. We use the large and shallow
Chao Lake in the Anhui province as an example of tailored in situ monitoring and
modelling tools for water managers as well as the shallow Bao’an Lake in the Hubei
province as a special case for the application of dynamic biomonitoring.

The design and implementation of an integrated online monitoring system is a
very complex task that includes different aspects, each of which comes along with
specific demands and difficulties.

1. Equipment: The selection of the right probes and devices depends on the charac-
teristics of the aquatic water body (e.g. deep vs. shallow), its pollution pathways
and pollution degree as well as the feasibility for local water managers. It fur-
ther depends on the scientific question being investigated. An optimum solution
requires a deep scientific understanding as well as a sufficient overview about
available methods, techniques and instrumentation.

2. Data collection: This aspect contains the connection of the instruments, the collec-
tion of data and the secure transmission to an environmental data base. Nowadays,
connecting the instruments and ensuring a secure transmission of data seems to
be an easy task considering the progress in information technology. However,
the diversity of instrument manufacturers, a varying implementation of propri-
etary and open data protocols as well as the diversity of available interfaces for
data transmission regularly lead to conflicts and incompatibilities, which hamper
the establishment and efficiency of integrated monitoring systems. To overcome
these difficulties a deep technical understanding is required.

3. Data handling: This aspect covers the processing, storage and administration of
the acquired data. Online monitoring often generates large amounts of data, due
to a high temporal resolution of measurements and a large number of available
parameters. The standard data user, e.g. in an authority or scientific institute, needs
to focus on the scientific interpretation of the data and should be kept free from
preprocessing and administering large data sets. Some of the challenges in this
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aspect are the processing of rawdata,which includes quality assurance and quality
control (QA/QC), e.g. handling data drift, flagging of outliers, etc. Furthermore,
large data sets require the facilitation of a suitable storage and backup-system,
including meta information like geographical data and maintenance protocols.
Finally, an easy and fast access to the whole data set needs to be implemented,
including tools for data consolidation and visualization as well as automated data
processing to allow for additional functionalities like early warning systems. This
variety of challenges reveals the complexity of data management, which requires
specific knowledge and experience in applied computer sciences as well as a close
collaboration of stakeholders, manufacturers and scientists.

4. Data utilization: The last aspect is the data usage, e.g. formodelling and prediction
purposes.Modelling serves as a tool to understand the complex interactionswithin
an aquatic ecosystem and can therefore inform management on optimization of
procedures and through scenario simulations on proactive options for action.
This aspect is closely related to the type of data acquired (the equipment of the
monitoring system).

Though not dealt with here, we want to stress that data security is of major
importance.

To create an efficient monitoring system that considers the mentioned require-
ments, a complex project consortium was built, including scientific partners from
the Technical University Dresden, Institute of Hydrobiology (TU Dresden) and
the Helmholtz Center for Environmental Research (UFZ), Department of Lake
Research, as well as commercial partners with expertise in monitoring techniques
(bbe Moldaenke), data transfer (AMC) and data management (WISUTEC) on the
German side. The structure of the consortium and linkage between different partners
within this project is visualized in Fig. 5.1. Support on the modelling aspects was
facilitated through a collaboration with the Leibniz Institute for Baltic Sea Research
(IOW). On the Chinese side, the collaboration included scientists from the Nan-
jing Institute of Geography and Limnology (NIGLAS) as well as scientists from the
Institute of Hydrobiology of the Chinese Academy of Sciences in Wuhan.

5.2 Towards an Environmental Information System
for a Drinking Water Delivering Lake

Marcus Rybicki, Karsten Rinke, Marieke Frassl

We designed the components of the environmental information system for lake
ecosystems to fulfil the following three aspects:

1. Conception of in-situ monitoring of physico-chemical and biological water qual-
ity variables in the lake with a particular emphasis on algal bloom detection. The
goal was to make the monitoring data available by online data transfer to a central
server so that real-time data can be supplied to users. These features were realized
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Fig. 5.1 Main tasks of the sub project WP-C, linkage between the scientific and economic partners
within this work package and the respective contributions

by developing a water quality monitoring buoy with a suite of sensors, a central
logger unit, and data transfer infrastructures.

2. Explicit water quality monitoring in terms of biomonitoring using a Daphnia-
Toximeter to enable the rapid detection of acute toxic events, e.g. caused by
sediment resuspension induced release of toxic compounds, algal blooms or other
contaminants introduced from the catchment. The long-term objective was to test
the suitability of this technique for the process control during drinking or process
water treatment aswell as for general surfacewatermonitoring purposes in China.

3. Establishing a three-dimensional hydrodynamic model of Chao Lake in order to
characterize temperature dynamics, transport and currents as well as bottom shear
stress as a proxy for the occurrence of resuspension events.

5.3 Study Sites: Chao Lake and Lake Bao’an

Marieke Frassl, Marcus Rybicki

Chao Lake is a shallow, large lake having a surface area of about 780km2 and
a relatively small average depth of only 3m (Kong et al. 2017; Zan et al. 2011).
The lake suffered from severe anthropogenic pressure from structural degradation,
nutrient pollution and eutrophication (Kong et al. 2017). For many years now, this
has resulted in the frequent occurrence of massive cyanobacterial blooms. Besides
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high external phosphorus inputs (Kong et al. 2017), internal loading is extraordinarily
high being maintained by high phosphorus contents within the sediments (Zan et al.
2011). While Chao Lake is intensely polluted from the province capital city, Hefei,
whose wastewater drains into the lake’s western basin, Chaohu city on the eastern
shore of the lake still uses the lake as a drinking water source. The occurring massive
algal blooms are a major problem for the drinking water production there (Fig. 5.2).

Lake Bao’an is located at the south part of themiddle reaches of the Yangtze River
in the east of Wuhan (Hubei Province). The lake is a representative medium sized
shallow floodplain lake of the Yangtze catchment (40 km2, Wang et al. 2014a) and
can be classified as a sub-urban lake. It is surrounded by many fish ponds used for
aquaculture. Furthermore, the catchment of the lake comprises urban areas with the
city of Bao’anzhen in the south as well as agriculturally used areas on the western
side. Lake Bao’an used to be clear, with a diverse macrophyte community in the
past. Due to inputs from aqua- and agriculture as well as from urban areas during
the past decades water quality has deteriorated, causing a reduction of the macro-
phyte diversity. Today the lake’s water quality does not meet the required standards
(Environmental quality bulletin of Hubei Province in 2016), especially regarding
total phosphorus and further pollutants like persistent organic pollutants (POPs).
The Institute of Hydrobiology of the Chinese Academy of Sciences runs a meso-
cosm facility in the east of the lake, which was utilized for biomonitoring purposes
and includes various ponds with specific physico-chemical characteristics (Wang
et al. 2017).

Fig. 5.2 Scum-forming cyanobacteria and further signs of intense pollution on the shore of Chao
Lake (Source: K. Rinke)
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5.4 Materials and Methods: Water Quality Monitoring,
Biomonitoring and Lake Modelling Tools

Marieke Frassl, Hanno Dahlhaus, Christian Moldaenke, Knut Klingenbeil,
Marcus Rybicki

Recent developments in sensor technology and online services enable amulti-layered
monitoring of surfacewater resources. This follows amulti-barrier approachmeaning
that water quality is observed in situ, i.e. within the lake ecosystem, and along
water abstraction or drinking water production. To allow immediate management
interventions and proactive action, it is optimal to monitor the water at these different
locations (before and after abstraction) as well as establishing an online-system,
which collects those data in one location and provides real-time information to water
managers and scientists. Therefore, oneof themost important features of the proposed
monitoring concept was the online capability of the used probes and loggers.

Our monitoring strategy for urban lakes included three components: 1st – Mon-
itoring of in situ water quality dynamics within the lake based on an autonomous
buoy, hosting sensors, energy storage, logger technology and online data transmis-
sion (Sect. 5.4.1); 2nd – Effect-monitoring of potential toxic effects in abstracted
surface waters based on biomonitoring technologies, which is a technique particu-
larly suited for water quality monitoring within water infrastructures, e.g. drinking
water plants (Sect. 5.4.2); 3rd – An integrated data platform used for storing mon-
itoring data in a database, visualizing recent trends or status quo values, and for
organizing a structured data transfer between the monitoring stations and the data
platform (Sect. 5.4.3).

We complemented ourmonitoring efforts by building a lakemodel that enabled us
to simulate water transport and hydrodynamic characteristics of the lake (Sect. 5.4.4).
This was achieved through the application of a three-dimensional hydrodynamics
model that can be used to understand dominant flow patterns, stratification dynamics
and the occurrence of resuspension events.

5.4.1 In-situ Water Quality Monitoring

5.4.1.1 Water Quality Monitoring Buoy for Meteorological and Water
Quality Variables

We used an established buoy system, that has been used widely within Germany,
and modified it together with a small engineering enterprise (ENVIMO GmbH,
www.envimo-gmbh.de) in order to develop a robust and reliable modular system
for water quality monitoring. This buoy system, called AWATOS (Autarkic Water
Observation System) ismanufactured by ENVIMOand now commercially available.
The technical features of the AWATOS buoy can be summarised as follows:

www.envimo-gmbh.de
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• Minimised energy consumption by logger and sensors combined with solar pan-
els, wind generator and large battery capacities for long-term operations without
external electricity supply (the systemwas successfully tested duringGermanwin-
ter conditions with long overcast periods, short periods of daylight and low sun
elevation).

• Central logger unit with flexible data import protocols (SDI-12, analogue, RS-
485, Modbus) and an online data transmission via telecommunication networks
and server infrastructures (e.g. by FTP).

• Three-point anchorage that minimises rotation of the buoy body; a compass unit
tracks the rotational movements of the buoy to allow for correction of systematic
errors in wind direction measurements induced by remaining buoy rotations.

• Acentral rod to facilitatemeteorologicalmeasurements 2m above the lake surface.
• Four vertical tubes enable the deployment of maximum four sensor probes; an
additional rack allows for the deployment of one larger probe underwater; flexible
data exchange protocols of the internal logger enable the integration ofmost sensor
and probe systems available on the market.

We equipped the monitoring buoy with two water quality probes and a number
of meteorological sensors. For the latter, air temperature, wind speed and direction,
humidity, air pressure, and precipitation were measured by a combi-sensor (Vaisala
WXT 520). Global radiation was measured by a pyranometer (SMP-11-A, Kipp
& Zonen). The water quality probes were a multi-parameter probe (EXO2, YSI)
for basic physical, chemical and biological variables and a multi-channel fluores-
cence probe (Phycoprobe, bbe moldaenke) for a more detailed observation of algal
community dynamics. Both probes are described in more detail in separate sections
below.

There are different techniques to deploy the buoy into the water. It has hooks that
allow to lift the buoy with a crane and lower it into the water. However, this requires a
position close to the shore where the water level is deep enough to let the buoy float,
e.g. next to a bridge. This procedure allows to set up the whole equipment while
being ashore (see Fig. 5.3).

After a first test phase in a German reservoir the buoy was shipped to China and
deployed in Chao Lake in the north-eastern bay near the lake outflow. This position
is relevant to the observation network as it monitors that lake segment, which is
used by the water infrastructures of Chaohu city. Data were stored on the internal
logger (netDL 1000, OTT Hydromet GmbH) and sent to an external FTP server
twice per day. The collected data would be assembled in a database and provided to
the users through a specialised software interface (ALVIS software, Wisutec GmbH,
see below and Chap. 6). Though the buoy in principal is a self-conntained system
(all sensors underwater automatically are wiped prior to measurement or at least an
hourly interval), it still requires regular maintenance, like cleaning or calibration of
the sensors. We successfully worked with a maintenance interval of four weeks.

http://dx.doi.org/10.1007/978-3-319-97568-9_6
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Fig. 5.3 Equipping the buoy for deployment in Chao Lake in March 2017 (Source: Z. Ye)

5.4.1.2 Multiparameter Probe for Basic Water Quality Variables

We deployed a YSI EXO2 multi-parameter probe in one of the vertical tubes of the
buoy, i.e. at approximately 0.75 m depth, directly beneath the body of the buoy. This
probe is suitable for long-term deployments, because an automatic central wiper
can be installed at the sensor head. This wiper cleans the sensor surfaces in regular
time intervals (e.g. once per hour or before measurement), it avoids biofouling of
sensors in a highly efficient way and with minimum energetic costs (Fig. 5.4). In
case of Chao Lake, operation over more than 10 months documented the reliability
of the wiper system. The EXO2 probe can be equipped with various sensors. Due
to a modularized system, the user can connect the sensors of interest and change
sensors if required. During our deployment, the probe was equipped with sensors
for temperature, electrical conductivity, pH, oxygen, turbidity, total chlorophyll a
fluorescence, and phycocyanin fluorescence.

5.4.1.3 Multi-channel Fluorescence Probe for Monitoring Algal
Community Dynamics

We used a newly developed multi-channel fluorescence probe called PhycoProbe – a
newmember of the bbe FluoroProbe line of chlorophyll fluorometers built by the bbe
Moldanke GmbH (see Fig. 5.5). These instruments excite photosynthetic pigments
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Fig. 5.4 Deployment of the AWATOS buoy within Chao Lake (a) and view on the sensor surfaces
and the central wiper of the EXO2 probe (b). The wiper is obviously highly efficient in avoiding
any biofouling on the sensor surfaces. This picture is taken after 3 months of exposure in the lake
(Source: K. Rinke)

Fig. 5.5 Side view of the
new PhycoProbe (Source:
bbe Moldaenke GmbH)
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in cyanobacteria and higher algae and with specific wavelengths in separate. The
resulting fluorescence signal for each exciting wave length of the central chlorophyll
a is then detected and attributed to the corresponding pigments. Standard conversions
were used to calculate pigment concentrations from fluorescence.

Depending on their light accessory pigments, microalgae can be divided into dif-
ferent ‘spectral groups’. The bbe FluoroProbe differentiates between those different
spectral algae groups by using light emitting diodes as light sources at five distinct
wavelength: 470, 525, 570, 590 and 610nm. Themeasured fluorescence emission at a
wavelength band around 680nm is then translated to four spectral algal groups: green
algae (detection pigment: chlorophyll b), cyanobacteria (detection pigment: phyco-
cyanin), brown algae (diatoms and dinoflagellates, detection pigment: fucoxanthin),
and cryptophytes (detection pigment: phycoerythrin).

The chlorophyll content per algal group is estimated mathematically through fit-
ting the normalized excitation spectra per algal group into the measured fluorescence
signal. The result is the total chlorophyll concentration of the sample apportioned
into the individual concentrations per spectral algal group. To avoid falsified readings
by yellow substances, e.g. degradation products of biomass, the instrument contains
one UV-LED in the UV-A band (370nm) for correcting for fluorescence signals from
yellow substances.

Unlike the bbe FluoroProbe, the former version of this probe, the bbe PhycoProbe
is equipped with a second sensor for fluorescence. It detects the emission spectrum of
extracellular phycocyanin at 650nm, which will be excited at 590nm/610nm. Dif-
ferentiating this emission signal from the other fluorescent signals delivers additional
information about the physiological condition of cyanobacteria complementary to
the concentration information via the chlorophyll content. Laboratory tests showed a
close relationship between the release of phycocyanin from the photosystem within
the cell prior to the toxin release during subsequent cell lysis. The signal of unbound
phycocyanin can therefore be used as a proxy for extracellular toxin concentration
making it highly valuable for the management of harmful cyanobacterial blooms.
This is particularly relevant for the drinking water production since extracellular
toxins are far more difficult to remove from the raw water than cell-bound toxins.

In the scope of this project the new bbe PhycoProbe was installed as part of
the monitoring buoy and was therefore adapted to long-term deployment. Power
supply was provided directly by the buoy instead of utilising an own battery. This
resulted in a significantly prolonged operation period compared to standard deploy-
ment. The instrument was furthermore equipped with an automated cleaning system,
the instrument-specific HydroWiper system (Zebra Tech Ltd. NZ), which is avail-
able for both fluorimetric systems of bbe, i.e. the PhycoProbe and the FluoroProbe.
For the buoy application a pivoted mounting frame was developed. That way the
PhycoProbe can be easier accessed from the side of the buoy during maintenance.
When submersed, the instrument rests underneath the buoy’s body, so that the shad-
ing effect by the buoy reduces potentially interfering direct sunlight on the sensors.
For maintenance the frame can be folded up and the PhycoProbe can then be fixed
at the side of the buoy, outside the water (see Fig. 5.3).
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5.4.2 Biomonitoring and Associated Monitoring
Technologies

5.4.2.1 Integrated Detection of Acute Toxicity Using a Dynamic
Daphnia-Toximeter

The usage of animals as monitors for hazardous environmental conditions has a long
tradition, e.g. with the utilisation of canary birds in subsurface mining. This princi-
ple of integrated organism-based monitoring is nowadays used in online toximeters
like theDaphnia-Toximeter. In contrast to chemical analyses, where selectively sub-
stances are qualified and quantified, biomonitors expose test organisms to water, e.g.
surface or process water, and a software algorithm then uses proxies, like the survival
and behaviour of these test organisms, to assess the current pollution of the water.
Hence, biomonitors do not detect a specific substance, but evaluate the integrated
toxicity of the tested water in close relation to the time of exposure (online). This
enables the rapid detection of toxic chemical spills with unknown composition and
the initiation of subsequent measures, e.g. to identify the polluter. Since the begin-
nings of this technology in the 1970s the technique advanced markedly, increasing
its sensitivity and applicability. Nowadays, dynamic biomonitors are offered with
different organisms and sensitivities and are regularly used in Europe for surface
water monitoring.

Within this project the sensitive Daphnia-Toximeter (version 2) from bbe
Moldaenke was chosen to monitor surface waters used for drinking water sup-
ply (Fig. 5.6). Daphnia-Toximeters are known to react quickly and sensitive to
toxic compounds (Green et al. 2003). Even odour compounds like β-cyclocitral
and 2(E),4(E),7(Z)-decatrienal can be detected using Daphnia-Toximeters (Watson
et al. 2007), making them an innovative tool for online water monitoring.

Daphnia-Toximeters are originally based on the acute Daphnia magna toxicity
test according to ISO 6341. In contrast to the static ISO test, the toxicity of the
water is continuously determined by observation of the swimming behaviour of
daphnids, which is recorded by CCD-cameras. An online image analysis software
estimates the swimming paths of the daphnids and calculates different parameters,
which characterise their current behaviour (e.g. average swimming speed or average
swimming distance). Specialized software algorithms (detectors) are monitoring the
progression of each of the different behavioural parameters and generate penalty
values of specific weight and duration in case of significant alterations. All penalty
values are summed up to the so-called “toxic index” (TI), which constitutes an
integrative parameter of the current behaviour and, hence, ameasure ofwater toxicity.
If the TI reaches pre-defined thresholds an alarm is triggered and further measures
can be initiated. A detailed description of the Daphnia-Toximeter can be found in
Lechelt et al. (2000).
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Fig. 5.6 The used Daphnia-Toximeter (bbe Moldaenke) during a test at the Institute of Hydrobi-
ology, (TU Dresden, Germany) (Source: M. Rybicki)

5.4.2.2 Multi-channel Fluorescence Probe for Monitoring Fractions
of Dissolved Organic Carbon

Besides phytoplankton the water matrix contains biopolymers like proteins and other
diluted organic substances, which can be detected via fluorescence measurements.
Humic and fulvic substances are one of the major components within this group.
They are natural substances that result from the breakdown of plant and animal
biomass. Such diluted substances are an important parameter to be assessed in water
monitoring. Although they are not toxic, they play an important role in the treatment
of drinking water. The utilisation of ozone in the treatment process leads to the for-
mation of biologically easily available break-down compounds that could promote
the subsequent development of bacteria in the water. The utilisation of chlorine for
disinfectant purposes of drinking water on the other hand leads to the build up of
chlorine-organic compounds, disinfectant by-products, like trihalmethanes (THMs).
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Fig. 5.7 FluoSens 3D fluorometer from bbe Moldaenke

Several recent studies (e.g. Wagner et al. 2016) observed an increase in humic sub-
stances concentration in surface waters of the northern hemisphere, showing that
future monitoring of these diluted organic compounds is increasingly important for
ensuring a safe drinking water supply.

The FluoSens (bbe Moldanke, see Fig. 5.7) is a new UV/VIS 3D fluorometer,
which was developed for the detection of diluted organic compounds in the water
matrix. Based on the technology of other bbe fluorometers, it integrates LEDs with
distinct wavelengths for excitation light. The fluorescence is detected by silicon
photomultipliers on a set of distinct wavelengths. The excitation emission matrix
for fluorescent diluted organic matter in typical surface water shows the grid of
excitation and emission wavelength used in the bbe FluoSens (Fig. 5.8). Excitation
wavelength are 245, 255, 280, 315, 430, 515 and 610nm. The emission is detected at
328, 429, 511 and 700nm. A typical application for this instrument is the monitoring
of fluorescent substance concentrations in surface water bodies.

The FluoSens is equipped for the detection of humic/fulvic substances, proteins
and algal chlorophyll a. It distinguish between ‘high-molecular humic acids’, ‘low-
molecular humic acids’, proteins (normalised to bovine serum albumin) and algal
pigments of the groups of chlorophytes, cyanobacteria and diatoms.

Within the project the bbe FluoSens was deployed in a wastewater treatment
plant in Kreischa (Germany), where preliminary tests for the data acquisition and
logging system together with the bbe Daphnia-Toximeter were performed over sev-
eral months.
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Fig. 5.8 Excitation-Emission-Matrix (EEM) for water with typical fluorescing substances. The
bbe FluoSens detects humic substances, proteins and algal pigments (chlorophyll a) specifically.
The grid shows the implemented excitation and emission wavelength according to Wagner et al.
(2016)

5.4.2.3 Additional Monitoring of Physico-Chemical Base Parameters

The continuous measurement of the bbeDaphnia-Toximeter creates temporal highly
resolved data about the toxicity of the investigated water. However, a suitable inter-
pretation of these data requires similar high resolved data of basic physico-chemical
water parameters like oxygen, pH and electric conductivity, which may affect the
behaviour of the test organisms. Due to the difficult environmental conditions in Chi-
nese surface waters, a robust but flexible system was required to adjust the physico-
chemical measurements to the requirements of the biomonitoring. Additionally, the
operation and maintenance by non-scientific personnel on site demanded an easy
application and an easily understandable user interface to enable the correct opera-
tion of the system in China. After comparison of different suitable systems, the IQ
SensorNet System of WTW (Germany) was chosen, which is a fully digital modular
measurement network system designed for monitoring during waste water treatment
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Fig. 5.9 The IQ SensorNet System (WTW) consisting of terminal and controller (left) as well
as probes for conductivity, pH and oxygen (right) installed at the Institute of Hydrobiology (TU
Dresden, Germany) (Source: M. Rybicki)

and for industrial applications (Fig. 5.9). The system for up to 20 main parame-
ters consisted of a controller (MIQ/MC3-MOD) and a movable terminal (MQ/TC
2020XT) and was equipped with probes for electric conductivity (TetraCon 700IQ),
pH (SensoLyt 700IQ) and oxygen (SC FDO 700). Additionally, an ion selective
probe (VARION PLUS 700IQ) was provided by the Chinese partner to determine
nitrate and ammonium concentrations.

5.4.3 Data Collection, Transfer and Management

Data processing within this sub-project was organized according to the project struc-
ture described above (Fig. 5.1). Selection of probes and instruments based on the
scientific questions, and testing of innovative prototypes was done in collabora-
tion between the scientific partners from TU Dresden, UFZ Magdeburg and bbe
moldaenke. Probes and instruments were linked with two different systems: on the
level of the buoywith a buoy specific data logger fromOTTHydrometGmbH (NetDL
1000) and on the level of the monitoring station using the SensoMaster32 software
of AMC. Data transfer was realised via mobile services using the ftp protocol and
file upload to the project server (buoy) or directly using the SensoMaster32 inter-
face to the project database AL.VIS/Timeseries, provided by WISUTEC. Detailed
information on the data processing can be found in Chap. 6.

http://dx.doi.org/10.1007/978-3-319-97568-9_6
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5.4.4 Model System for Three-Dimensional Hydrodynamics
and Associated Distributed Whole-Lake Monitoring

In order to complement the sparse information available frommeasurements, numer-
ical simulations were carried out. Our focus on lateral gradients and circulation pat-
terns rendered one-dimensional lake modelling (e.g. Klingbeil et al. 2018b) insuf-
ficient. Therefore, a three-dimensional numerical model of Chao Lake was set up.
Three-dimensional models predict not only temperature and stratification dynamics
but also lake-wide circulation patterns and transport. Such information can be valu-
able for lake managers, e.g. for understanding large-scale wind-driven transport of
scum-forming cyanobacteria, pollutant distribution or the occurrence of resuspension
events. In this project, numerical simulations were performedwith the hydrodynamic
model GETM (General Estuarine Transport Model; Burchard and Bolding 2002a).

5.4.4.1 The Three-Dimensional Hydrodynamic Model GETM

GETM solves the three-dimensional Reynolds-Averaged Navier-Stokes Equations
under the Boussinesq approximation on a structured finite-volume grid. Its numerical
techniques have been developed for the specific demands of coastal ocean applica-
tions (see e.g. Klingbeil et al. 2018a), but as discussed below, these are also beneficial
for simulations of lakes and reservoirs. GETM facilitates the efficient calculation of
a free surface with drying-and-flooding capability (Burchard et al. 2004) and applies
stable integration schemes for transport in shallow areas, also required for many
reservoirs with strong water level variations. Vertically adaptive boundary-following
coordinates offer high spatial resolution of the surface and bottom boundary layers
as well as of variable pycnoclines (Hofmeister et al. 2010). High-order internal pres-
sure gradient schemes significantly reduce errors usually associated with boundary
following coordinates. Efficient second- and third-order TVD schemes guarantee an
oscillation-free and accurate transport of sharp fronts with reduced spurious mixing
(Klingbeil et al. 2014). An optional non-hydrostatic extension supports the correct
simulation of internal waves also with shorter wave lengths (Klingbeil and Burchard
2013). Further features of GETM, which are important for lakes, are the physical
closures of unresolved effects like turbulence and wind waves, as well as the possi-
bility to couple GETM to biogeochemical models (e.g. via FABM, the Framework
for Aquatic Biogeochemical Models; Bruggeman and Bolding 2014). An interface
to GOTM (General Ocean Turbulence Model; Burchard et al. 1999) provides state-
of-the-art turbulence closure for the vertical diffusivity in terms of stratification and
shear (Umlauf and Burchard 2005). In addition, GETM offers the inclusion of wave
effects (Stokes transport, wave-induced momentum fluxes, wave-enhanced bottom
friction and turbulence), depending on mean wave properties either provided by cou-
pling to an external wave model (Moghimi et al. 2013) or parameterized in terms
of local wind data. Examples of successful applications of GETM to lakes are the
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studies of Umlauf and Lemmin (2005, Lake Geneva) and Becherer and Umlauf
(2011, Lake Alpnach). The former model application exploits the optional use of
orthogonal curvilinear horizontal coordinates in GETM.

5.4.5 Three-Dimensional Monitoring: Getting a Data Set
for Testing the Validity of the Model

While the monitoring buoy provides a rich source of data on the state of the lake
and its water quality, the buoy at the same time gathers information from only one
single observation point. The application of a three-dimensional lakemodel, however,
demands three-dimensional observation data in order to test the validity of themodel.
Given the large surface area of Chao Lake of more than 750 km2 we decided for a
relatively simple and cheapmonitoring protocol to observe the temperature dynamics
in the lake. In order to get a better understanding of the hydrodynamics within the
lake, thermistor chains were deployed at up to ten locations in October 29, 2015
(see Fig. 5.10). The locations were chosen along a transect from west to east to
cover as much of the lake’s area as possible. Because of the considerable shipping
traffic, positions were needed where it was possible to attach the thermistor strings
to anchored devices like sea marks and marker buoys.

Each thermistor string consisted of three temperature loggers (TidbiT v2 Water
Temperature Data Logger, Onset Computer Corp.) that were deployed at 0.2 and
1.5 m above the sediment and 0.2 m below the surface. Due to the high loss of
loggers after one month of measurements, the initial 10 locations were cut down
to six locations, which were maintained over several months. Data were read out
regularly and lost loggers were replaced as soon as possible. At two locations, an
additional oxygen logger (HOBO Dissolved Oxygen Data Logger, Onset Computer
Corp.) was deployed above the sediment in order to detect oxygen dynamics.

Fig. 5.10 Bathymetry of
and logger positions in Chao
Lake. The AWATOS buoy is
deployed at position “J”,
close to the drinking water
intake of Chaohu city
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5.5 Quality Assurance for Online Measurements

Marcus Rybicki, Marieke Frassl

The thorough management of online data is an important aspect in environmental
monitoring (Porter et al. 2012). Both automated routines for data storage, output and
visualisations as well as data safety must be guaranteed. Professional approaches
differentiate between quality assurance and quality control (QA/QC, for details
see Campbell et al. 2013) and require considerable efforts. It is beyond the scope of
this chapter to provide in-depth information on the applied QA/QCmeasures and we
only briefly summarise the most important aspects according to our experience.

• Regular maintenance of sensors andmonitoring infrastructures by trained staff fol-
lowing standardized procedures: In case of the monitoring buoy, monthly mainte-
nance intervals are recommended. Maintenance of the buoy includes, for example,
cleaning of sensors and probes, calibration of certain sensors (e.g. pH), checking
the logger status and a general check of the buoy anchorage and material. In case
of the biomonitoring the maintenance intervals are shorter, at approximately one
week. Many manufacturers even suggest a daily inspection routine to guarantee
valid measurements. Apart from the cleaning of the instruments, the exchange
of the test organisms with new, fresh ones is of major importance as the entire
measurements depends on the stocked organisms. Hence, for biomonitoring the
cultivation or breeding of the biological material must be implemented into the
QA/QC, too, which further increases the maintenance effort.

• Development of standardoperatingprocedures (SOPs) andpreparationof technical
instruction sheets for the technical staff involved in maintenance or deployment
and installation activities: Although manufacturers usually provide a detailed user
manual, an additional SOP is useful to focus the information from the user manual
to the required level of knowledge on the one hand and to provide additional
information and hints useful for regular maintenance on the other hand. An excerpt
from one of our SOPs on buoy deployment is provided as an example below (“How
to deploy the buoy”, see Fig. 5.11).

• Documentation of all performed activities on probes and instruments with infor-
mation about the performed action, the performing employee and the respec-
tive timestamp: Preferably online documentation of maintenance activities into
a quality-management data base is used, as it enables the real time evaluation of
the status of probes and instruments in case of suspicious data. However, at least
offline documentation into logbooks should be performed to enable a retrospec-
tive evaluation of the instrument status. This point is of large importance for the
long-time usability of environmental data.

• Online transfer of diagnostic variables to the information system: Diagnostic vari-
ables inform about the current state of the monitoring devices and include, e.g. the
voltage of the internal buffer batteries, humidity within the logger housing, or elec-
tricity supply from the solar cells. These diagnostic variables sometimes explain
unexpected behaviour in the observed water quality variables, due to malfunction
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Fig. 5.11 An example of a technical instruction sheet on the buoy deployment handed out to the
technical staff in charge of this task

of sensors or data transfer. If possible, software algorithms within the monitoring
devices, loggers or within the environmental information system detect critical
thresholds of the diagnostic variables, e.g. low battery voltage, and generate auto-
mated email alerts that are sent to the technicians responsible for the system’s
maintenance.

• Regular inspection of online data in order to detect sensor drift, damages or any
other kind of failures.
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5.6 Development and Application of the Monitoring
Systems

Markus Rybicki, Weiping Hu, Haijun Wang, Dirk Jungmann, Marieke Frassl

5.6.1 High-Frequency In situ Observation of Meteorological
and Water Quality Variables in Chao Lake

The buoy was deployed in Chao Lake on March 22, 2017 by a group of researchers
and technicians from NIGLAS. Preceding the deployment, a one-week training on
setting up andmaintaining themeasurement platform took place (see Sect. 5.5). After
deployment, the AWATOS-buoy continuously operated over one year without major
failures except for a broken oxygen sensor in summer 2017, which was replaced
within 2months and a short logger outage in October leading to a data gap of roughly
one week. Aside of these problems, which appear to be normal given the exposure of
a complex monitoring system in a highly polluted lake with intense ship traffic, the
monitoring system worked reliably. This high reliability and the comparatively low
maintenance requirements (maintenance every 1–3 months) proved the suitability of
the system for outdoor exposure. Due to the cancellation of two consecutive mainte-
nance trips in April to June 2017, the buoy remained without maintenance for about 3
months. This long durationwithoutmaintenance led to large biofouling on the probes
and sensor housings and to the colonisation of one probe by shrimps (Fig. 5.12).
However, sensor surfaces remained clean and in operation due to the wiper.

Fig. 5.12 Intense growth of biofilms and algal mats on the sensor housings due to maintenance
omission (a) and subsequent colonisation of the housing by shrimps (b) (Source: K. Rinke)
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Fig. 5.13 Water temperature and oxygen concentration measured by the AWATOS buoy in Chao
Lake

Over themain growing season (March until October), water temperature increased
from about 12 ◦C to more than 30 ◦C reflecting a typical temperature curve of a
shallow lake in the subtropical zone (Fig. 5.13). The oxygen concentration roughly
followed the temperature-dependent oxygen saturating concentration, which is
approximately 11 mg L−1 at 12 ◦C and 7.5 mg L−1 at 30 ◦C. Notable over- and
undersaturation of oxygen have been recorded by the monitoring buoy at certain
periods reflecting the eutrophic character of Chao Lake.

The continuous monitoring of the algal community dynamics by the PhycoProbe,
i.e. a multi-channel fluorescence probe, is a novelty as these probes are usually
employed for vertical profiling. The probe operated highly reliable and the installed
wiper system for cleaning the optically relevant surfaces worked well and was stable.
The algal community consisted of diatoms and green algae in spring (Fig. 5.14). In
early June, i.e. at a time when surface temperatures approached 30 ◦C, a shift from
diatoms and green algae towards cyanobacteria occurred and the community became
dominated by cyanobacteria. For unknown reasons, algal biomass showed a serious
drop in the second half of June inducing a clear water phase in the lake. After this
period, i.e. from the beginning of July onwards, a quickly increasing biomass was
recorded that was clearly dominated by cyanobacteria. During the following weeks,
i.e. July and August, a massive cyanobacterial bloom occurred in the lake and the
community was dominated by cyanobacteria by 70–90% (Fig. 5.14). Diatoms played
no important role in the second half of the year, but chlorophytes gained importance
again in autumn.

An additional and new feature of the PhycoProbe is the detection of free phyco-
cyanin. This is a cyanobacteria-associated pigment that shows differing fluorescence
properties when either bound to the photosystem within the bacterial cells or freely
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Fig. 5.14 Daily averaged fluorescence measurements by the PhycoProbe and the corresponding
contributions of different algal groups to the algal community in Chao Lake

Fig. 5.15 Daily averaged fluorescence data of free phycocyanin measured by the phycoprobe in
Chao Lake

dissolved in the water. A detection of this free phycocyanin, as provided by the
PhycoProbe, is an indicator of cell lysis and can therefore be used as a proxy for
the release of algal toxins. Our measurements in Chao Lake indicated the presence
of free phycocyanin in spring and autumn (Fig. 5.15). While free phycocyanin in
autumn can be attributed to collapsing cyanobacterial biomass, the high values in
spring cannot be explained. More detailed field studies are required to check the
contribution of resting cells from the sediment (see Ihle et al. 2005, for more details).

5.6.2 Detecting Acute Toxicity with the bbe
Daphnia-Toximeter and FluoSens – Laboratory Studies
with Two Model Substances in Germany

During thefirst phase of the project, the bbeDaphnia-Toximeter and the bbeFluoSens
were established at the Institute of Hydrobiology of the TU Dresden in Germany.
The aim was to perform measurements with model substances to test the reaction of
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the daphnids to chemical stress and the sensitivity of the instrument, while the data
transfer from the instruments to the project data base was established and optimised.

Both instruments, especially the Daphnia-Toximeter, are mainly designed for
usage in monitoring stations in combination with continuous water flow. Hence,
successful laboratory usage under non-continuous flow conditions requires certain
modifications of the instruments:

The FluoSens is equipped with a peristaltic pump (Winston-Marlow) to fill the
measurement chamber with water and to exchange the sample water if required. To
utilise the instrument in a non-continuous flow environment, it is sufficient to set
the pumping period long enough to ensure a complete flushing of the measurement
chamber with the new water sample. No further adaptation is necessary.

The Daphnia-Toximeter can be equipped with a special adapter for the filtration
unit to enable the operation in the laboratory under non-continuous flow conditions.
This modified version still requires a water volume of approximately 40 L per day.
Furthermore, the supply of sufficient standardised water in laboratory experiments
is difficult compared to the operation in the field, where water is directly taken from
the environment. Daphnids react very sensitive to residues in tap water, especially
of chlorine and copper, leading to increased mortality and invalid measurements.
After testing several media, finally, modified ADaM-Medium (Klüttgen et al. 1994),
whichwas reduced to 50%of the original contents, preparedwith deionizedwaterwas
chosen for the laboratory experiments. In the preliminary experiments, conducted
over more then 7 days, this medium had led to the lowest mortality of daphnids.

The experiments were performed in a greenhouse of the Institute of Hydrobiology
(TU Dresden, Germany). A standard water barrel (volume 150 L) was used as a
reservoir for modified ADaM-media. Both instruments shared the same withdrawal
tube to receive the media or the exposure solutions, allowing the instruments to run
in parallel. The general schedule of the exposure experiments is shown in Fig. 5.16
and consisted of an adaption phase to stabilise the behaviour of the daphnids in the
Daphnia-Toximeter, a short exposure phase of 6 hours and finally a post exposure
phase to observe the subsequent behaviour of the daphnids over up to 4 days.

The exposure experiments were performed with the fungicide Pentacholorophe-
nol (PCP, CAS: 87-86-5, Sigma-Aldrich, purity ≥98%), whose derivatives are still
regularly used in China (Ouyang et al. 2012), and the pharmaceutical Metoprolol

Fig. 5.16 Schedule for lab experiments with the Daphnia-Toximeter
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Fig. 5.17 Structural formula of the two model substances Pentachlorophenol (a) and Metoprolol
(b), by Denwet [CC BY-SA 4.0] via Wikimedia Commons

Fig. 5.18 Progression of
SAC255 determined with the
bbe FluoSens as proxy for
the PCP concentration
during the experiment. The
red area indicates the
exposure phase with PCP.
The first peak was a test with
PCP stock solution 5
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(MET; CAS: 56392-17-7, Alfa Aesar - Thermo Fischer, purity ≥98%), which is
a common pharmaceutical acting as beta blocker and regularly found in European
surface waters (Gurke et al. 2015, Fig. 5.17). The experiments were performed with
concentrations of 5 mg L−1 PCP and 1 g L−1 MET, which is close to reported EC50-
values (48 h, immobility) ofDaphnia magna for both substances.WhereasMETwas
solved without solvent directly in ADaM-media, PCP was solved in acetone first and
then added to ADaM-media.

Exposure to Pentachlorophenol

The spectral absorption coefficient at 255nm (SAC255) of the water determined with
the bbe FluoSens was utilised to monitor the exposure during the experiment. Two
distinct increases during the experiment were detected (Fig. 5.18). The first peak was
a direct injection of PCP stock solution (5 mg L−1) into the measuring chamber of
the FluoSens to validate that the used PCP concentration was detectable with this
instrument. The second peak matched well with the exposure period and therefore
indicated a successful exposure of the system to PCP. The difference in SAC255 value
between the validation measure and exposure is probably caused by adsorption of
PCP to the tubes of the system, whichmay reduced the SAC255 during the validation
measure. In contrast it seems plausible that the long exposure during the exposure
period (6 h) caused saturation of tubes and hence a higher SAC255 signal.

PCP exposure was successfully detected using theDaphnia-Toximeter. The daph-
nids reacted quickly to the exposure by increasing firstly the swimming height
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Fig. 5.19 Progression of the parameters swimming speed (upper), swimming height (middle) and
toxic index (lower) during the PCP experiment in chamber 1 of theDaphnia-Toximeter. The red area
indicates the exposure phasewith PCP. Grey dots are the data points of the respective parameter with
the respective prediction from the toximeter, the solid black line is based on the moving averages
of 135 data points according the bbe algorithm. The calculated toxic index over all parameters is
shown as a grey line in the lowest plot with the pre-alarm (yellow) and alarm (red) thresholds as
horizontal lines

significantly (about 30 min after start of exposure) and subsequently also the swim-
ming speed (about 60 min after start of exposure; Fig. 5.19). Further parameters like
swimming distance, fractal dimension and the different class indices showed signif-
icant alterations, too (data not shown). In total the PCP exposure led to an increased
toxic index above the pre-alarm threshold within 70 min and above the alarm thresh-
old within 135 min. It should be noted that PCP caused total immobility of daphnids
in the chambers within two hours. Hence, the experiment represents a worst case
scenario with mortality of all daphnids.

Exposure to Metoprolol

As in the PCP experiment the exposure during the MET experiment was monitored
with the bbe FluoSens using the SAC255 signal. The SAC255 again showed two
distinct peaks of 40 abs m−1, the first from a validation measure with MET stock
solution (1 g L−1 MET) directly applied to the FluoSens and the exposure period as
second peak (Fig. 5.20). Hence, the FluoSens indicated a successful exposure of the
test system. Due to the physico-chemical properties of MET and the resulting low
adsorptive capabilities, the SAC of both, the validation measure and the exposure
period, were similar.
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Fig. 5.20 Progression of SAC255 determined with the bbe FluoSens as proxy for the MET con-
centration during the experiment. The red area indicates the exposure phase with MET. The first
peak was a validation measure with MET stock solution
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Fig. 5.21 Progression of the parameters swimming speed (upper), swimming height (middle) and
toxic index (lower) during the Metoprolol experiment. The red area indicates the exposure phase
with Metoprolol. Grey dots are the data points, the solid black line is based on the moving averages
of 135 data points according the bbe algorithm. The calculated toxic index over all parameters is
shown as a grey line in the lowest plot with the pre-alarm (yellow) and alarm (red) thresholds as
horizontal lines
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Whereas the FluoSens was able to quantify the exposure with MET, theDaphnia-
Toximeter was again able to detect the toxicity of the occurring exposure, i.e. to
qualify the exposure. In contrast to PCP the reactions of the daphnids occurred
faster and were more similar between individuals. The swimming speed and height
increased markedly about 30 min after the start of exposure (Fig. 5.21). Further
parameters like average distance or fractal dimension showed alterations at the same
time (data not shown). The pre-alarm and alarm thresholds of the toxic index were
achieved both after about 60 min. It should be noted that the exposure with MET
did not result in any mortality in chamber 2 and only to a slight increase of 10% in
chamber 1. Hence, this exposure scenario is a good example for sublethal exposure.

Summary of exposure experiments

Both experiments clearly revealed that an exposure to toxic compounds can be quali-
fied and to a certain extent quantified using theDaphnia-Toximeter and the FluoSens
from bbe. The toxic index as a measure for the toxicity of the sample water showed a
distinct increase in both experiments. The PCP experiment represented a worst case
scenario with strongly increased mortality, whereas the MET experiment showed
only sub lethal effects on daphnids, although lethal effects were expected due to the
high concentration.

Comparing both experiments revealed a much faster response of the Daphnia-
Toximeter to MET compared to PCP, although the mortality was much higher under
PCP exposure. This is an interesting effect and seems to be correlated with the
physico-chemical parameters of both substances. The higher water solubility and
the reduced adsorptive capabilities of MET led to a more equal distribution of the
test substance within the system and accordingly to a faster exposure of daphnids
resulting in a quicker response. This is also visible in the SAC255 data from the
FluoSens, which showed a much more uniform response to MET compared to PCP.

5.6.3 Biomonitoring in Germany - Field Study with the
Daphnia-Toximeter at the Wastewater Treatment Plant
Kreischa (Germany)

From March until end of October 2016 a field study at the waste water treatment
plant Kreischa (WWTP Kreischa) near Dresden (Germany) was performed to gain
experience with the Daphnia-Toximeter and the FluoSens under field conditions.
The monitoring station was part of the monitoring system “Lockwitzbach”, which
has been established by the Institute of Hydrobiology and the Institute of Urban
Waters of the TU Dresden and is composed of different-sized monitoring stations.
The major aim of the study was to create a prototype monitoring station to optimise
the connectivity among the different instruments and probes as well as to the project
data base AL.VIS. Moreover, the station was used as a showcase for conference and
workshop presentations, international guests and students to demonstrate the general
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Fig. 5.22 Monitoring station Kreischa. Left – View into the monitoring trailer showing Dr. Marcus
Rybicki explaining the Daphnia-Toximeter to staff of the WWTP Kreischa. Right – Dr. Dirk Jung-
mann at the effluent of theWWTPKreischa explaining the double circular system of the monitoring
station to Prof. Wang Hong-Zhu and Prof. Wang Haijun from the CAS Institute of Hydrobiology
in Wuhan (Source: M. Rybicki)

functioning of a small monitoring station and the prototype monitoring network
“Lockwitzbach”.

The location at the WWTP Kreischa was chosen to investigate the complex com-
position of the WWTP effluent with the Daphnia-Toximeter. The City of Kreischa
harbours a health clinic, which produces a significant part of the waste water. Hence,
thewastewaterwas expected to contain pharmaceuticals that are partly or not degrad-
able in the treatment plant (Gurke et al. 2015) andmay cause toxic effects to daphnids
in the Daphnia-Toximeter.

The housing of the monitoring station was provided by a trailer. All instruments
and devices as well as supporting material were stored in the trailer. Power supply
was provided by the WWTP Kreischa. The connection of the monitoring station to
the project data base was set-up by our project partner AMC via mobile service.
The sample water from the effluent was set-up using a simple raw water pump
(GARDENA 6000, Gardena, Germany), which circulated the water from the effluent
through the station back to the effluent. Unfortunately, the treatment procedures in the
WWTP caused regular phases without effluent water especially during night-time (2
to 4AM).Therefore, a double circulation systemwith twowater pumps and a standard
water barrel (150L) as reservoir was established (Fig. 5.22). Due to the low oxygen
concentrations in the WWTP effluent (≤4 mg L−1), an aeration of the sample water
in the water barrel was established using a simple aquarium air pump and sparkling
stones. The station was equipped with theDaphnia-Toximeter tomonitor the toxicity
of the effluent water and with the FluoSens to roughly analyse the composition of
the effluent water. Further probes had not been available at that stage of the project.
The instruments were maintained regularly, including the exchange of the daphnids



188 M. Rybicki et al.

0

10

20

30

40

Month of 2016

To
xi

c 
In

de
x

Apr May Jun Jul Aug Sep

Chamber 1
Chamber 2

Fig. 5.23 Progression of the toxic index of the single chambers (grey and black solid lines) of
the Daphnia-Toximeter during field study at the WWTP Kreischa based on the data send to the
AL.VIS-Database (5min data). The vertical lines represents times of pre-alarms (yellow) and alarms
(red)

and cleaning of all parts, at least once a week. In case of increased mortality, fresh
daphnids were introduced and necessary maintenance was performed. Feeding of the
daphnids with 10 µL h−1 bbe algae solution was stopped at the 6th of July to reduce
the growth rate of the daphnids and to shift the start of the reproduction backwards.

Results and Discussion

The results of the toxic index of the Daphnia-Toximeter transmitted to the project
data base AL.VIS are shown in Fig. 5.23. As indicated by the gaps in the time series,
the measurements during the field study were interrupted twice, in April/May and
August, due to damages at theDaphnia-Toximeter, which were caused by a defective
power supply unit. However, from mid of May until end of July an uninterrupted
measurement was performed.

Generally, daphnid behaviour showed a stronger variation compared to the lab-
oratory experiments and regularly triggered pre-alarm (toxic index ≥8) and alarm
states (toxic index≥10) in the chambers of theDaphnia-Toximeter. However, simul-
taneous pre-alarms and alarms in both chambers, which triggers an instrument pre-
alarm/alarm, occurred only on a few dates as indicated by the vertical yellow and red
lines of Fig. 5.23. The observed alarms could be assigned to different causes. Most
of the alarms were caused by technical difficulties, which affected the detection of
the daphnids or their survival. For instance, the alarm at the end of May was caused
by strong reproduction of the daphnids with more than 30 specimen per chamber,
which led to a total malfunction of the detection algorithm and an alarm in both
chambers. The longer alarm period at the end of June was also caused by technical
difficulties, where the cooling of the sample water failed due to heat accumulation
in the trailer. This led to sample water temperatures of 38.5 ◦C and the death of
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Fig. 5.24 Progression of total humic substances (HS total), peptides (Lacatalbumin), SAC255 and
water temperature at the effluent of the WWTP Kreischa determined by the bbe FluosSens

all daphnids within both chambers. Apart from these technical based alarms also
alarms without technical reason occurred. Especially the alarms during mid of May
(15./19./22./23.05.2016) could not be assigned to technical difficulties and seemed to
be correlated with toxicity. This was supported by the observed increased mortality
during this period. Due to the prototypic installation of the station no further analysis
of these alarm events was possible. Additional data provided by the WWTP had a
low temporal resolution and revealed no further information about the causes of the
observed toxicity.

The FluoSens could be used until end of June 2016 with two interruptions.
Figure5.24 shows the progression of the water temperature, the total concentra-
tion of humic substances, peptides as well as the SAC255 as a measure for the total
organic pollution. As expected for waste water treatment effluents, the concentra-
tion of humic substances and peptides as well as the SAC255 were relatively stable
during the entire period, although the SAC255 fluctuated slightly stronger compared
to the other parameters. A relation to the observed toxicity especially during mid
of May was not evident. Only the water temperature especially at the end of June
correlated with the observed alarms of the Daphnia-Toximeter, which was caused
by the malfunction of the sample water cooling as described above.

Summary

In total, the field study was successful and revealed important information about
the biofouling of both instruments and the required maintenance effort under field
condition as well as the behaviour of the instrument at low (≤10 ◦C) and high
(≥35 ◦C) ambient temperatures. Furthermore, the data collection and transmission
were established and optimised.

The Daphnia-Toximeter generally operated stably, but the regularly occurring
alarms in single chambers underlined the necessity of a two-chamber version for
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a valid biomonitoring. This solution makes the system more robust and allows a
replication of the measurement. Originally, more alarms were expected due to the
increased exposure to pharmaceuticals in the WWTP effluent. The low number of
alarms illustrates the generally suitable treatment performance of the WWTP and
the applicability of the Daphnia-Toximeter under field conditions. In contrast to the
original expectations, the daphnids showed even a very fast growth in the Daphnia-
Toximeter during exposure to effluentwater, which finally forced us to stop additional
feeding with algal solutions in order to prevent a too early reproduction.

A rough quantification of effluent water composition using the FluoSens was pos-
sible, although no correlation between the determined carbon groups or the SAC255
with the observed toxicity was found. Nevertheless, the FluoSens enabled a basic
quantification of important parameters, which can be used to exclude and refine
possible causes for the observed toxicity.

5.6.4 Biomonitoring in China - Establishment and Operation
of the Daphnia-Toximeter at Bao’an Lake

Biomonitoring with the Daphnia-Toximeter in China was performed in close coop-
eration with the group of Ecology and Taxonomy of Benthos at the Institute of
Hydrobiology, Chinese Academy of Sciences (IHB-CAS) in Wuhan. As a suitable
location for the biomonitoring, the pond mesocosm facility of IHB-CAS east to Lake
Bao’an (Sect. 5.3) was selected. At this facility, different ponds with unique chem-
ical characteristics, especially regarding nitrate and ammonium concentration from
recent experiments, could be used for the monitoring. The transfer of the Daphnia-
Toximeter and all additional equipment to Wuhan was performed end of May 2017.
The monitoring station with instruments from Germany and additional probes for
nitrate and ammonium (VARION PLUS 700IQ, WTW) from the CAS Institute of
Hydrobiology was then established in July 2017 after constructional upgrades of the
housing (Fig. 5.25).

The monitoring in the field station was much more difficult compared to the field
study inGermany. Themajor challengewas the power supply of the station.Although
an uninterrupted power supply (UPS) was provided from the Chinese partners and
available in the station, its capacitywas limited to ca. 12h.Hence, longer interruptions
of the power, which occurred regularly during summer, forced several stops of the
monitoring. While the monitoring of physico-chemical parameters was relatively
robust and could be applied at most times, the biomonitoringwas strongly affected by
the unstable power supply. TheDaphnia-Toximeter requires an externalwater supply,
provided by a pump in the respective pond which could not be connected to the UPS.
Furthermore, an air condition, which could not be connected to the UPS neither, was
required for operation, as water cooling capabilities of the Daphnia-Toximeter were
impaired at air temperatures >35 ◦C. Consequently, it was not possible to operate the
instrument during times of unstable power supply. Finally, a damage of theDaphnia-
Toximeter caused an additional longer monitoring break of the biomonitoring in
autumn 2017.
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Fig. 5.25 Impressions from the field station at the Bao’an lake near Wuhan. Upper left and right:
housing of the monitoring station before (June 2017) and after (November 2017) constructional
upgrades. Lower left: view into the compiled monitoring station with Daphnia-Toximeter, IQ Sen-
sorNet controler, uninterruptible power supply and a backup data collector. Lower right: swimming
basket with pump for raw water withdrawal and IQ SensorNet probes in an experimental pond of
the field station (Source: M. Rybicki)

First Results

While the monitoring in the field station is still ongoing and under steady optimi-
sation, first results can be shown. Figure5.26 shows the results from the physico-
chemical monitoring at the field station until January 2018. The recorded data can
be distinguished into two separate phases. The first phase includes the summer and
autumn season until October, whereas the second phase started at the beginning of
November after major maintenance and inspection of the monitoring equipment.

In total, the physico-chemical monitoring could be performed relatively continu-
ous except for a gap over a fewweeks duringOctober,which is quite good considering
the unstable power supply especially inAugust 2017. The obvious leaps of nitrate and
ammonium during the first phase resulted from relocations of the SensorNet-probes
into experimental ponds with different chemical characteristics. Very noticeable is
the increasing diurnal amplitude of the oxygen concentration, especially during July,
achieving a maximum concentration of 20 mg L−1 at 37.2 ◦C recorded at the 28th
of July at 3:29 PM, which corresponds to an oxygen saturation of ca. 300%. This
extreme high value was a result of a cluster of filamentous green algae surrounding
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Fig. 5.26 Physico-chemical data from the monitoring at the Bao’an Lake near Wuhan. The blue-
green area indicates the time of stable biomonitoring measurement in December 2017 as discussed
in the text

the probes and, hence, underlines the importance of regularly maintenance (QA) in
terms of a good quality management, as discussed in Sect. 5.5.

The second phase started in November 2017 with major maintenance and valida-
tion measures in the monitoring station. Validation and recalibration of the probes
were performed at the 9th of November and are clearly indicated by the increase of
nitrate and ammonia after recalibration. Subsequent data acquisition until January
2018 was stable for all parameters, although the water temperature showed a season-
dependent decrease. The visible increase of ammonium-N was caused by intended
addition of ammonium chloride to the experimental ponds. Although the quality
assurance was optimised in the second phase, the data still show single outliers, e.g.
in the conductivity at the 2nd of December. These outliers are normal to occur in
long-term high-frequency measurements and are good examples of the necessity for
data post-processing within the data quality control during online monitoring.

As explained above, the Daphnia-Toximeter was only occasionally in operation,
due to the unstable power supply and technical difficulties. Exemplary results from
a measurement in December 2017 are presented in Fig. 5.27. The results show a
generally stable measurement with occasional increases of the toxic index, which
stayed below the pre-alarm threshold. Average swimming speed was very stable
indicating good conditions of the daphnids in the observed chamber of theDaphnia-
Toximeter. The average swimming height was relatively stable, too, and showed no
large increases, which would be a common sign of stress or intoxication. Data analy-
sis showed that the sporadically observed increases of the toxic index were primarily
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Fig. 5.27 Progression of the parameters swimming speed (upper), swimming height (middle) and
toxic index (lower) during application of the Daphnia-Toximeter to an ammonium enriched pond
of the mesocosm facility at Bao’an Lake. Grey dots are the data points, the solid black line is based
on the moving averages of 135 data points according the bbe algorithm. The calculated toxic index
over all parameters is shown as a grey line in the lowest plot with the pre-alarm (yellow) and alarm
(red) thresholds as horizontal lines

caused by the average swimming height. The natural variation of this parameter is rel-
atively large, even under standardized laboratory conditions (see e.g. Sect. 5.6.2) and
explains the observed variation. Considering that all other determined behavioural
parameters of the Daphnia-Toximeter were inconspicuous, the measurement can be
rated as stable without toxic events.

This result is quite interesting considering the determined ammonium concen-
tration in the sample water. The VARION 700 IQ probe determined an average
concentration of 17.8 ± 0.4 mg L−1 ammonium-N in the pond. Using the normali-
sation method described in US-EPA (2013) [normalised to pH 7 and 20 ◦C] led to a
total ammonia-N value (TAN) of 6.5 ± 0.7 mg L−1 TAN. Considering the reported
EC50 for Daphnia magna, which ranges between 37 and 419 mg L−1 TAN (US-
EPA 2013), revealed a factor range of 5.6–64.2 to the reported effect values. Hence,
behavioural anomalies of the daphnids seemed to be quite likely. However, no signs
of toxicity or increased stress were found during themeasurement. One reason for the
missing toxicity may be the better conditions for daphnids in complex natural water
from the pond mesocosms compared to standardized laboratory media, e.g. a higher
availability and a more diverse composition of bacteria and algae. This may increase
the physiological fitness of daphids and, hence, their tolerance to environmental
stressors. Similar effects have been observed by Wang et al. (2017) in experiments
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with different fish species in these mesocosms. Additionally, the physico-chemical
characteristics during December should be considered. The prevailing pH values and
water temperatures finally led to a relatively low proportion of ammonia and a high
proportion of ammonium. Calculated concentration of un-ionized ammonia in the
pond reached only 0.010 ± 0.001 mg L−1, which is far away from the calculated
normalised ammonia concentrations (TAN). Hence, the ambient conditions in the
ponds seemed to prevent toxic effects on daphnids.

Summary

The difficulties of the biomonitoring in China have been solved and were mainly
caused by the unstable power supply in the suburban areas of Wuhan at the Bao’an
lake. Fostered by the fruitful joint Sino-German cooperation, a fully functional
biomonitoring station could be established. Some work is still pending and currently
being implemented, but first successful measuring campaigns have been performed.
Monitoring of the physico-chemical parameters worked very well, although quality
assurance measures are still in the process of adaptation and optimisation accord-
ing to the local situation. The Daphnia-Toximeter was successfully installed and
first measurements could be performed in the autumn/winter 2017. Apart from the
temporarily unstable power supply, which is a major challenge for continuous mon-
itoring, the local quality assurance for the biomonitoring, involving the process of
culturing daphnids, as well as the quality assurance measures at the instrument itself,
is still being optimised. However, the first results gained and presented here are very
promising and further experiments, especially on the impacts of ammonia on the
daphnids, are already scheduled for 2018. Finally, the performed experiments and
measurements already have risen the interest of local stakeholders on biomonitoring.

5.7 Three-Dimensional Modelling as a Supporting Tool
for Lake Management

Marieke Frassl, Weiping Hu, Karsten Rinke

Chao Lake is a very shallow, but, as measured by surface area, large lake. This large
surface area to depth ratio renders Chao Lake highly sensitive towards wind forcing.
Given its relatively short residence time of about half a year, it is furthermore strongly
influenced by its inflows. This is, for example, reflected by higher nutrient concen-
trations in the western part of the lake arising from highly polluted riverine inputs
at the western shore (Zan et al. 2011). The reaction of the lake to external forcing
(e.g. wind) and the internal transport and distribution of pollutants or cyanobacteria
within the lake are important dynamic aspects relevant for lake managers. We there-
fore included the application of a three-dimensional lake model in our environmental
information framework. We employed the model GETM as outlined in Sect. 5.4.4.
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The tasks associated with the application of the three-dimensional lake model
were as follows:

1. Generate a consistent input data set for the model out of scarce on-site measure-
ments.

2. Perform own measurements and establish a suitable data set that allows a test
application of the model.

3. Simulate Chao Lake and show that the model is able to capture relevant temporal
and spatial dynamics.

4. Use the model to estimate the potential for wind-induced resuspension of bottom
sediments.

The application of three-dimensional models is a demanding task, not only with
respect to computational requirements, but also regarding the availability and quality
of input data. In our case, time-series of meteorological input variables (air temper-
ature, air pressure, short-wave and long-wave radiation, wind speed and direction,
and humidity) and hydrological discharge data (inflows and outflows) were required.
In many cases, the availability of these data is limited as it was in our test case on
Chao Lake. We, therefore, developed a modelling approach that minimised the input
data requirements in order to allow a pragmatic, but still informative, application of
the model. This included two important simplifications:

1. We left out all hydrology by setting inflow and outflow discharges to zero and
excluded rain as well as evaporative loss of water from the lake, i.e. the change
of volume over time was zero. Note that evaporative heat loss (cooling) was still
included.

2. Instead of using meteorological measurements from local field stations (normally
only accessible under high costs and effort), we used meteorological data from
a global reanalysis (see Sect. 5.7.2). These data have a global coverage, are free
and can be downloaded easily.

In summary, our three-dimensional model fully resolved the thermodynamics of
the lake (i.e. the heat budget), but was simplified in resolving hydrodynamics in
the way that inflow/outflow dynamics were not included. Advection, convection and
mixing within the lake were therefore solely driven by meteorological variables and
not by the water renewal. This assumption was fully valid for short-term dynamics
(days to a few weeks), but incorrect over longer time-series because water imported
by the inflow and delivering, e.g., nutrients or pollutants, was not taken into account.
As a consequence, our approach is poor for predicting water quality dynamics (e.g.
nutrient concentration and algal bloom formation) but strong for predicting temper-
ature dynamics, transport within the lake, and resuspension potential.
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Fig. 5.28 Water temperature data from the surface measured at three different locations in Chao
Lake. The positions are denoted by the station name as given in Fig. 5.10

5.7.1 Generating a Consistent Input Data Set for the Model:
3D-Monitoring of Temperature Dynamics

Wewere able to collect a consistent three-dimensional data set of temperature dynam-
ics within Chao Lake through our logger deployments outlined in Sect. 5.4.5. Water
temperature closely followed the seasonal course of its meteorological drivers (com-
pare Fig. 5.13,more details are shown in Sect. 5.7.3), but also showed somehorizontal
differences (Fig. 5.28) that frequently reached values in the range of 2–3 centigrades.

Despite the shallow depth and intense vertical wind mixing in Chao Lake, we
observed intermittent intervals of temperature gradients along the vertical axis indi-
cating thermal stratification of the water column (Fig. 5.29). This stratification often
persisted only over a day andwas eroded completely by convective cooling overnight.
Sometimes, during conditions of strong radiative forcing and lowwind speed,magni-
tudes of about 5 centigrades were reached. Such temperature differences prevented
vertical mixing and therefore could go along with decreasing oxygen concentra-
tions in the deep waters (e.g. around April 16 in Fig. 5.29). The rather fast drop in
oxygen concentrations under conditions of reduced vertical mixing needed to be
contributed to the high organic pollution of Chao Lake leading to high biological
oxygen demands. These measurements illustrated that stratification events could be
an important factor for short-term oxygen dynamics. An appropriate simulation of
the stratification patterns found in the water temperature data constituted a good test
case for critically evaluating the ability of the three-dimensional model to simulate
the hydrodynamic characteristics of large shallow lakes.
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Fig. 5.29 Water temperature at the surface and above the bottomaswell as the oxygen concentration
above the bottom measured at station B (see Fig. 5.10)

5.7.2 Applicability of Re-analysis Data as Meteorological
Input Data

Asdescribed above, the time-series ofmeteorological variables required by themodel
are very often difficult to receive. They are either only made available at high finan-
cial costs (in China required data often have to be bought), but the larger hurdle is
a lack of availability, e.g. due to a general low spatial coverage with meteorological
surface stations or a lack of data required by the model. The latter often accounts for
variables like cloud cover or short-wave and long-wave radiation as most meteoro-
logical stations are not equipped with the required sensors.We therefore obtained the
meteorological input data from the global reanalysis ERA-Interim (Dee et al. 2011),
which is being developed andmaintained by the EuropeanCentre forMedium-Range
Weather Forecasts (ECMWF). The required data can be downloaded from the public
web interface available at www.ecmwf.int, where we downloaded meteorological
data for the variables air temperature (K), dewpoint temperature (K), 10m u and v

wind speed components (ms−1), total cloud cover (-) and mean sea level pressure
(Pa). The data were downloaded at 6-h time steps from the analysis (00:00, 06:00,
12:00 and 18:00) and 6-h time steps as forecast values (at 03:00, 09:00, 15:00 and
21:00), resulting in a temporal resolution of 3 hours. For the simulation, meteorolog-
ical data were linearly interpolated to hourly time steps. The spatial resolution of the
downloaded data was 0.125◦ and we used data from the centre of the lake (31.5◦N
and 117.5◦E).

We compared the retrieved reanalysis data with meteorological data measured at
a field station close to Chao Lake in order to assess the deviations between measure-
ments and reanalysis. For some meteorological variables, the reanalysis data closely
followed observations (e.g. air temperature, see Fig. 5.30), but variables stronger
influenced by local conditions showed higher deviations (e.g. wind direction and

www.ecmwf.int
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Fig. 5.30 Comparison of measured meteorological data (red) and meteorological data from a
reanalysis model (blue) with respective kernel density estimates (KDE). Top: air temperature (◦C),
middle: wind speed (m/s), bottom: wind direction (◦)

wind speed, see Fig. 5.30). Overall, we were positively surprised by the good agree-
ment of reanalysis data with the local conditions. Accordingly, we assumed that they
were suitable as input data for a three-dimensional lake model.

5.7.3 Three-Dimensional Hydrodynamic Simulation
of Chao Lake

Simulations with GETM showed the highly dynamic character of Chao Lake.
Seasonal forcing of water temperatures was strong and the lake reacted fast to meteo-
rological conditions due to its shallowness and low heat storage. Maximum tempera-
tures reachedmore than 30 ◦C in July andminimum temperatures went below 5 ◦C in
January. This high temperature range reflected the climatic conditions of Chao Lake
being located at the northern edge of the subtropical zone. Simulated water temper-
atures from GETM complied very well with the temperature recordings from the
deployed temperature loggers (see Sects. 5.4.5 and 5.7.1). This held true for surface
water temperature (Fig. 5.31) as well as for bottom water temperatures (Fig. 5.32).
In conclusion, the good agreement between observation and simulation did not only
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Fig. 5.31 Measured (red) and simulated (black) surface water temperatures in Chao Lake at differ-
ent sampling locations (see Fig. 5.10) over the simulation period (Nov 2015–Dec 2016). Data gaps
in measured water temperatures are due to lost temperature loggers

indicate that GETM was able to simulate the thermodynamics of the lake with high
accuracy. It also illustrated that the used reanalysis data provided a reasonably good
data basis for simulating temperature dynamics of thewater body. This was an impor-
tant outcome as this approach was fully transferable to other lakes in China or other
places on the globe (see also Frassl et al. 2018).

Simulations with GETM also revealed horizontal heterogeneities in Chao Lake.
Water temperatures, for example, varied up to 5 centrigrades horizontally at the lake
surface (Fig. 5.33) during specific times of the year. These spatial differences were
induced by wind effects, e.g. by upwelling of colder water at the upwind side. It
should be emphasised that inflows as well as heterogeneous meteorological forcing
was not responsible for these differences in the simulations because inflows were
turned off and meteorological forcing was provided as a horizontally homogeneous
field, i.e. meteorological conditions at the western side were always the same as at
the eastern side in the simulation. This was certainly not always true in reality given
the large size of Chao Lake (approximately 50 km from east to west). Moreover,
most inflows in Chao Lake were located in the western part and the only outflow was
in the eastern part. The magnitude of horizontal differences in reality might therefore
be even larger than in the simulation. Nevertheless, the model provided a quantitative
impression of horizontal heterogeneities.
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Fig. 5.32 Measured (red) and simulated (black) bottom water temperatures in Chao Lake at differ-
ent sampling locations (see Fig. 5.10) over the simulation period (Nov 2015–Dec 2016). Data gaps
in measured water temperatures are due to lost temperature loggers

Fig. 5.33 Simulated water temperature at the surface of Chao Lake during different times of the
year 2016
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5.7.4 Resuspension Events

Wind-induced resuspension of bottom sediments can frequently occur in shallow
lakes (Hamilton andMitchell 1996; Hawley and Lesht 1992).Wind has an immediate
influence on the velocities at the sediment-water-interface in these lakes either by
wind-induced surfacewaves or by inducing large scale currents. Resuspension events
are very important for the water quality dynamics as they usually go along with
significant nutrient release from the sediments into the open water body (Hamilton
1997; Li et al. 2017b), potentially driving eutrophication. In lakes with high pollution
by heavy metals or other toxicants, the sediments often act as a deposition site
for these pollutants and resuspension events can release pollutants into the water
(Williamson et al. 1996).

While the prediction of resuspension events is strongly site-specific due to the
site-specific sediment properties (e.g. mud, silt, sand, …), hydrodynamic models
can be used to provide physical information on the forces at play at the sediment-
water interface. The critical quantity for resuspension of sediments is the bottom
shear stress. A shear stress describes the force that acts parallel to a surface, in our

Fig. 5.34 Comparison of bottom shear stress and wind stress. Top: bottom shear stress, bottom:
wind speed
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case the force arising from water currents over the sediment surface. This bottom
shear stress scales linearly with the square of the bottom friction velocity (m2 s−2).
Both quantities are linked by the drag coefficient, which depends slightly on local
surface characteristics. We used GETM to calculate bottom friction velocities over
the simulation period and compared these values with wind velocities at Chao Lake
(Fig. 5.34). The time-series of bottom friction velocities appeared spiky and high
values were only reached during short periods when wind was sufficiently strong.

We refrained from translating numerically evaluated bottom friction velocities
into resuspension rates because the physical properties of the lake sediments in
Chao Lake were unknown and further in-situ studies would be required to build a
quantitative connection for sensible predictions. However, the model output showed
that only events with high wind speeds were able to induce high friction velocities.
A critical wind speed for that is approximately around 6 ms−1 (compare Fig. 5.34).
More detailed studies on wind-induced sediment resuspension were undertaken in
Lake Taihu (Li et al. 2017b), which has similar depth and surface area and is only a
few hundred kilometres away from Chao Lake. Interestingly, Li et al. (2017b) found
sediment resuspension in Lake Taihu to increase significantly as soon as wind speeds
surpass 6ms−1; a fact that fully complies to our model-based assessment of bottom
friction velocity in Chao Lake.

5.8 Synopsis

Marcus Rybicki, Bertram Boehrer, Karsten Rinke, Marieke Frassl

Wepresent good progress in practical aspects of water qualitymonitoring in lakes.
This spans from in situ monitoring, e.g. by buoy-based systems or deployed loggers,
to on-site biomonitoring. While the former is the method of choice at the ecosystem
scale, the latter is most suitable for water infrastructures like water abstraction or
drinking water production.We ran these sensitive infrastructures remotely from their
operators and established reliable data transfer and visualisation infrastructures that
made them readily applicable in water management.

The successful implementation of biomonitoring in China is a great achievement.
Water quality assessment by authorities in China is currently strongly focused on
chemical analysis, while integrative measures like biomonitoring, also in the classi-
cal sense of bioindication, are primarily used for scientific purposes. However, the
complex pollution characteristic of Chinese surface waters require an integrative
assessment of the water quality. Dynamic biomonitors like the Daphnia-Toximeters
were successfully deployed in European surface waters since the 1970s, permanently
proving their applicability in water quality assessment. The successful implementa-
tion of the Daphnia-Toximeter already attracted attention of local stakeholders and
hopefully will foster biomonitoring also beyond science. The chance to directly visu-
alise toxicity of a water body is thereby a powerful tool to proliferate thinking about
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environmental pollution in authorities and in the public, which is a prerequisite for
a sustainable lake management.

Furthermore, we managed to implement field investigation and numerical mod-
elling as supplementary tool. Models were used in predictive mode referring to
measured data and hence provided lake-wide, i.e. spatially resolved, information
beyond what could be covered by field deployment. A direct application of models
in lake management, however, requires more efforts. The required input data need
to be provided in a fast and easy-to-use mode, possibly even by online-transfer from
the authorities responsible for hydrological and meteorological measurements. To
operate a lake model in online-mode is a tremendous effort that deserves a project on
its own. It is, however, a powerful tool, e.g. for the prediction of pollutant transport
or the analysis of alternative management strategies.

The most crucial point in science-based lake management, however, is a close
interaction between scientists and managers. This is the most important and most
difficult aspect. Funding of scientific projects helps to push the development and
implementation of powerful scientific tools in monitoring and modelling. This goes
faster than the build-up of administrative structures that make use of these develop-
ments. For sensitive, but stressed, water bodies, e.g. lakes or reservoirs in heavily
populated areas used for drinking water provision, it pays off to invest efforts in
model- and monitoring-aided water quality management.
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Chapter 6
WP-D: Environmental
Information System

Frank Neubert, Matthias Haase, Karsten Rink and Olaf Kolditz

6.1 Motivation

The previous chapters gave detailed insight into the collection of environmental data
and the use of that data for purposes such as determining and improvingwater quality,
dealing with extreme weather events, or the planning of waste water management
systems. However, adequate visualisation techniques are required to communicate
the significance of this work and the consequences of research results to stakeholders
or laymen. In addition, sustainable management of water resources requires well-
engineered software solutions that can be operated by regional authorities and oper-
ating companies. To this end, the “Urban Catchments”-project includes the adaption
and adjustment of software frameworks for the region around Chao Lake. Section6.2
demonstrates aWebGIS approach for an environmental information system for time-
series data from observation sites in Chaohu City tomonitor water quality and hydro-
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logical parameters. In Sect. 6.3, a virtual geographic environment is introduced to
present all available data sets for the Chao Lake catchment in one unified geographic
context, such that the relevance and information for each data set are adequately visu-
alised and the interaction with other data sets is coherently illustrated. It will become
obvious that such software infrastructures are becoming essential to efficiently work
with the large amount of heterogenous data collected within large-scale projects.

6.2 Environmental Information System Based
on Online Measurements

Frank Neubert, Matthias Haase

An important basis for the implementation of theUrbanwater resourcesmanagement
is the development and establishment ofmonitoring platforms for the sources ofwater
pollution in connection with a powerful data management system. The resulting
system consisting of hard- and software components at different levels is called
Environmental Information System (EIS). Environmental Information Systems play
an important role since they help to control, manage and reliably provide relevant
data for the assessment of the existing environmental situation.

Environmental information systems are constructed in a decentralisedmanner and
are hierarchically structured. They are modular in the target position and scalable
to different dimensions (place, region, country) (Fig. 6.1). All important subsystems
are covered especially when implementing environmental information systems for
water balance - ground water and surface water, drinking water and waste water,
households and industry. The data are associated with government information such
as e.g. land registry details, properties and regulatory documents.

WISUTEC andAMCplanned to implement the complete chain of an environmen-
tal information system together with all the partners based on modern technologies
of the IoT (internet of things). In the “Urban Catchments”-project with Chinese
partners, solutions at all levels were implemented.

Three groups of sensors are used for environmental information systems in the
water and waste water area: sensors for water quality or quality parameters (tem-
perature, conductivity, pH value, turbidity, concentration of contaminants, oxygen
content, etc.), for hydrologic parameters (level, current speed, flowrate, etc.) and
status parameters (camera, drop, energy supply, etc.). The selection and integration
of the sensors takes place corresponding to the target position of monitoring and
the local conditions (Fig. 6.2). A detailed overview on the parameters that can be
measured in online operation is provided in Tables 6.1 and 6.2.
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Fig. 6.1 Hierarchically structured environmental information system

Fig. 6.2 Sensors for environmental information systems

6.2.1 Station Level

The practical implementation of the measuring stations is carried out depending on
the specific local conditions with respect to measuring conditions, energy supply,
communication possibilities and safety. In addition to special solutions, three stan-
dard types of stations are built: mini stations, compact stations and modular stations
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Table 6.1 Water quality parameters

Parameter Description

Temp Water temperature

pH Potential of hydrogen

EC Electrical conductivity

ORP Oxidation reduction potential

Colour Water colour

Turbidity Water turbidity

TSS Total suspended solids

BOD Biological oxygen demand

COD Chemical oxygen demand

BTX Aromatic hydrocarbons (mixtures of benzene, toluene and 3 xylene isomers)

TOC Total organic carbon

DOC Dissolved organic carbon

AOC Assimilable organic carbon

UV254 Water quality test parameter to detect organic matter in water and wastewater

NO3-N Nitrate as nitrogen (concentration is being reported as nitrogen only)

NO2-N Nitrite as nitrogen (concentration is being reported as nitrogen only)

NH4-N Ammonium as nitrogen (concentration is being reported as nitrogen only)

O3 Ozone

O2 Oxygen

H2S Hydrogen sulfide

K+ Potassium ions

F− Fluor ions

ClO2 Chlorine dioxide

CO2 Carbon dioxide

H2O2 Hydrogen peroxide

C2H4O3 Peracedic acid

FC/TC Free/total chlorine

Table 6.2 Hydrological
parameters

Parameter Description

Level Water level

Velocity Water stream velocity

Discharge Water discharge

Pressure Water pressure

which are respectively distinguished with respect to sample taking, water supply,
size and energy supply (Fig. 6.3). Measuring stations are implemented in a station-
ary manner on the shore or bridge area, transportable as a measuring case or mobile
(on boats). All communication methods are supported.
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Fig. 6.3 Station level

6.2.2 Supervisory Level

Aweb-based solution is used as the software for the supervisory level (station super-
visory system) which enables not only the monitoring of current operating statuses
regarding safety, energy consumption, access rights and fault statuses, but can also
execute control functions for pumps, valves and other actors. This station supervi-
sory system (Fig. 6.4) ensures a largely maintenance-free operation and is capable
of detecting faults, e.g. in pumps due to soiling in good time. Manual operation for
function control on-site is also supported. All operating statuses, notifications and
information on faults are recorded in a database and are available as historical data
for evaluation. In the event of technical faults, notifications are actively generated.
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Fig. 6.4 Station supervisory system

6.2.3 Management Level

The software product, AL.VIS/Timeseries is used for the data centre of the EIS. The
AL.VIS/Timeseries application is a network-based, multi-user information system
for managing measurement networks and measured data in the form of time series
data. It usesmodern internet technologies to ensure you comprehensive access to your
monitoring data. AL.VIS/Timeseries provides the user with all measured values from
different areas in one system. A mobile component allows the measured data to be
analysed online on smartphone or mobile device. AL.VIS/Timeseries has methods
for importing data from different sources (process databases, data loggers, Excel
tables), for quality assurance, research, analysis and exporting. The data-base model
that is used is very flexible: additionalmeasuring parameters or newmeasuring points
can be easily added. The easy to use diagram function processes very long time series
with thousands of measured values very quickly. AL.VIS/Timeseries is implemented
in combination with web-GIS-components (Fig. 6.5).

• The software for management of monitoring data can be used in combination with
software components for managing data of the river net incl. lakes

• Object-related information (cadastre) of various types
• Documents linked to objects or processes
• Survey data
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Fig. 6.5 AL.VIS/Timeseries application

Fig. 6.6 Different information categories and their interconnections of the “Urban Catchments”-
project
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• Topographical, hydrological or geological maps
• Images, maps, and aerial images

Bringing together all these data under one information system allows decisionmakers
to manage remediation processes in an effective manner. The following figure illus-
trates the different information categories and their interconnections (Fig. 6.6). One
important goal of the “Urban Catchments”-project was to demonstrate the possibility
to manage all these data and information in the EIS.

6.3 Virtual Geographic Environment

Karsten Rink

6.3.1 Motivation

In recent years, there has been a considerable progress in the development and imple-
mentation of monitoring technologies. This includes both remote sensing (e.g. the
Sentinel or LANDSAT satellite missions (Fletcher 2012; Wulder et al. 2016)) and
in-situ measurements (e.g. sensor networks, climate stations). In combination with
advances in specialised software frameworks such as Geographical Information Sys-
tems (GIS) orwidely-used services such asGoogleEarth, the amount of available data
for a given region of interest has increased substantially. A large variety of observed
data sets can be employed in the Earth system modelling domain for environmen-
tal studies in general. Of particular interest for the “Urban Catchments”-project is
the analysis and management of water resources. With 40% of chinese lakes being
severely polluted and 80% of its lakes suffering from eutrophication (see Sect. 1.6
for details), the exploration and understanding of complex collections of heteroge-
neous data sets from affected regions becomes vitally important for studies aimed
at understanding possible causes and devising schemes for remediation. The water
from Chao Lake, specifically, is used for fishing, irrigation and obtaining drinking
water. As has been shown in Sect. 1.5, harmful algal blooms (Chen and Liu 2014;
Tang et al. 2006; Wang et al. 2008) and the lake and aquifer being contaminated with
fertilisers, pesticide residues and heavy metals from mining (Li et al. 2013) are of
great concern.

We created a Virtual Geographic Environment (VGE) specifically for the Chao
Lake catchment, utilising a Virtual Reality environment for the presentation of geo-
scientific and environmental data. In recent years, VGEs have been regarded as a new
generation of geographic analysis tools (Chen et al. 2013, 2015b; Lin et al. 2013a, b,
2015; Lü 2011) that can be employed for a wide range of applications. This includes
water pollution analysis (Walther et al. 2014), geotechnical applications (Blöcher
et al. 2015) or socio-economic studies (Koch et al. 2018). Such a system allows for

http://dx.doi.org/10.1007/978-3-319-97568-9_1
http://dx.doi.org/10.1007/978-3-319-97568-9_1
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a combined presentation and assessment of geographic objects, such as lakes, river
or sewer networks, groundwater information, etc. in combination with the results of
process simulation software. Thus, VGEs can also help to predict trends and fur-
ther pollution analysis (Chen et al. 2012; Lin et al. 2015) by combining observation
data and modelling platforms using state-of-the art post-processing and visualisation
algorithms (Helbig et al. 2014; Rink et al. 2014). Environmental Information Sys-
tems (EISs) can be embedded in VGEs to provide a realistic geographic context for
a region of interest. Specifically required functionality can be added to the system,
for instance so it may serve as an early warning system for drinking water supplies
(see Sect. 6.2 for details).

6.3.2 Methodology

Virtual Geographic Environments provide a new and descriptive way to allow users
to explore and evaluate complex collections of heterogeneous geoscientific data sets.
Examples include remote sensing data, river networks, land use classes, climate data,
and many more. By placing all data sets within an interactive 3D scene it becomes
possible to see the correlation of data sets, the variation of certain variables in a
region of interest or to highlight certain aspects of a given data set by employing
established methods from visualisation sciences. In addition, numerical models and
results from the simulation of (hydro-)geological processes and phenomena can also
be displayed in the same context as the monitoring data.

By combining these different data sets using intuitive representations of the data,
userswill get a better understanding of the region of interest aswell as the determining
factors for phenomena or trends such as algal blooms, the accumulation of chemicals
in soil and groundwater, or the effects of flooding during extreme weather events.

From the viewpoint of data management and visualisation, a number of concep-
tional and technical challenges have to be considered during the development of a
multi-purpose Virtual Geographic Environment. For instance, each data set has to be
visually represented in a way that is meaningful to a typical user. Such a representa-
tion can be either realistic or abstract. A basic example for a realistic model is shown
in Fig. 6.7 where three data sets are required to create an instantly recognisable sur-
face of the region of interest. In contrast, Fig. 6.14 shows an abstract representation
that allows users to focus on the relevant variables stored within the data set.

However, the visualisation of data sets is a secondary challenge, a follow-up to the
primary challenge of data storage. Data sets included in a VGE often have a highly
heterogeneous nature, varying in area of interest, extent, projection, structure and
many other parameters.

The inclusion of modelling data and simulation results in the system is of vital
importance for an effective analysis of processes. Often, different scenarios and their
effect on the environment need to be displayed such that stakeholders or researchers
are supported in their decision making process and can predict and understand
consequences of changes to the environment. Examples include predictions about
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Fig. 6.7 Example of pre-processing steps necessary for the representation of 2D data sets in 3D
space

Fig. 6.8 Data integration workflow based on Helbig et al. (2017)

water management (e.g. short-term vs. long-term solutions) or waste water treatment
(e.g. centralised vs. decentralised concepts). In addition to the challenges based on
heterogeneity of the data, the inclusion of simulation requires the handling of (very)
large data sets, the high number of parameters included, the transient structure of the
data as well as the visualisation of uncertainty in simulated parameters.

To create a VGE that is not specifically tailored to one case study or region of
interest requires flexible data structures and modular algorithms for storing, mod-
ifying and visualising data within the environment. This allows to use the same
functionality for other case studies, even if these are focussed on different areas of
application. The combination and parameterisation of these modules depend on the
definition of a general workflows for data integration and visualisation (see Fig. 6.8)
as well as flexible interfaces for connecting algorithms used within each of the steps
within these workflows. The environmental information system as a whole is in turn
embedded into a concept which provides a continuous data flow (Fig. 6.9) from the
acquisition of data to the presentation of research results.
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Fig. 6.9 Continuous modelling workflow concept based on Kolditz et al. (2012a)

6.3.3 Data Integration and Workflow

The import of all relevant data sets into a unified reference frame is handled by the
OpenGeoSys Data Explorer (Rink et al. 2013). After the preprocessing stage, the
integrated data sets are exported into the Unity engine (Goldstone 2011), which is
used as the framework for the presented virtual geographic environment. The result-
ing applications can be used for presentations to audiences, such as stakeholders,
researchers or the general public; but also for data exploration, discussions and ver-
ification of both input data and research results. Both programmes will be briefly
introduced in the following.

OpenGeoSys Data Explorer

The Data Explorer is the graphical user interface to the platform-independent Open-
GeoSys simulation software (Kolditz et al. 2012b). It is capable of importing and
visualising measured data sets as well as simulation results. The framework already
supports a large range of established file formats from the environmental sciences,
incl. typical GIS formats (raster- or shapefiles), a variety of mesh generators for
creating 3D objects, graphics formats and interfaces to a number of modelling and
simulation frameworks. See Fig. 6.10 for an overview of currently supported file
formats.

While OpenGeoSys is mostly used for the simulation of coupled Thermo-Hydro-
Mechanical-Chemical (THMC) processes, the support of multi-purpose file formats
such as VTK (Visualization Toolkit (Schroeder et al. 2006)) or NetCDF (Rew
and Davis 1990) ensures that many simulation results from domains as diverse
as continuum mechanics (e.g. OpenFOAM (Weller et al. 1998)), climate research
(e.g. WRF (Michalakes et al. 2005)), lake and coastal research (e.g. GETM (Bur-
chard and Bolding 2002)) or drainage network simulation (e.g. SWMM (Rossman
2014)) can be interpreted by the software. Measured or simulated parameter values
(both static and transient) can be projected either on tessellated surfaces/volumes or
geometric features.

Unity engine

Unity is a cross-platform game engine, developed for the creation of computer games
for personal computers and mobile devices. The software is available for free and
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Fig. 6.10 Supported file formats for the OpenGeoSys framework. Due to the wide range of sup-
ported formats, interfacing with other simulation software is simple if an established format is
supported. For instance, due to support of the NetCDF format, the integration of data from mod-
els such as the Weather Research & Forecast Model (WRF) used for climate simulations or the
General Estuarine Transport Model (GETM) used for studies of lakes or coastal regions becomes
straightforward

offers a wide range of features for displaying static and dynamic graphics in both 2D
and 3D. Unity provides an interactive and extendable GUI that can be customised by
users for creating certain types of applications. Dragging and dropping is supported
for all types of Unity objects and it is possible to select, view and transform all data
sets after import. Likewise, animation and interactive functionality can be instantly
tested within the software without explicitly building an application. The software is
extendable via the C# programming language, has a very large user base and a wide
range of tutorials is available on the internet. Once functionality has been integrated,
it is available within the Unity GUI and can subsequently be used to create new
applications with that same set of methods.

Within the presented workflow, Unity is used in combination with the MiddleVR
plug-in (MiddleVRDevelopers 2017). Thatway, a large range of technical challenges
are automatically handled when building applications. This includes a wide range
of rendering backends such as various operation systems for personal computers,
web-applications, virtual reality (VR) environments or head-mounted displays; but
also the required input devices for such environments, tracking of users in VR, or
the support of various stereoscopic display modes.

Workflow

A typical workflow for integrating a new geoscientific data set into an existing virtual
environment usually includes the following steps:
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1. Import data set into Data Explorer framework
2. Create meaningful representations of the data set in 3D space
3. Detect inconsistencies between data sets (both visually and algorithmically)
4. If necessary, modify data set by adding missing information (such as elevation

on 2D data, mapping of simulation results onto 3D objects, etc.) or correcting
inconsistent or false information (e.g. topological incorrect surfaces, NaN values,
etc.)

5. Present data in ameaningful fashion (e.g. choose adequate colours, apply textures,
select glyphs or colour lookup tables for parameters of data points, etc.)

6. Add interaction methods to guide users to data set (camera paths, viewpoints,
animations, etc.)

Steps 1–4 are usually performed using the OpenGeoSys Data Explorer. Once all data
sets have been pre-processed, they are added to a scene generated within the Unity
framework. Depending on structure and interpretation of each original data set, step
5 of our workflow may require algorithms implemented either in OpenGeoSys or in
Unity. Step 6 is executed exclusively in Unity.

Being a game engine, the visualisation of environmental data sets is not a focus of
theUnity framework.However, a lot of the functionality required for aVGE is already
implemented in the software. This includes the themovement in 3D space, tracking of
the user and the functionality to display and interactwith complexobjects. In addition,
the framework is well-documented and easily extendable. We have developed a
number of specific methods for importing and displaying geoscientific data sets,
circumventing some of the limitations of the Unity engine. Geoscientific data sets
are usually represented by objects that are larger then typical objects used in computer
games and they relymore on a precise representation.Where computer games rely on
automatically generated surfaces or roughlymodelled objects that are displayed using
computer graphics methods such as bump mapping or MIP mapping, geoscientific
data has usually been exactly measured and does not contain repeatable features. We
implemented algorithms for importing and visualising typical environmental data
sets within Unity and added methods to deal with large data sets. Examples for such
algorithms include the subdivision and use of very large textures (e.g. remote sensing
imagery) or the automatic translation and scaling routines to convert the often very
large coordinates from regional geographic projections into a small, scaled coordinate
system typically used for scenes in graphics applications. Other application-specific
issues include the use of modified shaders, e.g. for mapping pre-selected colour
arrays on objects based on simulated parameters at varying time steps. For a more
in-depth technical description the interested reader is referred to the article by Rink
et al. (2017).

The Unity scene containing relevant data sets can be built as an executable file
for a variety of target architectures, including virtual reality environments such as
stereoscopic video walls or head-mounted displays (Oculus Rift, HTC Vive, etc.),
but also for regular desktop computers. Users can navigate within the geographic
environment with typical interaction devices. Besides keyboard and mouse this also
includes typical VR interaction devices such as flysticks or gamepads. To make the
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Fig. 6.11 The environmental information system for Chao Lake, displayed on the video wall in a
Virtual Reality environment

framework easy to handle for inexperienced users, a number of features have been
added for navigation and interaction:

• predefined viewpoints of relevant regions or data sets within the scene, such that
users need not navigate the scene themselves and have pointers to regions of
interest,

• the definition of camera paths along interesting features or gradients of natural or
simulated parameters,

• picking objects to access supplemental content such as diagrams, photos, movies
or webpages that give additional context to the currently viewed object or region,

• a simple animation interface to start, pause or step through time-variant content
such as the time steps of simulation or remote sensing data, different scenarios, or
predefined transformation of the data

• toggling of data sets or groups of data sets and adjusting their transparency to be
able to focus on interesting aspects or compare data sets.

This functionality is accessible via a menu defined as on overlay in the 3D scene.
The menu can be toggled via the interaction device to be visible/invisible and it can
be moved across the view plane so it doesn’t occlude interesting data. While it is
possible to navigate freely in 3D space, experience has shown that most users prefer
to access predefined points of view and interaction via a menu, similar to desktop
applications. Figure 6.11 shows an example of aVGEbased on case study of theChao
Lake in China, described in detail in the following section. The 3D visualisation is
linked to time-series data measured from climate stations in the region and contains
GIS data and simulation results as well as supplemental material such as pictures or
diagrams. This facilitates a powerful combination of monitoring data and simulation
results in one coherent, spatially arranged visualisation.
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Fig. 6.12 Visualisation of the Chao Lake VGE. (a) Super-elevated terrain of Chaohu City from the
north with aerial image texture. Buoys within the lake are marked in orange. (b) View of Chaohu
City from the east with sewage network superimposed on the surface. Note the fine resolution of the
texture within the city compared to the rougher texture in the background. (c) Super-elevated view
of Chao Lake from the southwest. Mapped on the lake surface is a LANDSAT 8 image showing
algal bloom in summer. (d) View of land use information in the Chao Lake region. Chaohu City is
located in the lower left corner, road- and river network are mapped onto the terrain surface

6.3.4 Application Prototype

A Virtual Geographic Environment for the area around Chao Lake in China (see
Fig. 6.12) has been set up as a prototype for the international project “Managing
Water Resources for Urban Catchments” (Dohmann et al. 2016). The focus within
this prototype is Chaohu, a city with a population of almost one million people,
located on the eastern shore of Chao Lake within the Anhui Province in Eastern
China. With a surface area of 720km2 Chao Lake is the fifth-largest freshwater lake
in China. Due to eutrophication and silting, the lake has become one of the most
polluted lakes in China in recent years (Chen et al. 2015a) which causes a number
of problems for cities located at or near the lake, as the population uses the lake
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for fishing, irrigation and obtaining drinking water. Project partners from China and
Germany are working together with the goal to analyse and improve the current
situation at different stages of the fresh- and sewage water treatment workflow.

The purpose of the Virtual Geographic Environment for this region is to show
the current situation in and around the lake, including risk factors such as algae or
pesticide concentration. While the data collection is still ongoing, more than 30 data
sets have been collected and processed into an immersive 3D scene to give users an
impression of the region. Examples include digital elevationmodels (Tachikawa et al.
2011), a land cover map (Chen et al. 2015c), the bathymetry of Chao Lake, aerial
imagery (Google Earth 2016), water bodies for the region of interest surrounding
Chao Lake (OpenStreetMap contributors 2016) as well as detailed data on water and
sewage networks within Chaohu City (Liao et al. 2016), etc. For a comprehensive
overview, see Table 6.3.

In addition, results of transient simulation of processes have also been integrated
into the system (see Table 6.4). A combined visualisation of monitoring and mod-
elling data will support both stakeholders and researchers in their understanding and
analysis of the complex coupled processes related to the pollution andmanagement of
water resources. In particular, a simulation of the drainage pipeline system for storm-
and sewage water within the Chaohu City during rain events allows for an estimation
of run-off times, the distribution of pollutants as well as the risk of flooding within
the city (see Figs. 6.13 and 6.14). The implementation of the complex groundwater
system model of the lake catchment shows the interaction with Chao Lake and the
distribution of the algae toxin Microcystin (see Chap. 7). Finally, preliminary results
of a lake simulation (Fig. 6.15) show temporal variation of temperature, evapotran-
spiration, etc. Similar to observation data, these simulation results can be explored
in context with all the other data sets, with the additional benefit of user-controlled
animation of the temporal variance of simulated parameters.

Our extensions of the Unity framework mentioned in the previous section are par-
ticularly useful for this case study. The overall region around Chao Lake integrated
into the VGE has a size of over 5000km2. We have created a surface representa-
tion consisting of roughly 200,000 triangles with a maximum edge length of 250m.
The corresponding aerial imagery from Google (Google Earth 2016) and LAND-
SAT (Wulder et al. 2016) (see Fig. 6.12c) have a pixel size of roughly 12.5m. The
combination of those data sets results in a detailed visualisation of the surface data
despite not incorporating advanced methods such as bump mapping (see Fig. 6.7 for
a schematic of creating the textured terrain surface). However, the regions of inter-
est for domain scientists are usually much smaller. For instance, for Chaohu City
we built a refined surface representation with image data at much higher resolution.
With a size of less than 100km2, this more detailed surface still consists of over
300,000 triangles with a maximum edge length of 10m. The aerial imagery has a
pixel size of less than 3m. This fine resolution is necessary to maintain a useful
representation of the area because users are expected to zoom in very close to the
surface. Also, integrating very detailed data sets such as the drainage system for the
city (with a sub-metre resolution) requires similarly refined corresponding data for
a visual assessment of the relation of data sets to each other. Our extensions to the

http://dx.doi.org/10.1007/978-3-319-97568-9_7
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Table 6.3 Observation-based data sets included in the environmental information system

Data type Geospatial context Data

Remote sensing data Chao Lake catchment ASTER Global Digital
Elevation Model

Google Earth aerial imagery

LANDSAT8 imagery

GLOBELAND30 land use
data

Chao Lake Bathymetry

Chaohu City High resolution digital
elevation model

High resolution airial imagery

Vector data Chao Lake Catchment boundary

OpenStreetMap data
(waterbodies, roads, etc.)

Lake boundary

Buoy network

Chaohu City River network

Roads

Sewage network (Sewage
pipelines, stormwater
pipelines, outlets, etc.)

Land development plan

Shuagqiao He catchment River and tributaries

Subcatchments

Time-series data Hefei City Climate data 1952–2016
(Temperature, Precipitation,
etc.)

Chao Lake Test buoy measurements

Supplemental data Chao Lake Photos

Chaohu City Traffic monitoring imagery

Chaohu City water treatment
plant

Photos

Biomonitoring video

Shuagqiao He catchment Photos

Table 6.4 Model-based data sets included in the environmental information system

Software Geospatial context Data

OpenGeoSys Chao Lake catchment Structural model

Groundwater head

Groundwater flow direction

GETM Chao Lake Evaporation

Heat flux

SWMM Shuagqiao He catchment Pollutant concentration

Chaohu City Sewage network
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Fig. 6.13 Simulation of the Chaohu City sewage network using the Storm Water Management
System (SWMM) (Rossman 2014). (a) SWMM Model within geographical context of Chaohu
City. (b) Overlap of SWMMModel (in red) with the Chaohu City sewage network. All sewage data
and simulation results have been provided by our project partners from Tongji University, Shanghai,
China. SWMM output has then been imported into OpenGeoSys data structures for visualisation

Unity-framework allow to automatically choose to display the correct surface based
on the position of the user. There will be automatic cross-fading between data sets
when viewpoint within the city are selected from outside and vice versa.

When creating the VGE, data sets can be selected into groups, which is vital for
a case study like this with many small data sets being part of a bigger picture. Both
visibility and transparency can be adjusted simultaneously for all sets within each
group, thus avoiding time-consuming selection or deselection of data sets. As an
example, the case study contains 15 data sets contributing to the drainage pipeline
system of ChaohuCity (pipes, outlets, treatment plants, etc., see Fig. 6.16). Changing
the status of each of these separately would not be viable during live presentations.

A number of dynamic data sets require the display of animations based on user
input. For instance, time series of LANDSAT images of Chao Lake (Fig. 6.12c)
visualises the annual algae growth. Likewise, results of transient simulations show
the flow of groundwater, or the temporal distribution of pollutants within the sewage
network, lake, or groundwater system. Especially the simulation of short term events,
such as flooding, requires a very fine temporal resolution, often resulting in thousands
of time steps. The example shown in Fig. 6.14 is taken from a simulation consisting
of approximately 5000 time steps at an interval of five minutes.

While the virtual geographic environment of Chao Lake can be explored on awide
range of devices, as previously mentioned, it has been originally designed for use in
a virtual reality environment using a 6× 3m video wall with additional projections
at the sides and the floor where user position is tracked using infrared cameras (Bilke
et al. 2014). Scientists from various research domains and stakeholders from the
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Fig. 6.14 Visualisation of a SWMM simulation of the Chaohu City sewage network during a rain
event. Shown are the water depth (top line of the legend) with a range of 0–5 m and the flow rate
(bottom line of the legend) of about 500 to 2000 m3/s. With increased flow rate, water depth is
critically increasing in certain parts of the network. Even after the flow rate has decreased again,
it takes a long time for the water levels to reach normal levels again. The simulation results have
been created by our project partners at Tongji University

German and Chinese Ministry of Science have participated in presentations and the
response has been very positive. Complex contexts and interrelation of data sets are
easy to understand even for users without a hydrogeological background and partic-
ipants are often able to point out correlations or inconsistencies that would not have
been visible within established software solutions, such as geographic information
systems.While theVGE is still in a prototype stage, we hope to acquiremore detailed
data for the region in the future and extend the functionality offered by the system
to import and display an even wider range of information and interaction.

6.3.5 Conclusions and Outlook

The presented work shows a generic framework for the development of Virtual Geo-
graphic Environments for Environmental Information Systems. This framework has
been demonstrated for a case study of water resources management in the catchment
of Chao Lake in the Anhui Province of China. All relevant types of data for water
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Fig. 6.15 Embedded simulation of Chao Lake into 3D geographical scene. To enhance the existing
topography of the region, the underlying DEM has been super-elevated by factor 5 and texturised
using an airal image of the region. With a maximum depth of 5m, Chao Lake is extremely shallow
for a lake of its size. The depicted bathymetry has been super-elevated by factor 200 to give a
sense of its 3D surface. Mapped on the lake surface is the result of preliminary simulation of
evapotranspiration using the General Estuarine Transport Model (GETM) (Burchard and Bolding
2002)

Fig. 6.16 Pre-processing of data sets. Depicted is the OpenGeoSys Data Explorer interface while
integrating the drainage pipeline system in Chaohu City into the existing scene. The terrain surface
mesh is semi-transparent visible in the background for reference as well as the road- (grey) and
river network (blue). Fifteen data sets related to the drainage system have been loaded, mapped and
assigned colours according to their function (e.g. violet data represents storm pipeline infrastructure,
yellow signifies sewage infrastructure, etc.)
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resources management that we are aware of have been integrated into the VGE with
the help of both the OGS Data Explorer and the Unity game engine.

The presented VGE provides novelty in two directions: Firstly, static and dynamic
data from both remote sensing and process modelling, can be integrated, explored
and compared within the context of the VGE. Secondly, the framework allows for
data integration at different spatial and temporal resolution, permitting to focus on
specific regions of interest within a scene. The modular approach of the framework
also allows to easily update existing data sets or add new data to an existing VGE.

Future activities are related to completing the data integration concept for all
aquatic compartments (e.g. soil and groundwater systems) and to apply the frame-
work to similar case studies within the Yangtze River Basin, such as the Poyang Lake
or Tai Lake catchments. These case studies are also part of the “Research Centre for
Environmental Information Science” (RCEIS - www.ufz.de/rceis).
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Chapter 7
WP-E: Groundwater Systems

Martin Pohl, Christian Engelmann and Marc Walther

7.1 Introduction and Goals

The work package E was introduced as an addition to the “Urban Catchments”-
project, in late 2016, more than one and a half year after its start. Its objective was
to create a groundwater model to complete the hydraulic system which so far was
limited to the urban and suburban regions around Chao Lake and the lake itself. The
vast network of rivers, streams and ditches in combination with the domination of
agricultural land use in the area around Chao Lake results in an inflow of nutrients
and possibly other pollutants by surface water. But it is assumed that a considerable
amount of pollutants and nutrients find their way into Chao Lake via groundwater
flow, after they presumably leaked from defect sewage pipes or seeped into the
groundwater directly from their source at the surface.

Another interesting research topic that was picked up in work package E can be
attributed to a scientific paper by Yang et al. (2016c). In this paper they presented
the results of their research about the occurrence of Microcystins in the groundwater
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Fig. 7.1 Sampling locations in Chao Lake watershed and their Microcystin concentrations in
September 2013 (Yang et al. 2016c)

around Chao Lake. Microcystins are a group of hepatotoxins which can be produced
by a number of cyanobacteria and are a recurring threat for the population around
Chao Lake because of cyanobacterial blooms. According to Yang et al. (2016c) it
apparently has leaked from the lake into the surrounding groundwater as can be seen
in Fig. 7.1. While the found concentrations of Microcystins were mostly but not
entirely below the provisional guideline value for Microcystin-LR of 1µg/L issued
byWHO(1998), the risk posed by lower concentrations is still a topic of research. The
International Agency for Research on Cancer (IARC) has classifiedMicrocystin-LR,
a structural variant of the Microcystins, as possibly carcinogenic and points out that
there is strong evidence that it is a tumor promotor (IARC Working Group 2010).

A highlight during the course of the work on work package E was the meeting
with the team lead by Prof. Weiping Hu, our partner from the Nanjing Institute of
Geography and Limnology, Chinese Academy of Science (NIGLAS). The meeting
took place in the city of Nanjing in May 2017. There we presented the state of our
work on the groundwater model at that time and discussed further cooperation. As
a result of this cooperation we were able to access a significant amount of data that
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helped to increase the quality of the model and allowed to progress from a steady
state model to a transient model. In addition the need for further monitoring in the
region regarding the groundwater situation was noted.

7.2 Data and Tools

The creation of the groundwatermodel for the region aroundChao Lake, as described
in this Chapter, required the utilization of a number of tools and the incorporation of
a large amount of data. At the centre of the model development process is the open
source simulation program OpenGeoSys (OGS). OGS offers a method for the nu-
merical simulation of thermo-hydro-mechanical-chemical processes in porous and
fractured media (Kolditz et al. 2012a). Therefore, the preprocessing of the available
data not only includes a general information extraction but also the conversion to
an input format that is compatible with OGS. The data used contains large scale
raster files that cover the whole model area but also data from measuring stations
and from samplings which consequently contain spatial limited information. Addi-
tionally, values for process variables were researched from literature, such as for
Microcystin mass transport. For its implementation a value for degradation and a
sorption isotherm are necessary.

7.2.1 Data

Data on the topography were mainly obtained from two sources. On the one hand,
this is the Digital Elevation Model (DEM) SRTM, which stands for Shuttle Radar
Topography Mission (Farr et al. 2007). The DEM was derived from radar interfer-
ometer data recorded during Space Shuttle Missions and has a resolution of three arc
seconds or approximately 90 meters. Earlier precipitation data contains large gaps
and some of the water level time series don’t reach further back. Furthermore there
is no data for some of the rivers sections, especially in the upstream direction.

7.2.2 Tools

For the purposes of preprocessing a number of different toolswere applied.A tool that
was frequently used was the geographic information system Quantum-GIS (QGIS).
Similarly the text editor Notepad++ and the spreadsheet software Excel were im-
portant tools at multiple steps. Other used software were the OGS Data Explorer,
GINA_OGS and the the finite element mesh generator GMSH.
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7.3 Methods

7.3.1 Model Geometry (Outer Boundary; Lake and Rivers)

The outer boundary of the groundwater model was deduced from the digital eleva-
tion model data to represent the surface catchment area of Chao Lake. The surface
catchment area was chosen as a surrogate for the groundwater catchment, since the
hydrogeological data did not allow to identify a different boundary. There are a num-
ber of scientific papers available that include figures of the surface catchment area,
although the depicted boundaries vary in parts from one scientific paper to another.
While those figures can’t be used directly, they can serve as guidance and validation
for the outer model boundary that was calculated.

The calculation was done in the geographic information system Quantum-GIS
(QGIS)1 by using the GRASS-GIS tool “r.watershed”. The underlying algorithm
can determine basins based on the digital elevation model (DEM) raster data and
QGIS outputs the result in form of polygons which delineate the watersheds. Minor
adjustments were necessary since bridges and other structures distort the elevation
data and are mistaken as watersheds by the algorithm. This happened prevalently for
areas with low slope where the flow direction is easily changed by little flaws in the
elevation data.

The resulting catchment area, which can be seen in Fig. 7.2 as a red line, is
characterized by the Yangtze River to the east, a mountainous area in the southwest
which goes up to around 1300m and a relatively flat area around Chao Lake. Some
of the bigger rivers that flow into the lake and the only river flowing out of it have
been included into the model. It was assumed that these surface water bodies likely
influence the groundwater flow. The region is generally abundant in streams, ditches,
reservoirs and ponds, but for the purpose of limiting the complexity of the model
only a selection of them were included.

7.3.2 Mesh (Generating; Mesh Properties (Material Class))

The basic geometric components and the topography data allows for the creation
of the finite element mesh which is the base frame for the model. The creation of
a two-dimensional mesh was done by employing the mesh generator GMSH.2 At
that it will integrate the geometric points of the watershed and river polylines as
nodes into the mesh. It is necessary to account for the fact that the level of detail
of the mesh influences the quality and detail of the model results but also the time
that is required to solve the model simulation. Especially mass transport processes
require a high spatial resolution to ensure a stable solution. A suitable tradeoff has

1https://www.qgis.org/de/site/.
2http://gmsh.info/.

https://www.qgis.org/de/site/
http://gmsh.info/
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Fig. 7.2 Digital elevation model with Chao Lake catchment boundary (red line) and a number of
surface water bodies (blue lines), visualized in paraview

Fig. 7.3 Finite element mesh based on a simplified geometry (left) and a cross-section of a three
dimensional mesh (right). Colored according to the finite elements corresponding material group

to be made and therefore the polylines were simplified beforehand, so that they are
composed of few hundred points instead of the around original ten thousand. The
difference can easily been seen by comparing Fig. 7.2 where the geometry polylines
are very detailed, with Fig. 7.3 where the geometry polylines are composed of long
and straight components. At the same time the sizes of the finite elements closer to
Chao Lake were set to allow for more accurate simulation results by increasing the
number of nodes that are created during the mesh generation process.

The two-dimensional mesh was further processed in the OGS Data Explorer by
adding the elevation data from the DEM to the mesh nodes. Since the currently
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available hydrogeological data didn’t contain detailed information about the spatial
variability of the depths of the aquifer the simplifying assumption was made that
the depth was constant over the whole model domain. Based on that assumption
subsequently layers were added by utilizing the Data Explorer until the final depth
was reached. Thereby the two-dimensional mesh changed to a three-dimensional
mesh and the finite elements changed from triangles to prisms. Similarly to the two-
dimensional mesh, the sizes of the new finite elements were set for better accuracy
closer to the Lake. This was achieved by having thinner upper layers and thicker
bottom layers.

The material class of the upper layer elements was assigned according to infor-
mation that was derived from a groundwater resources distribution map of Anhui
province which was found in the digital library of the National Geological Archive
of China.3 Sedimentary materials with higher hydraulic conductivity occur mainly
alongside the river courses, as can be seen in Fig. 7.3 where those materials are
colored in green. They are likely of fluvial origin. Less conductive loose rock is
colored in yellow and karst rock in blue. The red colored areas represents fractured
rock materials and corresponds with higher elevations. A different material class
was homogeneously assigned to the finite elements of the lower layers, based on the
available hydrogeological data.

7.3.3 Boundary Conditions and Source Terms
(Time Series; Water Levels; Recharge)

With the finite element mesh in place boundary conditions and source terms can be
assigned to the nodes. For this purpose a large amount of time series data was pre-
processed in a spreadsheet software and subsequently assigned to the corresponding
mesh node. The data consisted of water level time series, for example for Chao Lake
and Yangtze River, and precipitation data for a number of precipitation recording
stations throughout Anhui Province. It was partly provided by our Chinese partners
from NIGLAS and partly obtained from the online portal of the Bureau of Hydrol-
ogy of the Province of Anhui.4 Taking into account the consistency of the time series
data, a period of around ten years was chosen for the simulation, starting with the
first of July 2007. Five-day-averages were calculated to reduce the amount of the
time series data that had to be integrated into the model as boundary condition or as
source term.

River water levels between two measuring sites or between a measuring site and
Chao Lake were extrapolated for each five-day-average value. When no information
about the water level was available, which concerned some upstream segments of
rivers, the surface elevation was used instead. It was ensured that this didn’t lead to
unrealistic behavior like a river flowing in two different directions at the same time.

3http://en.ngac.org.cn/Document/Map.aspx?MapId=EC7E1A7A7C331954E0430100007F182E.
4http://yc.wswj.net/ahyc/.

http://en.ngac.org.cn/Document/Map.aspx?MapId=EC7E1A7A7C331954E0430100007F182E
http://yc.wswj.net/ahyc/
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Fig. 7.4 Land cover in the year 2015 according to the ESA CCI data, visualized in QGIS. © ESA
climate change initiative - land cover project 2017

The model area was divided into nine subareas along county and district bor-
ders, to accommodate for spatial variety in precipitation. Since several precipitation
recording stations were located in and close to each subarea the arithmetic average
was calculated to obtain a single precipitation time series for each subarea. For the
time periods when no data was available for a subarea, data from the nearest active
recording stationswas used instead. The actual groundwater recharge byprecipitation
is applied as source term to the surface mesh nodes and is composed of the precipita-
tion, the size of the area associated with a node and a recharge rate which describes
how much of the precipitation actually infiltrates into the aquifer. The recharge rates
were chosen based on available literature values. Recharge rates vary depending on
the land cover, therefore land cover data from the ESA CCI Land Cover Project,5

as it can be seen in Fig. 7.4, was used to assign the respective recharge rates to the
nodes. The biggest impact can be expected from the recharge factor for cropland
since cropland amounts to around three quarters of the land cover in the model area,
with the rest mainly being tree cover, water bodies and urban areas.

5http://maps.elie.ucl.ac.be/CCI/viewer/index.php.

http://maps.elie.ucl.ac.be/CCI/viewer/index.php
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7.3.4 Mass Transport

To reproduce the spreading of the algae toxin Microcystin from Chao Lake into the
surrounding groundwater three mass transport components where included in the
model in form of boundary conditions. One component represents a conservative
tracer and is intended to serve as a reference to the other two components. Those two
components represent sorption and biodegradation of Microcystin-LR respectively,
one of the most researched structure variants of the toxin group. The separation
of those two properties shall help to identify their respective significance for the
transport process. The literature values for the sorption constant and the biodegrada-
tion rate depend on multiple factors. The biodegradation rate for example depends
among other things on what bacterium strains are involved. Since Microcystin was
measured in great distances to Chao Lake literature values were chosen that promote
the spreading thus the choice fell on a small sorption constant and a low decay rate.

7.3.5 Simulations

The complexity of the different model simulations increased in the course of the
project and with the amount of available data. Initially a steady-state two dimen-
sional model was created with Chao Lake, Yangtze River and a number of smaller
rivers as surface water level boundary conditions. At this point the respective water
levels were deduced from the elevation data of the SRTM Digital Elevation Model
and the groundwater recharge by precipitation was derived from yearly average pre-
cipitation values available for Chaohu City. Next up the two-dimensional model was
extended by one dimension to be able to identify differences in flow depending on
the depth. After receiving time series data for precipitation and surface water levels,
the steady-state model was further developed into a transient model. The simulation
encompasses a ten year period beginning with the first of July 2007. Subsequently
mass transport components where added, further increasing the model complexity.
The time needed to complete a simulation run increases with the complexity of the
model. While the steady-state models took seconds to a few minutes for the com-
pletion of the simulation, the three dimensional ten year transient model with mass
transport took days to a few weeks, highly depending on the number of included
mass transport components.

7.3.6 Visualization and Analysis

For the purpose of visualization and further analysis the program ParaViewwas used.
The results of the simulation in OpenGeoSys were saved as Visualization Toolkit
Format (VTK) file, which is compatible with ParaView.
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7.4 Preliminary Results

7.4.1 Two-Dimensional Steady-State Model

During the early stages of the work on the groundwater model a two-dimensional
steady-state model was created. At this point the time series data for water levels and
precipitation weren’t available yet, plus some of the hydrogeological data. Therefore
surrogates were used in place of the missing information. The surface elevation data
from the SRTM was used to represent the surface water level boundary conditions
at the respective locations. The precipitation and the groundwater recharge by pre-
cipitation respectively were deduced from available values for the average yearly
precipitation. While taking this limitations into consideration the model allowed for
a first insight.

The groundwater flow in the model mainly and expectably follows the natural
slope in direction of Chao Lake, as can be seen in Fig. 7.5. However the flow is
affected by the river boundary conditionswhich results in some of the visible velocity
vectors in Fig. 7.5 being deviated towards the rivers. In the southeast the influence of
the Yangtze river is especially apparent as the groundwater flow is divided halfway
to the lake. The influence of the Yuxi river, which flows from Chao Lake into the
Yangtze, can be seen in the northeast where the groundwater flow direction leads
into this river.

Fig. 7.5 Groundwater flow according to an early 2D steady-state model
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7.4.2 Three-Dimensional Steady-State Model

Further into the project the two-dimensional model was expanded to a three-
dimensional model which made it possible to factor in the vertical movement of
the groundwater and later on also the vertical movement of the mass transport com-
ponents. This includes movement underneath the lake and the river boundary condi-
tions. At that time additional hydrogeological data for the upper layers was obtained
and the expansion in the third dimension allowed to create layers with different
hydrogeological properties.

7.4.3 Transient Model

With the receipt of the time series data for the surfacewater levels andprecipitation the
model and the simulation results became more dynamic. The simulated time period
comprised approximately 10 years, starting with the first of July 2007. With the
integration of variable water levels and precipitation the interaction between Chao
Lake and the adjacent subsurface also became varying. According to the data the
differences in precipitation and surface water levels throughout the year are strong.
Shortly before the rainy season the water level of Chao Lake usually reaches its
minimum for the year, which is likely a result of active management to prepare for
the rain. At its peak the water level difference can be several meters compared to the
minimum, although for most years it’s a little bit over one meter. The groundwater
levels in the model on the other hand don’t react as strong to the heavy precipitation.

As a result the groundwater isn’t only exfiltrating into the lake anymore like it
does in the steady-state model, but the lake water also temporarily infiltrates into the
groundwater during the course of year. An illustration of this difference is shown
in Fig. 7.6 where on the left side the velocity vectors point mostly in the direction
of the surface water boundary condition at the model surface and therefore indicate
exfiltration of groundwater into Chao Lake, while the vectors on the right side of
the figure point away from the surface into the subsurface, indicating that the lake
water is infiltrating in the underground. Similar activity was observed at the Yangtze
boundary condition.

7.4.4 Mass Transport

The spreading of the three mass transport components varies according to the mag-
nitude and direction of the groundwater flow. There are also differences between the
components in regards to the extent of the spreading. These differences are apparent
when looking at Fig. 7.7, which shows how far the three components have spread
at day 1120 of the simulation by means of a cross section through Chao Lake. At
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Fig. 7.6 Groundwater exfiltrating into Chao Lake at 120days (left). Water from Chao Lake infil-
trating into the groundwater at 60 days (right)

Fig. 7.7 Comparison of the spreading (red colour) of the three mass transport components by
means of a cross section at 1120 days

this point the water level of the lake is particularly high. The Tracer component has
spread further compared to the two Microcystin components. In the layers closer to
the surface the Microcystin Decay component has spread further than the Sorption
component since it isn’t affected by sorption. In return the sorption component is
more persistent. When the water level of Chao Lake lowers and the resulting change
in the groundwater flow direction reduces or stops the mass transport components
from further leaking from the lake, the remaining Microcystin Decay component is
quickly reduced.
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Under consideration of the available input data the results of the model simulation
are in agreement with Yang et al. (2016c) who reported that the groundwater around
Chao Lake was contaminated with Microcystin and that it is spread by lake water
infiltrating into the groundwater. However the model has to be further improved to
reproduce the reported spatial distribution of Microcystin.

7.5 Outlook

Aswas alreadymentioned in the introduction the groundwater systemswork package
is an addition to the “Urban Catchments”-project that was added more than one and
a half year after the project start. Since then a highly informative three-dimensional
transient groundwater model was created, based on the available data. The evaluation
of the simulation results has just begun and there is potential for more precise simu-
lations if more detailed hydrogeological data can be obtained. There is also potential
for research into the transport of the algae toxin Microcystin in the subsurface and
in groundwater.
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