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Preface

This book is designed to be the introductory work in the new Sustainable Devel-
opment of Water Resource and Environmental Management Series. It provides an
in-depth look at sustainable development and management in the water sector across.

In the face of current global changes, the availability and quality of water resources
are under severe threat.

Indeed, in all sectors related to water resource management, sustainable develop-
ment is important for present and future generations.

This book includes selected papers from the 5th International Symposium on
Water Resource and Environmental Management (WREM 2022) and consists of
themes pertaining to water resources and environmental management.

It provides readers with comprehensive information on the principles of sustain-
able water resource management, as well as recent advances, directions for future
research, and policy development for sustainable water resource management.

The book will be useful for beginners, researchers, and professionals working
in the area of water pollution and treatment, water engineering, and engineering
structure.

Haoqing Xu, Ph.D.

Master Supervisor, Associate Professor

Deputy Director of Department of Geotechnical Engineering
School of Architecture and Civil Engineering

Jiangsu University of Science and Technology

Zhenjiang, Jiangsu, China
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Chapter 1 ®)
Characterization of Groundwater St
Contamination in the North Lebanese

Aquifer

Wahib Arairo @, Milad Khatib @, Marianne Saba®, Hassane Kassem,
and Joseph Absi

Abstract Water is abundant on the earth’s surface and underground. There is only
1% available to meet the needs of the population. Many groundwater resources’ water
quality has been impacted by water quality destruction and damage caused by river
pollution. The North Lebanese Miocene Aquifer affected due to Karst topography
by Kadisha-Abou Ali in North Lebanon is evaluated in this study. The river flows
west, eventually reaching the Mediterranean Sea, and its basins well known for its
limestone formations. Human agglomeration and activities (primarily industrial) are
concentrated on the riverbanks of the Kadisha-Abou Ali watershed. Thereby the
study aimed at assessing the groundwater from samples taken from the source of
the river towards the sea to analyze the impact of pollution with population growth
on the lower banks of the river, etc.... Thus, measuring the chemical, and physical
parameters of all the tested samples, this study will determine the groundwater quality
of the Miocene aquifer in northern Lebanon. The results of the sampled locations
revealed a polluted pattern that was affected either rural activities such as olive culture
in the northern part or suburban-related activities in the region of Tripoli at the bottom
of the aquifer. Thus, a variety of factors have affected the fractured limestone aquifer,
some of the factors included seawater intrusion, uncontrolled use of pesticides, and
the overgrowth of the population.

Keyword Groundwater quality - Groundwater pollution - Chemical parameters -
Physical parameters - Seawater intrusion
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2 W. Arairo et al.

1.1 Introduction

Water is a vital component of life’s sustainability; it contributes significantly to the
expansion and development of towns and cities’ environmental health. Water is used
for more than drinking, cooking, and personal hygiene. Water is typically required in
large quantities for industrial, commercial, and agricultural purposes. The pollution
take place anytime dangerous materials, typically toxins or microbes, pollute the
water, reducing its quality and rendering the water poisonous to users and/or the
ecology.

Lebanon is located in the Eastern Mediterranean region, bordered by the Mediter-
ranean Sea on the west. Although most of Lebanon receives a lot of rain when
compared to its dry surroundings, certain areas in northeastern Lebanon get very
little because of the rain shadow cast by the western mountain range’s high peaks.
The country has 17 year-round rivers, as well as hundreds of springs and 23 seasonal
rivers. Data from a Miocene aquifer flowing through the Kadisha-Abou Ali River in
northern Lebanon were collected for this study (Fig. 1.1).

The river flows west, eventually reaching the Mediterranean Sea. Human settle-
ment and, primarily, industrial activity are concentrated along the riverbanks in the
Kadisha-Abou-Ali Basin. The area has a Mediterranean character due to variations
in topography (dramatic changes in topography just a few kilometers from coast to

-

Fig. 1.1 Map of the Kadisha-Abou Ali river
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mountains) and climate (rain and snow in winter, drought in summer). The Kadisha-
Abou Ali is a perennial river with high currents due to the steep slope, with maximum
flows in the spring and minimum flows in the autumn.

Groundwater contamination is determined by several factors, including ground-
water travel time in the aquifer (recharge over stored volume), contaminant quan-
tity, contaminant transport, and contaminant attenuation zone. Natural groundwater
recharge can occur because of direct infiltration (water intrusion from the surface
into the subsoil) or subsequent infiltration. The underlying aquifer or saturated zone
discharges runoff or seepage into the basal unsaturated zone (Scanlon et al. 2006).
This formation is influenced by hydro-meteorological factors (precipitation, inten-
sity, duration, and so on), surface hydrogeological conditions (topography, geology,
soil science, and so on), and land use or cover (Siebert et al. 2010). In general, the
influence of changing climate on surface water vs aquifer has been given significant
attention, due to weak knowledge of worldwide impact of this change on aquifer
(Green et al. 2011; Jackson et al. 2011; Holman et al. 2009; Mileham et al. 2008;
IPCC 2007).

This is due, in part, to a data shortage, the complex and highly variable spatiotem-
poral response of aquifer reaction to changes in climate, as well as the difficulties
of estimating underground aquifers (Green et al. 2011; IPCC 2007). Since correctly
quantifying such influence is challenging, research have mostly focused on refill
levels. Because it is difficult to quantify, accurately, the impact of climate change
on groundwater storage, studies have focused primarily on recharge rates in water-
sheds, implying that recharge rates may be declining. There are some that point to
potential recharge rate increases (Herrera-Pantoja and Hiscock 2008; Kruger et al.
2001), while others point to potential recharge rate decreases (Jyrkama and Sykes
2007; Kovalevskii 2007). There are many unknowns about climate change’s effects
on groundwater, but crop growth has an impact on both of direct and indirect aquifer
refill increases. Both direct and diffuse potential groundwater recharge increases.
Aquifer is inextricably linked hydraulically to the land beneath it. It is vulnerable to
anthropogenic factors that have an impact on the land surface.

The ground in the study area is made up of highly fractured limestone soil. Subsoils
can influence contaminant movement. Fine clay with low permeability can act as
a groundwater protection layer. It is regarded as a barrier that prevents contami-
nants from moving. Sand and gravel, on the other hand, have a high permeability. It
allows pollutants easy access to the water table and provides opportunities for pollu-
tant dispersion among the pore spaces. Contaminant transport is greatly influenced
by topographic elevation. Saba et al. (2016) evaluated the groundwater quality in
Northern Lebanon due to saline water intrusion in previous work. Both of chemical
and physical parameters were collected over the course of two years during different
seasons. Because of the visible abilities in displaying the degree of pollution in
the researched region, the outcomes were reviewed through Geographic Informa-
tion System. (GIS). The Kadisha-Abou Ali River Basin in northern Lebanon is a
symbol of water stress and increased consumption of water resources. Other forms
of resource access, such as water table drilling, are mobilized because of resource
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consumption. Indeed, some villages in the region are experiencing severe water short-
ages, forcing rural residents to rely more and more on groundwater, and excavation
is indiscriminate. The Kadisha-Abou Ali Basin is an important research target due
to its increasing water use in water scarcity situations. Intensive groundwater devel-
opment by the public and private sectors, as well as the public, depletes karst aquifer
water resources in catchment areas.

From permitting to mining operations completion, the decision-making process
for underground well good drilling remains a complex issue, sometimes lacking
a scientific basis and sometimes beyond government control (e.g. indiscriminate
wells).

Geologically, strata dating from the Cretaceous to the Quaternary distinguish
the researched region. The coastal areas of this area are dominated by sands and
sand loams that are partly alluvial in origin. The southern region dates from the
Miocene epoch. The Miocene Limestone Aquifer is mostly composed of clastic
and marl limestone “m?2a,” with thicknesses ranging from 250 to 300 m. A 150 m
“mcg” thick conglomerate partially covers this aquifer. These calcite-consolidated
conglomerates behave similarly to karst aquifers with underground channels in the
underlying Miocene aquifer.

Groundwater in this basin flows primarily from the northwest to the Mediterranean
Sea. Sir EL Danniye, a Cretaceous parallelogram aquifer separated by a Jurassic
aquifer, occupies the eastern part of the Abou Ali basin. It is estimated to be 800 m
thick. Groundwater in this aquifer flows generally southwest to northwest. 56% of
the Abou Ali watershed has very high subsurface infiltration due to large fractures,
which facilitates water infiltration. As the water and sanitation sector in Lebanon is
facing many challenges due to the economic crisis, the growing need for clean water
high increased. As the public water sector is almost absent, the increase in clean
water overloaded the consumption and weight of use of groundwater. As such, the
population is either relying on the use of licensed or unlicensed wells to attain the
need for potable water. The main objective of this study is to collect aquifer samples
selected comprehensively and selectively based on data facilities, and wells location
to adequately integrate the water quality approach and assess the effects of seawater
intrusion on the aquifer and gradually realize the human impact on aquifer quality.

1.2 Methodology

The project was guided by two study objectives:

i. To what degree are human activities damaging aquifer, which is their principal
supply of drinkable water?

ii. How much is the geological formation and seawater intrusion affecting the
groundwater of the North Miocene aquifer?

The water quality of the North Miocene Aquifer is assessed by analyzing aquifer
sampling from the upper area near Bsharri to the coastline (Tripoli City). The main
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source of concern for water quality is catchment development, particularly near the
shoreline, as well as overpopulation in Lebanon’s second-largest city, which compro-
mises groundwater quality. As a result, the focus of this study will be on assessing
several groundwater locations (private wells) along the Abou-Ali River’s stream from
the upper to the lower part of the river to test the groundwater quality. The water
samples were collected manually from nine different locations (Fig. 1.2 and Table
1.1) in North Lebanon, covering the upper, middle, and lower parts of the Miocene
Watershed. Samples were taken using two different bottles, one polyethylene to cover
the chemical testing and a sterilized cup to test the microbial parameters. The phys-
ical characterization was done onsite such as temperature to avoid any errors since
the samples will be carried in a cooler and thus might affect the properties. Table 1.1
shows the sample locations and ID numbers.

The samples procedure included characterization of the physical, and chemical
testing that was performed. The results were compared to the LIBNOR standard
(LIBNOR 2010) and the standards of the Environmental Protection Agency (EPA)
(U. S. Environmental Protection Agency (EPA). 1994). The parameters measured the
concentrations of the main water quality parameters. They depict the water samples’
conditions at the collection time, and can increase or decrease in proportion to the
amount of runoff. The following parameters were evaluated as indicators of drinking
water quality. The sample was characterized in three major steps. To begin, physical
characterization was performed on-site using the Horriba machine (Fig. 1.2), which
measured Total Dissolved Solids (TDS), Dissolved Oxygen (DO), Turbidity, pH,
temperature, and Electrical Conductivity (EC).

This analysis was performed to avoid errors caused by fluctuations in the results
and to obtain a direct idea about the physical properties of the sample water. After
that, a sample of the 2 L polyethylene water bottle was taken to the laboratory to
be chemically characterized. The parameters covered included the major anions and
cations required for the chemical analysis of the water. Calcium, magnesium, sodium,
potassium, nitrate, nitrite, and chloride were all measured in the ions analysis. The
Ion chromatography instrument (Fig. 1.3 at the University of Balamand laboratory)
is used for water chemistry analysis and measures the concentrations of major anions
and cations in the ppm (mg/L) range.

1.3 Results and Discussion

The hydro-chemical, and hydro-physical analyses of groundwater samples taken
from the aquifer and its surroundings revealed a variety of water patterns. The various
parameter concentrations measured (Na*, K*, Mg2+, Ca**, SO, 2, Cl-, NO;~ and
NO, ™) during the sampling campaign revealed a general increasing pattern from
west to east, paralleling the direction of groundwater flow, which is eastward.

The high concentrations observed are the result of over-pumping, which is causing
either the arrival of deeper saline waters or the geological sedimentary formations of
northern Lebanon. To begin, the pH values were depicted to determine whether they
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Mediterrancan Sea

Fig. 1.2 Satellite map of the Kadisha-Abou Ali river

Table 1.1 Sample locations Designation | Name of location Latitude | Longitude
H1 Ouadi Qadisha 342,839 | 359,221
H2 Hadath el Jebbeh 342,839 | 359,221
H3 Bsarma 343,881 | 358,674
H4 Dam and Farez (Tripoli) | 344,204 | 358,438
H5 Abou Samra (Tripoli) 344,318 | 358,306
H6 Mallouleh Street (Tripoli) | 344,612 | 358,504
H7 Bissar Street (Tripoli) 343,892 | 358,416
H8 200 Street (Tripoli) 344,359 | 358,293
H9 Maarad (Tripoli) 344,351 | 358,324
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Fig. 1.3 Horriba apparatus used for the physical characteristics of the water

were within the Lebanese Standards (LS) and World Health Organization (WHO)
standards (between 6.5 and 8). The results of the study revealed pH levels that are
all within the normal range (Fig. 1.4).

Temperature variations were observed within the sample locations, with all
samples having values greater than the set standard of 18 °C. This fact suggests
that contamination, as well as other factors such as urbanization and the develop-
ment of subsurface infrastructure, may be to blame for the rise in temperature (such
as sewage systems). The warmth of shallow water aquifers will almost certainly rise
rapidly because of this subsurface thermal pollution.

Fig. 1.4 Ion chromatography
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Fig. 1.5 pH values for the nine locations

The samples revealed a general turbidity trend; to achieve higher values, more
samples were collected near the coastline. Furthermore, the values exceeded the
standard implied by both the LS and WHO standards, which set a maximum level
of 5 NTU (Fig. 1.6). This high level could be explained by water withdrawal from
a very shallow depth, which increases the presence of dissolved solids and thus the
turbidity of the water (Water is extracted at a 150 m to 250 m depth).

The dissolved oxygen levels in groundwater should be less than 8 ppm to be
considered safe (referring to LS and WHO recommendations). All of the sample
values indicated values above the normal limit (Fig. 1.7). These high levels are due
to the usage of pesticides and fertilizer for agriculture activities in the upper region
of the river.

Electrical conductivity (EC) and salinity values follow a general pattern: The
closer the samples are to the sea, the higher the values, and the further the samples are

1 2 3 4 5 6 7 8 9

Fig. 1.6 Temperature variations (in °C) for the nine locations
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Fig. 1.7 Turbidity variations (in NTU) for the nine locations

from the sea, the lower the values. The conductivity (Fig. 1.8) and salinity (Fig. 1.9)
values in Tripoli are the highest of any region up until they reach the sea.

This could be described by road runoff; coastal areas have significant quantities
of inorganic chemicals due to seawater penetration, and the excessive immigration of
Syrian refugees, all of which contribute to an increase in waste. However, all of the
obtained values were within LIBNOR’s specified limits (EC limits of 1500 nS/cm
and Salinity limits of 0.05%).

The Total Dissolved Solids for three samples exceeded the LIBNOR limit
(500 ppm), while another four samples were close to the limit (Fig. 1.10). This
could be clarified by seawater intrusion, which raises the concentration of dissolved
solids and minerals in groundwater.

The analysis of nitrate and nitrite concentrations in groundwater samples was
performed to ensure the presence of contaminants in groundwater and to determine
its feasibility. Except for H6, all samples have lower nitrate concentrations than the

1 2 3 4 5 6 7 8 9

Fig. 1.8 Dissolved oxygen values
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Fig. 1.10 Percentage of salinity variations

standard (Fig. 1.11). The causes of this are the improper sewage disposal, the scarcity
of wastewater treatment plants, and the widespread presence of septic tanks in the
Tripoli area, which allows contaminants to percolate into groundwater. Furthermore,
before urbanization, Tripoli was an agricultural area. Pesticides and fertilizers may
release trace amounts of elements into the soil and groundwater (Bijani et al. 2017).

In terms of nitrite concentrations, all values were found to be above the stan-
dard, which could be attributed to agricultural activities and a lack of a proper
sewage system. In terms of chloride concentrations, the values showed a general
increasing pattern as the samples were taken closer to Tripoli and the shoreline. The
values exceeded the acceptance contaminant level (MCL) of 1 mg/L. (Fig. 1.12).
This demonstrates yet again that seawater intrusion is a major problem along the
coastline, which is supported by the geological formations of the ground. Because
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Fig. 1.11 Total dissolve solids values in ppm

of the porosity of the ground, chemicals such as chloride can percolate into the
groundwater.

Sulfate has a maximum allowable level of (250 mg/L) and fluoride has a maximum
allowable level of (1 mg/L). All sulfate and fluoride concentration levels were found to
be within LS and WHO guidelines. When the chemical characterization is combined
with the geological formation of the North Miocene Aquifer, the water chemistry
can be studied in greater depth.

All the tested samples show that the cations values (Na*, K*, Mg2+, Ca®") are
within the limits.

A Piper diagram (Fig. 1.13) will allow a visual approach to transmitting the
meaning of water chemistry to help with understanding the sources of the dissolved
component salts in water (Masoud and Khamehchi 2019). The concentration of
cations and anions in water, as well as the fact that the algebraic sum of cation and
anion electric charges is zero, ensures the electro-neutrality of the dissolved salts.

60.00

50.00

Nitrate in mg/L
N w IS
o o o
o o o
o o o

1 2 8 4 5 6 7 8 9

Fig. 1.12 Nitrate concentration (in mg/L) values



12 W. Arairo et al.

70.00
60.00
—
=
£ 50.00
£
g 40.00
£ 3000
2
20.00
10.00 -
0.00 - AN s ER - .
1 2 3 4 5 6 7 8 9

Fig. 1.13 Nitrite concentration (in mg/L) values

The Piper diagram of hydrogeological for the research region clearly demonstrates
yet if the inorganic chemicals of the Abou Ali River and Miocene Aquifers are
connected to the dominance of rainfall, rock, or evaporated crystallization type.

Samples having low TDS and significant Na*/(Na* + Ca>*) or CI7/(Cl~ +NO3 ™)
proportions (near to 1) are mostly found in the lower-right corner, showing that rain-
fall is the dominant factor. However, samples with mildly higher TDS and Na*/(Na*
+ Ca®*) or CI7/(Cl~ 4+ NO;3 ™) proportions of 0.5 or less are generally found in the
middle zone, showing rock dominance. Moreover, samples with extremely high TDS
with high Na + /(Na* 4+ Ca®*) or C17/(CI~ 4+ NO3 ™) proportions are mostly found in
the upper-right corners, showing evaporated crystallization, which reflects the effect
of evaporation in dry environments.

Furthermore, the studied water surface with a Ca*/(Ca* + Mg?*) ratio larger
than 0.5 and a high TDS content (upper right corner of the diagram) showing that
it is of evaporative crystallization dominant origin. The aquifer samples are largely
dispersed in the evaporated crystallization dominance region, with a slightly shift in
the rock zone, illustrating that evaporated crystallization and wind erosion govern the
chemistry of the water, implying that the groundwater is generally hyper-chlorinated
and sulfated with magnesium because of the calcined formation of the aquifer.

The Stiff diagram is used to show how a water body’s ionic composition changes
over time and space. It facilitates the identification of ion-related waters from which a
flow channel can be identified. Fig. 1.14 plots the equivalent concentrations of anions
to the right and cations to the left of the central axis by connecting the points. When
comparing Stiff diagrams of different water samples, the left side of the diagram
indicates cation concentrations and the right side indicates anion concentrations.

As a point moves away from the center of the graph, the ionic concentration
increases. As a result, the stiff diagram revealed the chemistry of groundwater over
a wide range of component concentrations, providing a sensitive and sophisticated
analysis of complex pollution sites in a way that is extremely difficult to replicate
with a single-component analysis. This method could be useful for understanding and
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Fig. 1.14 Piper diagram of the conducted water samples

tracking mixing and chemical changes in uncontaminated environments. The results
revealed geological formations and seawater intrusion, particularly in location HS,
highlighting the importance of this tool in the water quality of the North Lebanese
Miocene aquifer.

The Schoeller-Berkaloff diagram (Figs. 1.15 and 1.16) revealed extremely compa-
rable patterns among groundwater samples, particularly the Piper pattern, confirming
the same fingerprint between geological formations and groundwater quality. The
sample HS, which is located more peripherally than the other samples, has a higher
concentration of Na* and K* crosslinking, as seen in the Stiff diagram (Fig. 1.14).

1.4 Conclusion

All sedimentary rocks in the Tripoli region and its surrounding area are predominately
sedimentary; with calcium carbonate, CaCOj3, as the main component of these rocks
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Fig. 1.15 Stiff diagram of the sampled groundwater

and additional minerals (MgCOj; SiO,) depending on the layer in which groundwater
is available.

The chemical composition of the groundwater sampled varied due to variables that
vary with elevation and geographical distance from the shoreline. It was discovered
that the following factors influenced groundwater quality: Water temperature, type
and solubility of different minerals in soil or aquifer, and distance from the sea
(seawater intrusion).

The magnitude per each effect was governed in partly by the water’s residency
period in the diverse subterranean ecosystems. The upward movement of saltwater
can cause high sodium and chloride levels from deeper bedrock in areas of high
pumping. Thus emphasizing that the North Miocene groundwater contains detectable
concentrations of chemicals related to three major aspects:
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Fig. 1.16 Schoeller-Berkaloff diagram of the sampled groundwater

Geological settings: Both industrial and agricultural pollutants, in addition to
decayed organic materials like animal sludge or sewage, are absorbed.
Development of seawater intrusion on the Tripoli coastline.

A clear distinction between anthropogenic factors (like agricultural activities
and over-pumping those results in seawater intrusion) and natural factors (like the
geologic) was established by analyzing the hydrochemical and hydrophysical sets of
results obtained from the seasonal variations.
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Chapter 2 ®)
Spatial-temporal Variation of Vegetation o
Cover in the Dadu River Basin

and the Impact of Cascade Hydropower
Development

Xiaoyan Shi, Yubin He, and Xiang Huang

Abstract The spatial-temporal variation characteristics of NDVI in the whole Dadu
River basin and the affected area of the cascade hydropower during the 22 years were
studied based on the SPOT/VEGETATION dataset and precipitation and temperature
data from 1998 to 2019 using pixel by pixel one variable linear regression and
correlation analysis. The results showed that (1) The mean annual NDVI of the Dadu
River basin maintained fluctuating growth, with an increase rate of 0.00476/a (p <
0.05) from 1998 to 2019. (2) The NDVI growth trend of vegetation in all areas of
basin during the study period was significant, with 92.11% of the pixels showing a
growth trend and of which 82.18% was significant. (3) The correlation between NDVI
and temperature and precipitation in basin showed obvious regional differences. In
the downstream area near the Chengdu Plain, NDVI is negatively correlated with
precipitation and positively correlated with temperature while NDVI is positively
correlated with temperature and precipitation in the northern area of Jinchuan County.
(4) Comparing the NDVI changes before and after the construction of the hydropower
plant, it shows that the hydropower plant may lower the NDVI value in the early stage
of construction, but the vegetation will recover rapidly with the completion of the
plant and will not change the original change trend. The above results show that the
NDVI changes are mainly influenced by meteorological conditions, and the negative
impacts of the hydropower plant construction on the basin level are limited and
recoverable.
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The development of hydropower plant s can have huge social and economic effects,
but it also changes the structure and function of terrestrial and aquatic ecosystems
to a certain extent. When hydropower plant s are built and impounded, they will
inevitably inundate part of the land leading to the loss of upstream terrestrial habitats
(Botelho et al. 2017), and the increase in upstream water surface will also create
microclimates, which in turn will affect the structure and diversity of upstream vege-
tation (Zhang et al. 2020). In addition, hydropower plant construction and operation
alter the natural flow of rivers and directly lead to changes in sediment hydrology,
resulting in the loss of rapids and longitudinal watercourses, affecting historical
channel dynamics and alluvial geomorphology downstream. In many cases, as these
changes may have a noticeable impact on riparian vegetation, leading to changes
in structure and distribution, decreases in species richness and invasion of exotic
species (Liu et al. 2022a), therefore, there is a lot of interest in the overall ecological
impact on the basin.

Normalized Difference Vegetation Index (NDVI) is constructed by using the
reflection characteristics of vegetation in visible and near-infrared wavelengths, and
is often used as the best biophysical indicator of vegetation growth status and cover
change, which especially the time series NDVI can better reflect the temporal evolu-
tion and spatial variability of vegetation activities on land surface In particular, a
time-series NDVI can better reflect the temporal evolution and spatial variability of
vegetation activities on land surface (Chu et al. 2019; Peng et al. 2019), which has
been widely used in vegetation change studies at different scales (Yang et al. 2019).
For example, when Liu et al. studied the spatial and temporal variation of NDVI
in various terrestrial ecosystems in China over the past 30 years, it was found that
the vegetation activity in China has increased significantly over the past 30 years
(Liu et al. 2018). Ma et al. studied the karst landscape area in southwest China and
found that the response of NDVI to climate factors is spatially and temporally hetero-
geneous (Ma et al. 2021). Ouyang et al. found that the severely affected vegetation
areas were concentrated within 5 km from the reservoir by comparing the interannual
NDVI around reservoirs (Ouyang et al. 2010). Yi et al. showed that the construction
of the dam trapped a large amount of water, sediment and nutrients in the upstream
area, and the increase in air humidity and nutrients favored vegetation growth (Yi
etal. 2019).

The environmental impact assessment of hydropower plant s in general tends to
focus on a small area and a short time span, lacking long-term studies and judgments
on the extent of disturbance and overall impact results at the whole basin level (Li
et al. 2012), while the longer duration and higher degree of development of the Dadu
River basin is a good case to explore this issue. In addition, the current remote sensing
data for assessing terrestrial vegetation cover can basically cover the pre and post
time periods of the Dadu River basin development, and the application conditions
are available.

Based on the above reasons, this paper takes the Dadu River basin as an example
and tracks the long time series data from 1998 to 2019 in terms of NDVI, precip-
itation, temperature and other latitudes to comprehensively analyze the vegetation
cover changes and spatial distribution characteristics of the Dadu River basin and
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further investigate the impact of hydropower gradient development on the vegeta-
tion cover. The results of the study will reveal the impact of the Dadu River basin
on vegetation cover. The results of the study will reveal the spatial-temporal vari-
ation characteristics of NDVI in the Dadu River basin and its influencing factors,
and provide theoretical support for the development of ecological protection and
sustainable development of the Dadu River basin.

2.1 Overview of the Study Area

The Dadu River is the largest tributary of the Minjiang River system in the upper
reaches of the Yangtze River, originating from the southeastern foot of Goluo Moun-
tain in Qinghai Province, with two sources: the eastern source is the Foot Muzu River
and the western source is the Choshujia River, with the eastern source being the main
source. The two sources from the mouth of the double river (i.e. Aba Malcom County,
Baiwan Township) after the confluence began to be called Dadu River. Its latitude
and longitude are between 99°42'E and 103°48'E, and its latitude is between 28°15'N
and 33°33'N. The total length of the main river is 1062 km, with a natural drop of
4175 m, including 852 km in Sichuan Province, with a natural drop of 2788 m; the
total river basin area is 77400 km? (excluding the Qingyi River), with an annual
runoff of 47 billion m?, including a basin area of 70,821 km? in Sichuan Province,
accounting for 91.5% of the total basin (He et al. 2021).

Dadu River main stream hydropower planning is mainly power generation, taking
into account downstream flood control, navigation, water supply, etc. The develop-
ment of Dadu River main stream basin lasted for along time from 1965 when Gongzui
hydropower plant was built, through planning adjustments and optimization studies
of downstream and local river development methods, the whole basin was developed
with 28 stages, at present, among the planned hydropower plant s of Dadu River main
stream, Monkey Rock, Changhe Dam, Jinjinping, Luding, Dagangshan, Longtoush,
Waterfall, etc. Dagangshan, Longtou Shi, Waterfall Gorge, Shenxigou, Pillow Dam
I, Shaping II, Gongzui, Tongjiezi, Shawan and Angu are built hydropower plant s,
Shuangjiangkou, Jinchuan, Hard Liangbao, Pillow Dam II and Shaping I are under
construction, and most of the remaining steps are in pre-feasibility or feasibility study
stage. The construction and spatial distribution of the main-stream stages are shown
in Fig. 2.1.
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Fig. 2.1 Location of study area

2.2 Data and Study Method

2.2.1 Data Information

2.2.1.1 NDVIdata

At present, NDVI time-series data obtained from satellite remote sensing images
based on SPOT/VEGETATION and MODIS have been widely used in studies of
vegetation dynamics monitoring, cover change detection, macroscopic vegetation
cover classification and net primary productivity estimation in various scales (Liu
et al. 2022b). The NDVI dataset used in this study is an annual vegetation index
dataset generated based on the SPOT/VEGETATION (http://www.vito-eodata.be)
decadal 1 km vegetation index data, using the maximum synthesis method to reduce
the effects of the atmosphere, clouds, and solar zenith. index dataset (Holben 1986).
This dataset effectively reflects the distribution and change of vegetation cover in
spatial-temporal scales in all regions of the country, and is a very important reference
for monitoring vegetation change status, rational use of vegetation resources and other
ecological and environmental related fields of research. The data can be obtained
from the Data Center for Resource and Environmental Sciences, Chinese Academy
of Sciences (http://www.resdc.cn/).
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2.2.1.2 Meteorological data

Regarding the relationship between vegetation growth and climate, temperature and
precipitation are usually considered to be the most important climatic factors affecting
vegetation dynamics. The annual spatial interpolation dataset of precipitation and
temperature in China used in this study is based on daily observations of meteorolog-
ical elements at more than 2400 plants nationwide, which is available from the Data
Center for Resources and Environmental Sciences, Chinese Academy of Sciences
(http://www.resdc.cn/). Spatially interpolated data of precipitation and temperature
for each year from 1960 to 2021 generated by interpolation based on Anuspl inter-
polation software using smooth spline function on the basis of calculating annual
values of each meteorological element (Interpolating mean precipitation using thin
plate smoothing splines 1995). The annual average temperature unit is 0.1 °C, and
the annual precipitation unit is 0.1 mm, and the spatial resolution is 1 km. The meteo-
rological data were aligned with NDVI data by projection and row number alignment
using ArcGIS 10.8 software.

2.2.2 Research Methods

2.2.2.1 Linear regression and significance test

Least squares was used to analyze the temporal rate of change of each pixel in the
study area, thus reflecting the characteristics of the evolution of NDVI during the
22 years starting from 1998 to 2019.

nx Y i x NDVL; — (37, i) x (37, NDVI,)
nox it~ (Z:'l=1 i)z

where Slope is the slope of the NDVI regression trend, n represents the duration in
years, and NDV]j represents the corresponding NDVI value at year i. When Slope >
0, it indicates an increasing trend of NDVI in the study area during n years; on the
contrary, it indicates a decreasing trend of NDVI; if Slope is close to 0, it means that
the change is not significant.

Slope = 2.1

2.2.2.2 Correlation analysis

Meteorological elements are important factors affecting vegetation cover, and the
growth of plants and the composition of vegetation types cannot be separated from
the role of temperature as well as precipitation. In order to obtain the pattern of NDVI
changes with meteorological changes, two variables, precipitation and temperature,
were selected as the unit of analysis, and the correlation between NDVI and these
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two meteorological factors was determined, so as to obtain the mode of action of
climate on vegetation. The correlation coefficient is used to quantitatively deter-
mine the closeness of the correlation between the geographic factors, and the simple
correlation coefficient is calculated as follows.

Fyy = S (i —x)/ (i =)
RO NIRRT

2.2)

where, X and y are the average values of elements x and y, respectively. The value
of simple correlation coefficient is —1 < ryy < 1, riy > 0 means that the two judged
are changing positively to each other, while if it is less than 0, it is showing a reverse
change. The smaller the difference between the absolute value of the calculated
data and 1, the greater the correlation, ryy the closer it is to 0, indicating that the
correlation between the elements is not strong. The significance test of NDVI and
climate elements in different years was conducted using #-statistic, and the 7-statistic
was defined as.

_ ryn—q-=2
1=/ (2.3)
where r is the correlation coefficient, n is the number of samples, g is the order, and
the statistic 7 obeys a ¢ distribution with n — g — 2 degrees of freedom. By the #-value,
the probability P-value corresponding to it is calculated.

2.3 Results and Analysis

2.3.1 Overall Spatial Variation Characteristics of NDVI
in Dadu River Basin

2.3.1.1 NDVI variation trend

The results of using one-dimensional linear regression analysis and least squares
method to fit the annual maximum NDVI mean values over 22 years are shown in
Fig. 2.2, the annual NDVI mean changes in the Dadu River basin during the study
period showed an overall fluctuating upward trend Slope of 0.00476/a (p < 0.05),
1998-2001, 2002-2006, 2008-2010, and 2012-2016, the NDVI of the Dadu River
basin showed a rapid increasing trend, and the NDVI of the Dadu River basin in
2001-2002, 2006-2008, and 2010 showed a rapid increasing trend, 2006-2008, and
2010-2012 NDVI values showed a decreasing trend followed by a rapid recovery.
The average value of NDVI in the Dadu River basin during the study period was
0.732, where the maximum value occurred in 2019 with 0.781 and the minimum
value occurred in 1998 with 0.677.
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The slope of each NDVI pixel by pixel was fitted to obtain the multi-year trend of
NDVI spatial distribution, and the direction and rate of multi-year NDVI change in
the basin were analyzed comprehensively. In, the NDVI change rates were divided
into six categories: large decrease (<—0.008), medium decrease (—0.008 ~ —0.004),
small decrease (—0.004 ~ 0), small increase (0 ~ 0.004), medium increase (0.004 ~
0.008), and large increase (>0.008). The percentage of each change rate and spatial
distribution as shown in Table 2.1 and Fig. 2.3. The percentage of the decreasing
pixel only accounts for 7.89% of the total, and the large and moderate decreasing
areas are mainly located in the eastern part of Xiaojin County and Markang City, the
high altitude areas on both sides from Monkey Rock hydropower plant to Waterfall
Gorge hydropower plant, the inundation area of Waterfall Gorge hydropower plant
and around the downstream section from Gongzui hydropower plant to Hekou River,
and the overall increasing trend of the basin NDVI, with the largest percentage of the
moderate increasing area being 62.42%, followed by the small increasing area being
62.42%. The largest increase was 62.42%, followed by a small increase of 19.71%,
and a large increase of 9.89%.

Table 2.1 NDVI change rate

in the Dadu River basin from Slope(/a) Change rate Nil)l(gber of p:;:en tase
1998 t0 2019 P b &
(%)
<—0.008 Significant 1084 1.42
decrease
—0.008 ~ — Medium 1577 2.07
0.004 decrease
—0.004 ~0 Small 3430 4.50
decrease
0~ 0.004 Small 15,038 19.71
increase
0.004 ~ 0.008 Medium 47,629 62.42
increase
>0.008 Significant 7548 9.89
increase
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Fig. 2.3 Spatial distribution of NDVI trends and significance test

The significance test of pixel was conducted at p = 0.05 and p = 0.01 levels, and
the results were highly significant for less than 0.01, significant for 0.01 ~ 0.05, and
insignificant for more than 0.05. The results of are shown in Fig. 2.3. The majority
of the areas in the basin showed a highly significant increase in NDVI, accounting
for 76.01%, and 14.69% of the areas with insignificant changes, while the areas with
significant and highly significant decreases accounted for only 3.14% of the basin
area, with a similar distribution range as the areas with Slope < 0.

In summary, the NDVI of the Dadu River basin from 1998 to 2019 showed a
significant increasing trend, and the average value of Slope was 0.00476/a. The NDVI
of the basin only decreased in some high altitude areas from Luding to Jinchuan, but
the rest of the areas showed a significant increasing trend.

2.3.1.2 Factors influencing NDVI changes

Research results show that regional climate change is an important cause of NDVI
increase, while temperature and precipitation are important indicators of climate
change (Hao et al. 2023). The annual mean temperature with precipitation and NDVI
variation of basin in the study period is obtained by calculating the pixel average
of the study area from year to year as shown in Fig. 2.4. The multi-year average
temperature of Dadu River basinis 4.72 °C, the maximum annual average temperature
occurs in 2006 at 5.26 °C, and the minimum value of 4.14 °C occurs in 2004.
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Fig. 2.4 Annual mean of NDVI and meteorological factors

The multi-year average precipitation is 997 mm, with the maximum annual average
precipitation occurring in 2005 as 1108.03 mm and the minimum value occurring
in 2015 as 845.71 mm. The coefficients of variation of annual mean precipitation
and temperature are 6.79% and 7.21%, respectively, indicating that the annual mean
precipitation and temperature of Dadu River basin have strong temporal stability.

The sliding correlation coefficient was used to check the stability of the correla-
tion between NDVI and temperature and precipitation. The correlation coefficients
between NDVI and temperature and precipitation were calculated for with a sliding
window length of 9a, and the correlation coefficient series for each time period from
2002 to 2011 were obtained as shown in Fig. 2.5, according to which the stability char-
acteristics of the correlation coefficients between NDVI and meteorological factors
over time were analyzed. NDVI and temperature show a positive correlation with a
mean correlation coefficient of 0.39, and the correlation shows an increasing trend
from 2002 to 2004, and the correlation shows a more stable fluctuation from 2004
to 2010, and the correlation coefficient starts to decrease after 2010. The correlation
coefficient between NDVI and precipitation is —0.021, and the correlation coefficient
increases gradually from 2002 to 2006, and becomes positive in 2004 and negative
in 2007, and then becomes positive again in 2010, with no stable positive or nega-
tive correlation. In general, the overall vegetation NDVI of the Dadu River basin
was positively correlated with temperature, but there was no stable correlation with
precipitation.

100 100
(a)NDVI-Temp (BNDVI-Prec
075y
0.50
= = 025
= = 0.00
: E
O-0.25 O-0.25
—0.50 0.50
kL R e EET e o s T B e S e
===+ 095% significance level ===+ 05% significance level
LO0 v 1.00
2002 2004 2006 2008 2010 2002 2004 2006 2008 2010
Year Year

Fig. 2.5 Sliding correlation coefficient between NDVI and meteorological factors
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In order to investigate the relationship between precipitation and temperature and
vegetation NDVI in the Dadu River basin, pixel by pixel calculations were performed
to analyze the relationship between vegetation NDVI and temperature in the Dadu
River basin from 1998 to 2009. NDVI of vegetation in relation to precipitation and
temperature from 1998 to 2019. The correlation coefficients of vegetation NDVI
with precipitation (Fig. 2.6a) were —0.87 ~ 0.71, and the average value of correlation
coefficient of all pixel was —0.103. The positive correlation is mainly distributed in
the north of Shuangjiangkou hydropower plant and the east side of the Dadu River
main stream from Luding hydropower plant to Shuangjiangkou hydropower plant,
as well as the area around Gongga Mountain itself with less precipitation, occupying
33.96% of the total area; the negative correlation area is mostly concentrated in most
of the area downstream of Luding hydropower plant, as well as the west of the Dadu
River main stream and other areas with more annual precipitation, occupying 66.04%
of the total area. The spatial distribution of the correlation between precipitation and
NDVI illustrates that the contribution of precipitation to vegetation growth is not
necessarily positive but two-sided, with too much precipitation limiting vegetation
growth and the right amount of precipitation promoting vegetation growth.

The distribution of correlation coefficients between NDVI and temperature is
shown in (Fig. 2.6b), and the average correlation coefficient of all pixel is 0.0727.

Correlation coefficient

-0.5  -0.3 -Ol.] |0 0.1 0.3 0.5

(a)NDVI-Temp (B)NDVI-Prec

Fig. 2.6 Spatial distribution of the correlation between NDVI and meteorological factors
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The positive correlation area is mainly distributed to the north of Shuangjiangkou
hydropower plant and most of the area from Cascade Gorge hydropower plant to the
downstream plain and the high altitude area within the area from Shuangjiangkou
hydropower plant to Cascade Gorge hydropower plant, occupying 60.80% of the
total basin area; the negative correlation area is mainly concentrated in most of the
low altitude area from below Shuangjiangkou hydropower plant to Cascade Gorge
hydropower plant, occupying 39.13% of the total area. Different from the correlation
distribution of NDVI and precipitation, NDVI and temperature are still positively
correlated in the plain areas where the annual average temperature is higher in the
downstream, except for the area where the annual average temperature is lower in
the upstream.

In conclusion, the correlation between temperature and precipitation and vegeta-
tion NDVTI in the Dadu River basin is not completely positive but spatially heteroge-
neous. In areas with low temperature and precipitation, temperature and precipitation
can promote vegetation growth, while excessive precipitation and temperature may
lead to a decrease in vegetation NDVI. And in the area with abundant precipitation
and low temperature like the Dadu River basin, temperature has a greater influence
on NDVI than precipitation, especially for the higher elevation area in the northern
part of the basin and the eastern part of the lower reaches, temperature has an obvious
positive relationship on NDVI, and in the northern high elevation area, due to the orig-
inal low precipitation and low temperature, temperature and precipitation together
show a positive influence in this area.

a. Characteristics of the influence of hydropower plant construction on
regional NDVI changes

In order to analyze the influence of hydropower plant construction on NDVI
within the influence area of the plant, the four largest reservoir hydropower plant s
in the main stream of the Dadu River were selected and the slope of NDVI change
within the influence area of the plant and the distribution of multi-year NDVI before
and after the start of construction were calculated for 22 years. temporal and spatial
distribution variation characteristics of NDVI.

Subscript 1 represents the multi-year NDVI average before the construction of the
hydropower plant, subscript 2 represents the multi-year NDVI average after the start
of the construction of the hydropower plant, and subscript 3 represents the slope
of NDVI variation during the study period. Figure 2.7(a; ~ d;) shows the multi-
year NDVI mean values of each hydropower plant before construction. The largest
NDVI mean value before construction is 0.794 at Dagangshan, the smallest is 0.736
at Cascade Gorge, 0.768 at Changhe Dam, and 0.747 at Monkey Rock. The river
locations of Waterfall Gorge and Monkey Rock have relatively low NDVI values.
Figure 2.7(a; ~ dy) show the average multi-year NDVI values after the construction
of the hydropower plant. After the construction of the hydropower plant, the NDVI
difference between the river area and the reservoir perimeter increases significantly
compared with that before the construction, and the change of NDVI mean value of
all the hydropower plant influence areas is positive, at this time, the largest NDVI
mean value is 0.827 in Dagangshan, the smallest mean value is 0.764 in Cascade
Gorge, 0.818 in Changhe Dam, and 0.816 in Monkey Rock, where the multi-year
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Fig. 2.7 Characteristics of NDVI changes in the area of influence of the plant

NDVI mean value of Monkey Rock increases The largest increase in NDVI was
0.0689 at Monkey Rock, and the least significant increase was 0.0282 at Waterfall
Gorge. Figure 2.7(a3 ~ d3) show the direction and magnitude of NDVI changes in
the influence range. The area of Slope < 0 of each plant is only distributed at the
river, and the rest of the area shows an increasing trend, among which the waterfall
ditch plant is the plant with the largest inundation area therefore it is also the largest
area of Slope < 0 among the four plants, accounting for 25.27% of the total area.
The rate of change of NDVI in the area of influence of each plant before and after
the construction of the dam Slope is shown in Fig. 2.8. From the trend, the NDVI
change rate in the influence area of all hydropower plant s after the construction of
dams still showed a significant increasing trend, among which the Slope values after
the construction of Monkey Rock and Changhe dams started were larger than before
the construction of dams, and the NDVI change rate increased from 0.0037/a (p <
0.05) to 0.0116/a (p < 0.05) and from 0.0024/a (p > 0.05) to 0.0093/a (p > 0.05),
respectively. to 0.0093/a (p < 0.05); while the Slope values after the construction
of Cascade Gorge and Dagang Mountain started were smaller than before the dams
were built, and the rate of change of NDVI decreased from 0.0061/a (p > 0.05) to
0.0014/a (p > 0.05) and from 0.0050/a (p < 0.05) to 0.0021/a (p > 0.05), respectively.
In the influence area of the selected hydropower plant s except for the Dagangshan
hydropower plant, where the NDVI was not affected in the pre-construction period
and still maintained an increasing trend, the NDVI of the other three hydropower
plant s decreased in the pre-construction period. Among them, the NDVI of the
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Fig. 2.8 NDVI change rate before and after dam construction

Cascade Ditch hydropower plant decreased continuously from 0.775 to 0.737 during
the period from the cut-off in 2005 to the completion of the main project in 2011,
and then recovered rapidly. Changheba hydropower plant had a small decrease in
NDVI from 0.772 to 0.767 from the start of construction in 2010 to 2013, and then
rapidly increased to 0.837 in 2014. Monkey Rock hydropower plant had a small
decrease in NDVI from 2011 when it was cut off to 2012 and then recovered rapidly
after 2013. The average NDVI in the impact area of Dagangshan hydropower plant
did not change significantly in the first few years after the construction started, but
started to decline continuously after all units were put into operation in 2015.

From the results of NDVI change in the influence area of the hydropower plant,
the negative impact of dam construction on the NDVI of vegetation is mainly concen-
trated in the early stage of dam construction, which will cause a certain decrease in
NDVI but the disturbance will recover quickly after the dam construction.

2.4 Conclusion

In this study, the NDVI change rate before and after dam construction was evaluated
by using the synthetic data set based on SPOT/VEGETATION and the national meteo-
rological interpolation data, selecting the Dadu River basin and the four hydropower
plant s on the Dadu River main stream as the study area, and studying the NDVI
change characteristics and influencing factors from 1998 to 2019. basin cascade
hydropower development on vegetation cover, and the study concluded the following.



30 X. Shi et al.

(1) The annual mean value of NDVI in the Dadu River basin from 1998 to 2019
maintained a fluctuating increase, with the maximum value occurring in 2019
at 0.781 and the minimum value occurring in 1998 at 0.677, with an increase
rate of 0.00476/a (p < 0.05).

(2) The correlation between NDVI and temperature and precipitation was spatially
heterogeneous, with temperature and precipitation promoting vegetation growth
in areas with low temperature and precipitation, while excessive precipitation
and temperature could lead to a decrease in vegetation NDVI. Because of the
abundant precipitation in the Dadu River basin, temperature becomes the main
factor governing vegetation growth and has a greater impact on NDVI.

(3) At the basin level, the impact of the construction of the step hydropower plant
on the NDVI level of the entire basin is limited, and the NDVI decline caused
by the construction of the hydropower plant is only distributed in the inundated
area around the original river channel, and the rest of the impact area has a
significant increase compared with the area before the construction.

(4) The negative impact of dam construction on the NDVI of vegetation from the
time scale is mainly concentrated in the early stage of dam construction, when
the NDVI may decline to a certain extent, but not to a large extent, and will
not affect the overall trend, and the disturbance will recover quickly after the
construction of the dam.

The spatial resolution of the data used in this study is 1 km, and the use of low
resolution data for analysis may overlook some more detailed results. NDVI is now
widely used but NDVI also suffers from the problems of easy saturation in areas
with high vegetation cover and incomplete correction of atmospheric effects, about
which the problem of easy saturation exists in many studies (Song et al. 2017).
Further selection of optimized vegetation index is needed to improve the sensitivity
to high biomass areas and enhance the monitoring of vegetation. Previous studies in
many regions have found lags in the response of NDVI to changes in meteorological
elements, and the use of annual average data in this study may not accurately reflect
the correlation between the two. Changes in vegetation and habitat climate due to
hydropower development need to be studied with more detailed peripatetic data and
longer time scales.
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Chapter 3 ®)
Research on Installation Height e
Optimization Technology of Energy

Dissipation Box of Trailing Suction

Hopper Dredger

Hui Sun, Jiacheng Luo, Yuchi Hao, and Jiaming Qu

Abstract Aiming at the installation height optimization requirement of the key
equipment for energy dissipation in the 15000 m? level trailing suction hopper
dredger, which is the first self-developed powered by Liquefied Natural Gas clean
energy in China, the influence of the installation height of energy dissipation box
on loading efficiency was studied from the perspective of water and sediment move-
ment by means of numerical simulation. It is found that for the target soil, as the
energy dissipation box installation height decreases, the loading quality and natural
soil quality increase, and the total spillage loss decreases. The results suggest that the
optimum installation height of energy dissipation box is 9-10.5 m from the center
of the box to the bottom of the hopper. The research can provide a theoretical basis
for the design of key energy dissipation equipment of 15000 m? level LNG trailing
suction hopper dredger, the improvement of the efficiency of the loading construc-
tion and the reduction of environmental pollution, and also provide technical support
for the subsequent construction and transformation of the trailing suction hopper
dredgers.

Keywords Trailing suction hopper dredger * Energy dissipation box - Loading
quality - Natural soil quality - Spillage loss

3.1 Introduction

With the depletion of traditional fossil fuels and serious global emission problem,
the world is increasingly demanding for environmental protection, which leads to
the development trend of efficient, energy-saving and green shipping key technolo-
gies in response to the national call (Jinlong and Shimao 2016). Since the dredging
construction is often carried out in the area close to the city such as the port channel,
the pollutant emissions of the dredger directly affect the environmental quality of the
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construction area and the adjacent city (Xianli et al. 2016). Therefore, the research
on the construction technology of Liquefied Natural Gas (LNG) clean energy power
trailing suction hopper dredger ( TSHD) is a technical guarantee for complying with
the needs of national green development and promoting the green transformation of
dredging equipment.

Aiming at the optimization design of the hopper system of TSHD, at present,
domestic and foreign research institutions and fabrication companies mainly consider
factors such as equipment material, structural strength, structural shape, structural
size, wear performance, process difficulty and outflow mode (Xinxing et al. 2018;
Guorui and Shumin 2012), but rarely from the perspective of construction efficiency
after the ship put into use to optimize the layout of local key equipment. As a result,
once the ship is delivered, the arrangement of key equipment such as energy dissipa-
tion box may become the upper limit of its construction efficiency. Existing researches
on the layout optimization of energy dissipation key equipment mostly focus on the
type, outlet direction and shape of energy dissipation box (Zhenlang and Zhan 2012;
Minhua et al. 2021), but there is no mature research on the height layout.

Therefore, the research on the optimization technology of the installation height
of the energy dissipation box is carried out by means of numerical simulation from
the perspective of the loading construction process, and the influence on loading
construction efficiency is analyzed, which can provide technical assistance for the
optimization of the energy dissipation box layout of the first self-developed 15,000
m? level LNG TSHD in China.

3.2 Theoretical Basis of Simulation Model for Loading
Construction

3.2.1 Fundamental Equations of Fluid

Assuming that the simulated fluid is Newtonian fluid which is incompressible and
viscous, the fundamental equations of fluid motion are as follows.
The continuity equation is

dp

1%
Far

a a ) PUuAy
+ —(puA) + R—(pvA,) + ——(pwA,) + §~—— = Rpir + Rsor
dax dy 0z X
(3.1)

The momentum equation can be expressed as
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where V represents the fluid fractional volume, p represents the density of fluid,
Rpir and Rsop represent the turbulent diffusion term and mass source, respectively.
u, v and w represent different velocity components at coordinate directions. A, A,
and A; represent the fractional area of fluid at coordinate directions. (Gy, Gy, G;)
and (f, fy, f) represent body accelerations and viscous accelerations, respectively.
P represents the fluid pressure.

3.2.2 Fundamental Equations of Sediment

For the loading process of TSHD, the simulaton mainly considers four kinds of
sediment movement including suspension, advection, erosion and deposition.

For suspended sediment, it will undergo convection diffusion with fluid. The
concentration calculation formula is as follows.

acsi
ar’ + V- (Cyiugi) =V -V(DCy) (3.3)
Usi = u+ Usertle,iCs,i 34
Csi
Cyi = — 3.5)
Pi

where C;; represents the mass concentration, u,; represents the sediment velocity, D
represents the diffusion coefficient, i represents the mixture mean velocity of fluid
and sediment, c;; represents the sediment volume concentration.

For sediment erosion, the empirical formula of the entrainment lift velocity
(Mastbergen and Berg 2010) is used here.

liglids (o5 — py)
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where o represents the entrainment coefficient, n; represents the outside normal
direction of the packed sediment bed surface, 6 represents the local Shields number,
0., represents the critical Shields parameter, g represents gravitational acceleration,
w represents the fluid viscosity, d; represents the sediment particle size, p, represents
the sediment density, while p; represents the fluid density.

The local Shields number 6 can be calculated by

T

== 3.8
lglds(ps — py) G

where T represents the local shear stress on sediment.
Itis very important for sediment incipience and scour of critical Shields parameter
0., which can be calculated by the Shields-Rouse equation (Soulsby 1998).

0.3
0, = — > +0.055[1 — exp(—0.02d, 3.9
1+ 124 [1 —exp( )] (3.9)

1
. . . . (ps—ps)lgll ]3
where d - represents the dimensionless sediment diameter, d, = ds [% .

On a sloped bed, the critical Shields number needs to be corrected by the sediment
repose angle.

6.1 6, cos Y sink + \/cos2 « tanZ ¢ — sin” ¥ sin® (3.10)
tan ¢

where % represents the angle between the vertical line of deposition surface and
gravitational acceleration g, ¢ represents the repose angle of sediment, while
represents the angle between the slope direction and the flow direction of the fluid.

For bed-load transport sediment, the empirical formula (Meyer and Miiller 1948)
is written as

O = BO —0/,)" (3.11)

where S represents the transport coefficient, @ represents the non-dimensional bed
load transfer rate. The relationship between it and the single-width transport rate g

is as follows
3
Ps — Pf
q=¢hm(———l>@] (3.12)
Pf

The bed load sediment thickness § (Van 1984) can be expressed as

S 0 0.5
- = 0.3df3'7(9— — 1) (3.13)
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Therefore, the sediment velocity of bed load transport g, is shown as

up = E (3.14)

3.3 Model Validation of Loading Construction Simulation

3.3.1 Verification of Flow Field

In order to validate the feasibility of the loading construction simulation in the flow
field, taking the physical hopper model in laboratory as the prototype, the arrangement
of physical hopper model with five measuring points and the three dimensional
numerical simulation of the same scale are shown in Fig. 3.1. The experimental data
and simulated data of the flow velocity in different directions of the five measuring
points were compared and analyzed as shown in Fig. 3.2.

The results show that the simulation results of the longitudinal velocity, transverse
velocity and vertical velocity of each measuring point on different water depth planes
are consistent with the experimental data, and the error is small, which indicates that
the numerical model has good accuracy in the simulation of flow field.

3.3.2 Verification of Loading and Overflow Characteristics

To verify the feasibility of the numerical model in the simulation of the loading
and overflow characteristics, the three dimensional hopper model of the Xinhaihu 4
TSHD was established based on the design information, as shown in Fig. 3.3.

According to the dredging construction data of Xinhaihu 4 in the Yangtze Estuary,
the measured loading data of one ship which can represent the average construction
level was selected for simulation verification. The mainly input conditions are shown
in Table 3.1.

The three dimensional simulation of the overflow process is shown in Fig. 3.4,
and the comparison between the simulation and the measured construction data
represented by the loading quality and the natural soil quality is shown in Fig. 3.5.
The result shows that from the beginning of loading to overflow and the subsequent
overflow process, the simulation results of loading quality and the natural soil quality
are basically consistent with the measured data.

Furthermore, compared with the measured data of Xinhaihu 4 and simulation data
at the end of loading construction time, the errors of simulated loading quality and the
natural soil quality are 5.53% and 7.96%, respectively, indicating that the loading and
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Fig. 3.1 Physical model arrangement and numerical simulation of flow field in hopper

overflow characteristics can be simulated well by the loading construction numerical
model of Xinhaihu 4 for the soil in the Yangtze River estuary.

3.4 Height Optimization of Energy Dissipation Box
for LNG TSHD

3.4.1 Three Dimensional Hopper Modeling

The three dimensional hopper model of the 15000 m® level LNG TSHD was
established based on the design information, as shown in Fig. 3.6.
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Fig. 3.3 Three dimensional
model of Xinhaihu 4 hopper

Table 3.1 Mainly input
conditions of loading
simulation of Xinhaihu 4

H. Sun et al.

Parameter Value
Inflow flow rate [m3/s] 6.94
Inflow density [kg/m?] 1160
Overflow height [m] 12.86
Initial water level [m] 0.4
Construction time [min] 114
Medium diameter of sediment [mm] 0.08

Suspended Sechment Total Sobd Fracton Selected
| ———

0.000 0026 0052 oor? 0100

Fig. 3.4 Numerical simulation of Xinhaihu 4 construction
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Fig. 3.5 Measured and simulated variations of loading quality and natural soil quality with time

Fig. 3.6 Three dimensional model of the 15000 m? level LNG TSHD

3.4.2 Simulation Conditions and Design Cases

Based on the design information of the 15000 m? level LNG TSHD, the mainly input
conditions for loading simulation were set as Table 3.2.

Table 3.2 Mainly input

o . Parameter Value

conditions for loading

simulation of the 15000 m3 Inflow flow rate [m3/h] 25,000

level LNG TSHD Inflow density [kg/m?] 1170
Overflow height [m] 12.00
Initial water level [m] 0.7
Construction time [min] 90
Medium diameter of sediment [mm] 0.08
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Table 3.3 Simulation cases of the different height for the energy dissipation box
No |1 2 3 4 5 6 7 8 9 10 11
H 090 |0.86 |0.82 [0.78 |0.75 |0.71 |0.67 |0.63 |0.60 |0.56 |0.52

The simulation cases of the different height for the energy dissipation box are
shown in Table 3.3 to explore the height influence (the ratio of distance from center
point of energy dissipation box to the bottom of the hopper to hopper height H) on
the loading efficiency.

3.4.3 Results and Analysis

The simulation results, composed of key loading curves from 5 cases represented
by loading quality, natural soil quality and spillage loss rate are shown in Fig. 3.7.
It shows that the hopper begins to overflow around 30 min and the overflow rate
gradually flattens out at around 80 min. Further more, the loading quality and natural
soil quality increase with the decrease of the height of the energy dissipation box,
and the spillage loss rate decreases.

In order to quantify the height influence of the energy dissipation box on the
loading efficiency, the simulation results of relative loading quality, relative natural
soil quality and relative total spillage loss with relative height of energy dissipation
box for case of H = 0.9 at 90 min were compared. As shown in Fig. 3.8, with the
decrease of the relative height of the energy dissipation box, the relative loading
quality and relative natural soil quality increase, while the relative total spillage loss
decreases.

According to the extent of change, three areas were divided, namely salient region,
transition region and smooth-out region. In the salient region, as the height of the
energy dissipation box decreases, the growth rate of loading quality and natural soil
quality is the largest, so as to the reduction rate of total spillage loss. In the transition
region, the change range slower, which changes gently in the smooth-out transition.

Therefore, the optimal height range of the energy dissipation box for the 15000m?
level LNG TSHD is recommended 9—10.5 m in the transition region comprehensively
considering the hopper structure layout and the influence of the energy dissipation
box height on loading efficiency for the soil of the Yangtze Estuary.

3.5 Conclusions

The three-dimensional loading numerical model for TSHD proposed in this study
is of good accuracy in the simulation of flow field and loading-overflow charac-
teristics. Compared with the experimental data, the model accurately reflects the
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Fig.3.7 Variation of loading
quality, natural soil quality
and spillage loss rate with
time
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variation characteristics of flow field in the hopper. The simulation error of key
loading parameters for Xinhaihu 4 construction in the Yangtze River estuary is
within 8%.

For the first self-developed LNG-powered 15,000 m? level TSHD in China, with
the decrease of the energy dissipation box installation height, the loading quality
and natural soil quality increase, and the total spillage loss decreases for the
Yangtze Estuary sediment.

It is recommended that the optimal installation height of the fixed energy dissipa-
tion box is within the range of 9-10.5 m. Under allowable condition, dynamically
promoting the height of the energy dissipation box during the loading construction
process is preferred.
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Chapter 4 )
Application Research of Educational e
Management in Fluidized Soil

Engineering

Yuan Fang, Xinmiao Shi, Haoqing Xu, Pengming Jiang, Yiyan Lv,
and Kaidong Zhang

Abstract A considerable quantity of the garbage, such as slag, steel slag, and so on,
is generated during the development of cities. Furthermore, on-site garbage manage-
ment is a significant concern. Currently, no research in the United States or elsewhere
has directly combined slag and steel slag to create fluidized scrapped soil for on-site
pit sidewall backfill, but it has been discovered that steel slag has a comparable
mineral phase structure to cement and may be utilized as an alternate mix to cement.
As aresult, this paper investigates the engineering characteristic of fluidized soil for
backfilling using scrapped soil, steel slag, and cement at various steel slag substitu-
tion rates (steel slag quality/cement quality + steel slag quality) and water content
(water quality/cement quality + steel slag quality + scrapped soil quality). The find-
ings reveal that increasing both the slag replacement rate and the water content can
increase the flowability of the fluidized scrapped soil, with the water content having
a significantly bigger impact on the flowability than the slag substitution rate.

Keywords Fluidized scrapped soil - Steel slag + Fluidity - Water content - Fill
performance
4.1 Introduction

China’s cement production is expected to reach 2.377 billion tons in 2020. Even
if the pandemic is severe and the country goes into hibernation, the cement sector
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can still achieve a 2.5% year-on-year rise. Furthermore, the carbon dioxide emitted
by cement manufacturers accounts for approximately 8% of total carbon emissions
emitted by human activities (Li et al. 2022; Luo et al. 2022). The use of cement, steel,
and other building materials is rising along with China’s urbanization process. As
a result, some of the more common solid wastes produced during the urbanization
process include slag and steel slag. A survey indicates that China’s urban construction
waste has accumulated to 10 billion tons and is continually increasing at a rate of 300
million tons annually. In addition, China produces approximately 100 million tons of
steel slag annually, making it a significant producer of steel (Zhao and Zhang 2020).
However, our slag and steel slag are now underutilized, and if they were to be stacked
up indiscriminately, they would deplete available land resources. Additionally, some
of the chemicals contained in them are simple to volatilize and move, damaging
the water and soil around them and placing a significant strain on the ecological
environment. However, it has been discovered that Portland cement clinker and steel
slag share a similar mineral structure. As a result, it can be viewed as an alternative
to making backfill material for engineering construction by mixing cement and slag.
The two main issues with solid waste use may be effectively resolved and the resource
exploitation of solid waste can be made possible if the mixture of slag and steel slag
can be used in the field of pit sidewall backfill.

The geography and surrounding environment of the construction site frequently
place restrictions on pit backfilling projects in China. For instance, it can be chal-
lenging to backfill in layers and compact in layers (American Concrete Institute
1999), especially when backfilling the pit sidewalls, because certain deep pit back-
filling projects have limited working surfaces that prevent the use of heavy mechan-
ical equipment. Therefore, a new type of backfill material is urgently needed that can
solve the problems of narrow backfill space in the sidewalls of the pit, large backfill
depths, and the existence of shaped cross-sectional structures in the backfill area.
Controlled Low Strength Material (CLSM), as defined by the American Concrete
Institute (ACI), is a self-compacting cementitious material that can be used as backfill
and as an alternative to compacted fill in what may be termed fluidized soils. What’s
more, the use of fluidized soil is a good solution to the problem when backfilling the
sidewalls of the foundation pit. However, most of our foundation pits are backfilled
with high-quality materials such as clay, coarse sand, and stone dust slag, which are
a waste of material for backfilling the sidewalls.

Predecessors have done more research on the resource utilization of slag and steel
slag and fluidized soil. Yu et al. (2019) used sodium-based bentonite slurry to improve
the slag soil, when bentonite accounted for the higher proportion of slurry, the lower
the permeability coefficient of sandy soil. Wang (2015) improved the slag by adding
four additives such as water, bentonite, foam, and polymer, which can reduce the
wear of the slag on the shield and have a better lubrication effect. Using excavated
spoil from the construction site and controlling the cement-to-water ratio and water-
to-solids ratio to 0.5-0.7 and 0.7 respectively, Gemperline and Durham (2012) was
able to produce a fluidized soil suitable for structural backfill. Wu and Lee (2011) not
only fixed the cement-to-water ratio and the water-to-solids ratio at around 0.7 and
0.35 but also controlled the sand content of the sand to 40% to prepare a flowable
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soil suitable for bridges. At the same time, the unit weight and flowability of the
produced flowable soil met the requirements. Huang et al. (2021) found that with
appropriate control measures, steel slag can be used as an effective cement replace-
ment aggregate in cement-stabilized base layers. Behiry (2013) used steel slag to
improve pavement sub-base density, strength, and damage resistance with limestone
aggregates. Achtemichuk et al. (2009) used recycled concrete aggregates such as slag
and high calcium fly ash to produce composites that are flowable fillers, which can
be used as composites requiring structural support and rapid hardening. Sheen et al.
(2008) used oxidized slag and reduced slag instead of fine aggregates and cement to
produce flowable soils with good fluidity at slumps greater than 20 cm. Wang and
Chen (2016) used steel slag to replace fine aggregates to prepare flowable soils and
found that the increase in slag replacement rate was detrimental to the flowability of
flowable soils, whose slump decreased with the increase in slag replacement rate and
the water secretion rate increased with the increase in slag replacement rate. Menina
et al. (2016) found that treated oil sands waste can be used as an alternative material
to sand in fluidized soils and that the use of oil sands waste increases the fluidity of
fluidized soils. Nataraja and Nalanda (2008) found that all three materials, fly ash,
rice husk ash, and quarry dust, can be used as mobile soil materials. Horiguchi et al.
(2011) used incinerated sludge to replace fly ash in fluidized soils, adding inciner-
ation sludge would increase the water secretion rate. However, the water secretion
rate of mobile soil with crushed stone powder instead of fine aggregate was lower
than that of mobile soil with ordinary fine aggregate.

At present, there are relatively few studies on mobile soil at home and abroad,
and no research has been carried out in some specific fields. Therefore, in this study,
slag + steel slag + cement is used to make fluidized slag soil that not only meets the
construction requirements but also uses steel slag to replace some of the cement to
reduce the amount of cement used, at the same time, reduce the construction cost. The
study was carried out to investigate the flowability, density, and other construction
properties at different steel slag replacement rates and water contents.

4.2 Test Materials and Methods

4.2.1 Test Materials

The scrapped soil used in the test was taken from the sandy soil of Hongxin Square in
Zhenjiang. After the residual soil was retrieved, it was first dried, crushed, and sieved
in three steps. Then the basic physical properties of the soil samples were measured
according to the Geotechnical Test Method Standard (GB/T 50,123-1999), as shown
in Table 4.1.

Considering the production of the sample, a particle size less than 2 mm was
used in the test, and the particle size distribution curve of test fluidized scrapped soil



50

Table 4.1 Physical properties of scrapped soil

Y. Fang et al.

Natural density Specific gravity ‘Water content Maximum dry Optimal water
density content
1.71 g/em? 2.69 12.8% 2.07 glem’? 20.94%

was obtained by Mastersizer 3000 laser particle size analyzer produced by Malvern
Instruments Ltd. in the UK, and the results are shown in Fig. 4.1. The calculation
can obtain that the residual slag C, = 11.59, C. = 1.63, and the gradation is good.

The steel slag used in the test comes from a steel mill in Zhengzhou, Henan, whose
particle size gradation is shown in Fig. 4.1, considering the sample production and
specification requirements. The steel slag selected is required to have a particle size
less than 1/10 of the sample diameter, and take steel slag with a particle size of less
than 4 mm. Before the test, the chemical composition of the steel slag was analyzed
by an X-ray fluorescence spectrometer produced by PANalytical in the Netherlands.
This is shown in Table 4.2.

Mason (1944) evaluated the activity of steel slag according to the alkalinity of steel
slag. The alkalinity calculation is shown in Eq. (4.1,) and the relationship between the
alkalinity and mineral composition of steel slag is shown in Table 4.3. The alkalinity
of steel slag used in this study is 1.68, which belongs to dicalcium silicate slag, and
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Fig. 4.1 Particle size distribution curve of test fluidized scrapped soil and original steel slag

Table 4.2 Test the chemical composition of the material

Material | Main chemical composition

name CaO | Fey03 [SiOy | Al,O3 | MgO |SO3 | MnO |CryO3 | NayO | P,Os | TiOy
Steel 3430 (26.22 | 19.64 |7.72 |4.14 0493|249 |2.08 |1.06 |0.763 |0.523
slag

Cement |61.39 | 246 |20.92 |6.41 3.01 |341 |- - - - -
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Table 4.3 Relationship between basicity and mineral composition of steel slag

Steel slag alkalinity Types of steel slag Main minerals

0.9~1.4 Peridot slag Peridot, magnesium rhodonite, RO phase

1.4~1.6 Magnesium rose slag Magnesium rhodonite, dicalcium
silicate, RO phase

1.6~2.4 Dicalcium silicate residue Dicalcium silicate, dicalcium ferrite, RO
phase

>2.4 Tricalcium silicate residue Tricalcium silicate, dicalcium silicate,

dicalcium ferrite, RO phase

the main minerals are dicalcium silicate, dicalcium ferrate, and RO phase. Since the
greater the alkalinity of the slag, the greater its activity (Cheng et al. 2009; Mo et al.
2019; Lu et al. 2018), the slag used for the study in this paper has a low activity.

P = CaO/(Si0; + P,0s) 4.1)

Considering that the fluidized scrapped soil is to replace the compacted soil for
backfilling, so it does not need too high strength. Therefore, the cement in this study
used 32.5 composite silicate cement from a cement factory in Hanzhong. The results
of the chemical composition of the cement were analyzed by X-ray fluorescence
spectrometer as shown in Table 4.2.

4.2.2 Experimental Methods

(1) Fluidity

In this study, an acrylic plate with a length and width of 40 cm x 40 cm and
a thickness of 5 cm was used according to the ASTMD-6103 specification.
A scale was inscribed in the middle of the plate in all four directions and a
minimum scale of 1 mm. A flow rate cylinder with an inner diameter of 80 mm,
a height of 80 mm, and a wall thickness of 3 mm was used, and this cylinder
had no bottom and no cover. The test method is: first wipe the acrylic plate and
the flow cylinder clean, and then place the acrylic plate on the flat, horizontally,
and free from vibration or other interference. At the same time, calm the flow of
cylinder water to the center of the acrylic plate. After that, the mixture of well-
stirred flowing soil was slowly poured into the flowing degree cylinder, so that it
was slightly higher than the cylinder mouth, and then scraped with a scraper to
make the upper surface of the specimen flush with the upper end of the flowing
degree cylinder. Finally, the flowing degree cylinder was slowly raised along
the vertical direction to let the flowing soil spread freely on the acrylic plate,
and after the flowing soil, the mixture was stabilized. The diffusion distance in
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four directions was read out according to the scale on the acrylic plate, half of
the sum of the four readings as the flow degree of this fluidized soil.
Timed test

In this test, the flowability of the fluidized soil mixture was measured at five-
time points after the completion of preparation: 0 min, 30 min, 60 min, 90 min,
and 120 min. The instruments used in the test are the same as the flow test.
The method is as follows: the initial flow value of the liquid soil mixture is
measured according to the flow degree test, that is, the flow degree of 0 min.
After completion, quickly scrape the flowing soil mixture into a bowl with
a scraper. Try to clean it as much as possible to avoid the loss of materials
during the scraping process. And then to prevent the water from evaporating too
quickly, cover the bowl with plastic wrap. Then let it stand, wait until 30 min
later, remove the plastic wrap, and stir the flowing soil mixture for 1 ~ 2 min.
Finally, measure again according to the flow degree test until the flow degree of
all time nodes is measured.

Moisture retention

According to Ling et al. (2018), the bleeding rate of the general mixture is
less than 5%, which is considered to be stable and has good water retention
performance. Because there is no clear domestic specification to determine the
bleeding rate of flowing soil, this test refers to the test method of testing the
secretion rate of concrete in JTGE30-2005 Experimental Procedure for Cement
and Cement Concrete for Highway Engineering, by: @ first weighing the mass
of the bleeding rate cylinder with an electronic scale, recorded as G1, then
pouring 1 L of well-mixed flowing soil mixture into the bleeding rate cylinder.
During the pouring process, you can lightly tap the outer wall of the bleeding
rate cylinder without vibrating and compacting. And then immediately weigh
the mass of the bleeding rate cylinder at this time and record it as G2. Cover the
top of the water secretion rate cylinder with cling film after completion, which
is used as the starting point of timing at this time. @ After 2 h, remove the cling
film from the top of the bleeding rate cylinder, then tilt it at a certain angle and
place a pad underneath to facilitate water absorption from the cylinder. After
that, place the water lurking in the tube into the measuring cylinder and record
it as V, accurate to 1 mL.

Filling performance

According to Lachemi et al. (2010), it was found that the filling rate of fluidized
soil between 80 and 100% was considered to have good filling performance.
Since there is no clear specification to determine the filling performance of
flowable soil in China, this test is based on the actual engineering situation
and the research methods of foreign scholars to design a model box as shown
in Fig. 4.2 by @ estimating the mass of fluidized soil required to backfill the
model box and mixing 10% more mass on top of that to ensure that the fluidized
scrapped soil made and mixed is sufficient to backfill the model box. @ Take
three density cylinders, pour the mixed fluidized scrapped soil into the cylinders,
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Fig. 4.2 Foundation pit side
wall model box

and calculate the density of each cylinder, when the error between the three is
less than 15%, the average value of the three densities as the density of the
backfilled fluidized scrapped soil. ® Put the model box on the electronic scale
to peel, then pour the weighed fluidized scrapped soil into the model box slowly.
After the backfilling is completed, use the scraper to scrape the upper surface of
the model box, and then weigh the model box immediately, and the backfilling
is completed. scraped flat, and then immediately weighed. @ Statistical data and
calculate the filling rate, the filling rate is calculated.

4.2.3 Preparation and Test Scheme of Fluidized Residue

Before the test, first, according to the ratio of each group will be the amount of
cement, steel slag, slag, and water that was weighed. Then weigh the good slag,
cement, and steel slag to gradually add the mixing container, adding cement and
steel slag should be as uniform as possible to cover the top of the slag. And then
slowly add water and start stirring, until the water is all added. This process stirring
strength should be careful not to be too large, otherwise not be mixed evenly with
the material easily spilled out of the container. And then stirred for 3—5 min after
the end of adding the material, and stopped stirring when the mixture of fluidized
scrapped soil was mixed uniformly.
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4.3 Results and Analysis

4.3.1 Fluidity of Fluidized Scrapped Soil Under Different
Water Content

The fluidity of the fluidized scrapped soil can be well controlled by changing the
water content (Thunder 2017). Its growth rate is relatively slow in the stage of water
content of 58~2%, and faster in the stage of 62~64%. When the steel slag substitution
rate is 50%, the flow value of the fluidized scrapped soil with a water content of 58~
60% increases by 9.0%, and the flow value increases by 17.8% in the stage of 60% ~
62% water content. The change of the flow degree of the fluidized scrapped soil with
the water content can be divided into two stages, the first stage: with the increase of
the water content, the growth trend of the flow degree is relatively slow (58~62%
water content). At this time, the liquid soil presents a semi-solid state. As shown
in Fig. 4.3a—c), there is no obvious water secretion on the surface of the sample,
which is relatively good. The second stage: with the increase of water content, the
growth trend of mobility is faster (62~64% water content). At this time, the fluidized
scrapped soil presents a liquid state, see Fig. 4.3d. It can be seen that there is water
excretion on the surface of the sample, which indicates that the water content is too
high, which is not conducive to later construction use.

The fluidized scrapped soil’s water is divided into two parts: fill water and surface
layer water. The filling water exists in the pores between the particles, while the
surface layer of water exists on the surface of the particles and will form a water
film layer on the surface. The flow performance of the fluidized scrapped soil mainly
depends on the thickness of the water film formed by the surface layer of water.
When steel slag is used instead of cement, due to its small particle size, the filling
water in the original void will be replaced to form free water (Nan et al. 2021),
which increases the thickness of the water film layer, so the use of steel slag instead
of cement will improve its fluidity. Secondly, the particle size distribution of steel
slag after grinding is more reasonable. The appearance is spherical, and they are
wrapped on the surface of relatively rough cement and scrapped soil to play a certain
lubricating role, reducing the internal friction resistance and slightly improving the
flow performance.

4.3.2 Temporality of Fluidized Scrapped Soil at Different
Times

Figure 4.4(a—d) show the flow curves of fluidized scrapped soil with different water
content under the four steel slag substitution rates of 50.0%, 58.3%, 66.7%, and
75.0%, respectively. As can be seen from the Figs., with the increase of time, the
flow degree under the four water content is decreasing and conforms to the linear
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Fig. 4.3 Fluidized scrapped soil with different fluidity

decrease law. According to the fitting curve, the decrease in mobility under the three
water content of 58%, 60%, and 62% is the same, which indicates that in the range of
water content of 58~62%, the influence of water content on the flow degree is small.
If the water content of the mobile soil is continued to be increased on this basis,
the excess water in the mixture will be too much, resulting in the mixture becoming
more and more dilute, and the amount of cement is not enough to consume these
water, and the integrity of the mixture will decrease.

The main reason why the flow properties of fluidized scrapped soil decrease
over time is the hydration reaction caused by cement. The reaction of Ca3OsSi in the
cement used in the study with water produces hydrated calcium silicate, which mainly
presents gelatinous particles, which are gradually connected to form a skeleton with
a certain strength as these gelatinous particles increase, resulting in a decrease in
flow. In addition, the active particles in the scrapped soil will also be cemented with
these cementitious particles to reduce the flow degree of the fluidized scrapped soil.
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Fig. 4.4 Fluidity curve of fluidized scrapped soil with different water content under four steel slag
replacement rates

4.3.3 Filling Performance of Fluidized Scrapped Soil Under
Different Water Content

According to the results of the above fluidity test and the classification table of the
fluidized soil, compared with the backfill with water content in the range of 60~64%,
that is, a mobility degree in the range of 200 ~ 260 mm. When the water content is
less than 60%, that is, the fluidity is less than 200 mm. Although the backfilling rate
of the fluidized scrapped soil also meets the standard, its backfilling effect is slightly
worse, which also shows that the filling performance of the fluidized scrapped soil
is improved while improving the water content and improving fluidity.

The backfilling situation in the test is mainly divided into Figs. 4.5 and 4.6.
Figure 4.5 is the backfilling of fluidized scrapped soil with a water content of 58%,
and Fig. 4.6 is the backfilling of fluidized scrapped soil with a water content of
60~64%. From the two Figs, if the backfill area includes both conventional space
and special-shaped section structure when the water content is 58%, the left-side
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Fig. 4.5 Backfill situation at
58% water content

conventional space backfill is very good, but there are still some areas at the right-
hand special-shaped cross-section structure that are not filled. When the water content
is 60~64%, the whole backfill area is backfilled well. Although the filling rate of both
meets the basic requirements of greater than 80%. But when the water content is 58 %,
that is, the flow degree is less than 200 mm, the backfilling ability of the fluidized
scrapped soil for this special-shaped structure surface is still lacking. Therefore, the
fluidized waste slag in the range of 60~64%, that is, the flow degree in the range
of 200~260 mm, is more suitable for those foundation pit sidewall projects with
special-shaped section structures.

4.4 Conclusion

In this paper, the construction and workability of fluidized scrapped soil are studied.
Mainly from the aspects of flowability, timeliness and filling performance, the
influence of steel slag substitution rate and water content on its construction and
workability was studied. There are mainly the following conclusions:

(1) The use of steel slag instead of cement to prepare fluidized scrapped soil can
slow down the rate of decrease of fluidity over time. The degree of mobility
shows a gradual decrease with the increase of time.

(2) When the water content and steel slag replacement rate of fluidized scrapped
soil meet the following conditions: @ the water content is 60% and the steel slag
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Fig. 4.6 Backfill situation at
60~64% moisture content

replacement rate <66.7%; @ the water content is 62%, the steel slag replacement
rate is <58.3%, its water secretion rate is less than 5%, and the water retention
performance is good.

(3) When there is a special-shaped cross-sectional structure in the backfill area of
the side wall of the foundation pit, the backfilling effect is better when the water
content is greater than 58%.
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Chapter 5 ®)
Assessment of Green Infrastructures Guca i
Performance for Water Quality

Management

Qian Yu and Na Li

Abstract With the dual pressure of climate change and rapid urbanization, urban
pluvial flooding and water quality degradation issues are becoming increasingly
serious. Green infrastructure (GI), a sort of resilient practice, is able to effectively
improve the water quality of stormwater runoff. When planning and designing GIs
that are adapted to both local conditions and future climate change, modeling the
effects of GIs on controlling stormwater runoff pollutants under various rainfall
characteristics is crucial. In this paper, we set three rainfall scenarios with varying
rainfall return periods and then assess the GIs performances on the improvement of
water quality in the Jinan Daminghu Sponge City Construction pilot area. The results
indicate that GIs have a positive effect on the control of rainfall-runoff pollutants.
Improvement effects decrease as rainfall return periods increase. The suspended solid
(89S) load reduction rates are 68.552%, 67.942%, and 67.314% under the 24-h design
storm with a return period of 5, 10 and 20 years. The main reason is the lower rates
of reduction of runoff coefficient. The corresponding values are 10.148%, 8.406%,
and 6.611% for three rainfall return periods. In addition, we vary the SS removal
efficiency of each GI and the results show that the control effects on SS loads are
sensitive to the SS removal efficiency.

Keywords Green infrastructure - Water quality + Suspended solid - Performance
evaluation
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5.1 Introduction

Urbanization has nearly completely taken over China in the previous few decades,
causing changes to urban densities, land use, and population growth. Traditional
development practices lead to higher rates of imperviousness, which raise surface
runoff volumes and lower infiltration rates (Ahiablame et al. 2012). Rapid urbaniza-
tion has negative effects, including an increase in the risk of urban flooding, deteri-
orating water quality, environmental harm, and more (Yu et al. 2020). According to
the most recent IPCC study (IPCC 2021), Asia is also expected to experience more
frequent and intense rainfall (Yu et al. 2020). Compared to the only benefit of grey
infrastructure, green infrastructure (GI), a sort of resilient practice, is an effective
measure to reduce the negative impacts caused by urbanization and adapt to climate
change by storing, detaining, infiltrating, and purifying rainfall runoffs at the source
(Dietz 2007).

To simultaneously alleviate the urban flood problems and solve water environ-
mental and ecological water problems, Sponge City Construction (SCC) has been
promoted in China since 2013 (Li et al. 2017). The core of SCC is low-impact devel-
opment (LID) or GI. Compared with the number of studies on GI performances on
water quantity, studies on their water quality performance under different rainfall
return periods are not sufficient. In addition, there is little research on sensitivity
analysis for GI performance on water quality.

Given the above, we first examine the effects of GIs on water quality under various
periods of precipitation. We then conduct a sensitivity analysis of the effectiveness
of suspended solid (SS) removal.

5.2 Methods and Materials

5.2.1 Study Area

With an average yearly rainfall of 672.8 mm, Jinan, one of China’s first 16 national
pilot SCC cities, is situated in the east of the country. With a total area of around
39 km?, the study area is situated in Jinan’s major urban regions. The south and
east of the study region have higher topography than the north and west, which have
lower terrain. Mountainous landscapes are in the eastern and southern sections, while
the piedmont slope lies in the middle. Because of the geography of the research
area, severe flood disasters could occur in the summer during periods of heavy
precipitation.

According to the 2015-2017 Sponge City Construction Pilot Project Implementa-
tion Plan in Jinan, Shandong Province (hereinafter referred to as the implementation
plan). Five kinds of GIs are designed within the study area: Green roofs (0.26 km?),
sunken greenbelt (0.31 km?), retained greenbelt (1.32 km?), intensified infiltration
greenbelt (0.46 km?), and permeable pavement (0.18 km?) (see Fig. 5.1).
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Fig. 5.1 Distributions of GIs in the study area

5.2.2 Data

The following basic geographical data are used for scenario modeling, i.e., DEM
data, DLG data 1:2000, and soil data 1:1,000,000 (1995). DLG data includes spatial
distributions of roads, residential areas, and land uses. The above data adopts the
CGCS2000 coordinate system, Gauss Kruger’s projection, and the coordinate unit
is one meter. The 1985 national elevation benchmark is adopted.

In addition, the hydrological and meteorological data are also collected, i.e., the
river systems, the main river cross sections, the monitoring precipitation data at
Guishan, Xinglong, and other precipitation or hydrological stations, and the design
storm data as well, including 5-year return period, 10-year return period and 20-
year return period. Moreover, data on drainage systems are also used. Currently, the
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Fig. 5.2 The 24 h design rainfall process under three different rainfall frequency scenarios

drainage system in the study area is designed to have a return period of two to three
years.

In this study, we set three precipitation return periods (see Fig. 5.2), including a
5-year return period, a 10-year return period, and a 20-year return period.

5.2.3 Hydro-Hydraulic Model

Flood Risk Analysis Software (FRAS), mainly including the 1D-2D coupling
hydraulic model, hydrological model, and drainage model (Li et al. 2018), is an inte-
grated software that can simulate the entire flood process. FRAS is independently
developed by the China Institute of Water Resources and Hydropower Research
and it is used in this study to simulate the urban flood processes under different
rainfall return periods. The SCS-CN model is selected in this research to simulate
rainfall-runoff generation. Furthermore, the equivalent piping system model is used
to simulate underground drainage.

An irregular grid with a total number of 26,659 is divided with an average grid
area of 1500 m?. The rivers and roads are set as special passages. Roughness coef-
ficients are defined in relation to land use types. Five types of Gls are modified
by parameterizing, i.e., elevations, roughness, and values of CN (Yu et al. 2021).
Retained greenbelt is also considered as an intensified infiltration greenbelt. Details
about calibration and model validation are available in Li et al. (2018), which are not
elaborated on in this paper.
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5.2.4 Water Quality Analysis

Suspended solid (SS) is one of the main pollutants in urban areas. Some types of
GIs can effectively remove SS from stormwater runoffs. The SS is therefore chosen
to represent surface water quality in this study. The empirical method developed by
Schueler (1987) is used to estimate pollution loads from stormwater runoff in urban
areas.

L=Cr-¢-A-P-C (5.1)

where L is the SS loads in the runoffs, kg; Cr is the factor to correct rainfall events
that do not produce surface runoffs, i.e., the proportion of rainfall events that produce
runoffs to the total rainfall events within one year, if 90% rainfall events within one
year produce runoffs and then Cr = 0.9, and if estimate loads of one rainfall event
and then Cr = 1.0; ¢ is the average runoff coefficient of the study area, which is
calculated by FRAS in this study; A is the catchment area, km?; P is the rainfall
volumes, mm; C is the weighted average concentration of SS, mg/L.

Compared with available data on SS values in the United States, most Chinese
cities still do not have concentration values for storm runoff pollutants. During precip-
itation processes, concentrations of pollutants in runoff vary significantly with precip-
itation characteristics. In addition, pollutant concentrations vary widely depending
on land use in the study area. Hence, the event mean concentration (EMC) values
are used in this study, which is usually measured by laboratory analysis of flow- and
time-weighted composite samples. EMCs are the most common parameters used to
estimate non-point pollutant loads, which can be calculated according to Eq. (5.2).

> GV

EMC=2=L

(5.2)

where C; is the measured pollutant concentration at j™ time period, g/m?; V;is the
runoff volume at the j time period, m?; n is the number of time segments. Then
Eq. (5.1) can be reformulated into Eq. (5.3).

L=Cr-¢-A-P-EMC (5.3)

The removal efficiency of SS loads is an important index to evaluate the GI perfor-
mance on runoff water quality. However, it is difficult to determine both the SS loads
within the study area and the SS removal effectiveness of each GI. First, the concen-
tration of SS differs significantly between cities and land uses. Moreover, the values
vary with different measured times, even within the same city. Besides, the removal
efficiency varies with different kinds of GIs and also varies with different designs
and materials of the same GIs.

Given the lack of long-term measured data before and after the implementation
of GIs in the study area, we choose the monitored data from a similar area (Beijing).
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Table 5.1 EMCs of SS of different land use (mg/L)
Road Green space Roof Others
EMCs 297.37 320.68 28.64 183.68

Table 5.2 The removal efficiency of different GIs on SS (%)
Lawn | Rain garden | Vegetated filter strips | Drainage pipeline | Swales | Detention ponds

0 75 65 0 65 60

The values are listed in Table 5.1 (Yang et al. 2015). As EMC values vary by land
use, the EMC of SS is calculated using the weighted average method. The EMC of
SS is 243.4 mg/L in this study.

Table 5.2 lists the removal efficiency on SS of different GIs, which is provided
by Green Values developed by USEPA. According to Table 5.2, we set the removal
efficiency of SS to 65% in this study. In addition, to analyze the effects of control
effects of each GI, we vary the removal efficiency to 45.5% (—50%) and 84.5%
(+50%).

5.3 Results and Discussion

5.3.1 Effects of GIs on Runoff Coefficients

Table 5.3 shows the control effects of GIs on runoff coefficients under different rain-
fall return periods. The results show that the runoff coefficients after the implemen-
tation of GIs are lower than those before the implementation, which means that GIs
can control rainfall runoff to some extent. In addition, as the rainfall return periods
increase, the corresponding runoff coefficients increase. The runoff coefficients under
5-year, 10-year, and 20-year events are 0.465, 0.512, and 0.540, respectively. The
simulation results are in line with the field investigations conducted by Carpenter
and Kaluvakolanu (2010). They found that the average runoff coefficient on green
roofs is 0.044 under small rainfalls (<12.7 mm), 0.131 under middle rainfalls (12.7 ~
25.4 mm), and 0.591 under heavy rainfalls (>25.4 mm), based on 21 rainfall events.
With the increases in rainfall return periods, the reduction ratios of control effects
decrease obviously. The reduction ratios of control effects under 5-year, 10-year,
and 20-year events are 10.148%, 8.406%, and 6.611%, respectively. The simulation
results are in agreement with those of Yin et al. (2021).

a. Effects of GIs on surface water quality under different return periods

Table 5.4 shows the control effects on SS loads under different rainfall return periods.
The results show that the pollution loads of SS after the implementations of GIs are
much less than that before the implementations. GIs can effectively reduce the SS
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Table 5.3 Control effects on runoft coefficient under different rainfall return periods

No Scenarios Runoff coefficient Reduction ratio (%)
Before After
5-year 0.517 0.465 10.148
2 10-year 0.559 0.512 8.406
20-year 0.578 0.540 6.611
Table 5.4 Control effects on SS load under different rainfall return periods
No Scenarios SS loads Reduction ratio (%)
Before (kg) After (kg)
5-year 629,153.175 197,857.531 68.552
2 10-year 866,897.310 277,909.004 67.942
20-year 1,088,380.785 355,751.258 67.314

Table 5.5 Control effects on SS load under different removal efficiencies

No Removal efficiency (%) SS loads Reduction ratio (%)
Before (kg) After (kg)
65 629,153.175 197,857.531 68.552
2 45.5 629,153.175 308,092.441 51.031
84.5 629,153.175 87,622.621 86.073

loads and improve rainfall runoff water quality. The simulation results are consistent
with previous research. As the return periods increase, the corresponding reduction
ratios decline. Declining trends are in line with runoff coefficients.

b. Effects of GIs on surface water quality under different removal efficiencies

Table 5.5 shows the control effects on SS loads with different removal efficiencies
of GIs under a 5-year return period. The results show that removal efficiencies of
GlIs play an important role in the reduction rates of GIs on SS loads. As a result, it
is important to design cost-effective measurements based on the characteristics and
topography of local precipitation.

5.4 Conclusions

GI performances towards water quality management under different return periods
are studied in the Jinan Daminghu Sponge City Construction pilot area. Control
effects on runoff coefficients and water quality are reduced with increasing return
periods. The effects on water quality are much more obvious than those on runoff
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coefficients. In addition, the control effects on SS loads are sensitive to the removal
efficiency of each GI.
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Chapter 6 ®)
Removal Rate of Pollutants in Water Geda

Body by MBBR Based on Folded
Cylindrical Biological Carrier

Jian Zhu, Hui Tan, and Rui Wang

Abstract MBBR process is the effective mean to improve the water quality in
rivers and lakes, and the folded cylindrical biological carrier has been proved to have
a high specific surface area and good hydrodynamic properties. In this study, the
removal rate of the pollutants in water body by MBBR based on the folded cylindrical
biological carrier were experimentally investigated in the self-developed MBBR
equipment of Harbor and Coastal Engineering Laboratory of Shanghai Jiao Tong
University. A series of experimental runs were conducted with different pollutants,
and the experiment setup was introduced in detail. And then, the calculation model for
the removal rate of pollutants was derived. Based on the experimental date and field
measured data, the treatment effect of MBBR based on folded cylindrical biological
carrier in polluted water body was monitored, and the undetermined coefficients of the
calculation model were determined. The research results indicated that the pollutant
indexes (COD, NH3;-N and TP) in polluting water bodies decreased steadily, but the
removal rate was different after adding the folded cylindrical biological carriers into
the biological reaction tank of MBBR; the calculation method proposed in this paper
could accurately obtain the treatment rate of pollution indexes in polluting water
body. The research results provided a reference for the future engineering practice
of MBBR based on the folded cylindrical biological carrier.

Keywords Removal rate of pollutants - MBBR - Folded cylindrical biological
carrier + Treatment effect + Calculation model
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6.1 Introduction

With the development of social economy and the improvement of people’s living
quality, the requirements for ecological environment are increasing, and the compa-
rable requirements for the indicators of sewage discharge are becoming more and
more strict (Mczaowski 2019; Shuvalov 2020). In China, the standard of First-Class
A has been proposed by the ministry of environmental protection of the people’s
republic of China in 2006, but it can’t no longer meet the actual needs of some places
after more than a decade of development (Peng et al. 2021), such as Beijing, Tianjin,
Taihu and so on. In order to cope with the increasingly stringent requirements for
sewage discharge indicators, it is urgent to conduct more in-depth research on the
process of sewage treatment.

MBBR process is an effective means for sewage treatment (Leyva-Diaz et al.
2016a), and a lot of excellent results have been achieved, such as excellent results
about the performance (Leyva-Diaz and Martin-Pascual 2015), the membrane fouling
(Zhang et al. 2020), the hydraulic residence time (Rodriguez-Sanchez et al. 2018), the
application of MBBR process in different water body (Biswas et al. 2014; Schopf
et al. 2018; Tsitouras et al. 2022) and so on. The treatment efficiency of MBBR
process has been concerned by many scholars, but most of their study mainly focused
on the treatment technology process (Leyva-Diaz et al. 2016b), the improvement of
the optimization of microbial strains (Hu et al. 2013), and the modify of biological
carriers (Deng et al. 2016; Mahdavi and Norouzian 2018), but there is no clear method
to predict its treatment efficiency.

Biological carrier is the important part of MBBR process, and many scholars have
studied the manufacturing technology (Wang 2018), the constituent materials (Tang
etal. 2018), the structure (Ma et al. 2014; Tordache et al. 2020), and the hydrodynamic
properties (Ogunsona et al. 2017) of biological carriers accordingly. The folded
cylindrical HDPE biological carrier is a new type of biological carrier, which is
proposed by Wang et al. (2022) and they have conducted a detailed analysis of the
hydrodynamic properties and the structure of this biological carrier, and completed
the investigation of its treatment effect in the laboratory, but unfortunately didn’t give
the practical effect in MBBR process. In addition, the removal efficiency is also not
analyzed in detail (Wang et al. 2022).

In this study, the removal rate of pollutants in water bodies by MBBR process
based on the folded cylindrical biological carriers was investigated by conducting
the laboratory experiments and the field tests, and the application effect of the folded
biological carriers in MBBR process was specifically analyzed accord to the exper-
imental results and field test results. On this basis, a calculation model to predict
the removal rate of pollutants in water bodies by MBBR based on folded cylindrical
biological carriers was proposed for practical reference.
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6.2 Materials and Methods

6.2.1 Test Materials

The folded cylindrical HDPE (High Density Polyethylene) biological carriers with 36
wells were selected in this study. It has been found that the biological carriers used
in MBBR are mostly composed of HDPE (High Density Polyethylene), and have
a central symmetric structure, which have the characteristics of light weight, heat
resistance and strong reoxygenation ability, etc. The folded cylindrical biological
carriers with 36 wells prepared by HDPE are a new type of biological carriers,
which are developed by Shanghai Jiao Tong University, and produced by Wuxi
Haituo Environmental Protection Equipment Co., Ltd., as shown in Fig. 6.1. The
outer edge and inner support structure of this biological carrier are both the folded
structure. Wang et al. (2022) have proved that this type of biological carrier has
a high specific surface area and good hydrodynamic properties. Compared with
the biological carriers with the same pore number, the specific surface area of the
folded cylindrical biological carrier is increased by about 5.1%, and the average gas
holdup in the reactor tank can be increased by about 20%—-30% by adding the folded
cylindrical HDPE biological carriers in to the MBBR system (Wang et al. 2022).

6.2.2 Experiment Setup

The experiment setup of the self-developed MBBR equipment is shown in Fig. 6.2.
The reaction tank was made of the transparent acrylic with the inlets of airflow and
water flow. The height and the diameter of the reaction tank are both 80 cm. One
aeration disc with the diameter of 21.5 cm was installed at the bottom of the reaction

Fig. 6.1 Folded cylindrical et P
biological carrier with 36 N =
wells prepared by HDPE "
—~ -
. N .
-y 2 1 v
A — — » 2 - -
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Fig. 6.2 Experiment setup Camera
of self-developed MBBR
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tank, and connected with the inlet of airflow to release the airflow produced by the
air pump. One gas flow meter was used to monitor the speed of the airflow, which
was installed between the air pump and the aeration disc. One submersible pump
was used to control the flow rate which was measured by the flow meter installed
between the submersible pump and the water inlet. The movement of the biological
carriers in the reaction tank was record by the high frame rate camera to ensure its
full fluidization. The recycled water was stored by the water tank.

6.2.3 Biofilm Culture

The method of artificial inoculation was adopted to perform the biofilm culture.
Before biofilm culture, the activated sludge was added into the reaction tank in
advance, and the concentration of COD in the culture solution was controlled at
300 mg/L. After that, NH4NO3; and KH,PO4 were added into the culture solution.
The concentration of NH4;NO3; and KH,PO,4 were 15 mg/L and 3 mg/L respectively.
The concentration ratio of COD, NH4NO3; and KH,PO,4 was 100:5:1. Thirdly, the
reaction tank was continuously aerated for 24 h, and then the upper supernatant of
the culture solution was removed. Fourthly, the same amount of culture solution was
added to continue aeration for 24 h. The inflow rate was set at 6 L/min at the 1st
day and increased by 2/3 L/min every day. The inflow rate reached 10 L/min at the
6th day. Subsequently, the flow rate of the inflow was kept constant for 10 days.
The concentrations of COD and NH3-N of the inflow and outflow were measured
at 4 PM every day during the period of the biofilm culture and the stable operation
of the self-developed MBBR equipment. Each measurement was carried out 3—4
times every day, in order to reduce the unpredictable uncertainties produced by the
pollutant concentration, the nutrients and the microorganisms, and the average of the
multiple measurement results was taken as the measurement data.
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6.2.4 Field Test

The folded cylindrical HDPE biological carriers and the MBBR system produced
by Wuxi Haituo Environmental Protection Equipment Co., Ltd. were used in the
treatment process of the aquaculture tail water discharged from the breeding pond
of the hydropower station. The continuous change of the pollutant indicators, such
as COD, BOD, NH;-N, TP and dissolved oxygen in the inflow and outflow of the
MBBR system were monitored for 21 consecutive days. The aquaculture tail water
in this place was inferior to fifth class standard before treatment and the content of
each contaminant is shown in Table 6.1. The MBBR equipment is shown in Fig. 6.3.

The treatment technology process of the MBBR system in the in the treatment
process of the aquaculture tail water is as follows. Firstly, the aquaculture tail water
was collected in the catchment tank, and then lifted into the regulating tank by water
pump. The regulating tank borne the fluctuations in the amount of water caused
by the irregular drainage, and made the aquaculture tail water flow in the reaction
tank homogeneous. Subsequently, the aquaculture tail water was discharged into
the reaction tank and the delayed aeration was carried out to convert the ammonia
nitrogen in aquaculture tail water into the nitrate nitrogen. By returning the sewage to
the anaerobic pool, the purpose of the complete denitrification and denitrification was
achieved. The MBBR system was equipped with an inclined pipe sedimentation tank,
which was divided into a series of shallow sedimentation layers by using inclined
parallel pipes, and the treated and settled sedimentation sludge moved and separated

Table 6.1 Water index of inlet and outlet

Index COD BOD NH3-N TP Dissolved oxygen
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Inflow 12-35 1.54.5 0.2-0.35 0.1-0.28 5.5-8.5

Fig. 6.3 MBBR produced by Wuxi Haituo Environmental Protection Equipment Co., Ltd
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in each shallow sedimentation layer. Finally, the aquaculture tail water after treatment
by the MBBR system was collected into the reservoir to be reused.

6.3 Results and Discussion

6.3.1 Experimental Result

During the experiments, the hydraulic residence time was set as 0.015 day, and the
aeration rate was set as 10 L/min. The filling rate of the reaction tank was 0.5. The
specific surface area of the folded cylindrical HDPE biological carrier with 36 wells
was 662.5 m?/m?, and the material density of the biological carrier was 0.927 kg/m?.
The water temperature, the concentration of COD, NH3—-N and TP in the inflow and
out flow of the self-developed MBBR equipment was measured, and the experimental
results are shown in Table 6.2.

6.3.2 Field Test Result

The concentrations of COD in the inflow and outflow of MBBR system are shown
in Fig. 6.4. It could be seen that the removal effect of COD was significant on the
10th day, because the biological carriers were during the period of the biofilm culture
from the 1st day to the 9th day, and the biofilm culture finished on the 10th day. The
MBBR system began to work normally from the 10th day, and the subsequent value
of COD concentration was basically stable at 15-20 mg/L, which had reached the
IIT Class Standard of surface water.

The concentrations of BOD in the inflow and outflow of MBBR system are shown
in Fig. 6.5. It could be seen that the removal effect of BOD began to appear on the
5th day, during which the biofilm culture process initially completed; from 6th day
to 17th day, the concentrations of BOD were basically stable at about 1 mg/L. From
the 18th day, due to the continuous increase of the BOD concentration, the microbial
community appeared the short-term inadaptability, but after a few days of the self-
adjustment of the microbial community, the concentrations of BOD in the outflow of
the MBBR system tended to be stable and could stably reach the II Class Standard
of surface water.

The concentrations of NH3—N in the inflow and outflow of MBBR system are
shown in Fig. 6.6. It could be seen that the concentration of NH3—N fluctuated
greatly in the early stage, which had a certain impact on the growth and hanging
of the nitrifying bacteria and the denitrifying bacteria; the removal effect of MBBR
system on NH3;—N was not reflected from the Ist day to the 9th day, which may
be due to the high concentration of NH3;—N inhibiting the microbial activity of the
autotrophic nitrifying bacteria; from the 10th day, the concentrations of NH3;—N
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Table 6.2 Experimental results

Time | Water temperature | COD (mg/L) NH3-N (mg/L) TP (mg/L)

@ O Inflow |Outflow |Inflow |Outflow |Inflow | Outflow
1 16 63 58 6.21 6.11 0.22 0.11
2 21 61 55 7.11 6.99 0.19 0.09
3 18 69 53 7.02 7.98 0.17 0.09
4 17 65 50 6.98 6.78 0.21 0.1
5 18 66 45 6.87 6.51 0.23 0.11
6 16 63 37 7.23 6.21 0.21 0.09
7 18 67 35 6.99 6.01 0.18 0.12
8 15 75 23 8.01 6.26 0.24 0.12
9 13 69 24 7.12 5.97 0.23 0.09
10 16 63 18 6.67 431 0.18 0.08
11 15 78 21 6.92 3.01 0.25 0.13
12 17 71 17 7.01 1.03 0.24 0.11
13 15 68 15 6.88 0.81 0.23 0.09
14 16 65 18 6.91 0.71 0.21 0.11
15 14 69 17 7.12 0.53 0.23 0.15
16 19 82 25 8.13 0.52 0.27 0.09
17 26 79 22 7.13 0.41 0.19 0.11
18 20 76 20 7.01 0.39 0.18 0.09
19 23 89 21 8.11 0.38 0.19 0.12
20 19 78 23 7.98 0.39 0.17 0.09
21 17 71 23 7.17 3.95 0.35 0.09
22 18 70 19 7.21 2.18 0.32 0.17
23 16 69 19 7.03 1.77 0.17 0.15
24 18 74 15 6.91 0.87 0.27 0.18
25 15 72 17 7.03 0.79 0.28 0.09
26 13 71 16 8.11 0.61 0.39 0.12
27 16 69 15 6.91 0.53 0.27 0.09
28 15 78 17 7.12 0.61 0.32 0.11

tended to be stable, and the concentration of NH3;—N in the outflow of MBBR system
were maintained at about 0.1-0.2 mg/L, which reached the II Class Standard of
surface water.

The concentrations of TP in the inflow and outflow of MBBR system are shown in
Fig. 6.7. It could be seen that the condition for the film hanging of the polyphosphorus
bacteria was similar to that of the nitrifying bacteria and the denitrifying bacteria;
the MBBR system began to work normally on the 17th day, and the concentrations
of TP in the outflow of the MBBR system were basically between 0.15-0.20 mg/L,
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Fig. 6.4 Concentrations of
COD in inflow and outflow
of MBBR system

Fig. 6.5 Concentrations of
BOD in inflow and outflow
of MBBR system

Fig. 6.6 Concentrations of
NH3-N in inflow and
outflow of MBBR system
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which reached the III Class Standard of surface water. It is worth noting that the
concentration of TP in the aquaculture tailwater is already very low, and the MBBR
system can still play a removal effect.

Dissolved oxygen is a major limiting factor affecting the normal operation of
MBBR system. The concentrations of the dissolved oxygen in the inflow and outflow
of MBBR system are shown in Fig. 6.8. It could be seen that the dissolved oxygen
in the inflow was higher than 6 mg/L from the 1st day to the 10th day, which met
the II Class Standard of surface water, but it is hard to form a hypoxic zone inside
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the biological carrier due to the high concentration of the dissolved oxygen in the
inflow, resulting in the unnormal operation of the MBBR system; before the 10th
day, the concentration of the dissolved oxygen in the reaction tank fluctuated greatly
and was slightly lower than the concentration of the dissolved oxygen in the inflow,
which could still meet the III Class Standard of surface water, because the process
of microbial growth and film hanging required a part of the oxygen consumed;
the concentration of the dissolved oxygen in the outflow began to stabilize on the
10th day; from the 15th to the 18th, due to the increase of the dissolved oxygen
content, the aerobic microorganisms such as polyphosphorus bacteria and nitrifying
bacteria could further multiply, resulting in the increase of oxygen consumption and
the reduction of the dissolved oxygen concentration in the outflow. In general, the
dissolved oxygen concentration in the outflow could be stable between 5-6 mg/L.

6.3.3 Discussion on Removal Effect

MBBR system with the folded cylindrical HDPE biological carrier possesses good
pollutant remove effect. Through laboratory experiments, it was found that the
average removal rate of COD and NH3;-N by adding the HDPE biological carriers
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(a) Inflow (b) Outflow

Fig. 6.9 Clarity of the inlet and outlet water

with folded cylinder structure into the self-developed MBBR equipment reached
95% and 87.75% respectively, and the pollutant concentration in the outflow could
meet the III Class Standard of surface water. After the MBBR system entering the
period of stable operation, it was found that MBBR system had strong resistance to
the fluctuation of the water quality, and the clarity of the inlet and outlet water is
shown in Fig. 6.9.

The MBBR system with the folded cylindrical HDPE biological carrier possesses
high pollutant remove rate. Compared with the commonly used biological, the folded
cylindrical HDPE biological carrier with 36 well used in this study has clear advan-
tages in terms of pollutant treatment efficiency, and basically completes biofilm
culture on 17th day. The removal effect of COD by the YL-II. aerobic active biolog-
ical carrier is significantly enhanced after the 30th day (Huang et al. 2022); The
plaque of the K3 biological carrier begins to form at 14th day, and the relatively
complete biofilm doesn’t form until the 26th day (Sun et al. 2021); a yellow—brown
biofilm can” be visual on the surface of the polypropylene hollow sphere type of
biocarrier carrier until the 20th days (Wang et al. 2020).

6.4 Calculation Model Derivation

6.4.1 Equilibrium Equation for Pollutant Content Processed
by Bio-carriers

In order to analyze the total amount of pollutants in the reaction tank, the following
parameters were assumed accordingly. Figure 6.10 shows the diagram of reaction
tank filled biological carriers, the fill rate ¢ of the reaction tank could be derived as
follow.

o=W/V (6.1)
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Fig. 6.10 Diagram of reaction tank filled biological carriers

where V was the volume of the reaction tank, m?; W was the amount of biocarriers
filled in the reaction tank, m?. It was assumed that the water flowing into and out of
the reaction tank was the constant flow, and the hydraulic residence of the biological
reaction system could be derived as follow.

_VYow _l-ey (6.2)
0 00

T

where Q was the flow rate, m3/d.

During a hydraulic residence time, the amount of the pollutants processed by
the biological carriers consists of two components: the change of pollutants in the
reaction tank and the difference of pollutants content in the inflow and outflow. In
addition, the amount of the pollutants processed by the biological carriers is equal
to the amount of biological carriers in the reaction tank multiplied by the removal
rate of pollutants processed by per unit volume of the biological carriers. Thus, the
equilibrium equation could be derived as follow.

WiT =TQCin;: —IQCous + (Cay — Cay-)(V = W) (6.3)

where A was the remove rate of the pollutants processed by per unit volume of
biological carriers per unit time, kg/m3/d; Cins and C,,,, were the concentrations of
the pollutants flowing into and out of the reaction tank in the time of ¢ respectively,
g/m?; C,,, was the average pollutant concentrations in the reaction tank in the time
of t, g/m’.
According to the above equilibrium equation, the removal rate of the pollutants
processed by per unit volume of biological carriers could be derived as follow.
)\t — Cin,t - Cout,t Q + (Ca,t - Ca,t—l)(1 - <P)
w oT

(6.4)
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And the average concentration of pollutants in the reaction tank can be approxi-
mated by the equation C, ; = (Ci,.; — Courr) /2.

6.4.2 Calculation Model for Removal Rate of Pollutants
Processed by Bio-carriers

The derivation of the calculation model should consider the influencing factors on
removal rate of pollutants processed by bio-carriers, which contained the specific
surface area and the hydrodynamic properties of biological carrier. The specific
surface area and the wells number of biological carriers are corresponding. The
hydrodynamic properties of the biological carrier are related to the density of the
manufacturing material. For the biological carriers made of HDPE materials, the
density is constant, and the removal rate of pollutants is inversely proportional to the
hydraulic residence time.

The removal rate of the pollutants processed by per unit volume of biological
carriers is undoubtedly also related to the kinematic viscosity of the water body.
The kinematic viscosity reflects the scale of the flow resistance of this fluid under
the action of gravity, and represents the measure of the internal friction force of the
liquid under the action of gravity. The dynamic viscosity can be calculated by using
the empirical formula.

1.775 x 107¢
V =
14 0.0337T, + 0.00022172

(6.5)

where v is the dynamic viscosity, m?/s; T, is the temperature of water body, °C.

In addition, the temperature of water body is an important parameter to affect the
removal rate of the pollutants processed by biological carriers, because the temper-
ature of water body has a great influence on the reproduction rate and reaction rate
of microorganisms. Under the same pollution load, the water quality of the out flow
increases with the temperature of water body increasing, and the formula of the
temperature coefficient is in the form of an exponential function.

For the interaction between incompressible flow and biological carriers, the fluid
density p, fluid kinematic viscosity v and hydraulic residence time T were selected
as the basic physical quantities. Then the length dimension [L], the mass dimension
[M] and the time dimension [T] were the basic dimensions, and the other phys-
ical dimensions (water temperature 6, filling rate ¢, specific surface area £) are
derived dimensions. According to the 1 theorem and the dimensional analysis, the
mathematical expressions for these unit dimensions are developed.

=B — )"0 (p?! ey (6.6)

where 8, x1, x2, x3 were the undetermined coefficients.
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It should be noted that the hydraulic residence time in this paper was the nominal
hydraulic residence time, which was calculated by the effective volume of reaction
and inlet flow. Due to the membrane separation technology of MBBR process, the
microorganisms were completely blocked in the reaction tank, and the complete
separation of hydraulic retention time and sludge age was achieved. Therefore, the
hydraulic residence time didn’t appear in the calculation model.

6.4.3 Undetermined Parameters Determination

The coefficients of Eq. (6.6) were determined respectively by using the test results
and the collected data with the help of the software of Origin 2021 and Microsoft
Excel. For the removal rate of NH3—N processed by per unit volume of biological
carriers, these coefficients were evaluated as follows: 8 = 3.72 x 10718, x;, =27,
xy = 1, x3 = 1.98. The value of R* = 84.5%, which indicated that the removal rate
of COD by biocarriers is strongly correlated with these factors, and the fit of the
obtained model was fairly-good. Hence, the removal rate of NH3;—N processed by
per unit volume of biological carriers can be expressed as follows:

A =372 x 107201 — ¢)?7(p*v!/%e)!B (6.7)

For the removal rate of COD processed by per unit volume of biological carriers,
these coefficients were evaluated as follows: B = 4.74 x 107'8, x| = 2.64, x, =
1.12, x3 = 2.94. The value of R?> = 93.2%, which indicated that the removal rate
of COD by biocarriers was strongly correlated with these factors, and the fit of the
obtained model was fairly-good. Hence, the removal rate of COD processed by per
unit volume of biological carriers can be expressed as follows:

A =474 % 1071891.12(1 _ (p)2.64(p2v1/28)2.94 (68)

For the removal rate of TP processed by per unit volume of biological carriers, these
coefficients were evaluated as follows: 8 = 1.84 x 109, x; =34, x, =0.65x3 =
1.2. But the value of R? = 64.6%, which indicated that the fit of the obtained model
wasn’t fairly-good, which might be due to the low concentration of TP in the inflow
MBBR system, and need further study (Fig. 6.11).

6.5 Summary and Conclusion

In this paper, the removal rate of the pollutants in water body by MBBR based
on folded cylindrical biological carrier was studied experimentally. Based on the
experimental results and the filed test results, the removal effect of MBBR based on
folded cylindrical biological carrier on the pollutants in water body was discussed.
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Fig. 6.11 Error analysis between calculated results and measured results of COD and NH3-N

Further, the calculation model for the removal rate of the pollutants in water body by
MBBR based on folded cylindrical biological carrier was derived, which can be used
to predict the removal rate of MBBR systems. The main conclusions are as follows.

The MBBR system based on folded cylindrical biological carrier possessed a good
treatment effect on the pollutants of COD, BOD, NH3;—N and TP. In addition, the
dissolved oxygen concentration of the outflow could be maintained at a high level.
The average removal rate of COD and NH3;—N by MBBR system based on folded
cylindrical biological carrier reached 95% and 87.75% respectively.

The MBBR system based on folded cylindrical biological carrier possessed a
high removal rate of the pollutants in water body. Under the conditions of natural
hanging film, the biofilm culture was basically completed on 17th day, which was
fast than that of YL-II. Aerobic active biological carrier, K3 biological carrier and
polypropylene hollow sphere type of biocarrier carrier.

The calculation model for the removal rate of the pollutants in water bodies by
MBBR based on folded cylindrical biological carrier was derived based on the fill
rate of reaction tank, the specific surface area of bio-carriers, the sewage density, the
kinematic viscosity and the temperature of the water body. The calculation model
was a good predictor of the removal rate COD and NH3;—N by MBBR based on folded
cylindrical biological carrier, but couldn’t be used to predict the removal rate of TP,
which might be due to the low content and the variation with a small range of TP in
this experiment and the field tests, which need further study.
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Chapter 7 ®)
Salt-Water Intrusion Prediction Using Guca i
an Artificial Neural Network

in the Bouregreg Estuary (Morocco)

S. Haddout, K. L. Priya, A. M. Hoguane, and 1. Ljubenkov

Abstract Various numerical models have been used to describe hydrodynamics and
predict salinity. Whenever salinity is predicted or when parametric data is unavailable
or poorly estimated, these equations are even more complicated. Salinity simulation
studies are therefore conducted using Artificial Neural Networks (ANN) based on
back-propagation neural networks (BPNNGs). In this short paper, a simple technique
adopting an artificial neural network (ANN) for predicting the salinity data in the
Bouregreg estuary (Morocco) has been attempted. As a result, it can be used directly
to assess salinity parameters in the Bouregreg estuary because it is transparent and
applicable to the estuary. The Nash—Sutcliffe Efficiency Coefficient (NSC), Root
Mean Squared Error (RMSE), and Normalized Objective Function (NOF) are used
to assess the performance of the artificial neural network model. The research results
showed that the ANN model achieved high salinity prediction performance, with
the small RMSE coefficient, the NOF function being less than one, and the NSC
coefficient being very close to 1. In terms of water resource development in this
area and support for future management plans, this forecasting algorithm is a good
example of an effective tool.
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7.1 Introduction

Estuaries play an essential role in the human-earth system by connecting river and
ocean waters and where the mixing of ocean and river water affects the health of
aquatic ecosystems (Savenije 2015). This makes the functioning of estuary systems
an important area of research. A crucial element of estuarine dynamics is the inter-
action between salt and fresh water (Haddout and Maslouhi 2017; Haddout et al.
2017). The intrusion of salt into water is a major cause of quality issues for industrial
and agricultural uses as well as stratification and anoxia of bottom waters due to
the intrusion of salt (Kurup et al. 1998; Etemad-Shahidi et al. 2011) and sedimen-
tation of rivers due to saline intrusion. Both engineers and scientists are interested
in the effects of human salt intrusions. Hydrodynamics and salt intrusion have been
described using numerical models extensively. Each case must be calibrated and
verified before a numerical model can be applied. The equations involved are even
more complicated when there is scarce field data for model validation. A relatively
new computational approach, artificial neural networks (ANNSs), offers an alterna-
tive method to understand and manage hydrodynamic processes one step ahead, as
numerical models have difficulties and challenges in predicting salinity variations.
Artificial neural networks are widely accepted in many disciplines and offer an alter-
native method to predict salinity fluctuations. A number of properties, including non-
linearity, parallelism, noise tolerance, and ability to learn, make ANNs a good choice
for this application (Hagan et al. 1995; Wu et al. 2009). In this study, a backprop-
agation neural network model for time-series salinity prediction in the Bouyregreg
Estuary (Morocco) was implemented with input forcing functions affecting water
level and freshwater discharge.

7.2 Materials and Methods

7.2.1 Study Site

Along the Atlantic coast, between Sale and Rabat, the Bouregreg estuary is situated
at 34°N and 6°50'W (Fig. 7.1). The Sidi Mohammed Ben Abdellah dam restricts the
river’s maximum length and width to 23 km. The average freshwater flow ranged from
3-84 m3s~!. There is also a semi-diurnal tidal cycle of 12.25 h at the mouth of the
estuary, which is characterized by a narrow tidal range of 2.3 m. It is primarily
composed of seawater, so there is little freshwater influx into this estuary most of the
year (Haddout 2020). The estuary’s saltwater intrusion has gotten worse over time
since the Sidi Mohammed Ben Abdellah Dam was constructed.
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Fig. 7.1 Bouregreg estuary and location of measuring sites

7.2.2 Artificial Neural Networks

The neurons and nodes that make up a neural network are simple processing elements.
Direct communication links connect each neuron to other neurons, each with its own
weight. In order to solve a problem, the network needs to know the weights that repre-
sent the information. The most commonly used perceptron, called a perceptron with
a hidden layer, is composed of an input, a hidden layer and an output layer. There are
many types of neural networks depending on their structure. The most popular ANN
is the back-propagation neural network (BPNN), which was developed by Rumelhart
et al. (1986) and is used in the current study. It can be used to address a variety of
nonlinear issues because it is a multiple-layer network with nonlinear differentiable
transfer functions. BPNNs are trained using input vectors and corresponding target
vectors until they can approximate a defined minimum error or a specified maximum
number of epochs. Any function that contains a finite number of discontinuities can
be approximated by BPNNs that have biases, weightings, sigmoid layers, and linear
output layers. According to Fig. 7.2, the BPNN has the following architecture. A
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Fig. 7.2 Architecture of the back-propagation neural network (BPNN)

weight value for the input layer and bias value for the hidden layer are shown in
the illustration. The input vector is represented by Pi. In IW and b1, we show the
input layer weights and the hidden layer biases. The hidden layer bias and weight
are represented by b2 and LW in this illustration. The input vector is represented
by Pi. As sigmoid and linear transfer functions can extrapolate beyond the range of
training data, they are widely used in the hidden layer and output layer.

Matlab was used to implement the Artificial Neural Network model, which
is based on the Levenberg—Marquardt technique included in the Neural Network
Toolbox.

7.2.3 Data Observation

We collected water samples from the following stations during spring and neap tide
on October 8th, 2017 and February 16th, 2017: High and low tide samples were
collected during the slack period. Keeping pace with the tidal wave, the estuary was
measured upstream. The National Agency of Port (Morocco) provided the water level
at station 1. The freshwater discharge data at station 3 has been obtained. Salinity is
measured in-situ using an YSI Pro30 conductivity meter connected to a 10 m cable.
The positions of each measurement were also recorded using a Global Positioning
System (GPS). Various measurements can be carried out at low cost using the devices
used.

7.2.4 Evaluation Criteria

BPNN’s performance in predicting salinity in the Bouregreg estuary was assessed
by analyzing the correlation between predicted and observed salinity at station 2. An
analysis of residual errors was conducted based on the Mean Square Error (RMSE),
the Normalized Objective Function (NOF), and the Nash—Sutcliffe (NSC) coefficient
[more information can be found in Haddout et al. (2020).
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7.3 Results and Discussion

The hourly salinity measurement data at station 2 were collected for calibration and
validation phases using the ANN model (BPNN). This work creates a BPNN model
to predict estuary salinity at station 2 using water-level data at station 1 and freshwater
discharge data at station 3. Figures 7.3 and 7.4 show the time-series of water level at
station 1 (downstream) and the time-series of hourly river freshwater discharges at
station 3 (upstream).

Up until the perfect architecture was found, the BPNN model was calibrated. The
optimum BPNN architecture was determined to be 2-4-1, which consists of input
neurons, hidden neurons, and output neurons (see Fig. 7.5).

According to Fig. 7.6 the observed salinities at station 2 were compared with
BPNN predicted salinities during calibration and validation. During the calibration
and validation phase, it was found that the BPNN model overestimated the minimum
salinities during ebb tide and underestimated the peak during flood tide. RMSE, NOF,
and NSC were 0.88 ppt, 0.052, and 0.87, respectively, during the calibration, while
they were 0.75 ppt, 0.034 ppt, and 0.76 during the validation phase, as shown in
Table 7.1.

Based on the BPNN model, Fig. 7.7 shows the comparison between measured and
predicted salinity. A best-fit line was found to produce salinities evenly distributed
around it. According to the results, the ANN (BPNN) approach reproduces non-linear
relationships between input and output. In addition to predicting salinity variations,
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Fig. 7.3 Time series water level at station 1 used for the calibration and validation phases (x-axis
is in hours)
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Fig. 7.4 Upstream river freshwater discharges at station 3 used for the calibration and validation
phases (x-axis is in hours)

Input

Fig. 7.5 The architecture of the BPNN-model used for salinity modelling

the ANN model is limited by its black box nature and by its inability to simulate
internal physical processes in a tidal estuary. Engineering changes have led to the
adoption of numerical models as a means of providing detailed resolutions. However,
before applying these models for prediction, a considerable amount of measurements
data will be required to calibrate and validate the models. In this way, engineers can
quickly assess salinity changes in tidal estuaries using ANN models, which are
data-driven approaches.



7 Salt-Water Intrusion Prediction Using an Artificial Neural Network ... 91

35
Calibration phase Verification phase
o
30
<&
254 BPNN modeling
—~ | Observations
a
2 204
>
IS
© 15
n
1040
5| © €9)
LA AL WL AL SR LN LA L AL SN LA B SN S B
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Number of data

Fig. 7.6 The variation of the measured and modeled using BPNN model salinities at the station 2
during the calibration and validation. Note that red circles are measurements and the solid line is
the BPNN technique (x-axis is in hours)

Table 7.1 Results of the o
1 1 RMSE F (— N —
predictive model (BPNN) of Statistical analyses SE (ppt) |NOF (—) SC(—)
salinity at Station 2 St.2 calibration 0.88 0.052 0.87
St.2 validation 0.75 0.034 0.76

7.4 Conclusions

Salinity is an essential parameter for assessing the condition of the estuarine aquatic
ecosystem. The ANN (BPNN) model was used in the current study to predict the
salinities of the estuaries. A driving force function is constructed through the use of
time series of freshwater river discharges as input and the time series of water levels
upstream and downstream. Although the BPNN technique is a black-box model, the
salinity values estimated by the model are good. A large and suitable amount of
input—output data sets would further increase predictability of the ANN model since
it is a data-driven technique.



92 S. Haddout et al.

Callibration phase

Salinity Simulated-BPNN (ppt)

0 4 8 12 16 20 24 28
Salinity Observed (ppt)

1 Validation phase

Salinity Simulated-BPNN (ppt)

Salinity Observed (ppt)

Fig. 7.7 Measurements versus modelling using BPNN approach

Acknowledgements In appreciation of two anonymous reviewers, the authors acknowledge
their scientific suggestions and constructive comments which helped improve the manuscript
significantly.



7 Salt-Water Intrusion Prediction Using an Artificial Neural Network ... 93

References

Etemad-Shahidi A, Parsa J, Hajiani M (2011) Salinity intrusion length: comparison of different
approaches. Proc Inst Civ Eng-Marit Eng 164:33—42

Haddout S (2020) A power-law multivariable regression equation for salt intrusion length in the
Bouregreg estuary, Morocco. Mar Georesour Geotechnol 38(4):417-422

Haddout S, Maslouhi A (2017) Two-dimensional modeling of the vertical circulation of salt intrusion
in the Sebou estuary under different hydrological conditions. ISH J Hydraul Eng 1-18

Haddout S, Igouzal M, Maslouhi A (2017) Modeling the effect of salt water intrusion in the Sebou
River estuary (Morocco). Russ Meteorol Hydrol 42(12):803-811

Haddout S, Priya KL, Adarsh S (2020) A predictive model for salt intrusion in estuaries applied to the
Muthupet estuary (India) and Bouregreg estuary (Morocco). ISH J Hydraulic Eng 26(4):430-447

Hagan MT, Demuth H, Beale M (1995) Neural network design. PWS Publishing Company, Boston

Kurup GR, Hamilton DP, Patterson JC (1998) Modelling the effect of seasonal flow variations on
the position of salt wedge in a microtidal estuary. Estuar Coast Shelf Sci 47(2):191-208

Rumelhart DE, Hinton E, Williams J (1986) Learning internal representation by error propagation.
Parallel Distrib Process 1:318-362

Savenije HHG (2015) Prediction in ungauged estuaries: an integrated theory. Water Resour Res
51(4):2464-2476

Wu CL, Chau KW, Li YS (2009) Methods to improve neural network performance in daily flows
prediction. J Hydrol 372(1-4):80-93



Chapter 8 ®)
Progress and Foresight in Wetland e
Environmental Science Research:

An Econometric Analysis Based

on the Knowledge Map of the WOS Core
Database Literature

Feiyan Huang, Yong Zhang, and Yunyao Ma

Abstract The wetland environment faces the risk of degradation or disappearance,
which will drive the demand for scientific research on the wetland environment.
This paper uses CiteSpace software based on the bibliometric method to visually
analyze the relevant works of literature on wetland environmental science in the
core database of the Web of Science from 1977 to 2021. The results showed that
the number of literature related to wetland environmental science increased rapidly
after 2005. The United States has the most significant influence in this field, with a
total of 1,892 articles published. Joan Garcia, Baoshan Cui, Junhong Bai, and other
authors made outstanding contributions. The emergent analysis of keywords showed
that the hot spots of research in the last five years were the effects of human activities
or natural factors on carbon storage in wetlands, the effects of wetland pollution
on microbial communities, and the degradation and restoration of wetlands. Cluster
analysis yielded 23 valid clusters, of which “pattern”, “Atmospheric methane”, and
“Mercury” were the three most significant clusters. According to the content of cluster
labels, they could be divided into two categories: the relationship between wetlands
and climate change and wetland pollution and control. Future research on wetland
environmental science may focus on wetland classification, key influencing factors
of wetland ecosystems, the combination of wetland bioremediation technology with
nanotechnology or transgenic technology, and wetland restoration measures.
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8.1 Introduction

Wetlands have been widely concerned because of their essential environmental regu-
lation function and ecological benefits (Wang et al. 2021). Since the twentieth century,
with the rapid development of the social economy and the intensification of human
activities, the problem of wetland environmental degradation has become increas-
ingly prominent. By 2009, at least 33% of the world’s wetlands had disappeared
(Hu et al. 2017). The rapid reduction of wetlands will directly destroy the normal
function of the wetland environment and will cause severe global ecological envi-
ronment problems, which will threaten human health and development. It is vital to
carry out scientific research on the wetland environment and make clear the future
development direction.

With the official adoption of the Convention on Wetlands in 1971, a series of
studies have been conducted worldwide on climate change, pollution status, and
wetland restoration. Research on wetlands and climate change mainly predicts the
interaction between wetlands and climate change through models. Robert et al. estab-
lished a nonlinear dynamic model and predicted that by 2080, 22% of the world’s
coastal wetlands will disappear due to sea level rise alone (He et al. 2014). The
primary pollutants in the wetland are heavy metals and organic pollutants (Li et al.
2022). Bai et al. found that the level of iron and chromium pollution in the soil
of Wangingsha wetland in the Pearl River Estuary had reached a severe level (Bai
et al. 2011). Research on wetland restoration has focused on assessment methods,
techniques, and success indicators. With the help of ecosystem, category, and vari-
able indices, Staszak et al. constructed an index of ecosystem integrity to evaluate
the success rate of salt marsh wetland restoration (Staszak and Armitage 2013).
At the same time, some pieces of literature have reviewed the research on wetland
carbon budget, heavy metal pollution, vegetation methane transport, and constructed
wetlands (Ravikumar et al. 2022). Although these reviews have enhanced the knowl-
edge of wetlands, these studies tend to focus only on a particular type or region
of wetlands. Therefore, it is essential to systematically review the development of
wetland environmental science in the past decades and to clarify the general direction
of wetland environmental science research in the future.

Bibliometrics takes the characteristics of literature as the research object. With the
visualization function of bibliometrics software, researchers can objectively evaluate
the historical evolution process of the research field in a certain period (Wu et al.
2021). The CiteSpace software is one of the most widely used bibliometrics soft-
ware, which can intuitively display the position and size of nodes in the knowledge
network and quickly lock the most critical and core information in the field (Zhu
et al. 2018). The Web of Science (WOS) core collection connects multiple regional
citation indexes. WoS can quickly locate the most cutting-edge and classic literature
in a specific research field.

This paper summarizes global wetland environmental scientific research’s devel-
opment process and future direction. Based on the WoS Core Collection database,
the literature published on wetlands from 1977/1/1 to 2021/1/1 was screened. This
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paper uses the bibliometric software CiteSpace to analyze from the perspectives of
time evolution, cooperative relationship network, and keyword analysis. This study
will well summarize the development trend of global wetland environmental science
and provide a reference for the future development direction of this field.

8.2 Methodology

8.2.1 Data Collection and Cleaning

Search the WOS Core Collection database with the subject “Wetland”, and select
“Environmental Sciences” as the research category and “Article” as the literature
category. The search was limited to January 1, 1977, to December 31, 2021. In order
to select high-quality literature, 23 journals belonging to Q1 journals in the JCR
journal division for 2020-2021 were selected from the top 100 journals in the above
search results by using the “source publication name” function in WOS (Table 8.1).
At the same time, the retrieval function of WOS was used to exclude conference-
related papers. The manual screening of the results was carried out to eliminate the
review and irrelevant literature to ensure the data’s reliability and validity. Finally,
5952 pieces of literature related to wetland environmental scientific research were
obtained. The selected pieces of literature are downloaded and saved as TXT files
in WOS in the format of “Full Record and Cited References” as samples for data
analysis.

8.2.2 Data Analysis

This paper mainly uses the WoS data analysis section of CiteSpace (version 5.8R3) to
conduct statistical analysis and visual analysis of the number of publications, coun-
tries, authors, and research keywords on wetland environmental science. CiteSpace
parameters can be set as follows: Time threshold: 1977-2021; Node types: Country,
Author, Keyword; To make the bibliometric mapping clearer and more explicit, the
authors chose Pathfinder, Pruning sliced networks, and Pruning the merged network
for the pruning method; the rest of the options are default.
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Table 8.1 Journal
information
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Serial number

Publication titles

Impact factor

2020-2021

1 Science of the Total 7.963
Environment

2 Water Research 11.236

3 Environmental Pollution |8.071

4 Biological Conservation | 5.990

5 Water Resources 5.240
Research

6 Global Change Biology |10.863
Journal of Hazardous 10.588
Materials

8 Global Biogeochemical |5.703
Cycles

9 Conservation Biology 6.560

10 Journal of Environmental | 6.789
Management

11 Chemosphere 7.086

12 Journal of 5.565
Environmental Sciences

13 Ecotoxicology and 6.291
Environmental Safety

14 Environmental Research | 6.793
Letters

15 Marine Pollution 5.553
Bulletin

16 Remote Sensing of 10.164
Environment

17 Ecosystem Services 5.454

18 Environmental 5.288
Modelling Software

19 Environmental Science |5.581
Policy

20 Atmospheric Chemistry | 6.133
and Physics

21 Environmental and 5.545
Experimental Botany

22 Environmental Research | 6.498

23 Environmental 5.263

Technology Innovation
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8.3 Results

8.3.1 Literature Panorama

Literature quantity analysis. Since 1977, the number of publications on wetland
environmental science has been increasing. In the past 46 years, the total number of
publications can be divided into three stages: 1977-1988 was the early exploration
stage, during which the annual average number of publications was less than 10. The
period from 1989 to 2004 was a slow growth stage. In 2004, the number of articles
exceeded 100 for the first time. Since 2005, the number of published papers has
soared, reaching 822 in 2021, 6.5 times that in 2005 (Fig. 8.1), reflecting that the
research of wetland environmental science is gaining wide attention.

The number of national publications. The number of national publications can
reflect the importance and influence of the country on the research field. In wetland
environmental science, the top 10 countries in terms of publication volume are
the United States, China, Canada, Australia, England, Germany, Spain, France, the
Netherlands, and Italy. The United States has a long wetland environmental science
research history, which began in the 1970s. Around 1970, the United States estab-
lished the Environmental Protection Agency (EPA) and issued the National Environ-
mental Policy Act of 1969 to promote the research of wetland environmental science.
China’s research on wetland environmental science started relatively late, at the end
of the 1990s. However, with the rapid development of the Chinese economy and the
improvement of scientific research, wetland environmental research has been paid
more and more attention. In particular, in the past five years, China’s publication
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volume in this field has shown a rapid growth trend (Fig. 8.2), achieved fruitful
results, and gained increasing global influence.

8.3.2 Keywords Analysis

Keywords are the article topic of a high degree of summary and concise. Keyword
emergence analysis refers to the significant increase in the frequency of keywords
in a certain period, which indicates the increasing attention to the keywords in this
period. It can show the transfer of research hotspots in different periods and judge
the potential development trend and frontier research in this field. Keywords Cluster
view can reflect the structural features between clusters, highlight key nodes and
essential connections, and reveal a knowledge domain’s research topic and evolution
process. The research progress and hotspot of wetland environmental science can be
more comprehensively reflected by emergent keyword analysis and cluster analysis.

Analysis of emergence. In the emergent analysis, “Year” represents the time when
the node appears; “Begin” and “End” indicate the start and end times. “Strength” indi-
cates emergent strength; the higher the strength, the greater the influence. Figure 8.3
shows the top 25 most cited breakout keywords. It can be divided into three stages
according to the change of emergent time. Stage 1: 1987-2006, “atmospheric

9

methane”, “carbon dioxide”, and “flux” were the first to appear. Combined Fig. 8.2
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shows that the study of the wetland environment in this period is on the right track.
Currently, the research focuses on quantitatively analyzing wetland methane, carbon
dioxide, and other greenhouse gases (Turetsky et al. 2014). Stage 2: 1992-2011,
oxidation, cadmium, habitat, methyl mercury, reed bed, and other keywords appear.
At this stage, the characteristics of heavy metal pollution, the effects of organisms on
heavy metals (Bonanno and Giudice 2010), the interaction between climate change
and wetland ecosystem, and the effects of alien species or grazing on wetland ecolog-
ical environment are the hot spots of attention. It is worth noting that the presence
of keywords methane emission and emission indicates that the sources and sinks
of greenhouse gases such as methane in wetlands are still the focus of research.
Stage 3: 2017-2021, the keywords bacterial community, microbial community, and
blue carbon began to appear. It reflects that the research focus in recent years is the
impact of human or natural activities (climate change, sea level rise) on wetland
carbon storage (Adhikari et al. 2019), the impact of pollutants on wetland micro-
bial community (Worthy et al. 2000), and the degree of wetland degradation and
restoration measures.

Cluster analysis. In cluster analysis, the Log-likelihood ratio (LLR) algorithm is
used based on the keyword co-occurrence network, so words with larger LLR are

Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 1977 - 2021
wetland 1977 2135 1987 2006
atmospheric methane 1977 15.89 1987 2006
flux 1977 12.31 1987 2006
sediment 1977 10.56 1987 2001
atmosphere 1977 10.56 1987 2011
carbon dioxide 1977 517 1987 2006
water 1977 1434 1992 2011
oxidation 1977 1242 1992 2006
transport 1977 12.17 1992 2011
cadmium 1977 1134 1992 2011
lake 1977 952 1992 2011
habitat 1977 93 1992 2000 ——————
emission 1977 9.05 1992 2006
population 1977 19.23 1997 2011
methane emission 1977 13.19 1997 2006
zinc 1977 10.83 1997 2016
peatland 1977 10.34 1997 2011
methyl mercury 1977 89 1997 2016
species nichness 1977 £.78 1997 2011
sod 1977 1692 2002 2011
reed bed 1977 11.21 2002 2011
copper 1977 946 2002 2011

bactertal community 1977 1542 2017 2021

microbial community 1977 10.17 2017 2021
biue carbon 1977 847 2017 2021

Fig. 8.3 Top 25 keywords with the strongest citation bursts
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more likely to represent the cluster. The clustering display Modularity Q value is
0.8436, and the clustering Mean Silhouette value is 0.9358 (Fig. 8.4). When Q > 0.3,
it means that the community structure is significant; Analysis results are considered
convincing when S > 0.7 (Zhao and Qin 2022). The results show that the cluster graph
is a significant and convincing community structure. Finally, 23 effective clusters
were obtained, and cluster numbers ranged from #0 to #23. The smaller the number,
the larger the scale of literature research under the cluster. The label can be classified
into two categories based on the label content.

The relationship between wetlands and climate change: The clusters of “Pattern”
(#0), “Atmospheric methane” (#1), “Methane” (#6), “Fluxe” (#10), and “Emission”
(#21) all reflect the impact of wetlands on climate change. Due to their unique
conditions, wetlands can slow down the decomposition of CO, and generate net
carbon sinks, and may also increase CH4 emissions, thus affecting the global climate
(Song et al. 2009). Mohamed et al. found that wetland drainage has a significant
impact on microclimate. In the dry season, the relative humidity will decrease by 30—
40%, and the temperature will rise by 4—6 °C (Mohamed et al. 2005). The clustering
of the Salt marsh (#3), Climate change (#7), DOC (#14), and Dissolved organic
matter (#17) reflects the impact of climate change on wetlands. The research of
Watson, Ivan et al. showed that the rise of sea level would affect the distribution of
wetland vegetation structure (Mohamed et al. 2005).
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Wetland pollution and treatment: The cluster of “Mercury (#2)”, “Zinc (#5)”,
“Protected areas” (#13), “Dissolved organic matter” (#17), “Pahs” (#18) shows
people’s attention to heavy metals, organic pollutants, and treatment methods in
wetlands. Chen et al. added biochar to soil and found that the accumulation of
Cd, Pb, and Cu in plant tissues decreased by more than 25% on average (Chen
et al. 2018); Liang et al. showed that biochar and compost also had a significant
impact on the availability and morphology of heavy metals in wetlands (Liang
et al. 2017). The cluster, including “Denitrification” (#4), “Nitrate” (#8), “Phos-
phorus” (#9), and “Constructed wetlands” (#19), mainly research the performance
of constructed wetlands in removing nutrients and emerging organic matter. Gao
et al. developed a new type of electrolytic-integrated horizontal subsurface flow-
constructed wetland, which can remove more than 80% of nitrate and phosphorus
(Gaoetal.2017). The removal rate of emerging organic pollutants by the conventional
activated sludge process is minimal. Studies have shown that constructed wetlands
effectively remove such pollutants. Yi et al. removed persistent organic pollutants
and endocrine-disrupting chemicals through composite-constructed wetlands, with
a removal rate of more than 90% (Yi et al. 2017).

8.4 Discussion

Through the analysis results of keywords emergence and clustering, it can be found
that the relationship between wetlands and climate change, as well as wetland pollu-
tion and control throughout the scientific research of wetland environment, but there
are still many problems worth exploring in the process of research. For example,
in the quantitative study of wetland greenhouse gases, the degree of wetland degra-
dation, and the influencing factors of wetland pollutants, the results obtained by
different researchers are quite different. Therefore, this paper will discuss the rela-
tionship between wetlands and climate change, as well as the future research direc-
tion of wetland pollution and treatment, in combination with the frontier technology
related to environmental science or other disciplines, to provide a reference for the
development of wetland environmental science.

8.4.1 The Relationship Between Wetlands and Climate
Change

Based on the above results, the development of the relationship between wetlands and
climate change can be thoroughly interpreted. Since the late 1990s, urbanization has
intensified the degradation of global wetlands, raising concerns about the interaction
between wetlands and the atmosphere (Hu et al. 2017; He et al. 2014). It is widely
believed that wetlands may affect climate change as carbon sinks. Pickett-Heaps et al.
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(2011) quantified methane emissions from Hudson Bay lowland wetlands using a
chemical transport model, but the estimated amount of this model was much higher
than the research results of Worthy et al. (2000). Song et al. studied for the first
time the exchange of CHy, N,O, and CO, between three wetland ecosystems and
the atmosphere in the Sanjiang Plain of China, showing that the gas fluxes between
different wetland types are very different (Song et al. 2009). The above studies show
that the current research on greenhouse gases in wetlands is still challenging. The
main influencing factors must be considered more comprehensively and integrated
into the model. The type of wetland and the circulation of greenhouse gases within
the wetland ecosystem also need to be considered. At the same time, the impact
of climate change on wetlands cannot be ignored. Bohn et al. combined the three
models of hydrology, ecology, and emission, and found that under the combined
action of temperature rise and precipitation increase, the annual methane emission
of wetlands would be doubled (Bohn et al. 2007). Baldwin et al. (2014) and Jennifer
et al. simulated climate warming or ozone concentration increase in the laboratory.
The results showed that wetland community biomass and species richness would
be affected. Most of the above research results are based on models or laboratory
cultures, making it difficult to accurately assess the extent of the impact of wetlands
on climate change.

In recent years, it has been one of the research hotspots to evaluate the protection
degree of wetlands by various protective measures under the influence of climate.
Kuhfuss et al., based on a worst-case scenario of a one-meter sea level rise by 2100,
which places the area at risk of inundation, showed that post-construction measures
could have inundation losses (Kuhfuss et al. 2016). The studies are also evaluated
based on different assumptions in which the ecosystem does not change. When it
comes to the distant future, ecological services may have changed. Therefore, in the
future study of the relationship between wetlands and climate change, it is the key to
improve the accuracy of assessment to make a more detailed classification of global
natural wetlands and explore the determinants of each wetland type ecosystem.

8.4.2 Wetland Pollution and Treatment

Heavy metal pollution and treatment. Since the twenty-first century, the concen-
tration of heavy metals in wetland soil has often exceeded the threshold of soil
protection law, and the wetland is often used as hay production land and cattle farm.
Concerns about the possible transfer of heavy metals into the food web have been
raised. Early scholars studied the absorption and transport of heavy metals by soil
and vegetation in wetlands. Asa et al. found that the heavy metals in the stems and
leaves of Potamogeton natans were directly absorbed from water, and there was no
apparent transfer from root to bud (Fritioff and Greger 2006). Liu et al. studied the
absorption of Cd, Pb, and Zn by 19 wetland plants, and the results showed that the
removal rate of heavy metals was more than 90% (Liu et al. 2007). The above research
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indicated that plant extraction would be a better remediation technology for heavy
metal pollution. However, most plants experience low bio effectiveness or limited
metal transfer to above-ground parts during extraction. Researchers began to study
the use of chemicals to assist plant extraction of metals, synthetic chelating agents,
and low molecular weight organic acids often used to improve the bioavailability of
metals, which are the focus of research. Studies have confirmed that citric acid can
increase the absorption of Cd, Mn, Pb, and Hg by plants more effectively than other
organic acids with low molecular weight. At the same time, EDTA can improve the
accumulation of metals in plant buds. However, slow degradation and longer dura-
tion in the soil will increase the environmental leaching risk and toxicity, so it is not
suitable for practical use (Amir et al. 2020).

In recent years, the research focused on heavy metals in the wetland is the source
analysis and risk assessment of heavy metals. Sabry et al. assessed heavy metal
pollution in the sediments of the Brulus coastal lagoon by using pollution factors,
pollution load index, and other methods and showed that the sediments were seriously
polluted by metals such As and Sb (Shaheen et al. 2019). Heavy metals in sediments
are likely to accumulate gradually through the food chain in animals and humans. Yu
et al. have shown that sandpipers in wetlands, small birds that forage from sediments,
are susceptible to copper and lead (Man et al. 2021). Wang et al. found that the
pollution levels of As, Cd, and Zn in the riparian wetlands in Yunnan were relatively
high. Contamination levels of other elements are relatively low, probably due to
the different bioavailability of each metal (Wang et al. 2018). In the study of Wang
etal. (2019), Diffusive Gradients in Thin-films (DGT), High-resolution Peeper (HR-
Peeper), and traditional methods were combined to evaluate heavy metals in wetland
sediments in Taihu Basin. DGT technology can reflect the dynamic supply of metals
in the solid phase and accurately reflect the mobility and bioavailability of metals in
sediments. The methods used to assess heavy metal pollution levels in various studies
have been used for decades, which may not accurately assess the risks existing in
the current wetland environment. Therefore, the risk assessment of heavy metals
in wetlands should consider factors such as wetland type and metal bioavailability.
Meanwhile, a database of heavy metal concentrations should be established according
to different wetland ecosystems to facilitate the study of heavy metal bioavailability
and transport in different ecosystems.

Control of nutrients and organic pollutants. The above co-occurrence and emer-
gent analysis results show that constructed wetlands are widely used to manage
nutrients and organic pollutants. Since 2005, researchers have begun to pay attention
to the ability of constructed wetlands to remove nutrients and improve the ability of
constructed wetlands to remove pollutants by testing different types of constructed
wetlands, vegetation, hydraulic loads, and medium materials. If the electrochem-
ical method is applied to the constructed wetland, the nitrate removal rate can be
increased to more than 80%, and the phosphorus removal rate can reach more than
90% (Gao et al. 2017). The nitrogen removal rate reached 98.3% by adding biochar
in tidal flow mode (Li et al. 2019). The removal rate of high chlorine compounds
in the horizontal flow constructed wetland is up to 99%. However, the removal rate
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of organic pollutants containing less chlorine or no chlorine is low. The interaction
between pollutants will seriously affect their removal effect, which is a crucial point
worth attending to in the future (Avila et al. 2014). In recent years, wetland organic
pollutants have been the focus of attention, especially emerging organic pollutants.
Early studies on organic pollutants in wetlands focused on the distribution charac-
teristics, source analysis, and potential harm degree of PAHs in sediments and fish.
Several areas have shown that the hazards of organic pollutants to wetland organ-
isms and humans are within acceptable limits. In the long run, managing organic
pollutants in the wetland is still worthy of attention. Current research focuses on the
remediation of PAHs contaminated soils through physical, chemical, and biological
techniques. Physical and chemical remediation, although fast, is prone to secondary
contamination and soil deactivation and is expensive. Biodegradation is considered a
simple, environmentally friendly, and low-cost method. However, more studies need
to be done on the biodegradation of organic pollutants. Moreover, biodegradation is
mainly at the stage of basin experiments, and the removal effect is common. Nano
and transgenic technologies have been proven effective in removing heavy metals
and organic pollutants, but few studies have applied them in wetland management.
In the future, biotechnology can be combined with nanotechnology and transgenic
technology to be used in the research of removing organic pollutants.

8.5 Conclusion

In this paper, we analyzed the temporal evolution, cooperation, and research hotspots
of wetland environmental science literature in WOS from 1977 to 2021 using
the bibliometric analysis software CiteSpace, and revealed the research hotspots
and future research directions in the field of wetland environmental science. The
conclusions are as follows:

(1) The number of publications in wetland environmental science has shown a rapid
growth trend after 2005 and is expected to continue to grow in the future; the
United States and China have contributed much more than other countries in
this field. China’s research started late but has been multiplying in the past five
years.

(2) According to the co-analysis of authors, Joan Garcia is the author with the
highest number of publications in the field of wetland environmental science,
followed by Cui Baoshan, Bai Junhong, Hans Brix, and Zhang Jian. The high
output was obtained in the research direction of artificial wetlands for wastewater
removal.

(3) In the analysis of keywords, the emergent analysis found that the wetland envi-
ronmental science research hotspot showed three stages of change over time.
The first stage was the quantitative analysis of wetland greenhouse gases. The
second stage is the interaction of heavy metal pollution, climate change, and
wetland ecosystem. The third stage is the impact of human or natural activities
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on wetlands and the degree of wetland degradation and restoration measures.
Cluster analysis shows that pattern, atmospheric methane, and mercury are the
most extensive study scale clusters. Based on the authors’ cooperation anal-
ysis and the emergence analysis, the cluster labels can be divided into two
categories: the relationship between wetlands and climate change and wetland
pollution and control. In the future, detailed classification of wetlands, explo-
ration of the determinants of various wetland ecosystems, the combination of
bioremediation technology and nanotechnology or transgenic technology, and
wetland restoration measures may be the key to scientific research on the wetland
environment.

In terms of data sources, retrieval methods, research methods, and analysis
results, this paper has a particular reference significance for the research trends in
wetland environmental science. Bibliometric analysis can objectively and quantita-
tively reflect the research trends in the field of wetland environmental science at the
macro level, but there are certain limitations in the research methods. In the follow-up
research, the software function should be further improved, or other methods should
be used.
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Chapter 9 ®)
Calculation for Resistance Loss of Fine Gzt
Dredged Slurry in Long-Distance

Straight Pipeline

Rui Wang and Guoliang Yu

Abstract In order to improve the protection of water resources and the quality of the
environment and ecology, a huge amount of dredging business was carried out every
year, such as the excavation and maintenance dredging of harbors and waterways, the
construction of coastal industrial parks, artificial islands, tourist ecological resorts,
and the dredging to maintain the capacity and safety of reservoirs. In this study,
the calculation for the resistance loss of the fine dredged slurry in long straight
pipeline was investigated based on the calculation method of the flow resistance in
open channels. By introducing the drag coefficient, the calculation model for the
resistance loss of dredged slurry in long straight pipeline was development, which
should be divided into high energy area and low energy area. The commonly used
calculation models and the measured results in previous research were used to verify
the accuracy of the calculation model proposed in this paper. The verification results
show that the calculation model for the resistance loss of the dredged slurry in long
straight pipeline proposed in this paper has a reliable accuracy, which can reflect
the non-monotonic change of the flow resistance loss in the pipeline, and has good
practicability.

Keywords Resistance loss * Fine dredged slurry - Long-distance straight
pipeline - Drag coefficient + Calculation model

9.1 Introduction

Long-distance slurry transport in pipeline is one of the main ways of the solid
hydraulic pipeline transport in dredging industry (Li 2011). More than 90% of the
large dredging projects are excavated by cutter suction dredgers or rake suction
dredgers, and then the excavated slurry is transported to destination by a pipeline
(Goes et al. 2018; Nanda 2019). In the process of dredging, the transport velocity of
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slurry in the pipeline needs to reach a certain value to keep the slurry suspended, other-
wise the slurry will settle, which results in the increase of slurry transport resistance
(Li et al. 2022), and reduced the transport efficiency. The design and the operation
of hydraulic transmission system also need to estimate the slurry resistance loss in
the pipeline reliably (Sun et al. 2021). The slurry resistance loss determines the type
of dredging equipment (Tian et al. 2021) and the size of the pipeline (Wang et al.
2016), and is related to the cost and the efficiency of slurry pipeline transportation
(Guo et al. 2020). Thus, the calculation of slurry resistance loss in dredged pipeline
is a basic problem in dredging industry.

The internal mechanism of the slurry resistance loss in pipeline transportation
lies in the energy dissipation along the pipeline, which is mainly manifested as the
pressure reduction (Matousek 2002, 2009) or the hydraulic loss along the pipeline
(Maetal. 2015; Gao et al. 2016). Its composition and characteristics from the macro-
scopic and microscopic perspective include the friction resistance loss between slurry
and pipe wall (Yu et al. 2012), the settlement resistance loss and the collision resis-
tance loss of sediment particle (Zhao et al. 2019). Because fine slurry has a certain
viscosity, its concentration and physicochemical properties may also change in the
process of dredging pipeline transportation (Wang and Yu 2019), and the flow pattern
changes have various forms (Yang et al. 2014), so far it is impossible to conduct
a complete unified analysis theoretically. Therefore, many empirical formulas are
mostly adopted at home and abroad for mathematical calculation for the slurry trans-
port resistance loss in pipeline transportation (Durand 1953; Turian and Yuan 1977;
Sun et al. 2004). However, these formulas are of low accuracy when they are applied
to the calculation for the transport resistance of high-concentration fine slurry in
pipeline transportation.

In this paper, the calculation model for the resistance loss of the fine dredged slurry
in long straight pipe-line was developed referring to the calculation method of the
flow resistance in open channel firstly. The influence of bedforms were considered.
Finally, the experimental results and the field test result were collected to verify the
accuracy of the calculation model proposed in this paper. This research provided a
new idea and method for the design of slurry pipeline transportation and the study
of slurry resistance loss in slurry pipeline transportation.

9.2 Calculation Model Derivation for Resistance Loss

9.2.1 Different Bed Energy Regions

The calculation model derivation for the resistance loss of the fine dredged slurry in
long straight pipeline should consider the different energy regions of bed, because the
bed form is an important factor affecting the transport resistance of the fine dredged
slurry in long straight pipeline. When the fine dredged slurry is transported in a long
straight pipeline, there will be some sand waves with different sizes and forms near
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bed. Whether there is sand waves in pipeline or not, the formation mechanism of the
transport resistance of fine dredged slurry are different, which is reflected in the low
energy region (the grain and dune stage) and the high energy region (the dynamic flat
stage and sand wave stage). As a result, the calculation methods for the resistance loss
of fine dredged slurry in different energy region in long straight pipeline are different.
The influence of bed forms on the transport resistance of the dredged slurry in long
straight pipeline is to change friction resistance loss and collision resistance (Li et al.
2018), and causes the difference in the concentration distribution and the movement
of the fine dredged slurry on the section of the pipeline, which in turn will cause the
transformation of the resistance coefficient in the calculation model for the resistance
loss of the fine dredged slurry in long straight pipeline (Yu and Lim 2003). While
the commonly used calculation models, such as the Durand model and Turian and
Yuan model, don’t consider this point, which often have a large error in the practical
engineering applications. It is necessary to first determine the drag coefficient in
different bed forms firstly.

9.2.2 Resistance Coefficient Calculation Method

Referring to the calculation method for the flow resistance in different energy states in
open channel proposed by Yu and Lim (2003), the average slurry transport velocities
under the conditions of the impact bed with sand waves present and the rigid bed
with no sand waves present in the long straight pipe were defined as U and U,
respectively, and the resistance coefficient A was the ratio of U and U,, which was
derived as follows.

U

A=
£U,

9.1)

& in the above equation represented the influence of sediment characteristics and
bed characteristics on the transport resistance of fine dredged slurry in long straight
pipeline, and the function expression was derived as follows.

L Ryp/dso = 300x

6= 3000 P 9.2)
Ry/dsy 170 = X

where R, was the hydraulic radius of pipeline, m; dsy was the sediment particle size,
m; x was the dimensionless form of bed shear stress, which was derived as follows.

x =1n6/6,, 9.3)



114 R. Wang and G. Yu

where 0 and 0., were the actual Shields number and the critical Shields number when
the fine dredged slurry was transported in a long straight pipeline.

0 = yuDJ /40, 9.4)

Ocr = 0.056 — 0.33¢ 700113 40,170 4 o720 (9.5)

where y,, was the bulk density of fine dredged slurry, N/m?; D was the pipe diameter,
m; J was the hydraulic gradient; d, was the dimensionless form of sediment particle
size, which was derived as follows.

dgr = dsolg(ys — v)/yv*1'? (9.6)

where v is the kinematic viscosity, m2/s.

According to the study of Yu and Lim (2003), the resistance coefficient A is
correlated with the dimensionless form of bed shear stress x. 8/0., < 1 represents
the flow intensity is lower than the incipient condition of bed sediment, and the bed
form is flat. At this time, A = 1, but in the normal slurry pipeline transportation
process, the flow intensity is always much greater than the incipient condition of
bed sediment, which does not belong to the scope of this study. For the low energy
region, with the increase of 6/6.,, the resistance coefficient A decreases with the
formation of ripples and dunes. When 1 < 6/6., < 7.5, the relationships between the
resistance coefficient A and the dimensionless form of bed shear stress x in the low
energy region and the high energy region were consistent. While 7.5 < 6/6 ., < 250,
the relationships between the resistance coefficient A and the dimensionless form of
bed shear stress x in the low energy region and the high energy region were very
different. For 1 < 0/6,., < 250, the relationship between the resistance coefficient
A and the dimensionless form of bed shear stress x in the low energy region was
developed as follows (Fig. 9.1).

AL = —0.0044 x> +0.0661 x> —0.352x + 1 9.7
For the high energy region, the relationship between the resistance coefficient A5 and
the dimensionless form of bed shear stress x was divided into two parts according
to the value of 6/6.,. When 1 <0/6.. <17.5,
Ay = —0.0044 > +0.0661x% —0.352 + 1 (9.8)
And when 7.5 < 6/0., < 250,

A =0.0337x —0.469x> + 1.916) — 1.644 9.9)
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Fig. 9.1 Relationship between resistance coefficient and dimensionless form of bed shear stress

9.2.3 Resistance Loss Calculation Model

The hydraulic slope J was used to represent the resistance loss of the fine dredged
slurry in long straight pipeline, because the resistance loss of the fine dredged slurry
in long straight pipeline was mainly manifested as the pressure reduction or the
hydraulic loss along the way. When there were sand waves in pipeline, the average
sectional velocity of slurry in the long straight pipeline was calculated by Manning
formula, as follows.

1 2
U=-R)J* (9.10)
n

where R;, was the hydraulic radius of pipeline, R, = 1/4D, n was the Manning
coefficient, n = (ds0)/°/6.7g"?, and g was the acceleration of gravity, m/s?>. According
to the study of Yu and Lim (2003), the Manning coefficient n could be substituted
into the Eq. (9.1) to obtain the average velocity of slurry in the pipeline under the
condition of the bed with non-erosive materials or the bed with loose material, when
the flow intensity in pipeline was small, and the bed form was flat. Therefore, the
formula for the average sectional velocity of slurry in the long straight pipeline under
the condition of the bed with no sand waves was derived as follows.

2

D 3
Ur = 6.67\/ gds()(—) J
4nA
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where A was pipe wall roughness; 1 was the influence coefficient of the proportion
between slurry and pipe wall roughness. Usually, when the fine dredged slurry is
transported in long straight pipeline, D/A > 500. By introducing the resistance
coefficient, and the expression of the resistance loss J of fine dredged slurry in
long straight pipeline was derived as follows.

D

40432
47,)A)»(é)») ] 9.12)

J = U?/[44.89gds0(

And the calculation model for the resistance loss of fine dredged slurry in different
energy region in long straight pipeline were as follows.

(1) In the low energy region (the grain and dune stage):

D

4 2
4nA)' (ArL)] (9.13)

Ji = U?/[44.89gdso(

(2) In the high energy state area (the dynamic flat stage and sand wave stage):

D
4nA

Ty = U*/[44.89gdso(——) (En)’] (9.14)

9.3 Calculation Model Test and Discussion

9.3.1 Verification by Measured Data

The field measured data and the experimental data collected by Gong et al. (2021)
about the transport velocity of the fine dredged slurry in long straight pipeline were
used to verified the calculation model proposed in this paper. The sediment param-
eters and the hydraulic conditions are shown in Table 9.1. According to the data
in Table 9.1, Rp/dsg, x and & of the dredged slurry in this pipeline transportation
were calculated. The calculation results shown that R,/ds5y was always smaller than
300y, such as all the data of the sediment with the particle sizes 0.07 mm, 0.15 mm,
0.11 mm and part of the data of the sediment with the particle size 0.056 mm. In
this case, the value of coefficient £ is not 1, which should be obtained according to
formula (9.2). The condition that Ry/dsy > 300 mostly occurred when the sediment
particle size is less than or equal to 0.06 mm, such as all the data of the sediment
with the particle size 0.027 mm and part of the data of the sediment with the particle
size 0.056 mm. In this case, the value of coefficient & was 1. The reason for Ry/d5g
> 300x was that the influence of the cohesive force between sediment particles on
the resistance loss of slurry pipeline transportation gradually increased, when the
sediment particle size was less than 0.06 mm.
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Table 9.1 Field measurement data of slurry transportation

Pipe Sediment Sediment Volume Flow Incipient Rp/dso
diameter | density particle size | concentration | intensity | condition

(mm) (g/em?) (mm) (%)

268 1.33 0.07 13 10.51 0.034 957.14
268 1.33 0.07 13 7.80 0.034 957.14
268 1.33 0.07 13 491 0.034 957.14
321 1.44 0.15 30.3 8.53 0.086 535
321 1.44 0.15 30.3 5.65 0.086 535
321 1.44 0.15 30.3 17.95 0.086 535

321 1.44 0.15 30.3 5.10 0.086 535
248 1.35 0.056 19.8 40.99 0.291 1107.14
248 1.35 0.056 19.8 791 0.291 1107.14
248 1.35 0.056 19.8 8.78 0.291 1107.14
248 1.35 0.056 19.8 6.96 0.291 1107.14
255 1.01 0.027 6.3 13.21 0.9 2361.11
255 1.01 0.027 6.3 15.99 0.9 2361.11
255 1.01 0.027 6.3 7.32 0.9 2361.11
187 1.61 0.11 14.5 11.34 0.104 425
187 1.61 0.11 14.5 8.67 0.104 425
187 1.61 0.11 14.5 17.6 0.104 425
187 1.61 0.11 14.5 153 0.104 425

In this paper, the calculated transport velocity of the fine dredged slurry in long
straight pipeline was adopted to be compared and verified with the measured trans-
port velocity, which was a more intuitive comparison. The resistance loss wasn’t
adopted as the index because the measured value of the resistance loss of the fine
dredged slurry in long straight pipeline was too small, which couldn’t well reflect the
comparison effect with the calculated results. The calculated transport velocity of the
fine dredged slurry in long straight pipeline was obtained by putting the measured
hydraulic slope into the calculation models. In addition, the bed form is rarely in
the stage of dynamic flatness and sand waves during the fine dredged slurry trans-
porting in long straight pipeline. Thus, the calculation model in the low energy region
proposed in this paper was used to obtain the transport velocity of fine dredged slurry
in long straight pipeline.

Figure 9.2 describes the comparison between the field measured results and the
calculation results. It could be seen from Fig. 9.2 that the calculated results were
close to the measured data, which were basically within the range of 10% error, and
evenly distributed within the range of the error line. It was proved that the proposed
calculation model had a good accuracy.
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Fig. 9.2 Comparison between the field measured results and the calculation results

9.3.2 Comparison with Commonly Used Calculation Models

The calculation model proposed in this paper was compared and analyzed with the
commonly used calculation models based on the measured data of the pipeline trans-
portation in Jianshan iron concentrate of Shanghai and Nanfen tailings of Liaoning
province in China. The following four commonly used calculation models adopted,
which were listed as follows.

(1) Durand model
Durand model proposed by Durand (1953) expresses the resistance loss as
the sum of the resistance loss in clear water and the additional resistance loss by
introducing the concept of critical deposition velocity required to the maximum
effective operating condition, which is still used in the industrial field.

V2/Ch

Do 1)]—7 9.15)

J =Jw+ KpCyJwl

where Kp is the constant coefficient, K, = 82; C, is the volume concentration
of slurry, %; V,, is the average flow velocity of the solid—liquid mixture (slurry),
m/s; Cp is the drag coefficient; § is the ratio of the solid (slurry) density to the
liquid (water) density. Jy is the hydraulic slope of clear water, which is derives
as follows.

Jw =¢V3/2¢D (9.16)
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where N is the roughness coefficient.
Turian and Yuan model

Turian and Yuan model proposed by Turian and Yuan (1977) believes that
the hydraulic slope of the slurry in pipeline transportation is equal to the sum of
the hydraulic slope in clean water and the additional hydraulic slope generated
by the intervention of solid particles, which is derives as follows.

V2
J=Jw+ 0.551c$~86905°-168[g—2(3 — D702 (9.18)

where Cp = 0.4 ~ 0.43, when 1000 < R,y < 2 x 10°, and R,y os the particle
Reynolds number.
Calculation model proposed by Wenguang Chen

According to the calculation model proposed by Chen (1994), the total resis-
tance loss of the slurry in pipeline transportation is the superposition of the
friction, the particle sedimentation and the particle collision, which is shown as
follows.

AV2 w dsoV,, Cy
J=—"4Cy(—-1)— . 9.19
P2 B s R T BGhY Ta P e e ©-19)

where Cy,, is the limiting volume concentration of slurry, %; o is the settling
velocity of sediment particles, m/s. The following formula is adopted to obtain
the settling velocity of sediment particles, which is applicable to the calculation
for the settling velocity of sediment particles in laminar, turbulent and transition
zones (Ni et al. 2004), and as follows.

Vs =V

gdsy — 13.95— (9.20)
dso

w=\/(13.951)2+ 1.09
dso

where y; and y are the bulk density of sediment particles and clear water
respectively, N/m?.
Calculation model proposed by Xiangjun Fei

The calculation model proposed by Fei (1986) decomposes the transport
resistance of slurry in pipeline transportation into the carrier resistance and the
bed resistance, which is derived as follows.

AV2y, o — w
= Dot ey (B2 2 9.21)
2gDy Y Va
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Table 9.2 Hydraulic conditions of pipe transportation in Jianshan iron concentrate

Pipe diameter | Sediment | Sediment Volume Flow intensity | Incipient
(mm) density particle size | concentration condition
(g/em?) | (mm) (%)
255 4.76 0.027 17 11.51 0.271
255 4.76 0.027 17 6.80 0.271
255 4.76 0.027 17 391 0.271
255 4.76 0.027 11.8 16.37 0.271
255 4.76 0.027 11.8 9.53 0.271
255 4.76 0.027 11.8 4.65 0.271
100 4.76 0.027 17.1 18.95 0.271
100 4.76 0.027 17.1 3.10 0.271
100 4.76 0.027 332 48.99 0.271
100 4.76 0.027 332 391 0.271

where i, is the friction coefficient of bed surface, and the value of u; is related
to the sediment particle properties, which is usually adopted 0.37 ~ 0.75; v, is
the bulk density of slurry, N/m?>.

The hydraulic conditions of pipeline transportation in Jianshan iron concentrate of
Shanghai and Nanfen tailings of Liaoning province in China. are shown in Tables 9.2
and 9.3. Based on the data in Tables 9.2 and 9.3, R /d 5, x and & of the pipeline trans-
portation in Jianshan iron concentrate and Nanfen tailings were calculated respec-
tively. Different from the sediment transport in open channel flow, the values of R,/d s
in pipeline transportation were mostly less than 300 x. For example, the measured
data in lines 7-10 of Table 9.2 and the measured data in lines 1-16 of Table 9.2.
In this case, the value of coefficient £ is not 1 and should be obtained according to
formula (9.2). There would also be the cases in slurry pipeline transportation that
Ry/dsy was greater than 300y, in which case the value of coefficient & is 1.

The hydraulic slope (transport resistance) was estimated by using the calcula-
tion model proposed in this paper and the commonly used models, and then the
slurry transport velocity of the pipeline transportation in Jianshan iron concentrate
of Shanghai and Nanfen tailings of Liaoning province in China was obtained respec-
tively. The calculated results were verified with the field measured results. The
calculated results and the field measured results are shown in Tables 9.4 and 9.5.

It could be seen from Tables 9.4 and 9.5 that the calculation model proposed
in this paper processed good calculational accuracy for the resistance loss of fine
dredged slurry in long straight pipeline; Durand model and Turian and Yuan model
had good calculational accuracy when Ry/dsy was less than 300 x (£ = 1), but the
calculation accuracy was worse than that of the calculation model proposed in this
paper, which further verified that the calculated results of the Durand model was
greater than the measured results in the region where the flow velocity was low,
while the opposite was true in the region where the flow velocity was high, and also
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Table 9.3 Hydraulic conditions of pipe transportation in Nanfen tailings
Pipe diameter | Sediment | Sediment Volume Flow intensity | Incipient
(mm) density particle size | concentration condition
(g/em’) (mm) (%)
80 2.79 0.0646 8.2 16.91 0.125
80 2.79 0.0646 8.2 5.53 0.125
80 2.79 0.0646 13.3 19.06 0.125
80 2.79 0.0646 133 5.87 0.125
80 2.79 0.0646 19.3 16.49 0.125
80 2.79 0.0646 19.3 453 0.125
80 2.79 0.0646 26.4 17.59 0.125
80 2.79 0.0646 26.4 2.62 0.125
149 2.79 0.0646 8.2 17.84 0.125
149 2.79 0.0646 8.2 443 0.125
149 2.79 0.0646 133 17.62 0.125
149 2.79 0.0646 133 4.88 0.125
149 2.79 0.0646 19.3 17.43 0.125
149 2.79 0.0646 19.3 3.26 0.125
149 2.79 0.0646 26.4 14.80 0.125
149 2.79 0.0646 26.4 224 0.125
Table 9.4 Calculated results and the field measured results in Jianshan iron concentrate
Measured results | Proposed Chen’s model | Durand | Turian and Yuan | Fei’s model
(m/s) calculation model | (m/s) model | model ns =0.37
(m/s) (m/s) (m/s) (m/s)
2.102 2.135 2.101 2.117 2.089 2.703
1.739 1.759 1.879 1.908 1.856 2431
1.488 1.476 1.796 1.843 1.759 2.343
2.315 2.459 2.221 2.229 2216 2.680
1.963 1.986 2.001 2.01533 | 1.991 2424
1.589 1.554 1.828 1.856 1.808 2233
2.00 2.236 1.902 1.86 1.859 2.385
1.00 1.182 1.281 1.303 1.257 1.672
3.00 3.376 2.703 2.587 2.596 3.874
1.00 1.262 1.287 1.284 1.199 1.862
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Table 9.5 Calculated results and the field measured results in in Nanfen tailings

Measured results | Proposed Chen’s model | Durand | Turian and Yuan | Fei’s model
(m/s) calculation model | (m/s) model | model us = 0.37
(m/s) (m/s) (m/s) (m/s)
2.18 2.152 2.052 1.877 |1.884 2.016
1.25 1.343 1.300 1.193 | 1.198 1.297
2.36 2.268 2219 2.015 |2.025 2.25
1.3 1.375 1.362 1.233 | 1.241 1.398
2.17 2.128 2.085 1.873 | 1.887 2.184
1.19 1.244 1.319 1.171 1.179 1.399
2.13 2.190 2.077 1.831 1.849 2.235
0.93 1.026 1.200 1.014 |1.018 1.31
2.5 2.444 2.339 2215 |2.223 2.383
1.39 1.368 1.480 1413 | 1417 1.552
2.57 2.430 2418 2.28 2.293 2.552
1.4 1.419 1.491 1.409 | 1415 1.621
2.52 2.419 2.390 2.239 |2.256 2.616
1.19 1.224 1.384 1.286 | 1.287 1.587
22 2.252 2.144 1.982  |2.003 2.433
0.99 1.082 1.314 1.177 | 1.162 1.586

specifically indicated that the calculational accuracy of the Durand model was in
the acceptable range, but lower than the that of the calculation model proposed by
Wenguang Chen; While the calculation results of the calculation model proposed
by Xiangjun Fei were always larger than the measured results, and there still was a
large error even if the friction coefficient u, was 0.37. In addition, the calculation
accuracy of the calculation model proposed by Xiangjun Fei is lower when R;/dsg
< 300y than that when R/dsy > 300.

9.3.3 Discussion on Relationship Between Transport Velocity
and Resistance Loss

The relationship curve between the slurry transport velocity and the slurry resistance
loss was obtained by using the calculation model proposed in this paper. The value
of the slurry resistance loss was taken as the as the X-axis, and the value of the
slurry transport velocity was taken as the Y-axis, as shown in Fig. 9.3. It could be
seen from Fig. 9.3 that the slurry transport velocity in pipeline always increased
firstly, and then decreased with the increase of the resistance loss. There would be
an inflection point in the relationship curve between the slurry transport velocity
and the slurry resistance loss, The speed that the curve reached the inflection point
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Fig. 9.3 Relationship curve between transport velocity and resistance loss

with the increase of the slurry resistance loss increased, and with the decrease of the
sediment particle size. Before the inflection point appeared in the relationship curve,
the increasing speed of the slurry transport velocity in pipeline decreased with the
increase of sediment particle size.

This non-monotonic phenomenon between transport velocity and resistance loss
has been proved by previous studies, such as Deng et al. (2005). In addition, the
Durand model can also reflect the non-monotone change rule of the resistance loss in
pipeline transportation of the medium coarse sediment in the low flow velocity zone.
It is worth explaining that the reason for this phenomenon maybe that the bedform
in the pipeline is transformed from large sand dunes to layers with the advance of
slurry transportation, which results in the layer migration of bottom sediment, and
thus reduces the transport resistance.

9.4 Summary and Conclusion

Referring to the calculation method of the flow resistance in open channel, the calcu-
lation model for the resistance loss of the fine dredged slurry in long straight pipeline
was developed firstly. Then the field measured data of pipeline transportation was
used to verify the calculational accuracy of the calculation model proposed in this
paper. The commonly used calculation mode and the field measured data of pipeline
transportation in Jianshan iron concentrate and Nanfen tailings were used to analyzed
the superiority of the proposed calculation. Finally, the relationship between the
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slurry transport velocity and the slurry resistance loss was discussed by using the
proposed calculation model. The main conclusions are as follows.

The transport resistance of the fine dredged slurry in pipeline was affected by bed
form. Sand waves with different forms also appeared in the pipeline, which led to the
different calculation methods of the slurry resistance loss in the low energy region
(the grain and dune stage) and the high energy region (the dynamic flat stage and
sand wave stage) of bedform.

The calculation model for the resistance loss of the fine dredged slurry in long
straight pipeline included the resistance coefficient in different energy region, pipe
diameter, pipe wall roughness, the influence coefficient of the proportion between
slurry and pipe wall roughness and the average cross-section velocity in the pipeline.
The calculation model proposed in this paper has more reliable accuracy than the
commonly used calculation models, and reflected the non-monotony change of the
resistance loss of the fine dredged slurry in pipeline.
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Chapter 10 )
Simulation Analysis of Sediment oo
Corrosion of Mixed Transport Pipeline

Based on FLUENT

Minglei Xia and Guanglei Lv

Abstract In this paper, ANSYSFLUENT software is used to simulate the corrosion
of sediment in the mixed transport pipeline, and explore the corrosion law in the
pipeline. The numerical simulation results show that the corrosion rate is affected
by the medium velocity. Corrosion caused by sediment accumulation is exacerbated
when increased velocity causes the flow pattern to change from laminar to plunger
flow. The research results can provide reference and theoretical basis for submarine
pipeline corrosion prevention and control, pipeline operation and maintenance.

Keywords Submarine pipeline - Sediment corrosion + Multiphase flow -
Numerical simulation

10.1 First Section

In the process of development and production of offshore oil and gas fields, subma-
rine pipeline is an important part of oil and gas gathering and transportation system,
which has a safe, economic and reliable mode of oil and gas transportation. However,
the submarine pipeline is located in a complex Marine environment, which is diffi-
cult to inspect and maintain. Once corrosion leakage accident occurs, it will not
only cause huge economic losses, but also lead to pollution and destruction of local
environment, and threaten the life safety of Marine operators in serious cases (Xu
2014). In order to ensure the safe operation of submarine pipelines within the design
life period, it is necessary to carry out submarine pipeline corrosion simulation and
explore the internal corrosion law of pipelines, which has important theoretical and
practical significance for extending the service life of pipelines and ensuring the safe
development and production of oil and gas fields.
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In recent years, some scholars at home and abroad based on the experimental and
CFD numerical simulation methods, mostly through changing the fluid solid phase
parameters and pipeline parameters (Cui 2018; Sun et al. 2018; Farokhipour and
Mansoori 2019; Zhuo et al. 2020; Zolfagharnasab et al. 2021), for optimal structure
design standard elbow (Carlos et al. 2016; Chen 2019; Li 2019; Li et al. 2021), The
erosion of gas—solid two-phase flow and gas—liquid—solid multiphase flow in single
elbow and multi-elbow combined elbow (Jun et al. 2018; Yu et al. 2018; Xie et al.
2020; Othayq et al. 2021) was studied. Among them, the structural optimization of
the elbow will increase the processing difficulty and manufacturing cost of the elbow
to a certain extent, which is not feasible in practical application. However, there are
few researches on the erosion characteristics of multi-bend pipe, and few practical
application fields, so the main research is on the erosion inside the single bend pipe.
Some scholars have shown that (Zeng 2017), the roughness of solid particles will
decrease with the increase of erosion time, and the change of roughness will affect
the erosion wear of samples. At present, in the literature on the effect of roughness
erosion, most of the studies are about the impact of fluid-to-solid phase parameters,
pipeline parameters on the erosion characteristics of targets and the erosion changes
of targets with different roughness (Morteza and Hamid 2017; Hao et al. 2017; Liu
et al. 2018; Tu 2019). However, there are few researches on the influence of solid
particle roughness on erosion, so it is necessary to study the variation law of the
erosion characteristics of curved pipe under different particle roughness conditions.

Based on ANSYSFLUENT software, a suitable physical model is established in
this paper to numerically simulate the multiphase flow field of the mixed transport
pipeline. At the same time, on the basis of the results of flow simulation calculation,
the sediment corrosion simulation was carried out in the sea pipe, and the corrosion
law of sea pipe under different working conditions was summarized, so as to provide
more powerful data reference and theoretical basis for optimizing pipeline design
and process technology, pipeline operation and maintenance.

10.2 Mathematical Model

10.2.1 Governing Equation

The continuous phase fluid should follow the three conservation laws of physics,
namely, the law of mass conservation, the law of momentum conservation and the
law of energy conservation. The mathematical description of the three laws of fluid
motion is the basic equations of fluid mechanics. Its specific expression is:

ap -
E+V-(pu) =0 (10.1)
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where, u is the velocity vector, m/s; t is time, s; p is fluid density, kg/m3; p is static
pressure, Pa; 1 is the viscous stress tensor, Pa, whose expression is: g; is the heat
flux vector, w/m?; H is total enthalpy, J/kg.

10.2.2 Turbulence Equation

The selection of turbulence model is very important for numerical simulation. A
suitable turbulence model can accelerate the convergence of calculation results and
improve the accuracy of simulation. In this paper, the Realizable k-¢ turbulence model
is adopted. Compared with Standard k-e model, the Realizable k-¢ model adopts a
new turbulence viscosity formula, which has a wider application range, especially
for the calculation of complex flows with separate flows or secondary flows. Its
expression is:
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where, G is the turbulent kinetic energy generated by the laminar flow velocity
gradient, Gy, is the turbulent kinetic energy generated by the buoyancy, Yy is the
wave generated by the transition diffusion in compressible flow, C;, C,, C3 are
constants, o and a, are the turbulent Schmidt numbers of equation k and equation
e, Sk and S, are user-defined.

10.2.3 Erosion Equation

In the simulation process, particle diameter, quantity and mass flow rate will affect
the wall erosion/deposition rate. The rate of abrasion is defined as:
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(10.6)
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where, C (d,) is a function of particle diameter; o is the impact Angle (invasion
Angle) avoided by particles; f(o) is a function of impact Angle; v is the velocity of
the particle relative to the wall surface; b of v is a function of this relative velocity.
By default, C=1,f=1,and b = 0. Since C, f and b are all defined as the boundary
conditions at the wall, rather than the medium properties of certain particles, their
default values will not change with different particle materials.

10.3 Hybrid Pipeline Model

10.3.1 Geometric Modeling and Meshing

A CFD simulation model was established based on the mixed transport pipe between
an offshore platform. The nominal diameter of the pipe is 273.1 mm and the wall
thickness is 11.1 mm. Due to the limitation of the scale of simulation analysis and
considering the efficiency of simulation calculation, only the 12 m-long sea pipe was
calculated as the research object. Finally, the three-dimensional geometric model of
the sea pipe was established, as shown in Fig. 10.1.

The model was divided by the latest Poly-Hexcore mesh technology. Among
them, the hexahedral core region can better capture the gradient phenomenon in the
calculation region, improve the accuracy and convergence of the simulation calcu-
lation, and improve the calculation efficiency while reducing the number of grids.-
The near-wall layered grid is used to capture the large gradient calculation area near
the wall, which makes the calculation accuracy higher and does not increase the
computer burden too much. The polyhedral mesh is used to connect the two parts

Fig. 10.1 Schematic diagram of three-dimensional geometric model of mixed transport pipeline
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7

Pipe outlet

Pipe inlet

Fig. 10.2 Grid division diagram of mixed transport sea pipeline

of the grid, allowing the entire grid to work at an automated level. Finally, it was
determined that the number of calculated grids was 80,388 and the number of nodes
was 225,407. The grid was generated, as shown in Fig. 10.2.

10.3.2 Boundary Conditions and Solving Equations

Kerosene, Carbon dioxide and Water are used in the simulation. Multiphase flow
model adopts VOF model, which is used to calculate the interface and flow
condition of incompatible oil, gas and water. Erosion was simulated using the
Erosion/Accretion model in a discrete phase (DPM) model, which can be used to
calculate wall abrasion/deposition rates caused by particles.

The inlet of the mixed sea transport pipeline is set as the mass flow inlet, and the
mass flow of oil, gas and water three-phase is set respectively. The sea pipe outlet is
set as the pressure outlet. The wall of the sea pipe is set as no slip boundary condition.
In the DPM model, the particle type is inert. Set surface jet source, particles from
the inlet surface into the flow field. Particle diameters are uniformly distributed, with
a size of 107% m. It is assumed that the interaction between particles is ignored in
the process of fluid flow, and the collision between medium particles and sea pipe
wall is reflected back field. Therefore, escape boundary conditions were selected for
DPM of the inlet and outlet surfaces, and reflect boundary conditions were selected
for sea pipe wall surfaces.

Coupled algorithm was used to solve the simulation. Considering the convergence
and accuracy of the calculation, PRESTO!Format. For the volume fraction, use the
“Compressive” format, and for the rest, use the second-order upwind format.
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10.3.3 Simulated Operating Condition

10.3.3.1 Reynolds Number Along the Way

Reynolds number Re is a dimensionless parameter used to judge the degree of
turbulence in a tube, and its calculation formula is as follows:

_ pvD
"

Re

(10.7)

where, p is the fluid density in the pipe, kg/m?; v is the fluid velocity in the tube,
m/s; D is the hydraulic radius, m; p is the hydrodynamic viscosity in the tube, Pa-s.
The greater Re is, the greater the degree of turbulence in the tube. When Re > 2000,
the fluid in the tube is considered as turbulence, and the scour effect on the wall is
more obvious.

10.3.3.2 Froude Number Along the Way

Froude number Fr is a dimensionless parameter used to characterize the ratio of
inertia force to gravity when judging the flow of a liquid with a free surface. The
formula is as follows:

Fr=— (10.8)

where, v is the fluid velocity in the pipe, m/s; g is the acceleration of gravity, m/s>; L
is the water depth in the pipe, m. The greater the Fr, the greater the fluid inertia and
the more turbulent the flow is considered to be.

10.3.3.3 Simulated Location Selection

Based on Reynolds number Re and Froude number Fr, three sections of sea pipe
with obvious erosion and high corrosion risk were selected for three-dimensional
flow simulation. According to different simulation conditions, the pressure, the mass
flow rate of oil, gas and water three-phase, particle velocity and particle mass flow
rate are set. See Table 10.1.
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10.4 Simulation Result Analysis

10.4.1 Simulation Results of Multiphase Flow Patterns

Through numerical simulation, the oil-water mixing interface, pipeline profile
component distribution diagram (white is water phase, yellow is oil phase, blue is
water phase) and pipeline velocity vector diagram of different sea pipeline sections
are obtained, as shown below.

(1) Stage 1 Marine Pipe (Liquid Holdup 75%) (Figs. 10.3, 10.4 and 10.5)

(2) Stage 2 Marine Pipe (liquid holding rate 95%) (Figs. 10.6, 10.7 and 10.8)

(3) Stage 3 Marine Pipe (liquid holding rate 95%) (Figs. 10.9, 10.10 and 10.11).

According to the calculation of Re and Fr along the three different positions of
the sea pipe, combined with the analysis of the three-dimensional simulation results,
it can be concluded that the flow inside the first two sections of the sea pipe is the
plunger flow. Under different liquid holding rates, the mixing of oil, gas and water
in the pipe is relatively complicated. The flow inside the third section of the pipe
is laminar flow. The mixing of oil, gas and water is very stable, and the interlayer
interface is clear and the relative position is unchanged.

In fact, in the simulation process, the flow situation is transient and cannot get a
stable result. Therefore, the analysis results of the three typical positions of sea pipes
above are the flow patterns at a certain time, as well as the corresponding component
distribution and velocity vector.

Fig. 10.3 Oil-water mixing interface
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Fig. 10.4 Composition distribution of pipeline profile
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Fig. 10.5 Velocity vector diagram

10.4.2 Simulation Results of Marine Pipe Corrosion

The formation of solid sediment in the pipe will lead to corrosion of the pipe wall.
The distribution of sediment is related to many factors, including velocity distribution
of flow field in tube, gravity distribution of solid sediment and turbulence near wall.
The distribution of sediments under different working conditions can characterize the
corrosion of wall surface to a certain extent. Through CFD simulation, the distribution
concentration of particle sediments near the wall is shown in the figure below.

(1) Stage 1 Marine Pipe (Liquid Holdup 75%) (Figs. 10.12 and 10.13)
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Fig. 10.6 Oil-water mixing interface
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Fig. 10.7 Composition distribution of pipeline profile

(2) Stage 2 Marine Pipe (liquid holding rate 95%) (Figs. 10.14 and 10.15)

(3) Stage 3 Marine Pipe (liquid holding rate 95%) (Figs. 10.16 and 10.17).

According to the analysis of the three-dimensional simulation results, the sediment
distribution inside the first two sections of the sea pipe is relatively complex, with
large sediment concentration and obvious corrosion. The internal flow in the third
section is laminar flow, and corrosion still exists, but it is significantly improved
compared with the plunger flow in the first two sections. At the same time, the
concentration of sediment at the bottom of laminar flow (order of 1077) is much
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Fig. 10.8 Pipeline velocity vector diagram

Fig. 10.9 Oil-water mixing interface

smaller than that of the plunger flow deposition (order of 107), so it can be considered
that the corrosion in laminar flow area is small.
10.5 Prevention and Control Measures

According to the numerical simulation results, medium velocity is one of the main
factors affecting sediment corrosion. Therefore, in order to reduce the corrosion of
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Fig. 10.10 Pipeline profile composition distribution diagram
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Fig. 10.11 Vector diagram of pipeline velocity distribution

submarine pipelines during operation and extend their service life, the following
anti-corrosion measures are proposed:

(1) Control the flow rate of pipe transport medium within the minimum corrosion
range, the lower limit of flow rate should make impurities suspended in the pipe
transport medium, so that the accumulation of abrasive particles and sediment
in the pipeline is the least.

(2) Pigging operation should be carried out regularly to clean the sediment in the
pipeline.
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Fig. 10.12 Corrosion sediment concentration profile
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Fig. 10.13 Pipeline profile concentration distribution diagram

(3) Simulation software is used to simulate the high-risk corrosion parts of the sea
pipe, and effective protection technology is adopted for the high-risk parts, such
as adjusting operation parameters to optimize the process flow, coating protec-
tion, selecting appropriate corrosion resistant materials, etc., and key monitoring
is implemented.
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Fig. 10.14 Corrosion sediment concentration profile
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Fig. 10.15 Pipeline profile concentration distribution diagram

10.6 Conclusion

There are various sources of corrosion in sea pipes and different corrosion effects.
This paper only simulates the sediment corrosion of submarine pipeline without
considering the influence of chemical corrosion on pipeline comprehensively.
cThrough the analysis of sediment corrosion under different working conditions
during the flow of submarine pipeline, the following conclusions are drawn:

(1) Aiming at the internal corrosion problem of submarine pipeline, ANSYS-
FLUENT was used to establish an appropriate physical model for the high-risk
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Fig. 10.17 Pipeline profile concentration distribution diagram

positions of Marine pipeline corrosion, and internal corrosion prediction was
carried out based on the actual working conditions of Marine pipeline, so as to
analyze and evaluate the corrosion development trend of pipeline high corrosion
risk during the operation of target pipeline.

(2) The numerical simulation results show that the corrosion rate is affected by the
medium velocity. Corrosion caused by sediment accumulation is exacerbated
when increased velocity causes the flow pattern to change from laminar to
plunger flow. Higher flow rates often result in higher corrosion rates.
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(3) Appropriate prevention and control measures should be taken during the opera-
tion of submarine pipelines to reduce the risk of sediment corrosion and extend
the operation life of pipelines.
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Chapter 11

The Comparative Assessments of Growth | o
Status of Sugarcane by TOPSIS Methods

and Tissue Elements Distributions

on Farmland of Heavily Polluted

Environment

Kaixian Zhu, Guiping Xu, Xiaofei Wang, Hexiao Chen, and Shiyang Yan

Abstract The growth status of six sugarcane varieties on heavy metal contaminated
field were assessed by six selected indicating traits—percentage of germination,
plant height, Brix, stem diameters, millable stalks and yield through analyzing by
TOPSIS methods, then elements distributions in sugarcane tissues were analyzed by
ICP-MS, An simple algorithm of element distributions in sugarcane leaves and roots
was designed to rank the tolerance of sugarcane varieties in heavy metal polluted
farmland. The results had indicated the element distributions in sugarcane tissues
were highly corresponding to the overall TOPSIS scoring of sugarcane traits.

Keywords Sugarcane - Pollution - TOPSIS - Tolerance

11.1 Introduction

Pollutions is a common concerning issues for environment sustainability, for
instance, the contamination of heavy metal in soil, which is persisted for long time
and risk inhabitants’ living through crops or other exposure routes (Hu et al. 2013;
Christou et al. 2014; Li et al. 2014). In less developed countries, economic activities
of mining or industries is easy to release heavy metals to environment around as there
are little environmental control measures and the polluted land is usually used for
growing crops due to shortages of available arable land (Liu et al. 2013, 2014; Anju
and Banerjee 2012). To minimize the negative effects of soil heavy metals to human
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being, one sustainable way is to use contaminated field for planting economical crops
not for direct eating by human, for instance, sugarcane used for ethanol production
(Xie et al. 2014). The technique for order performance by similarity to ideal solution
(TOPSIS) which was firstly develop by Hwang and Yoon (1981), had been widely
utilized for Multiple Criteria Decision Making (MCDM) problems in technologies
and engineering (Monjezi et al. 2012; Byun and Lee 2005), in recent years, Dynamic
TOPSIS methods proposed by Yao et al. (1994) which had been applied to assess
different varieties of sugarcanes and other economical crops (Chen and Ma 2006;
Shen and Dai 2005; Li et al. 2012; Ma et al. 2013). In this study, scoring the growth
status of indicator traits of different sugarcane varieties on highly polluted farmland
was performed by the TOPSIS methods firstly, an simple algorithm of combina-
tion of biological accumulation coefficient (BAC) and biological transfer coefficient
(BTC) figures of each sugarcane variety was then used to scoring the tolerance of
each sugarcane variety in heavy metal polluted environments, finally, the scoring of
two separate methods were compared to see if the outcomes match each other. Since
the scoring systems are on initial stages, each investigated factor (sugarcane variety,
trait and element) incorporated only six variables in this investigation.

11.2 Material and Methods

11.2.1 The Trial Land and Sugarcane Growing

The trial field (108.2513N, 25.11759E) is located in Guangxi, China. The land was
heavily polluted by water flooded over from an abandoned ore mining site nearby.
Trial land was divided into small trial zones of 25 m? (5 x 5 m). 21 sugarcane
seedlings were planted on each zone; plants stand away from each other at distances
1 x 1 m, selected varieties were denoted as TT 27, GT 42, GT 29, LC 03/1137,
LC 05/136, GF 98/296 (varieties selected included sub-varieties of the same series).
Sugarcane seedlings were grown in duration of 1 year (early April to late March next
year) under common sugarcane growing conditions.

11.2.2 Sample Treatment and Analysis

Sample collecting. Six ripe sugarcane plants of each variety were randomly collected
in each trial zone, three of them were collected with roots, including portions of root
plus soil, stems and leaves, and the other three ones were only collected for the
above-ground parts.

Tests of heavy metals in sugarcane and soil. Sugarcane samples to be tested
were washed by tap water firstly, and then by purified water, chopped into sections
of roots, stems and leaves respectively, the sections were then heated at 105 °C for a
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T2.1b1e 11.1 .Cond.itions (,)f Warming duration Digestion Digest duration
microwave digestion (soil . o ;

(min) temperature (°C) (min)
samples)

7 Room-120 3

5 120-160 3

5 160-190 25

short time, dried at 72 °C to a constant weight, grinded into power for analysis. The
soil samples were dried at ventilated space, grinded into powder and filtered by 100
mesh sieves for analysis. 0.1 g of soil portion was accurately weighed and placed
in a Micro-wave tube, slowly added 6.0 mL Nitric acid, 2.0 mL Hydrochloric acid,
2.0 mL Hydrofluoric acid, the reaction mixture was left in a still condition for the
reactions reached an equilibrium. Then Micro-wave tubes were closed and heated
in Microwave Digestion Oven as per Conditions listed in Table 11.1. The tubes
were standing for 15-30 min cooling after the digestion then the mixture was then
transferred to PTFE crucible and heating at 110-120 °C on hotplates to let the acid
evaporated, the mixture was left cooled and then transferred into 50 mL volumetric
flasks with Milli-Q water added to the standard line. Blank samples were reproduced
with the same reagents and experimental conditions. Prepared samples were diluted
to suitable volumes in case of need and then were tested by the methods of ICP-MS.

0.5 g of sugarcane portion was accurately weighed and placed in a Micro-wave
tube, slowly added 8.0 mL hydrofluoric acid; the reaction mixture was left in a still
condition for the reactions reached equilibrium. Then Micro-wave tubes were closed
and heated in Microwave Digestion Oven as per Conditions listed in Table 11.2.
The tubes were standing for 15-30 min cooling after the digestion then the mixture
was then transferred to PTFE crucible and heating at 110-120 °C on hotplates to
let the acid evaporated, the mixture was left cooled and then transferred into 50 mL
volumetric flasks with Milli-Q water added to the standard line. Blank samples were
reproduced with the same reagents and experimental conditions. Prepared samples
were diluted to suitable volumes in case of need and then were tested by the methods
of ICP-MS.

Calculations of Biological Accumulation and Transfer Coefficients. The figure
of Biological Accumulation Coefficient (BAC) is an indicator that how able a plant
assimilates benefit elements or tolerates harm elements; it is calculated by the ratios
of accurate element levels measured in plant tissues to element levels in soil, which
is expressed by the equation below:

Tgble 11.2 dCond.itions of Warming duration Digestion Digest duration
microwave digestion (min) temperature (°C) (min)
(sugarcane samples)

7 Room-120 3

5 120-160 3

5 160-190 25
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C
BAC = C—” (11.1)

)

where: BAC—Biological Accumulation Coefficient, C,—elements level (concen-
tration) of Plant tissues; C,—elements level (concentration) of soil.

The figure of Biological Transfer Coefficient (BTC) is an indicator that how
elements migrate from plants’ root to their up-ground organs, it is calculated by the
ratios of accurate elements level measured in above-ground plant tissues to element
levels in roots, which is expressed by the equation below:

C,
BTC = % (11.2)
C

’

where: BTC—Biological Transfer Coefficient, C,—elements level (concentration)
of aboveground organs; C,—elements level (concentration) of roots.

11.3 Results and Discussion

11.3.1 The Growth Traits Analysis of Different Sugarcane
Varieties

Six sugarcane traits were selected for indicating positive growth, For each variety,
the data of percentage of germination (PG) and plant heights (PH, unit: m) were
recorded and the Brix (measured by hand refractometer), stem diameters (SD, unit:
cm), millable stalks (MS, estimated number of millable stalks/Chinese acre) and yield
(estimated kg/Chinese acre) were measured at the time of harvest (see Table 11.3).
The six traits were used to score the growth status of sugarcane on contaminated field,
weights of each traits was assigned empirically as per growing expertise (weight of
PG=0.2,PH=0.1,Brix=0.2,SD=0.2,MS = 0.1, Yield = 0.2), the figures of traits
were used to calculate Decision Matrix according to common TOPSIS procedures
(Monjezi et al. 2012; Zhao et al. 2008).

Table 11.3 Figures of six traits of six sugarcane varieties on harvest

Variety PG (%) PH SD Brix MS Yield

TT 27 429 2.01 2.46 224 4266.7 3474.0
GT 42 76.2 2.40 2.56 23.0 5466.7 5903.2
GT 29 429 1.71 2.01 229 7200.0 3201.7
LC 03/1137 71.4 222 2.54 23.6 4800.0 4675.7
LC 05/136 61.9 1.97 2.55 23.1 5333.4 4537.1
GF 98/296 524 2.17 247 22.7 45334 4052.5
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The data of each trait was then normalized into the form Z;;, which is calculated
as:

Ziszij/Yimax,iz 1,2,3...6;j= 1,2,3...6

where Y; max = max (Yj;) as long as all traits studied here are positive indicators of
sugarcane growth. The evaluation matrix (Z;) m x n (m = 6, n = 6) is expressed as:

[ 0.56 0.84 0.96 0.95 0.59 0.59 |
1.00 1.00 1.00 0.98 0.76 1.00
0.56 0.71 0.78 0.97 1.00 0.54
0.94 0.92 0.99 1.00 0.67 0.79
0.81 0.82 1.00 0.98 0.74 0.77

| 0.690.90 0.97 0.96 0.63 0.69 |

The matrix Z is transformed into the normalized decision matrix R with r;; as
normalized values:

_ 4 i
,i=1,2,3..m;j=1,2,3...n

I = — >
\V Zk:lZij

The matrix R is expressed as:

[ 0.29 0.39 0.41 0.40 0.32 0.32 ]
0.52 0.47 0.43 0.41 0.42 0.55
0.29 0.33 0.33 0.41 0.55 0.30

P 0.49 0.43 0.42 0.42 0.37 0.43
To1 - Te6 0.42 0.38 0.43 0.41 0.41 0.42
| 0.360.42 0.42 0.40 0.35 0.38

Weight coefficient W of each trait was allocated as:
6
W; = {0.20.10.20.20.10.2}, W; € (0, 1), Z Wi=1
1=

And the criteria weighted matrix is calculated as:

wi--- 0
w:

0 - ws

The weighted normalized decision matrix D (djj = wj rjj) is calculated as:
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Table 11.4 Six traits of six sugarcane varieties scored by TOPSIS

Variety PG PH SD Brix MS Yield Score (sum)
TT 27 0.059 0.039 0.082 0.080 0.032 0.065 0.357
GT 42 0.105 0.047 0.086 0.082 0.042 0.110 0.471
GT 29 0.059 0.033 0.067 0.081 0.055 0.059 0.354

LC03/1137 0.098 0.043 0.085 0.084 0.037 0.087 0.434
LCO05/136 0.085 0.038 0.086 0.082 0.041 0.084 0.416
GF98/296 0.072 0.042 0.083 0.081 0.035 0.076 0.388

D=WxR

[0.29%0.20.39%0.1 0.41 %0.2 0.40 % 0.2 0.32%0.1 0.32%0.2 |
0.52%0.2 0.47 % 0.1 0.43 % 0.2 0.41 % 0.2 0.42 % 0.1 0.55 % 0.2
0.29%0.20.33%0.10.33%0.20.41 *0.2 0.55% 0.1 0.30 x 0.2
0.49%0.20.430.10.42+0.20.42x0.2 0.37x0.1 0.43x0.2
0.42%0.2 0.38 % 0.1 0.43 % 0.2 0.41 % 0.2 0.41 0.1 0.42 % 0.2

| 0.36%0.20.42%0.10.42%0.20.40%0.2 0.35%0.1 0.38 0.2 |

The score (sum of d values of 6 traits in matrix D) calculated by TOPSIS methods
for each variety of sugarcane is summarized in Table 11.4.

Through the scoring by TOPSIS methods to sugarcane variety growth traits, it
was found that ranking of growth quality for sugarcanes on polluted field was GT 42
>LC03/1137 > LC 05/136 > GF 98/296 > TT 27 > GT 29. The score of TOPSIS is
used as a measurement of growth status of six varieties.

11.3.2 The Test Results of Elements in Soil

The content of soil elements determined by ICP-MS was listed in Table 11.5. The
results showed that most elements tested are much higher (particularly Pb) compared
to the background levels of soils in Guangxi (BL) (Institute of Environmental Science
of Guangxi Zhuang Autonomous Region 1992). Not available information about
background level of soil Fe in Guangxi was identified in the range of publishing
documents; however, Fe is obviously high by the tests.
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clements wsed by ICp-Ms ey metls | merke BL
Cu 28.88 £ 3.64 18.84
Zn 450.53 + 75.65 56.26
Pb 849.43 £ 192.13 17.63
Cd 0.48 £+ 0.03 0.1015
As 62.51 +7.48 11.26
Fe 59317.87 £+ 7997.79 No data

11.3.3 The Test Results of Metal Elements in Sugarcane Parts

The content of elements in six sugarcane varieties is tested by ICP-MS; the metal
concentrations in three different organs—root, stem and leaves were listed in Table
11.6. The level of Fe was found overwhelming high compared to the others.

11.3.4 The Analysis of Elements Distribution Patterns
in Sugarcane Varieties

Finally, the distribution patterns of elements in sugarcane varieties is analyzed by
algorithm designed, 6 elements were categorized as 3 beneficial (+) elements—Zn,
Fe and Cu which act as essential nutrient elements for the growth of plants; 3 harm
(—) elements—As, Pb and Cd which play not recognized biological role in plant and
increased the burden of plant tissue developments.

BAC coefficients (Eq. 11.1) of roots and BTC coefficients (Eq. 11.2) of leaves
were calculated by Eqgs. 11.1 and 11.2 described in Sect. 2.2. The reason these two
figures were selected is that most elements were identified tending to accumulated
in roots and leaves, and the concentrations of elements in leaves is relied on their
concentrations in roots rather than soil. The two coefficients are combined as C
values (see Table 11.7), C values of beneficial elements were summed and minus
the C values of harm elements to calculate scores of C for particular varieties as
described below:

Score of C = CZn + CFe + CCu — CAs — Cpb — CCd (113)

where C value is the addition of two coefficients (BAC of roots and BTC of leaves),
BAC values, BTC values and C values of each element in each variety, also Score of
C for all varieties are summarized in Table 11.7. Values of TOPSIS and Score of C
for 6 sugarcane varieties are depicted in Fig. 11.1.

The two score system had ranked the six sugarcane varieties in the order GT 42
> LC 03/1137 > LC 05/136 > GF 98/296 > TT 27 > GT 29, since the score of C is
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Table 11.7 The score of C for 6 elements in 6 varieties

Variety Zn(+) | As(—) |[Pb(—) |Fe(+) |[Cu(+) |Cd(—) |ScoreofC
TT 27 BAC(R) |0.16 0.07 0.11 0.08 0.32 0.81 0.33
BTC(@L) |0.68 0.14 0.14 0.09 0.37 0.10
C 0.84 0.21 0.25 0.17 0.69 0.92
GT 42 BAC(R) |0.11 0.06 0.09 0.09 0.19 0.65 1.15
BTC(L) |1.25 0.20 0.22 0.11 0.76 0.13
C 1.36 0.27 0.31 0.19 0.95 0.77
GT 29 BACR) |0.29 0.16 0.26 0.09 0.32 1.04 0.03
BTC(@L) |0.50 0.03 0.06 0.03 0.41 0.06
C 0.79 0.19 0.32 0.12 0.73 1.10

LC03/1137 |BACR) |0.17 0.11 0.15 0.13 0.27 0.46 0.67
BTC(L) |0.63 0.03 0.08 0.02 0.42 0.14
C 0.80 0.14 0.23 0.15 0.69 0.59
LC 05/136 BAC(R) |0.19 0.07 0.11 0.11 0.27 0.44 0.62
BTC(L) |0.57 0.06 0.16 0.03 0.48 0.19
C 0.77 0.14 0.27 0.14 0.75 0.63
GF 98/296 BAC(RR) |0.20 0.19 0.26 0.16 0.31 0.48 0.39
BTC(L) |0.46 0.02 0.04 0.01 0.35 0.13

C 0.66 0.21 0.30 0.18 0.66 0.61

1.4 0.48

1.2 0.46

1 0.44
2 0.42 "
508 04 &
Q [-%
“ 06 038 O
=
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0.34
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~m—Score of C —e—TOPSIS

Fig. 11.1 Scoring comparison of 6 varieties of sugarcanes by TOPSIS and score of C

designed to analysis the ability of a particular sugarcane variety to uptake beneficial
elements and tolerate harmful elements, it justified the distribution of elements in
sugarcane play an important role in its growth status.

However, the scoring systems still have limitations on this stage, firstly, the scope
of this research only cover 6 varieties of sugarcane (in this study, only varieties which
had been developed more than one sub-varieties had been chosen), in further studies,
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the sampling scope could be extended to more varieties, more traits of sugarcane
(maybe some negative indicator traits) and more other elements could be included
into the scoring system to improve the efficacy of the assessment in the future. Since
the weight of coefficients of six traits in TOPSIS analysis were assigned based on
routine experiences, it had been noticed that the variance of TOPSIS scores had
not been varied obviously, in contrast, there is no particular coefficient of weight
to be assigned to the elements on this stage that the graphs of C score had been
observed changed dramatically, presumably more sugarcane varieties, more traits
and more elements would be included in the future research (as an initial stage,
only six variable for each factor had been involved in this study), thus to improve
both scoring systems, the algorithms should be optimized to meet more high-quality
standards of scientific assessment for sugarcane developments, ideally with more
statistical approaches particularly in weight coefficient attributions to both traits and
elements.

11.4 Conclusion

In the assessment with sugarcane growth, six positive indicator traits of sugarcane
growth status were investigated, the situations of six varieties were ranked with
TOPSIS analysis, the ranking was justified by the analysis of elements distribution
pattern and an algorithm designed to score the tolerance of sugarcane varieties on
heavy metal contaminated lands. Overall, the comparative assessment of TOPSIS
methods and C score system (designed for analyzing sugarcane for utilizing envi-
ronmental elements and tolerating heavy metal pollutions) had linked sugarcane
tissue element contents to their growth traits, it initiate a proposal route to inves-
tigate how environmental inorganic chemical composition affect sugarcane growth
and help future screening of better varieties to adapt contaminated environments.
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Chapter 12 ®)
Analysis of Water Demand Forecasting ez
System Based on GIS Water Diversion

in Yellow River Irrigation Area

Wei Wang and Zhe Liu

Abstract The Yellow River irrigation area in the lower reaches of the Yellow River
has excellent natural conditions and is an important food and cotton production
base in China. Monitoring soil moisture in the current period is of great signifi-
cance for ensuring local agricultural production. Based on this, in order to help the
relevant personnel use GIS technology to carry out water demand forecasting for
the Yellow River irrigation area, this paper starts from the characteristics of GIS-
diversion Yellow River irrigation area water demand forecasting system, describes
and explains in detail the operation conditions of system model, system content,
system structure, system development, system database and system application.

Keywords Water demand forecasting system + GIS water diversion - Yellow river
irrigation area

12.1 Introduction

Although the water resources of Yellow River account for a small proportion of the
country’s total water resources, the areas it passes through play a very important role
in China’s agricultural field and have a profound impact on ensuring the agricultural
production on both sides of the Yellow River, however, with the continuous increase in
the amount of irrigation, the contradiction of water consumption has become increas-
ingly prominent, therefore, for water consumption, it is necessary to adopt a unified
scheduling method to rationally arrange agricultural water consumption, so as to
ensure that the residents living water consumption and industrial water consumption
are not affected, in this aspect, GIS technology can play an important role (Wang et al.
2015). In full consider of the factors such as initial soil moisture content, soil mois-
ture regression process and water consumption per irrigation of the crop, this paper
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constructs a GIS-based water demand forecasting system for the Yellow River diver-
sion irrigation area. Through embedding GIS component library and tool library into
the GIS development platform, using the ArcGis software and adopting a spatial and
attribute information management method, the forecasting, processing, computing,
analyzing and other functions of the irrigation area management are achieved.

12.2 Characteristics of GIS-Diversion Yellow River
Irrigation Area Water Demand Forecasting System

In the process of using the GIS system to carry out water conveying in the Yellow
Riverirrigation area, the specific application features include following aspects: (1) In
the calculation and division of the water consumption units, it needs to perform oper-
ational division of the soil morphology, depth of groundwater, crop variety within the
area, and project distribution characteristics in the water consumption area. During
this process, GIS technology will divide farmland with same conditions into a same
small system unit, at the same time, according to actual local conditions, the GIS
system can overlay the relevant grid data and unit data, so as to calculate the water
consumption amount of each area; (2) Meanwhile, for the prediction of irrigation
area water consumption amount, during the application process, GIS system also
can adopt local soil moisture modeling method to forecast the local soil moisture
according to the change of time. In this function, the system can ensure that, when
the soil water content reaches the minimum required value, the system can carry
out irrigation work according to its actual situation. By adopting this calculation
method, GIS system can accurately calculate the irrigation amount required by the
crops within the irrigation area, the actual water requirement is determined by predic-
tions of actual irrigation conditions and area and other parameters, so as to ensure
normal operation of the system (Yan 2013).

12.3 Technology of GIS-Diversion Yellow River Irrigation
Area Water Demand Forecasting System

12.3.1 System Operation Model

In order to ensure that the irrigation level in the Yellow River irrigation area is
continuously improved under the guidance of the GIS system, it is necessary to ensure
that the system operation model meets the requirements before applying the system.
In this process, the application of GIS technology is mainly reflected in the following
aspects: (1) GIS technology can make in-depth observation of the soil moisture
content of local crops, especially identify the cultivated area of wheat, an important
crop in the Yellow River irrigation area, and model to determine its moisture content
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index. In this process, GIS technology will analyze the soil moisture at different
depths in different regions and use the method of remote sensing satellite imaging
to determine; (2) Obtain the grid data of the soil moisture content in the current
area of the irrigation area through remote sensing technology, these data represent
an area that makes up the irrigation area, since the resolution of current remote
sensing technology can reach within 1 m, in this process, we can set that the moisture
content is the same, and then analyze its characteristics. That is, the soil moisture
content in the target area is obtained through the grid data obtained through remote
sensing technology; (3) During the process of constructing the operation model, the
relevant soil type, groundwater depth, crop variety, and distribution project need to
be calculated in detail and processed according to division, in this process, the actual
local conditions need to be considered in detail and the actual planting scope need to
be determined in order to realize the calculation of the local soil moisture content,
so as to ensure timely irrigation when the local soil moisture content declines (Peng
2013). The relevant monitoring formulas are as follows (Tables 12.1 and 12.2):

(1) Prediction of soil moisture regression process

ET,_—Ri_| —Gi_j — AW + F_
0 =6, — ( ! ! ! +Fio) 12.1)
yH

(2) Crop second-time irrigation water demand

2000
I,' = (9f —Gk) Xy X Hi X T (122)

Table 12.1 Suitable soil moisture content for each growth stage of staple crops

Winter wheat | Growth stages

Corresponding | Early Oct. | Mid Dec. | Late Feb. | Early Early Early Late May
time period to mid to late to early Mar. to |Apr.to |May to to mid
Dec. Feb. Mar. early early late May | Jun.
Apr. May
Moisture 60-70 55-80 60-80 65-80 | 65-80 |65-80 50-70
content
(relative) (%)

Summer corn | Growth stages

Corresponding | Early Jun. | Mid Jul. | Early Late Early

time period to mid toearly | Aug.to Aug. to | Sep. to
Jul. Aug. late Aug. | early late
Sep. Sep.
Moisture 55-70 65-80 70-90 65-80 | 60-80
content

(relative) (%)
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Ta?’le_ 12,' 2 Trrigation system Irrigation start Irrigation Irrigation Irrigation
of irrigation areas .
and stop time days quota quota
(m3/mu) (m3/mu)
Mid Jun. 10 100 480
Late Jun. 10 60
Early Jul. 10 60
Mid Jul. 10 60
Late Jul. 10 60
Early Aug. 8 40
Mid Aug. 8 50
Early Sep. 8 50

12.3.2 System Operation Function

After investigating the demand for irrigation water in the Yellow River irrigation
area, the system operation function of GIS technology should be clearly integrated
with local data and systems, so that the system can achieve the optimal combination
of data and system groups in the design. In this process, the local space management
data will be automatically incorporated into the scope of the observation system. The
design method includes the following aspects:

(1) In the design of the GIS water demand forecasting system for the Yellow River
irrigation area, the system can use local spatial and attribute information management
methods to realize the functions of management forecasting, processing, calculating
and analyzing, etc. This will make the entire water consumption system to be vividly
and intuitively distributed, thus fulfilling the purpose of meeting local irrigation
needs; (2) In the design process, designers need to physically go deep into the local
area to establish input and preservation of spatial data in the irrigation area, which is
not only conductive to implementation of local data standardization (Hou 2012), but
also can realize spatial attribute query and irrigation of local area and output in the
form of tables, so as to meet local water demand forecasting; (3) Yellow River water
diversion project system has high system and organizational requirements. The GIS
technology, as a computer system which uses digital form to collect, process, storage
and analyze spatial data, is consisted of four parts: data, hardware, software, and
application. To ensure its organization, the system should meet different conditions
such as sharing, stability, security and scalability; (4) In order to ensure that the GIS
is highly analytical in the processing process, a system flowchart can be set in it.
The flow chart can classify the logical process of each processing step that occurs
in the computer transactions from the start of data input until the output is obtained,
and it can perform functional decomposition of the entire system from top to bottom
based on the system requirements resulting from functional analysis to hierarchically
determine the structure of the application program (Javier et al. 2008).
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12.3.3 System Operation Structure

The GIS system can be divided into applied GIS system (mainly used for the
processing of a certain specialty, field or work, including thematic geographic infor-
mation system and regional integrated geographic information system) and tool GIS
system (mainly has a variety of GIS application software packages, such as digital
graphic images, storage management, query and search, analysis and operation, and
output) according to actual needs, both kind have the following features in terms of
functionality: (1) Applied GIS system is a spatial information system that has been
widely implemented and has strong application. At present, in the GIS system, the
development of applied GIS system has become increasingly important (Hava$ and
Jagi¢ 2012). The system can accurately predict the digital raw information imple-
mented in the irrigation area and carry out corresponding management work. Because
the key issue in the entire R&D process is to target the application and efficiently
develop a Yellow River water diversion irrigation water demand system that meets
the demand and has a convenient and rich interface, therefore, this paper mainly uses
the applied GIS system; (2) Tool GIS system has problems such as many limitations
and its independent development is difficult, so it’s not as convenient as the applied
GIS system, in order to ensure that the actual application effect is efficient and simple,
now a new combined GIS system has been developed which integrates all the advan-
tages of the applied GIS system and the tool GIS system, this new system can fully
utilize the visualization technology to achieve observation and irrigation operations
in the measured area (Morovi¢ and Ivanov 2011).

12.3.4 System Operation Development

In the developing process of GIS Yellow River irrigation area water demand fore-
casting system, the designers need to use the relevant C language technology, the
development environment is Microsoft. NET Framework, and an Access database is
built based on the OFFICE components, the database contains the NET. Framework
programs, the planned execution orders include following aspects:

(1) On the GIS development platform, designers need to use ArcGIS Engine to
independently develop a set of embedded GIS component libraries and tool libraries
that can be packaged, and develop and create a set of application data that is mainly
used for exploration activities for its independence and completeness, the basic
ArcGIS Engine generated by this data consists of two systems, the Developer Kit for
building software and the second-release Runtime set by the completed application
program. It supports development works under four environments: C++, COM, .NET,
and Java. It can be implemented on Windows, UNIX and Linux platforms. Its inde-
pendent embedded components can make it be independent from the ArcGIS Desktop
platform, so that it can be directly applied to the toolkit development and application
summary, so as to achieve development under different language environments; (2)
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C language has a powerful function, while Visual Basic has a simple feature, in the
design of the GIS system, we need to learn from the common advantages of both
to organize the development so that both C++ and Java can be program-oriented
languages; (3) In the design of the GIS system database, the processing of its orga-
nizational structure, including Oracle, Microsoft SQL Server and Access system,
needs to be considered; (4) For the system’s hardware environment, as GIS system
has a high demand on its software data processing capabilities, its hardware must
have advantages of high speed, good stability, sufficient capacity, and convenience.

12.3.5 System Operation Database

In order to ensure that the designed GIS system has a perfect water demand fore-
casting function, the designers also need to focus on the issues that appear in the
design of spatial data and attribute data in the designed system. The relevant descrip-
tions are as follows: (1) In the design of spatial data for GIS systems, designers
need to pay attention to the use of the spatial database function carried by ArcGis
to unify the management work of GIS system water demand management (Wang
et al. 2018). In the process of work, the database need to start from the perspective of
vector data and grid data, choose method to perform calculation on the system spatial
data according to the element name, element type, and management attribute, so as to
accurately obtain grid with groundwater depth data. (2) For the design of attribute data
in the database, the designers need to perform their design work taking full advan-
tage of the Access database provided by the Office system. In the design process,
designers can take its advantages of simple operation and fast running speed, and
use following information for calculation: regional sub-irrigation-area attribute table
(including name of the region, regional rice area, regional wheat area, regional corn
area, regional monthly well depth forecast value and regional irrigation canal length,
etc.), regional seasonal average precipitation, regional irrigation water consumption
factors (including irrigation area number, irrigation canal name, irrigation unit name,
irrigation water consumption factor, and field water consumption coefficient and irri-
gation canal water consumption factor, etc.), geographic information in the irrigation
area, planned irrigation depth, suitable water content, etc., finally, the corresponding
soil moisture content is obtained (Miinch and Conrad 2007).

12.3.6 System Operation Application

In order to ensure that the designed GIS system can actually realize the collection,
sorting and configuration of the irrigation volume, irrigation area and crop structure of
the irrigation area, the related working methods are as follows: (1) When the measured
data is configured and measured, the designers need to use a variety of images in the
same area to complete the coordinate matching of the relevant regions. The techniques
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used in the matching process include geometric correction, mapping transformation
and unified processing of the three-azimuth scale. During the processing, system
designers must select a ground control point to use the computer to control and
correct its position (Ike 2018). The position setting needs to be configured with
reference to the specific component standard in the image. The configuration work
needs to use ArcGis software, using its configured map software to determine the
middle coordinates to select the configurator ground control point, the selection
needs to be determined according to the control point local distribution situation,
control point identifiability, control point number and accuracy, and according to
the vectorization standard as well; (2) At the same time, because the data obtained
above is grid data, the designers need to re-arrange and combine them according
to the grid form to determine the arrays and collections of different colors. This
requires transforming the previous data into simpler vectorization data, so as to
realize searching requirements of data and irrigation information. To choose a suitable
forecasting model, we need to understand the law of the exploration data (Anonymous
and Naghdi 2009).

12.4 Conclusion

In summary, this paper focuses on the operation characteristics of the Yellow River
irrigation area water demand forecasting system, through researches, it’s found that,
during the actual application, GIS technology can fulfill the searching requirements
of the data and irrigation information, make full use of visualization techniques to
achieve observations and irrigation operations in the measured areas, so as to finally
get a good effect of the corresponding soil moisture. It is hoped that the research in
this paper can help the relevant personnel in the Yellow River irrigation area to use the
GIS technology to carry out water demand forecasting for the Yellow River irrigation
area, so as to contribute to the broader development prospect of local agriculture.
After the completion of the GIS-based water demand forecasting system for the
Yellow River diversion irrigation area, currently, there’s only one pilot application
that has been carried out in the People’s Shengli Canal Irrigation Area. In the future,
this system will need to run and use data from other irrigation area so that it can be
further supplemented and improved, its functions need to be expanded and improved
continuously so that it can become a mature and practical system.
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Biodiversity Associated to Floating e
Wetland Islands
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Abstract Floating wetland islands (FWI) are nature-based solutions that can be
applied in different water bodies, such lakes, ponds and rivers, considering a wide
range of purposes. They have been considered for eutrophication abatement, wastew-
ater treatment and ecosystem rehabilitation. They are of great value since their effi-
ciency relies on bioremediation processes and are thus very versatile in terms of water
depuration but also on biodiversity promotion. These systems comprise a floating
platform, selected plants and an anchoring system. Depending on their configuration,
they will attract and harbor different organisms such macrofauna and microorgan-
isms, that will use the platform as shelter, habitat, stepping stone, nursery, food
source among other benefits. The plant species are of particular interest since they
are the living interface between the platform and the water body and they must be
selected according to criteria that will enable their successful establishment having
in consideration the biotic factors. The present paper intends to give an overview of
the role of FWI towards their associated biodiversity and what has been identified in
literature as the main groups that can be found and related to operational conditions.
This approach can support future decisions concerning the FWI implementation
conditions and components towards biodiversity enhancement.
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13.1 Introduction

The conservation and sustainable use of the marine and terrestrial environment is
supported by the primary biodiversity Sustainable Development Goals (SDGs) 14
and 15 although, the 17 SDGs ultimately depend on healthy ecosystems and biodi-
versity. Concerning nature-based solutions (NBS), biodiversity has firstly a func-
tional role, which underpins ecosystem functions and processes thus delivering
ecosystem services and supporting conservation objectives (WWAP (United Nations
World Water Assessment Programme)/UN-Water 2018). Nature-based solutions “are
inspired and supported by nature and use, or mimic, natural processes to contribute
to the improved management of water. A NBS can involve conserving or rehabili-
tating natural ecosystems and/or the enhancement or creation of natural processes in
modified or artificial ecosystems” (WWAP (United Nations World Water Assessment
Programme)/UN-Water 2018, p. 2).

The use of constructed wetlands as NBS for bioremediation has been widely
used, considering wastewater treatment, management and ecosystems rehabilitation
(Calheiros et al. 2020b). Although, when the target is a water body, such as a river,
lake, pond, the use of floating wetland islands (FWI) is usually the most adequate
approach. There are several reviews that detail the systems’ applications and config-
urations (e.g., Arivukkarasu and Sathyanathan, 2023; Colares et al. 2020; Pavlineri
etal. 2017). Floating wetlands islands are also known as treatment floating wetlands,
floating islands or vegetated floating mats, and they deliver a wide range of ecosystem
services, having the advantage that no additional surface land is required and can
operate in situ. These systems comprise a floating platform, plants species and an
anchoring system. In relation to the floating platform, in order to ensure the buoyancy,
it can be made of different materials such polyethylene, polypropylene, polyurethane
or polyvinyl alcohol foam (Karstens et al. 2021) or cork (Calheiros et al. 2020a). The
plant species considered may vary widely depending on the environment (e.g., saline,
freshwater) that the FWI will be implemented, being important to select them based
on established criteria (Arivukkarasu and Sathyanathan, 2023; Calheiros et al. 2022;
Wang and Sample 2014). The promotion of the biodiversity is one of the ecosystem
services delivered by these systems and can be enhanced by adding other features
to the platform in order support for example nursery purposes, habitat, shelter, etc.
A huge interest is rising concerning the species that these systems can harbor at the
macro and micro level.

The aim of this paper is to deliver an overview of the FWI role towards biodiverse
promotion. In that sense it will be explored their associated biodiversity and what
has been identified in literature as the main groups that can be found and the related
operational conditions. This approach is of outmost importance to support future
decisions concerning the FWI implementation conditions and components towards
biodiversity enhancement.
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13.2 Biodiversity Behind Floating Wetland Islands

In addition to the FWI’s main purpose of treating water, these systems can also deliver
numerous ecosystem services, including the improvement of biodiversity. The wide
range of plant species used to vegetate the platforms will boost the biodiversity
of the surrounding ecosystem. Starting with the increment of the diversity of plant
species in the FWT itself. A study performed by Wang et al. (2015) showed that plant
diversity increased from three (initially planted) to seven species after 1 year of the
FWI implementation. The biofilm attached to the surface of roots and rhizomes and
to the floating mat also comprises diverse bacterial, fungi, and algae communities.
Moreover, FWI contribute to increase the diversity of several macroinvertebrates
communities, namely insects, snails, and molluscs, while they create habitats for
several animals, namely fishes, amphibians, and birds (Karstens et al. 2021).

13.2.1 Plant Selection and Establishment

Floating wetland islands consist in a buoyant structure floating on the surface of water
that supports emergent vegetation. The roots of plants are completely emerged in the
water, while the upper parts remain and grow above the water level (Arivukkarasu
and Sathyanathan, 2023; Pavlineri et al. 2017; Benvenuti et al. 2018). The main
natural components of FWTI are the macrophytes which have extensive root systems
enabling the absorption of nutrients and contaminants from water (Arivukkarasu and
Sathyanathan, 2023). Macrophytes can be classified according to the water level as
emergent, floating, and submerged (Thampatti et al. 2020). A plethora of plant species
have been used for water treatment by FWI, however the selection of macrophytes is
a crucial step and should rely on several criteria as they will impact the performance
of the system, as well as the surrounding ecosystem.

Wang and Sample (2014) defined some criteria to select plants for FWI
implementation:

Native and non-invasive plants species

Terrestrial and perennial plant species

Emergent wetland plants able to adapt and thrive in hydroponic conditions
Plants with aerenchyma for higher oxygen diffusion from aerial parts to
belowground organs (roots and rhizomes)

Plant species with aesthetic attributes

Plants with high nutrient uptake capacity

In addition, Arivukkarasu and Sathyanathan (2023) reported that the selection of
macrophytes should be based on following criteria:

e Saplings should be readily available
¢ Good adaptation to climatic conditions throughout the year
e Fase vegetative reproduction
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Good resistance to insects and plant diseases

High growth rate and fast biomass production throughout the year

High root development and anchoring well in the growth medium

Provision of oxygen to the belowground organs even under anoxic conditions

Further on, Calheiros et al. (2020a) used the following criteria for plant selection:
(1) native to the country; (2) potential to survive in hydroponic mode with tolerance
to variable salinity levels; (3) presence in the region of the experimental site; (4)
perennial species and (5) possibility to form a polyculture. Shahid et al. (2020)
highlighted that the tolerance of plants to salinity, metals, organic compounds should
also be considered.

The species mostly used in artificially created FWI belonged to genera Canna,
Carea, Typha, Phragmites, Juncus, and Cyperus (Headley and Tanner 2012; Rehman
et al. 2019). According to the meta-analysis performed by Pavlineri et al. (2017),
Canna is a widely adapted plant species that is commonly used in FWI systems
operating in several locations and climate zones in the world. Similarly, several
species of Typha and Cyperus genera have also been broadly tested in FWI. For
instance, the macrophyte Typha domingensis Pers. was successfully used in an FWI
to treat raw sewage in a municipal sewage treatment plant (Benvenuti et al. 2018).
However, many other plant species can be used, including terrestrial plant species
such as Brachiaria mutica and Salix babylonica. These species are a good solution to
increase the rate of removal of nutrients and contaminants from water as they possess
extensive root systems (Ijaz et al. 2015; Zhu et al. 2011).

Queiroz et al. (2020) evaluated the use of the macrophytes Eichhornia crassipes,
Eichhornia paniculate, Polygonum ferrugineum and Borreria scabiosoides for the
treatment of dairy wastewater using FWI. The aquatic macrophytes E. crassipes and
E. paniculate were the species that better performed showing higher organic load
removal efficiency and biomass growth. Calheiros et al. (2020a) reported the success-
fully installation of an in-situ FWI in a seawater port marina, comprising a polycul-
ture of species able to withstand high salt levels—Sarcocornia perennis, Juncus
maritimus, Phragmites australis, Halimione portulacoides, Spartina maritima and
Limonium vulgare.

Ornamental plants can also be used in FWI contributing to improve the aesthetic
landscape (Barco and Borin 2020; Zanin et al. 2018), which could be of particular
interest in urban areas. Moreover, ornamental plants will attract further wildlife,
including insects pollinators. These plants must thrive and grow well in aquatic envi-
ronment while showing ornamental features. Several strategies can be applied when
using ornamental plants in FWI, namely the use of plants with a colorful flowering,
mixtures of species with different colored flowers, and species with aesthetic foliage
characteristics (Barco and Borin 2020). The suitability of 11 wetland species with
ornamental features: Canna indica L., Pontederia cordata L., Thalia dealbata Fraser
ex Roscoe, Acorus calamus L., Juncus effusus L., Iris laevigata L., Mentha aquatica
L., Oenanthe javanica (Blume) DC., Caltha palustris L., Sparganium erectum L. and
Zantedeschia aetiopica (L.) Srengel was evaluated. Results showed that C. indica, P.
cordata and T. dealbata were the species that better performed regarding the vigor
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Fig. 13.1 Examples of ornamental plant species used in floating wetland islands. a Canna indica,
b Canna flaccida, ¢ Zantedeschia aethiopica

and colonization of the floating maps, survival, and nitrogen uptake (Barco and Borin
2020) (Fig. 13.1). According to Liu et al. (2016) the ornamental emergent macro-
phytes, Lythrum salicaria Linn. and Iris wilsonii, were efficient in removing total
nitrogen and phosphorous from the wastewater. Urakawa et al. (2017) also used
Canna flaccida and J. effusus roots in an FWI established in a manmade stormwater
pond.

13.2.2 Microorganisms Associated to Floating Wetland
Islands

The roots of plants growing in the FWI, and the mat platform harbor a variety of
microorganisms (Lubnow 2014; Lucke et al. 2019), which may be involved in the
removal of total nitrogen and NH4-N from water by several processes, such as nitri-
fication, denitrification, and anaerobic ammonium oxidation (Tao and Wang 2009).
Indeed, according to Sun et al. (2009), the removal efficiency of nitrogen was foster
by the addition of immobilized denitrifying bacteria to the floating bed. In addi-
tion, microorganisms also play an important role on the degradation of pollutants,
including metals and organic compounds (Liu et al. 2019), especially whether asso-
ciated to the roots of plants in FWI (Rehman et al. 2019; Li et al. 2012; Demarco
et al. 2023). Recent studies reported the inoculation of specific microorganisms in
FWI systems as a successful strategy to increase the efficiency of pollutant removal
from water (Shahid et al. 2020). For instance, Nawaz et al. (2020) demonstrated that
the bacterial inoculation of a FWI composed of P. australis increased the removal
of dyes from textile wastewater. Likewise, the inoculation of two aquatic plants with
bacterial strains showing pollutant-degrading ability and growth-promoting traits
fostered textile dye degradation (Tusief et al. 2022).
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Fig. 13.2 a Floating wetland island in a freshwater pond, b biofilm sampling for microbial
communities analysis

Despite the importance of microorganisms in nutrient and/or pollutant removal,
little is known about the microbial communities associated to FWI plant roots
(Urakawa et al. 2017). Preliminary studies are being carried out by Calheiros et al.
(2022) that is studying the integration of an FWI pilot in a freshwater pond assessing
its biodiversity (Fig. 13.2), namely the culturable bacterial communities associated
to the floating platform biofilm and to the plant rhizosphere.

Urakawa et al. (2017) evaluated the microbial communities colonizing C. flaccida
and J. effusus roots, as well as the biofilms of plant pots and floating mat foam, in
an FWI implemented in a manmade stormwater pond. Results showed that FWTI’s
plant root microbiomes were dominated by Anabaena, Rhizobium, and Rhodobacter
genera. In addition, microbial communities of the FWI plant roots were quite different
from the those found in the biofilm, being more related to the communities thriving
in the surrounding water samples. Similar results were obtained by Calheiros et al.
(2020a) in an FWT1 installed in a seawater port marine. The structure of the microbial
communities retrieved from biofilm adhering the planting media and the submerged
platform was distinct from the communities associated to the surrounding water.

13.2.3 Agquatic and Terrestrial Associated Fauna

Floating wetlands islands have real potential to provide habitats for aquatic and terres-
trial fauna. Aquatic and terrestrial species usually use the available area as shelter
and refuge to escape predator pressure (Karstens et al. 2021). Floating wetlands
islands are also used by the fauna as a food source. The roots of plants in FWI are
usually able to retain particulate matter that serve as food source for the macroinverte-
brates (Prashant and Billore 2020). Aquatic and terrestrial associated species mainly
include, annelids (mainly oligochaete worms and leeches), molluscs (mainly aquatic
gastropods and freshwater mussels), arachnids (mainly spiders and water mites),
crustaceans (mainly shrimps and crabs), insects (mainly dragonflies, bugs, water
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scorpions, water boatmen, beetles, caddisflies, midges), amphibians (American bull-
frogs, gray treefrogs, crawfish frogs, southern leopard frogs), reptiles (Common snap-
ping turtles, eastern painted turtles, red-eared slider turtles, northern water snakes),
fishes (mainly eels, cyrprinids, gobies, rosy bitterlings, topmouth gudgeons, black
basses) and birds (mainly mallards, red-winged blackbirds, twice gulls, grey herons,
Canada gooses, sparrows) (Table 13.1).

Floating wetland islands can provide critical habitat also for many migratory fishes
and invertebrate species important to commercial and recreational fisheries (Deegan
et al. 2002; Moody et al. 2013). Indeed, Huang et al. (2017) reported that stereo-
scopic artificial floating wetlands vegetated with P. australis proved to be efficient
fish aggregation devices in estuarine and coastal habitats. Recent studies have also
observed that large numbers of juvenile European eel (Anguilla anguilla) are asso-
ciated with the dense root structures of FWI plants (Cicero-Fernandez et al. 2022;
Karstens et al. 2022). In this case, the FWI serve as a refuge to avoid predators;
normally, eels seek out dark, structurally rich areas during the day (Karstens et al.
2021). This is of particular importance as the population of the European eel has
declined in several places in recent years, and the species is nowadays considered
critically endangered (Pike et al. 2020).

According to Kartens et al. (2022), the FWI can serve as a steppingstone to
improve habitat connectivity of several species, such as the diadromous fish species.
There are several bird species that are attracted to FWI and use the structure as an
enhancement of available habitat (Yeh et al. 2015). Shealer et al. (2006) observed
that during periods of flooding birds preferred FWI over natural sites. They have
also observed that bird eggs that were laid in FWI were significantly larger than
those laid at natural sites, suggesting that FWI were occupied by better quality birds.
According to Hancock (2000), the availability of FWI have probably increased the
Black-throated Diver (Gavia artica) population in Scotland by an average of 44%
(from 7 to 130%, varies by site). The FWI appears to have been used by birds as an
additional benefit contributing to landscape aesthetics and also habitat enhancement.

Overall, FWI seem to improve ecosystem conditions and lead to more diverse
fauna (invertebrates, fishes, amphibians, reptiles, and birds) communities. In partic-
ular, FWI provide shelter when they provide more interstitial spaces favorable to
the colonization of macroinvertebrates; heterogeneous habitats that contributes to
attract diverse and abundant fauna; stable and constantly accessible habitats for fauna
regardless of the water level, as they are floating structures; and they also serve as a
relevant food source for some species.

13.3 Conclusion

Floating wetland islands are very interesting NBS to consider when a water body
needs of intervention being for water management and treatment or ecosystem reha-
bilitation or aesthetic integration. They are very versatile and adaptative in terms
of their configuration and components. Enhancement of biodiversity is an asset
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Table 13.1 Main species and groups observed in association with the floating wetlands islands

(FWI)
Species Main use of the Period of study | System Reference
floating wetland
Annelida (2 Favorable habitat, |3 years Shoreline of a Nakamura et al.

species), Mollusca
(2 species),
Crustacean
(Macrobrachium
niponense),
Arachnida
(Aranae sp.),
Insects
(Terrestrial, 4
groups; Aquatic, 4
groups), Fishes (6
species)

safe nesting
habitat, area for
feeding

lake

(1997)

Annelida Foraging, 5 months Pond Wang et al.
(Freshwater breeding, nursing, (2015)
leech), Mollusca | resting
(Physella acuta),
Arachnida
(Dolomedes
triton), Insects
(Aquatic, 4
species;
Terrestrial, 5
species), Fishes
(Cyprinus carpio),
Reptiles (4
species), Birds (5
species)
Crustaceans Used to Few days Reservoir Huang et al.
(Crabs, 8 species; | compensate habitat | during (2017)
Shrimps, 5 degradation, 4 months
species), Fishes improve fish and
(13 species) crustacean
recruitment and
increase refuge
capacity
Mollusca Habitat creation 2 years Ponds Strosnider et al.
(Gastropods, 2 (2017)
species),
Arachnida (2

species), Insects (3
species), Reptiles
(4 species), Birds
(3 species)

(continued)
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Table 13.1 (continued)
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Species Main use of the Period of study | System Reference
floating wetland

Annelida Feeding 16 months Next to a pier of | Calheiros et al.

(Polychaeta), a Marina (2020a)

Crustaceans

(Chthamalus sp.;

Palaemon sp.),

Bivalvia (Mytilus

sp.), Fishes (Mugil

sp.)

Mollusca (7 Shelter and food Not available | River Prashant and

species), Insects availability Billore (2020)

(11 species)

Insects (Nepa sp.),
Crustaceans (2
species), Mollusca
(Gastropoda
indet.), Fishes
(Anguilla
anguilla),
Amphibians (Rana
esculenta),
Reptiles (Natrix
natrix), Birds (5
species)

Foraging, shelter
and refuge

4 months

Shallow lagoon

Karstens et al.
(2021)

Crustaceans (2
species), Fishes
(Anguilla
anguilla)

Functional habitat,
nursery and refuge

2 years

Floating dock in
the tidal lagoon

Cicero-Fernandez
et al. (2022)

Cnidaria (Hydra
sp.), Annelida
(Oligochaetes),
Mollusca (3
species),
Arachnida
(Hydracarina sp.),
Insects (5 species)

Diverse habitats
for the different
stages of
macroinvertebrates

Seasonal
(Autumn 2018,
‘Winter 2019,
Spring 2019,
Summer 2019)

Bays in the
downstream part
of a reservoir

Salmon et al.
(2022)

associated to these systems above and below water surface. Biodiversity can thus
be promoted when choosing the adequate materials, especially the plant species,
that are the most visible component being in the living interface. A wide range of
biodiversity has already been identified to be associated to FWI, such, macroinver-
tebrates, vertebrates and microorganisms. Nevertheless, there is still the need for
further research on the ecosystem’s services accounting related to biodiversity, espe-
cially species association to different environments (marine, freshwater, wastewater)
and their response to different biotic and abiotic profiles.
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of Hanjiang River in China

Xiaomei Kou, Qi Li, Hong Zhao, Yongxiang Cao, and Le Niu

Abstract Understanding the dynamic change of landscape pattern is crucial for
improving the ecosystem services and regulating water resources in the basin. In this
paper, satellite remote sensing TM image data in different periods since the late 1980s
were collected, combined with 1:1000 topographic map and other ground observa-
tion records, and taking into account the impact of human factors on the Hanzhong
Pingchuan section of the Hanjiang River (HPHR). ARCGIS and FRAGSTATS spatial
analysis modules were used to calculate the regional landscape pattern index and
analyze the landscape pattern changes at different levels. The results showed that
the major types of LULC of the HPHR included water areas cultivated land and
woodland in 2013. During the whole study period, the area of woodland, construc-
tion land, water area and other land types increased, while the area of farmland
and grassland decreased. The loss of landscape connectivity is often a direct result of
fragmentation caused by human activities. The construction of land patches is mainly
concentrated in the flat areas on both sides of the main stream while there are few on
both sides of the tributaries and the ecosystem service value of the whole region is
not fully reflected. The government and manager should optimize the regional land-
scape pattern, build the ecological corridor, enhance the continuity between patches.
At the same time, the weak ecological function on the ecological corridor should be
identified as the ecological node to provide a reasonable landscape pattern for the
regional planning of the HPHR.
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Landscape uniformity
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14.1 Introduction

Land use/cover changes have significantly changed ecosystem model and process,
resulting in changes in landscape patterns (Shirmohammadi et al. 2020; Qin and Chen
2023). Analysis of landscape pattern change and LUCC are inseparable. Landscape
pattern represents the landscape ecological condition and indicates the spatial charac-
teristics of landscape composition and configuration. The landscape pattern changes
affect a series of ecosystem services, such as soil and water conservation, biological
diversity, carbon sequestration and biogeochemical cycle of terrestrial ecosystems
(McGarigal et al. 2012). Therefore, the study of the spatiotemporal evolution charac-
teristics of landscape pattern can provide important guidance for protecting regional
ecological environment and determining whether land use is reasonable, and also
plays an important role in formulating watershed landscape planning and carrying
out watershed comprehensive management (Wang et al. 2022; Feng et al. 2018).

Over recent decades, with the development of economy, the change of land use
has led to the imbalance of the proportion of landscape types and the change of
spatial allocation (Sunsanee and Rajendra 2016; Song et al. 2020). Spatial analysis
tools like GIS, remote sensing, land-use models and statistical methods have been
used to intuitively quantify the spatial heterogeneity of landscape pattern (Odongo
etal. 2019; Xia et al. 2021). Studies have shown that the change of landscape pattern
is the direct response of land use change (Yang 2007; Wu 2005). LULC types with
a high ecological value, such as forests, grasslands and water bodies, but they are
frequently affected by human activities, resulting in different degrees of degradation
of ecosystem services (Cao et al. 2022; Huang et al. 2019; Cai and Hu 2008).

The HPHR is located at the upstream of the main stream of the Hanjiang River,
with a length of about 119.5 km and a drainage area of 14,200 km?. The protection
and construction of ecological environment in HPHR is the key to guarantee the
water quality safety of water sources (Wang et al. 2006). With the rapid development
of regional economy and the acceleration of urbanization process. Human activities
have caused changes in the underlying surface of the basin, such as soil and water
conservation measures, city building, land use changes and water conservancy project
construction, etc. The LULC in the basin has a great impact on runoff, vegetation and
ecological environment. Within this context, the water ecosystem in the HPHR is
under a certain degree of stress (Wu et al. 2005). Under this context, it is necessary to
analyze the LULC and landscape pattern change at different levels in the region. The
main purpose of this study is to analyze the land-use change, landscape change and
provide data and policy support for the regulation of the regional landscape pattern.
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14.2 Materials and Methods

14.2.1 Study Area

HPHR is located in the hinterland of Hanzhong Basin at the upstream of the main
stream of Hanjiang River, it starts from Wuhou Town of Mian County in the west and
ending at Xiaoxiakou of Yangxian County in the east. There are 27 main tributaries
along the Hanzhong Pingchuan section, such as Yan River, Bao River, Lianshui
River, Lengshui River, Xushui River, Yishui River, etc. The HPHR have a subtropical
humid monsoon climate zone in the north of central China. Affected by the terrain
conditions, it has formed a unique climate feature of Qinba Mountains and the climate
has the characteristics of warm and humid, no extreme heat in summer, no severe cold
in winter, and hot rain in the same season. Yellow brown soil is the main zonal soil
of HPHR, its surface soil contains more humus, has light texture and loose structure,
mainly distributed among low-elevation hills and terraces with an altitude of 800—
900 m. HPRP has a wide variety of plants and rich resources (Su et al. 2008; Kang
et al. 2015).

14.2.2 Data Sources

Combined with the 1:1000 topographic map and other ground observation data, and
taking into account the degree of human factors on the image of the HPHR, three
periods (1987, 2000, 2013) of Landsat TM images (spatial resolution 30 m) were
gained from the Chinese Academy of Sciences. The images with cloud cover of less
than 5% and good imaging quality from June to October of selected year. A series
of image preprocessing works are carried out for remote sensing images, including
geometric registration, radiation processing and normalization, image mosaicing
and clipping (Khalyani and Mayer 2013). By analyzing the characteristics of land
use in the HPHR, land is classified into 6 types, including cultivated land (CL),
woodland (WD), grassland, Construction land (Con L), River surface and inland tidal
flat (RSITF), and other land (OL). Classification was done in ERDAS IMAGINE 8.7
and the overall classification accuracy was verified exceeding 87%.

14.2.3 Methods

Landscape transfer matrix. The Markov model has been widely used to predict
LULC changes which can be used to predict the transfer source and destination of
land use type (Chen et al. 2018). The formula is as follows:
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Py Py
Pj= g (14.1)
Pnl e an

where P;; represents the conversion probability of each land use/cover type, n and
m represents the total number of different land use types, i and j represent the land
use/cover types at the beginning and end of different time periods during the study
period.

Landscape metrics. The quantitative description of landscape pattern analysis is
mainly through calculation and analysis of the landscape index, so as to complete
the quantitative analysis of overall characteristics of the landscape spatial pattern
in the study area, as well as quantitative analysis of different landscape types in
the region (Chen et al. 2022; Corry 2005). Spatial analysis modules of ARCGIS
and FRAGSTATS were used to calculate the landscape pattern index (Mcgarigal
and Marks 1995). These indexes mainly include the number, area, shape, structure,
diversity and other indicators of patches, and have a strong ability to describe the
landscape pattern (Chen et al. 2002). The main indicators we analyzed are as follows:

(1) Number of patches (NP):

NP =N (14.2)

where N is the total number of patches.
(2) Mean Patch Size (MPS):

MPS = aj;/n (14.3)
j=1

where MPS is equal to the total landscape area divided by the total number of

patches of each type.
(3) Boundary Density Index (ED):

ED = ZP/ZA (14.4)

where P is the perimeter of plaque. The complexity of the landscape patch shape
is reflected in the ED.
(4) Mean Patch Fractal Dimension (MPED):

11
MPED = —2In_ P/In(A) (14.5)
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where P is the perimeter of the plaque. The complexity of patch shape can be
measured by its fractal dimension and can also be used to describe the geometric
complexity of landscape patches.

Patch Shape Index:

Applies to vector data if using the circle as a reference geometry:

P
MSI = (14.6)
2/mA
Applies to grid data if using the Square as a reference geometry:
MSI = P 14.7)
C4JA '

where MSI reflecting the development degree of the patch. The increase of MSI
indicates the decrease of human interference.
Landscape Diversity Index:

H=— Z Pn Py, (14.8)
k=1

where Py is the probability of patch type k appearing in the landscape. H can
reflect the heterogeneity of the landscape.
Landscape Evenness Index:

The expression of Shannon Evenness Index (SHEI) is:

H . _ZZ:1Pkl”Pk
Huax  In(n)

E = (14.9)

where H is the Shannon diversity index, and H 4y is its maximum value. Obvi-
ously, when E tends to 1, the uniformity of landscape patch distribution tends
to be the largest.

14.3 Results

14.3.1 Dynamic Evolution of LULC in HPRP

Figure 14.1 showed the land use in different periods in the HPHR, Table 14.1 and
Fig. 14.2 were the results of the classification of land use type in the survey area. In
general, the largest type of land use is the river surface and inland tidal flat (including



180 X. Kou et al.

river surface and inland tidal flat), followed by forest land and cultivated land. In
different periods, the proportion of river surface and inland tidal flat area is about
30%, but the proportion showed a decreasing trend. The area of cultivated land was
49.28 km? in 1987, increased to 80.63 km? in 2000, decreased to 61.74 km? in
2013 and the overall trend of land reclamation was upward. The area of forest land
accounted for 20.73% in 1987, and decreased sharply to 13.46% in 2000. However,
the area of forest land increased in 2013, accounting for 18.05% and the area of forest
land showed a decreasing trend. The grassland area has changed greatly, with 6.11
km? in 1987 and 34.86 km? in 2000, but decreased in 2013, with an area of 30.48
km?, showing an upward trend. The area of construction land (including residential
land and transportation land) was 49.84 km? in 1987, decreased to 23.41 km? in
2000, and increased to 39.67 km? in 2013. Other land (mainly bare land) continued
to decrease, from 3.78 km? in 1987 to 0.16 km? in 2000, and to 0.13 km? in 2013.

(a) 1987 -
e 4 : E

J Legend
A [ Basin boundary

Lucc
Cultivated land
Bl Woodland
| Grassland

Construction land

(c) 2013

River surface and inland tidal flat
Other land

Fig. 14.1 Land use distribution in different periods in the HPHR
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Table 14.1 Area of each land-use type in different periods
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LULC |1987 2000 2013
Area (km?) Proportion | Area (km?) Proportion | Area (km?) Proportion
(%) (%) (%)

CL 49.28 20.75 80.63 33.95 61.74 25.99
WL 49.24 20.73 31.96 13.46 42.86 18.05
GL 6.11 2.57 34.86 14.68 30.48 12.83
ConL [49.84 20.98 23.41 9.86 39.67 16.70
RSITF | 79.26 33.37 66.49 27.99 62.63 26.37
OL 3.78 1.59 0.16 0.07 0.13 0.05

90 -

80 - [ 2000

| EUE

70

CL

WL

GL

Con L

RSITF

Fig. 14.2 Statistical map of land use in different periods in the HPHR

14.3.2 Analysis of Dynamic Change of LULC

OL

The land-use change processes are presented with the transition matrix (see
Tables 14.2, 14.3, and 14.4). There were significant changes in land cover and land
use during the study period. In period from 1887 to 2000, cultivated land decreased
by 31.36 km?, forest land increased by 17.23 km?, grassland decreased by 28.71
km?2, construction land increased by 26.35 km2, water area and water conservancy
facilities land decreased by 12.77 km?, and other land increased by 3.72 km?. The
main reason for the land use change is that since 1987, the population of the HPHR
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has gradually become denser, and the construction land has increased. At the same
time, the implementation of flood control and other projects in the Hanjiang River
channel has reduced the area of farmland around the original river channel, which has
been converted into forest land and grassland. The change of water area and water
conservancy facilities land is mainly reflected by the image of 1987 in the year of high
water and 2000 in the year of low water, resulting in drastic changes in the water area.

In period from 2000 to 2013, cultivated land increased by 18.88 km?, forest
land decreased by 10.91 km?, grassland increased by 4.38 km?, construction land
decreased by 16.23 km?, water area and water conservancy facilities land increased

Table 14.2 Transition matrix of LULC in PHPR between 1987 and 2000

Year LULC 2000
CL WL GL ConL RSITF OL
1987 CL 27.03 21.71 2.34 18.59 9.11 1.7
WL 5.15 8.51 1.71 9.48 6.6 0.46
GL 9.49 12.03 0.99 6.92 4.53 0.85
ConL 3.86 3.22 0.35 13.44 1.9 0.6
RSITF 3.57 3.66 0.71 1.29 57.1 0.16
OL 0.02 0.02 0 0.01 0 0

Table 14.3 Transition matrix of LULC in PHPR between 2000 and 2013 (unit: km?)

Year LULC 2013
CL WL GL ConL RSITF OL
2000 CL 31.75 6.1 14.48 391 5.38 0.02
WL 16.49 11.68 5.87 2.34 6.45 0.01
GL 12.06 491 8.88 2.32 227 0.01
ConL 15.01 4.67 3.75 13.77 2.38 0.01
RSITF 5.19 4.56 1.84 1.03 50.01 0
OL 0.01 0 0.01 0 0 0.01

Table 14.4 Transition matrix of LULC in PHPR between 2000 and 2013

Year LULC 2013
CL WL GL ConL RSITF OL
1987 CL 31.71 12.25 1.34 10.24 5.16 0.91
WL 3.33 16.11 1.95 7.02 13.12 1.3
GL 5.32 11.46 1 8.7 3.6 0.34
ConL 7.81 5.15 0.9 21.85 2.85 1.05
RSITF 0.95 4.18 0.91 1.9 54.51 0.18
OL 0.01 0.01 0 0 0 0
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by 3.86 km?, and other land increased by 0.02 km?. The main reasons for land use
change are rapid population growth, the increased demand for agricultural land, the
conversion of large areas of forest land and construction land into cultivated land,
the reduction of forest land and construction land and the increase of cultivated land.
Remote sensing images show that the years of 2000 and 2013 are dry years, and the
implementation of the comprehensive renovation of the Han River and other projects
has also leading to the increase of water areas and water conservancy facilities.

In period from 1987 to 2013, cultivated land decreased by 12.48 km?, forest
land increased by 6.33 km?, grassland decreased by 24.33 km?, construction land
increased by 10.11 km?, water area and water conservancy facilities land increased
by 16.62 km?, and other land increased by 3.75 km?. The change of land use during
this period includes the conversion of cultivated land to construction land due to the
increase of land demand, as well as the conversion of forest land and construction
land to cultivated land. From the perspective of land use change, the implementation
of the comprehensive regulation of the Han River and the flood control project of
the river channel has resulted in the reduction of cultivated land and grassland, and
the increase of forest land, water area, water conservancy facilities and construction
land.

14.3.3 The Change Characteristics of Landscape Patches

At the level of patch type, the landscape pattern of 6 main land use types, including
cultivated land, forest land, grassland, construction land, river surface and inland
tidal flat and other land is analyzed. The result of landscape structure analysis shows
that a decrease in landscape diversity, and an increase in dominance indices during
the study period (Table 14.5).

The patch numbers of cultivated land increased significantly from 1987 to 2000,
and decreased rapidly from 2000 to 2013. The main reason is that as population
density in HPHR increases, the demand for agricultural land increased, and the
area of cultivated land increased, so the patch numbers increased after 1987. The
boundary density of cultivated land first increased and then decreased, the fractal
dimension gradually increased and remained unchanged until 2013. The shape index
first decreased and then increased, which indicates that the patch was gradually
broken, the degree of interference was strengthened, and the patch geometry was
more complex between 1987 and 2000. With the implementation of the Hanjiang
Wetland Ecological environment Treatment Project, the fragmentation of cultivated
land patches decreased and the geometric shape of the patch became simpler from
2000 to 2013. The number of forest patches increased significantly from 1987 to
2000, but decreased from 2000 to 2013. The boundary density and average patch
fractal dimension also have a trend of increasing, which indicates that the form of
forest land is more diversified. During the study period, the increase of road protec-
tion forest, farmland protection forest and observation platform green space in the
study area made the spatial shape of the forest land more diversified and the degree
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Table 14.5 Characteristics of landscape type patches in HPHR

LULC Year NP MPS ED MPED MSI
CL 1987 138 35.71 21.90 1.29 1.80
2000 911 8.96 63.14 1.34 1.58
2013 691 12.29 55.79 1.34 1.64
WL 1987 158 31.16 23.90 1.30 1.90
2000 751 4.19 29.22 1.32 1.38
2013 525 8.11 30.47 1.33 1.50
GL 1987 34 17.96 3.47 1.30 1.69
2000 689 13.02 63.14 1.34 1.71
2013 839 2.76 26.47 1.33 1.39
ConL 1987 205 24.31 23.15 1.30 1.72
2000 212 4.44 7.60 1.32 1.35
2013 672 8.39 42.11 1.33 1.54
RSITF 1987 162 48.93 39.37 1.31 1.98
2000 156 16.08 16.88 1.34 1.70
2013 111 27.38 16.80 1.33 1.76

of interference reduced. The number patches of grassland increased significantly
and the patch density showed a trend of first significant increase and then decline
from 1987 to 2000. The mean patch fractal dimension and shape index increased
at first and then decreased, which indicates that the area of grassland increased, the
number of patches increased and the patches gradually broken during this period.
After 2000, the number of grassland patches increased but the dominant patches of
grassland landscape decreased. The number patches of construction land increased
rapidly during the study period, which shows that the construction land was grad-
ually expanding. The boundary density and patch shape index decreased first and
then increased. In particular, the change of boundary density is relatively significant,
indicating that the patch shape of construction land has a trend of simple first and then
complex. It can be explained by the fact that construction land, scattered rural home-
stead appeared, and the original scattered urban land was merged with the increased
urban land during the study period. The number of landscape patches in the water
area decreased between 2000 and 2013, mainly manifested by the disappearance of
lower grade river channels. Based on the comparative analysis of the images in 2000
and 2013, it was found that the boundary density and patch shape index decreased,
which indicates that the channel shape tended to become regular with the number of
low-grade river channels. It is worth noting that the river-concentrated area is also the
cultivated land concentrated area, which reflects the interdependence of water land-
scape and cultivated land. It’s different from the mutually exclusive of construction
land and rivers.
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Table 14.6 Analysis of land use landscape in HPHR

Year NP MPS ED MPFD MSI SDI SEI
1987 716 33.17 113.91 1.31 1.83 1.52 0.85
2000 2810 8.44 192.72 1.56 30.39 1.7 0.87
2013 2922 8.12 172.89 1.54 27.77 1.76 0.9

14.3.4 Changes of Landscape Pattern at Landscape Level

The change of landscape pattern’s indices in HPHR is shown in Table 14.6. It is
shown that the number of regional patches of NP increased sharply from 1989 to
2000, and decreased slightly after 2000. The comparison of the number of patches
at type level shows that the main reason for this phenomenon is that the agricultural
land and water area first appeared fragmentation during the period from 1989 to
2000, and then as the fragmented small patches were replaced by urban land, the
number of agricultural land and water area landscape patches decreased.

The boundary density and patch shape index increased significantly from 1987
to 2013 and then decreased slightly, indicating that the patch shape tends to be more
regular after the complexity caused by the initial landscape fragmentation. In terms
of Shannon diversity and Shannon evenness indices of the regional landscape. They
showed a gradual rise in trend which indicates that the land use types were gradually
enriched, the fragmentation degree of patches increased and the distribution was
relatively uniform from 1987 to 2013. This result is related to the different resolution
and imaging time of remote sensing images in different periods.

The evolution process of land use and landscape pattern in the HPHR is jointly
restricted by economic and natural ecological factors. The landscape pattern of land
use in the initial stage is mainly affected by the industrial and agricultural production
layout, with economic factors as the leading factor and natural factors as the second
factor. From the analysis of land use landscape data. It can be seen that land use and
ecological landscape change in the HPHR can be divided into two stages. Before
2000, affected by the accelerated process of economic and social development, the
impact of construction land has become more and more important, the area of forest
land and water area has shrunk significantly. This resulted in the degree of regional
landscape fragmentation has become higher, and the ecological environment has a
trend of deterioration; However, since 200, with the implementation of the Hanjiang
Wetland Ecological Management Project, ecological land conversion to nonecolog-
ical land showed a weakening trend after, while ecological quality improved. The
richness of regional landscape patch types in the study area has increased and the
landscape heterogeneity also increased. The ecological regulation function of the
HPHR has been strengthened to a certain extent.
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14.4 Conclusion and Discussion

Analysis of LUCC and landscape pattern can provide important data and decision
support for ecosystem management. In this study, we used high-resolution long time
series (1987, 2000 and 2013) remote sensing images to analyze LUCC in HPHR,
and emphasized the landscape pattern change process of HPHR during the research
period. The results of this study can provide reference information for water resource
management and ecological protection in the HPHR.

In general, the land use types were similar for all the three periods, while the
landscape diversity has declined. Cultivated land, construction land and woodland are
the main land use types in the study area and conversion frequently occurred between
each three land use types from 1980 to 2020. The land use and ecological landscape
change in the HPHR can be divided into two stages before 2000 and after 2000:
Before 2000, affected by the accelerated economic and social development process,
the impact of construction land is becoming more and more important, the degree
of regional landscape fragmentation is increasing, and the ecological environment
has a trend of deterioration; After 2000, with the implementation of the Hanjiang
Wetland Ecological Management Project, the richness of regional landscape patch
types has increased, and the landscape heterogeneity has increased. The ecological
regulation function of the HPHR has been strengthened to a certain extent.

Our findings show that the evolution process of land use and landscape pattern
in the HPHR is jointly restricted by economic and natural ecological factors. The
landscape pattern of land use in the early stage is mainly affected by the industrial and
agricultural production layout, with economic factors as the leading factor and natural
factors as the second factor. From an overall perspective, there are some problems in
the landscape pattern of the HPHR: Human activities cause the decline of landscape
connectivity; The construction of land patches is mainly concentrated in the flat areas
on both sides of the main stream, and there are few on both sides of the tributaries.
The ecosystem service value of the whole region has not been fully reflected. In
view of the existing problems, the regional landscape pattern should be optimized,
the ecological corridor should be constructed, the continuity between patches should
be enhanced, and the weak ecological function on the ecological corridor should be
identified as the ecological node to provide a reasonable landscape pattern model for
the regional planning of the HPHR.
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Abstract The Smart monitoring of constructed wetlands to improve efficiency and
water quality (SmarterCW) project aims to monitor biological wastewater treat-
ment processes by gathering continuous data from remote water and environmental
sensors. The acquired data can be processed and analyzed through data science
tools to understand better the complex and coupled phenomena underneath wastew-
ater treatment and monitor and optimize the system performance. The results will
improve the efficiency and control of nature-based wastewater treatment technolo-
gies. The methodology comprises the following tasks and activities: Implementation
of a set of electrochemical sensors in the input and output flow streams of pilot-
scale constructed wetlands; Acquisition of water quality parameters such as pH,
electrical conductivity, temperature, and ionic compounds; Acquisition of environ-
mental parameters, such as temperature and humidity; Application of data analysis
tools to design and optimize conceptual models to correlate pollutants removal with
operative parameters in green technologies for wastewater treatment. This method-
ology was applied to a patent-protected pilot-scale modular constructed wetland in
which filling media consists of a mixture of solid waste. A high-level IoT commu-
nication layer structure complements the system to support remote real-time water
and environmental monitoring, system performance, and data dissemination.

Keywords Wastewater treatment - Sensor networks * Efficiency monitoring

15.1 Introduction

Constructed wetlands (CW) consist of a nature-based solution (NBS) for wastewater
treatment (Cross et al. 2021). NBS technologies are greener solutions aiming to drive
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sustainable development (Bunclark and Hernandez 2022). CW are low-cost, ecolog-
ical, and effective wastewater treatment systems (Vymazal 2022). CW can be applied
to treat diverse types of wastewaters, including domestic (Rosendo et al. 2022), indus-
trial (Vymazal 2014), and greywater (Arden and Ma 2018) among others, targeting
different kinds of pollutants including conventional pollutants such as nutrients, but
also specific compounds such as steroids and antibiotics (Kamilya et al. 2023), and
heavy metals and metalloids (Yu et al. 2022), among others. Furthermore, CW can
contribute to circular economy of water through the production of reclaimed water
(Pinho and Mateus 2022), valorization of solid waste as filling media (Mateus and
Pinho 2020), and valorization of the wetland plants for bioenergy applications (Pinho
and Mateus 2023).

There are several types of CW, but the common types comprise three main
components (Parde et al. 2021):

1. a water retention structure, such as a pond lined with an impervious membrane
or a kind of container

2. abed of granular filling material with adequate hydraulic permeability, such as
gravel or solid waste

3. water-tolerant plants such as the macrophyte common reed.

However, these technologies have some disadvantages related to a minor level of
control than conventional technologies. As an example of a conventional solution,
an anaerobic reactor treating wastewater can be operated at different flow rates,
temperatures, and mixing intensities. Manipulating those parameters can adapt the
process efficiency to changes in the wastewater composition. On the other hand, NBS
such as CW has limited level of manipulation. Although some variants of CW can
have notable improvements, such as tidal flow operation or bed aeration, in the most
common CW systems, only the flow rate can be varied but to a low extend over the
average designed value (Vymazal et al. 2021). Thus, water quality parameters should
be monitored at the higher available rate to optimize CW operation by the dynamic
setting of the input wastewater flow rate. CW and NBS technologies commonly
involve discrete water sampling and further analysis in a laboratory atalow frequency,
such as daily, weekly, or even monthly sampling (Mateus and Pinho 2020).

In the SmarterCW project, a set of sensors for continuous evaluation of the water
quality aims to get insights on the system response to the change of the uncontrolled
environmental variables, such as air temperature, humidity, speed, radiation intensity,
and pluviometry, among others, and design a framework for future implementation
of back control and optimization models.

The goal of this work consists of reporting the preliminary stages of the sensor
network framework development based on physical water parameters, and presenting
examples of the gathered data during a representative time of operation.
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Fig. 15.1 Picture of the CW prototype (a), and schema showing the filling media consisting in four
layers of three recovered solid wastes (b)

15.2 Material and Methods

15.2.1 CW Prototype

The CW prototype is fully described in previous works (Pinho and Mateus 2021).
The prototype consists of a modular planted bed filled with a mixture of solid waste,
treating secondary-type domestic wastewater (Fig. 15.1). The bed has a surface area
of 1.1 m? and a depth of 0.5 m, planted with common reed (Phragmites australis).
The water flows horizontally 0.1 m below the surface, with an average load of 40
L/day. The filling consists of four layers of three solid waste: a bottom layer and
a top layer of fragmented limestone rock, a residue from construction activities; a
layer of coal slag from a coal power plant above the bottom layer, and a layer of
cork granulates from the cork industry, over the coal slag layer. Besides acting as a
support for the plants and microorganisms community, the different solids contribute
to wastewater treatment. The cork residues and coal slag play a role as sorbents for
organic pollutants, and the limestone residues adsorb phosphorous compounds, a
recalcitrant nutrient in wastewaters (Mateus and Pinho 2018).

15.2.2 Sensor Network

Preliminary works are carried out using two sets of three sensors from Aqualabo
(France): pH probe PHEHT, Dissolved Oxygen (DO) probe OPTOD, and Electrical
Conductivity (EC) probe C4E, and two sets of integrated pH, EC, and Temperature
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probes (Groline HI 981420, Hanna Instruments, Germany). One set is located in the
input flow, and one in the output flow of the CW prototype. The integrated Groline
sets function as reference for the data acquisition system.

Figure 15.2 presents the main framework for data acquisition and processing
from the probes installed in the input and output streams of the CW prototype. The
feedback from the input and the control system’s output stream is a fundamental
component to satisfy the requirements of a fully automated data acquisition system.
The implemented hardware and communication software was selected based on
optimizing costs but providing scalability for easy addition of more probes in the
future.

Two ESP32 microcontrollers were used for the acquisition of water quality param-
eters from the sensors and controllers using the interface RS485 and are in charge
for the implementation of two additional functions: on the input side, the ESP is
responsible for the management of a peristaltic pump, the device used to control
the variable of the close-loop systems. The ESP32 on the output side also has the
additional function of controlling the discharge of water from the tank at the system
outlet. The control information can be generated locally, through a Raspberry Pi
(RP1) microprocessor or by the central monitoring platform software developed for
the cloud. The RPi microcontroller also performs the functions of a gateway device
providing connectivity, security, and data routing, between the private application
network and the public Internet. The publish-subscribe standard message protocol

Power Supply: PC | mobile device
Bateries, AC/DC
transformer,
Solar panel, ... L
Browser-based
E T g user interface
s 3
Sensors P EEE—— = | =
pH, conductivity, Monitor Unit: MQTT SBC:
dissolved oxygen, Esp32 f Raspberry Pi

InfluxDB, MQTT
broker, Grafana,

Fig. 15.2 Scheme of the implemented sensor network in the CW prototype. SBC represents a
Single Board Computer such as the Raspberry Pi used in this work
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MQTT (Message Queue Telemetry Transport) was used for local communications
because is well suited for bidirectional data transmission from many local devices
to a single central monitoring station. Finally, a cloud-based platform was devel-
oped to present data to the user and provide ways to interact with the application.
This application provides a user-friendly interface for accessing, storing, control-
ling, and presenting the application parameters. The software package is designed
to implement analytic algorithms to analyze time-series data and provide system
insights, enabling the monitoring system to be more effective and efficient over time.
The system was also designed to interact with Grafana and InfluxDB open-source
monitoring tools.

15.2.3 Efficiency Evaluation

In this work, the efficiency of wastewater treatment is computed using the Electrical
Conductivity results. Although pH and DO help understand the physicochemical and
biological phenomena that occur in CW, the EC is an indicator of the concentration
of dissolved substances. It thus can be a reasonable indicator of the efficiency of
wastewater treatment.

The treatment efficiency is computed from the readings of the EC probes in the
input and output streams, according to Eq. (15.1).

n= (ECi,— ECyy)/ECi x 100 15.1)

where EC;, and EC,, are the readings of the probes in the input and output streams,
respectively, and 1 the treatment efficiency (%).

15.3 Results and Discussion

Figure 15.3 shows an example of the gathered data for a typical run of 4 days,
with a probe sampling rate of 15 min. The output is strongly irregular, as already
reported for CW facilities (Song et al. 2022), showing a cyclical daily variation.
The minimum EC values occur daily between 2 and 4 pm, and the maximum values
occur daily between 10 and 12 pm. Minimum EC values imply higher dissolved solids
removal efficiency. These results may be related to higher temperatures and solar radi-
ation, improving the pollutants assimilation by the plants and by the microbiological
community colonising the CW bed.

Considering a traditional sampling procedure, for example, by 10 am every day,
the computed treatment efficiency is 9 & 3%. However, computing the treatment effi-
ciency using all the gathered data, the average efficiency is 7.2 £ 0.3%. Both differ-
ences in the average value and uncertainty interval are significant. In this example, a
low-frequency sampling resulted in a 20% overvaluation of the treatment efficiency.



194 H. Pinho et al.

€
<
v
E
f
2 038 cmD ©O ©OmD O © O © ©
3
S 037 OO © CGEMD © O GEEED O ®in
% OOut
2 0.36 ««mD Lol e ©
=1
@
w 0.35 O @ ¢
0.34
0 1000 2000 3000 4000 5000
Time (min)

Fig. 15.3 Example of registered EC in the input and output water streams in the CW prototype,
obtained by the integrated set of sensors

As previously introduced, CW, like other NBS systems, have a low degree of
manipulation during operation. The most controllable parameter is the feed flow
rate of wastewater. The continuous knowledge of the treatment efficiency can opti-
mize the operation by maneuvering the input flow rate, increasing when the treat-
ment efficiency increases, and reducing the flow rate when the treatment efficiency
decreases. Moreover, the real-time monitoring of other variables, including environ-
mental parameters, can further increase the capacity to adjust the input flow rate,
making these systems more reliable and sustainable.

Presently, besides EC, also pH and DO probes are installed and their data is contin-
uously gathered. The daily variation of pH and DO is presented in Figs. 15.4 and 15.5,
respectively. As for EC, the daily variation of pH and DO is cyclical, with special
evidence on the DO behavior. The evaluation of these parameters only through
low-frequent samplings can, also, present significant deviations to the average
values, and lead to a deficient interpretation of the behavior of the CW.

Current work is ongoing to install more sensors, such as COD, nitrate, ammo-
nium, and phosphate probes. Those parameters present better understanding of CW
efficiency than pH, EC, and DO, thus the future availability of them will allow the
developing of models that can contribute to optimize CW operation. In addition, the
sensor network under development can easily be applied to full-scale CW in real-field
operation.
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Fig. 15.4 Example of registered pH in the input and output water streams in the CW prototype,
obtained by the integrated set of sensors

100.00
95.00
90.00
85.00

80.00 |

DO (%)

75.00

70.00

65.00

60.00 -
0 1000 2000 3000 4000 5000

Time (min)

Fig. 15.5 Example of registered DO in the input and output water streams in the CW prototype,
obtained by the integrated set of sensors
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15.4 Conclusions and Future Work

Optimization of CW and other NBS wastewater treatment systems can increase their
sustainability and promote better freshwater management. However, the control of
those systems is limited, depending on reliable data on the treatment efficiency.
The present work confirms that the efficiency of CW is not regular, changing on an
hourly basis. Thus, a framework to continuously evaluate water quality parameters
was developed, based on electrochemical probes using reliable but low-cost hardware
and a communications environment.

Electrical conductivity, an indicator of dissolved compounds’ presence, was
selected as a representative water quality indicator. Results demonstrated that the
evaluation of the treatment efficiency based on a daily sampling differs by 20%
from the results obtained with a sampling rate of 15 min. Future work is ongoing to
evaluate more water and environmental parameters, being a basis for applying data
science tools to optimize the efficiency of CW and other NBS systems.
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Chapter 16 )
Experimental Study on Dehydration oo
of Dredged Sediment from Urban Inland

Rivers and Lakes and Analysis

of Economic Benefits

He Bai, Jiachen Zeng, Bing Guo, Yuchi Hao, Xiaowei Yan, and Zheng Lu

Abstract In this paper, in view of the single dosing type, environmental protection
and high cost problems existing in the traditional river and lake dredging sediment
treatment project. We takes the typical urban river and lake dredging project as the
research object, analyzes the dewatering effect of multiple agents added separately or
in combination on the river and lake sediment through the sludge specific resistance,
SV3 sedimentation and small and medium simulation press tests, expounds the deep
dewatering mechanism of different agent types selected, The economic benefits of
different chemicals on the project construction were analyzed according to the dosage
and cost of chemicals. Results show that under the condition that the dehydration
rate is lower than 40% and the tail water reaches the standard, the organic polymer
agent NEM has better economic benefits, dehydration rate is lower than 35% and the
compressive strength is around 50 Mpa, which is better than the compound agent
OPF + GSS with the same treatment effect in cost.

Keywords Simulation extrusion * Sludge - Dehydration effect - Sludge specific
resistance

16.1 Introduction

River and lake bottom mud is an important part of the water ecosystem and an impor-
tant reservoir of various pollutants in rivers and lakes (Yang et al. 2020). With the
rapid urban development, a large number of pollutants are collected in the bottom
mud through the processes of adsorption, complexation, flocculation and sedimenta-
tion, resulting in increasingly serious water pollution (Zhong et al. 2008). Ecological
dredging of bottom mud (Pil6 et al. 2019), as a technical method that can effectively
remove endogenous pollutants from rivers and lakes and improve water quality,
produces dredged bottom mud with high mobility, high water content, diverse mud
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quality and complex pollutants that make it impossible to be directly transported out
and used resourcefully (Ding et al. 2015; Liu et al. 2020). Therefore, it is necessary
to vigorously carry out the research on bottom mud drying to effectively prevent
the secondary pollution of dredged bottom mud and further realize the resource
utilization of river and lake bottom mud (Kasmi et al. 2017).

So far, flocculation dewatering technology (Xu et al. 2022; Cao et al. 2021)
among dredged bottom drying technologies has increasingly become the focus of
key pretreatment measures for dredged bottom due to its simple operation method,
fast settling rate and low drying cost (Wei et al. 2018). Pharmaceutical agents are the
core of flocculation and drying technology, which mainly promote the destabilization
of the system through the electro-neutralization of the charged ions carried with the
sludge surface charge, the compressed double layer effect, and the co-precipitation
effect of the polymeric flocculant net catching and sweeping to accelerate the sludge
particles aggregation and settlement, thus achieving the effect of mud-water separa-
tion (Li et al. 2018), and their type, dosage and other parameters conditions directly
affect the treatment effect of bottom sludge dewatering (Jiang et al. 2021). However,
the current research on pharmaceuticals often focuses on the dewatering mecha-
nism (Lu et al. 2019), but there is little analysis on how to select pharmaceuticals
(Mikkelsen et al. 2018) and whether they can be used in engineering applications, and
for projects with special requirements, such as substrate dumps and resource recovery,
the effects of pharmaceuticals on substrate bearing strength, pH, and nutrient compo-
sition need to be studied (Sun et al. 2020; Guo et al. 2019; Onoguchi et al. 2019).
In addition, since the types of pharmaceutical agents include organic, inorganic,
organic—inorganic compound, biological agents, etc. (Pandey et al. 2019), different
pharmaceutical agents may have certain pollution risks to the environment, and the
negative effects of different pharmaceutical agents on the environment have not
been sufficiently studied, so the selection of pharmaceutical agents needs to be fully
tested and environmentally evaluated to confirm that they meet the relevant national
environmental standards before use (Bo 2020).

Based on these problems, this study investigates the dewatering effect of different
types of chemicals alone and in combination on dredged bottom sludge in urban lakes
and rivers, analyzes the effect through sludge specific resistance test, settlement test
and lateral limitless compressive strength test, and analyzes the relationship between
sludge quality and types of chemicals, and verifies its feasibility in the process of
engineering application through small test and pilot plate and frame filter press test,
so as to explore the suitable chemical solution for dewatering dredged sludge in urban
lakes and rivers, and conducts benefit analysis of the solution to provide reference
opinions for the targeted selection of chemicals in actual projects.
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16.2 Materials and Methods

16.2.1 Materials

Dredging sediment. The test mud was taken from a typical river and lake in Wuhan,
and the sampling location was at the outlet of the dredging pipeline. After multiple
sampling, the mud physical property indexes were tested, and the test results are
shown in Table 16.1.

Reagent type. The agents selected for the test were from XX agent manufacturers,
including organic agents, inorganic agents and other types of agents, with differences
in molecular weight between the agent types. The agents were diluted in different
proportions, the density of the diluted agents was tested, and the dewatering test
study of the dredged sediment was conducted with the diluted agents. The details
are shown in Table 16.2.

16.2.2 Dehydration Test

The dewatering test of dredged bottom mud mainly includes sludge specific resistance
test device, sludge settling test (SV30), sludge simulation press test, small plate and
frame filter press test and lateral limitless compressive strength test.

Table 16.1 Physical properties of dredged sludge

Soil sample Density (g/L) Water content (%) pH Organic matter content
(mg/L)
Dredged sludge 1.20 19.98 8 800

Table.16.2 Test parameters Name | Molecular weight | Dilution ratio | Density after
of various reagents dilution (g/L)

OPF 1500 w 1000 1.05

NEM | 200 w 10 1.08

NMS | 200w 10 1.02

NRL | 200w 10 1.10

NLS 200 w 10 1.03

OP 1200 w 1000 1.02

BA 1200 w 1000 1.03

1A 1200 w 10 1.04

GGS - 0 -
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Table 16.3 Parameters of sludge specific resistance test

Mud mixing time (min) Mud volume (g) Suction pressure (MPa) Test paper model

5 100 0.8 9

Sludge specific resistance test. During the test, take 100 g of bottom sludge with
19.98% solids in a beaker, add a certain proportion of diluted chemicals, stir at a
constant speed for 5 min, pour the stirred mud-water mixture into a Brinell funnel,
turn on the vacuum pump for 15 min or the pressure gauge starts to drop, then take
out the filtered product, test the water content of the product and calculate its sludge
specific resistance.

The sludge specific resistance test parameters are shown in Table 16.3.

Sludge settling test. Take 100 ml of bottom mud containing 19.98% solids in a
beaker, add a certain proportion of diluted chemicals, stir at a constant speed for
5 min, pour the mixed and processed mud mixture into a 250 ml measuring cylinder
quickly, let it stand for 30 min and then take readings to calculate the settling rate.

Simulated press to verify sludge cake effect. The mud-water mixture was poured
into the press barrel and pressed for 20 min under 0.8 MPa pressure by adjusting the air
pressure valve. The parameters of the simulated pressing test are shown in Table 16.4.

Small filter press pilot test. Take 12.5 kg of bottom mud with 19.98% solids in
the feeding device, add a certain proportion of chemicals, stir at a constant speed for
10 min, pump to the press device under low pressure of 0.6 MPa, press under 0.8 MPa
pressure for 20 min, then take out the press product and test the water content of the
product. The test parameters of the small-scale filter press are shown in Table 16.5.

Table 16.4 Parameters of simulated extrusion test

Slurry mixing time (min) Slurry volume (g) Pressing pressure (MPa)

5 200 0.8

Table 16.5 Test parameters of small filter press

Mixing time | Filter plate | Feed pressure | Feeding time | Pressing time | Pressing
(min) pressure (MPa) (min) (min) pressure
(MPa) (MPa)

10 0.8 0.6 40 min 20 min 0.8
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16.3 Results

16.3.1 Sludge Specific Resistance

Sludge specific resistance is a conventional method of sludge property testing, which
refers to the impedance per unit mass of sludge per unit filtration area when filtering
at constant pressure. Sludge specific resistance is an important and comprehensive
index reflecting the good or bad sludge dewatering performance. The dewatering
test was carried out for eight different chemicals to test the variation of their sludge
specific resistance with the dosing concentration, and the sludge specific resistance
curve was obtained as shown in Fig. 16.1.

It was found that the measured sludge specific resistance values of the above eight
types of agents showed a decreasing and then increasing trend as the concentration
increased, and the best agents were BA, OP, OPF, IA, NEM, NRL, NLS, and NMS,
where NMS showed a decreasing trend, indicating that the filtration performance of
the sludge was better with the increasing of this agent. The differences in the values
taken can be attributed to the differences in molecular weights and types of agents in
the various types of agents. For the sludge specific resistance measurements, it was
found that most of the measured specific resistance values were below 9 * 10°(s?/g),
and according to the relevant literature, for the primary sludge, the specific resistance
values ranged from 4.7 to 6.2 * 10°(s*/g), while the specific resistance measurements
for BA and OP agents were larger in the selected range, so it was speculated that
for the substrate in this area, BA and OP are not suitable or the dosage of the agents
needs to be increased.

16.3.2 SV3p Sinker

SV3p is the most commonly used test method for sludge settling performance,
meaning the volume ratio of the mixture to which the sludge can settle, which can
better reflect the degree of sludge loosening and coalescence settling performance.
Based on the test results of sludge specific resistance determination, the SV settling
test was conducted for five different types of agents to test their sludge settling within
30 min, and the SV3 curve was obtained as shown in Fig. 16.2.

From the above SV3 settling curve, it can be found that the settling performance
of the five randomly selected agents is not good. The agent with the maximum settling
performance in 30 min time is BA, which settles from 100 ml to about 60 ml with a
settling amplitude of about 40 ml. the agent type with the worst settling performance
is NMS, with a maximum settling amplitude of only about 20 ml. By corresponding
to the test results of its sludge ratio resistance, it was found that the test results of
sludge settling did not provide a reference value for the effect of the agent in the
plate and frame machine, because the special characteristics of the substrate led
to the agent acting more as a kind of conditioning, and it was not very obvious to
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Fig. 16.2 SVj3 settlement curve

flocculate the substrate and produce the phenomenon of mud-water separation, which
was consistent with the phenomenon of the field test process.

16.3.3 Simulated Pressing and Cost Analysis

Small pilot mock press and cost analysis. The pilot test is an indoor test necessary
to conduct the actual engineering study, in which the dewatering press simulation
of the screened agents is performed under simulated actual working conditions to
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predict the dewatering performance of the agents in the plate and frame mechanical
dewatering. From the results of sludge specific resistance, it is found that the specific
resistance value of eight types of agents becomes smaller with increasing dosage
and the better the performance, but a critical threshold will exist. Considering the
existence of the test error factor, therefore, using the turning point as the starting value
of the test and floating up and down the agent addition amount for the simulation test
of small-scale press, and based on the requirement that the water content of the site
should not be higher than 40%, the small-scale press simulation test was conducted
for these six types of agents to explore the minimum addition amount of each type
of agent, and the obtained agent dosage and the water content of the small-scale test
mud cake are shown in Fig. 16.3.

From the figure, it is found that when the dosage of OPF is 0.17%, IA is 1.5%,
NEM is 0.6%, NRL is 1.5%, NLS is 1.5% and NMS is 1.0%, the mud cake formed
under the small test simulation press can reach the requirement of water content
below 40%, and the water content of the mud cake is basically between 35 and
40%, where the water content of OPF The water content of OPF was 35.33%, 1A
was 38.2%, NEM was 38.5%, NRL was 36.9%, NLS was 38.4%, and NMS was
38.9%. This addition amount can be considered as the minimum amount. Under the
condition of minimum dosage, the use of each type of agent in descending order is:
OPF < NEM < NMS < IA = NRL = NLS.

The cost of each type of agent required to treat one cubic meter of submerged
substrate with the same amount of agent addition as above is shown in Fig. 16.4.

The graph shows that GGS, OPF and IA have obvious price advantages, among
which GGS is the curing agent used in a project, NRL, NLS and NMS are more expen-
sive and not particularly suitable for industrial production. NEM is more expensive
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Fig. 16.4 Cost corresponding to the results of small scale simulation press test

but still within the control range, and its tailwater pH test is neutral, which can elimi-
nate the post-treatment link of the tailwater. Based on the results of this cost analysis,
four types of agents, GGS, OPF, IA and NEM, were tested in a pilot plate and frame
filter press to test their dewatering effects after scaling up the process and to provide
reference for practical industrial applications.

Pilot plate and frame filter press and cost analysis. Figure 16.5 shows the test
results of the dewatering effect and the inlet and outlet mud volume of the four types
of pure chemicals, GGS, OPF, IA and NEM, It is found that the water content of the
mud cake after pressing is lower compared with that of the small test, which indicates
that the actual dosage of chemicals can be reduced after the process is scaled up.
From the curves of mud feed and discharge, it was found that NEM had higher mud
feed and little change in discharge compared with others, which indicated that NEM
had better bottom mud conditioning effect.

Figure 16.6 shows the dewatering effects and the inlet and outlet mud volumes
of OPF, IA and GGS after compounding. From the figure, it can be found that the
water content of the filtered mud cake gradually decreases with the increase of GGS
addition, and the incoming mud volume is the most when the GGS addition is 1.5%,
and the outgoing mud volume under different GGS addition conditions is basically
the same. Therefore, it is considered that the optimal addition amount of GGS is
1.5%.

When the addition amount of GGS was fixed, the results of OPF, IA and NEM
were tested for the water content of mud cake after filtration when the three types
of agents were compounded with GGS, and the results are shown in Fig. 16.7. It is
found in the figure that under the condition of water content close to 40%, the results
of compounding of three types of agents can meet the requirements, and the effect
of 0.13% OPF is far from the limit of 40%, which indicates that there is room for
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inflow and outflow

further reduction of OPF use to decrease the amount of mud in and out of the curve
graph can be seen that the mud after the compounding of 0.13% OPF added can enter
more mud under the working conditions of plate and frame filter press, out The mud
volume is basically the same as the others, which indicates that the formulation has

better dewatering effect.
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16.3.4 Compressive Strength Without Lateral Limit

The difference of agent types is one of the main reasons affecting the strength of the
dewatered mud cake after substrate dewatering. The test selected the dewatered mud
cake obtained from different types of agent formulations for the comparison test of
unconfined compressive strength, and the comparison graph of its strength is shown
in Fig. 16.8.

From the figure, it can be found that the highest and most stable strength of the
dewatered mud cake among all agent types is the 5% GGS agent, whose strength
reaches between 50 and 55 kPa, which is related to the large amount of Ca+ in its
composition. The lowest strength formulation was 0.17% OPF formulation, whose
strength of dewatered mud cake was only between 22 and 24 kPa. Besides, the
maximum strength of 0.2% NEM +1.5% GGS and 0.6% NEM formulations can also
reach the effect of 5% GGS formulation, but the 0.2% NEM +1.5% GGS formulation
is more volatile and the 0.6% NEM formulation is less volatile, which is mainly due
to the chemical reaction between the Ca+ ions in GGS and some components in
NEM, thus reducing the strength of the dewatered mud cake. The strength of the
mud cake after dewatering. It can be seen that 0.6% NEM is better than 0.2% NEM
+1.5% GGS in overall performance. 0.13% OPF +1.5% GGS formulation is slightly
deficient in strength, and its fluctuation range is from 40 to 50 kPa.

16.4 Mechanistic Analysis

The agents used in this experiment are mainly divided into two categories: organic
flocculants and inorganic conditioning agents, of which organic flocculants are
mainly represented by OPF and NEM, and inorganic agents are mainly GSS and IA.
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There are two main mechanisms by which organic agents act on river and lake
bottom mud dewatering.

Electro-neutralizing effect. That is, there is a double potential on the surface of the
solid ions, the electrostatic material of the double layer due to the charge generated
by the positive and negative ions repel each other and prevent them from colliding
with each other, and the stable suspension in the liquid cannot settle, so adding a
flocculant with the opposite charge of the solid example in the slurry, so that the
double layer potential of the slurry particles drop, the solid particles contact each
other and flocculate into large flocs and settle, the electric neutralization effect in this
test The representative flocculant in this test is OPF.

Adsorption bridging effect. Polymer flocculant molecular weight, long chain,
along the length of the chain there are many Mars functional groups, and therefore
can adsorb multiple suspended solid particles. When the chain of polymer molecules
in solution is adsorbed to a particle, if another particle is close, the polymer chain can
be adsorbed to the particle, forming a bridge between the two particles. The basic
flocculant continues to grow by bridging with other particles until a large floc settles.

Secondly, the mechanism of inorganic conditioning agents is mainly the precip-
itation of insoluble substances, and the inorganic conditioning agents mainly used
in this test are GSS and IA. The principle is mainly due to the electrostatic inter-
action between the cationic groups of polymeric flocculants and suspended anionic
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organic compounds to generate insoluble salts and then form clots. For example,
AIP*, which is the main function of IA in this test, combines with OH- of anionic
property in water to form a colloidal substance, which can adsorb tiny particles in
the slurry, thus forming a floc substance with AI(OH); as the core.

16.5 Conclusion

In this paper, in order to study the effect of different types of dewatering chemicals
on the comprehensive effect of dewatering and curing of river and lake bottom mud,
a lake in Wuhan was used as the research object, and the dewatering effect of the
chemicals was analyzed by various means such as sludge specific resistance, SV30
settlement and small and medium simulated pressing tests, and their depth dewatering
mechanism was elaborated, and several conclusions were drawn as follows.

(1) Different types of bottom sludge dewatering agents differ significantly in their
efficiency of water removal from river and lake bottom sludge, and organic
polymer dewatering agents occupy obvious advantages in dewatering efficiency
and dosage.

(2) The new type of dewatering agents generated by the combination of different
types of dewatering agents shows more excellent ability in dewatering perfor-
mance, but their comprehensive costs are mostly higher than those of single
agents, which are less suitable for project applications.

(3) The better dewatering effect of organic polymer flocculants is mainly attributed
to the decrease of the bilayer potential of mud particles and the accelerated
dewatering and curing of the substrate by the bridging flocculation deposition,
and the difference of dewatering effect of different organic polymer flocculants
is attributed to their different molecular weights.
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Chapter 17 ®)
Simultaneous Determination of 16 St
Metallic Elements in Surface Water

by ICP-MS with Quadrupole Collision

Cell Technology

Yin-Fu Wang and Liu Yang

Abstract In this paper, an ICP-MS with quadrupole collision cell technology (CCT)
was used for the simultaneous determination of 16 metal elements in surface water
samples, including Cu, Zn, Cd, Hg, Fe, Mn, Mo Co Be Sb, Ni, Ba, V, Ti, T, as
specified in GB3838-2002 Standard for Surface Water Environmental Quality. The
kinetic energy discrimination effect (KED mode) was applied to eliminate the mass
spectrum interference. °Li 7*Ge '*Rh !'5In '85Re with different mass number were
selected as the internal standard elements to correct the matrix effect and signal
drift effectively. The method was verified under optimal instrument conditions. The
verification results show that: The mass concentration of all elements had a good
linear relationship with spectral intensity. The linear correlation coefficients were
all greater than 0.999. The detection limits of 16 elements were 0.004-0.95 pg/L,
the relative standard deviation RSDS were all less than 5.6%, and the relative errors
were —4.15%-4.93%. The recoveries of surface water samples ranged from 96.3%
to 106.04%. It is proved that this method has good accuracy and precision and can
meet the requirements of surface water analysis and detection.

Keywords Surface water - Metallic element - ICP-MS - KED mode

With the improvement of people’s health awareness and the national emphasis on
ecological environment, it is particularly important to monitor and evaluate surface
water bodies, and higher requirements are also put forward for the water quality of
surface drinking water sources (Xin et al. 2015). To control water pollution, protect
surface water quality, safeguard human health, and maintain a sound ecosystem,
China issued the first edition of the Surface Water Environmental Quality Standard in
1983, and has since revised it three times. In the third revised version (GB3838-2002
"Surface water Environmental Quality Standard" 2002), there are 24 basic testing
items, 80 specific items of surface water source for centralized drinking water and
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5 supplementary items, among which the limit requirements of 16 metal elements
such as copper, zinc, mercury, cadmium, and lead are specified.

At present, the instruments used in the field of inorganic analysis mainly include
four categories: atomic absorption spectrometer which including flame method
(FLAAS) and graphite furnace method (GFAAS) (Hou et al. 2022; Xu et al. 2022),
atomic fluorescence spectrometer (AFS) (Zhang et al. 2022; Liu et al. 2022a), induc-
tively coupled plasma spectrometer (ICP-AES) (Ni et al. 2020; Lu et al. 2023) and
inductively coupled plasma mass spectrometer (ICP-MS) (Liu et al. 2022b). ICP-
MS has the characteristics of high sensitivity, low detection limit (up to ppt level),
wide dynamic linear range (up to 109 orders of magnitude) and is widely used in the
determination of trace and ultra-trace elements (Sun et al. 2020). Although ICP-MS
technology is widely used in biology, environment, geology and other fields, the
problem of mass spectrum interference always exists with the development of the
technology. There are a variety of studies devoted to overcoming this problem. In
addition to mathematical correction methods, there are also techniques to separate
interfering ions and change the ionization conditions of the plasma source part (Li
etal. 2010). Each technique and method have special effects, but also have limitations.
In 1997, the introduction of collision cell technology (CCT) became an important
breakthrough in solving the interference problem of ICP-MS. With the develop-
ment of CCT, dynamic reaction cell mode (DRC) and kinetic energy discrimination
mode (KED) have been increasingly applied to solve the mass spectrum interference
problem (Yu 2013). The principle of KED mode is that the impact cross section of
interfering ions (usually molecular ions) is larger than that of single atomic ions, so
interfering ions have a greater chance of being collided and greater kinetic energy
loss when flying in the collision pool. When the potential energy well set by the
quadrupole is higher than the kinetic energy of interfering ions, these interfering
ions cannot enter the quadrupole and are eliminated (Li et al. 2010).

In this paper, helium gas was used as collision gas, and mass spectrum interference
was eliminated by KED mode. At the same time, non-mass spectrum interference was
corrected by internal standard element. A method for simultaneous determination of
Cu, Zn, Cd, Pb, Hg, Fe, Mn, Mo Co Be Sb, Ni, Ba, V, Ti, Tl in surface water was
established.

17.1 Experiment

17.1.1 Critical Equipment and Materials

ICP-MS: ICAP-RQ Series purchase from ThermoFisher
Argon: 99.99% purity

Helium: 99.99% purity

HNOj3: GR purity

Tuning fluid: 10 ng/ml, purchase from ThermoFisher
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Multielement standard solution: 100 pg/ml, get form National Analysis and Testing
Center for Non-ferrous metals and electronic Materials

Li7*Ge 'Rh '°In '®5Re internal standard solution: 1000 pg/ml, get from National
Analysis and Testing Center for Non-ferrous metals and electronic Materials standard
sample:

0.1 pwg/ml multi-element mixed certified liquid standard sample GNM-M255549-
2013

1 pg/ml multi-element mixed certified liquid standard sample GNM-M255548-2013
10 pg/ml multi-element mixed certified liquid standard sample GNM-M252518-
2013.

Water for experiment: Deionized water, resistivity 18 MQ-cm

17.1.2 Method

Sample handling. The treatment of water samples can be selected in the following
ways according to the characteristics of water samples:

(1) Clean water samples can be directly acidified with nitric acid to pH < 2;

(2) Muddy water samples with low organic matter content should be filtered by
0.45 pm filter membrane and acidified to pH < 2.

(3) The samples with high organic matter content can be treated by microwave
digestion.

The water samples in this experiment were collected from the Puhe River in
Shenyang China. The samples were somewhat turbid but contained less organic
matter. Only filtration and acidification were done.

Process parameter. Standard tuning solution was used to optimize the analytical
parameters of the instrument. Preheated the instrument for 30 min. Sensitivity, oxide
and double charge of the instrument are tuned with the mass spectrum tuning solution.
When all three parameters meet the requirements, the quality correction and reso-
lution verification of the instrument were carried out to obtain the optimal working
parameters of the instrument, as follows: radio frequency power 1250 W; Atomizer
flow rate 0.82 L/min; The flow rate of the auxiliary device is 0.7 L/min; The flow rate
of cooling gas is 13 L/min, and the flow rate of collision gas (helium) is 3.2 ml/min.
Integration time 0.5 s; Semiconductor cooling temperature 2—4 °C; Scanning mode:
peak jumping; Number of scans: 100.
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17.2 Results and Discussion

17.2.1 Establishment of Experiment Methods

Under the best working condition of the instrument, the establishment of ICP-MS
mass spectrometry includes the selection of the isotope of elements to be measured,
the internal standard elements and the determination mode of the instrument. The
selection of element isotopes generally follows the principle of large abundance
and small interference. The selection of internal standard elements should follow the
principle that there is no internal standard element in the sample, the internal standard
element is not interfered by the sample matrix or there is no spectral line interference
between the internal standard element and the target element, the mass number of the
internal standard element and the element to be measured is as close as possible, and
the internal standard element and the element to be measured have similar ionization
potential, so as to ensure that the behavior and performance of the two elements
are basically the same under the same conditions. The instrument operating mode
of ICP-MS can be divided into standard mode (STD) and KED mode according to
the operating principle. The standard model is applicable to the analysis of elements
with little or no mass spectrum interference, such as Be, Hg, Tl, etc. According to
the characteristics of quality spectrum interference of the element to be measured,
different working modes are selected to analyze and test. The specific test parameters
are shown in Table 17.1.

17.2.2 Optimization of Interference Problems for ICP-MS

The interference problems of ICP-MS mainly include non-mass spectrum inter-
ference and mass spectrum interference. Non-mass spectrum interference mainly
consists of matrix interference and physical effect interference. Non-mass spectrum
interference is represented by signal suppression and signal drift. The most effective
method to eliminate matrix effect in ICP-MS analysis is internal standard correc-
tion, which can compensate matrix effect obviously. During the long-term analysis
of ICP-MS, the oxides and matrix particles of the elements to be measured will be
deposited in the cone mouth of the sampling cone and the intercepting cone, resulting
in a smaller aperture, which will affect the stability of the analysis signal and produce
obvious physical effect interference. The addition of internal standard elements can
effectively monitor and correct the short- and long-term signal drift of the instru-
ment. According to the selection principle of internal standard element, °Li 7*Ge
103Rh 51n 185Re is selected as the internal standard element in this paper.

The interference of mass spectrum is mainly polyatomic ion interference and
isotopic interference. Multi - atomic ion interference includes argon—based ion and
oxide ion interference. The interference of argon-based ions comes from working
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gas and solvent which can be suppressed by different working modes. The inter-
ference sources of oxide ions are solvents and environment which can be inhibited
by tuning the instrument to reduce the yield of oxide products. The interference of
the same amount of ectopic element mainly refers to the interference ions with the
same atomic mass as the target element. To eliminate the interference of the same
amount of ectopic element, other isotopes can be selected to avoid the interference.
For the interference of single isotope element, interference correction formula can
be adopted to deduct. Thermo Fisher’s ICAP-RQ series instruments used in this
paper have QCell technology combined with Flatapole’s low mass number elimina-
tion function and helium KED anti-jamming technology, which can solve the mass
spectrum interference problem in the test process.

17.2.3 Standard Work Curve

Mixed standard solutions with mass concentrations of 0 pg/L, 10 pg/L, 20 wg/L,
50 pg/L, 100 pg/L, 0.2 mg/L, 0.5 mg/L, 1 mg/L and 2 mg/L. were prepared using
1% nitric acid solution. With the mass concentration of the measured results as the
horizontal coordinate and the intensity as the vertical coordinate, the standard curve
of each element and correlation coefficient are automatically drawn by the software.
As can be seen from Table 17.2, the standard curves of all elements to be tested have
a good linear relationship, with linear correlation coefficients greater than 0.999.

17.2.4 Method Detection Limits

The detection limit of elements was repeated 7 times according to the blank solution
of high purity nitric acid (1 4+ 99). The detection limit of the method was calculated
according to the formula (MDL = t(,_1,0.99) x S). The calculation results are shown in
Table 17.3. The detection limit of elements to be tested is between 0.004-0.95 wg/L,
which is far lower than the minimum detection limit requirements in GB3838-2002
“Surface Water Environmental Quality Standards”.

17.2.5 The Precision and Accuracy of the Method

Three certified standard samples with different mass concentrations were used to test
the precision and accuracy of the method. The test results are shown in Table 17.4.
The relative standard deviation of 16 elements is less than 5.6%, and the relative error
is —4.15%-4.93%, indicating that the method has good precision and accuracy.
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Table 17.2 Standard curve and correlation coefficient

Element Linearity range Equation of linear regression Correlation

ng/l coefficient

Cu 0-2000 y = 0.981x + 1.0253 0.9997

Zn 0-2000 y = 0.9803x + 1.1755 0.9993

Cd 0-500 y = 0.9889x—0.099 0.9997

Pb 0-500 y = 1.056x + 0.035 0.9997

Fe 0-2000 y =0.9969x 4+ 0.0041 0.9999
Mn 0-2000 y = 0.996x + 0.3018 0.9999

Mo 0-1000 y =0.9972x 4 0.2101 0.9999

Co 0-500 y = 0.9946x + 0.4138 0.9997

Be 0-500 y = 1.0998x + 0.1251 0.9999

Sb 0-500 y = 1.0359x—-0.012 0.9997

Ni 0-500 y = 1.0162x 4 0.0187 0.9999

Ba 0-500 y =0.9925x 4 0.5735 0.9995

v 0-500 y = 1.0024x—0.1794 1.0000

Ti 0-500 y =0.9987x + 0.1022 0.9999

Tl 0-500 y = 0.9904x + 0.6938 0.9995

Hg 0-500 y = 0.9814x + 0.2985 0.9999
Table 17.3 Detection limits (jLg/L)

Element | Detection limit | Minimum Element | Detection limit | Minimum

detection limits detection limits

Cu 0.10 1.00 Be 0.07 0.02

Zn 0.70 50.00 Sb 0.21 0.25

Cd 0.03 1.00 Ni 0.08 248

Pb 0.09 10.00 Ba 0.25 6.18

Fe 0.95 30.00 \Y% 0.11 6.98

Mn 0.14 10.00 Ti 0.49 0.40

Mo 0.06 2.30 Tl 0.004 0.004

Co 0.04 1.90 Hg 0.014 0.05

17.2.6 Analysis of Surface Water Samples

The surface water samples collected from the Puhe River in Shenyang China were
treated by adding standard solutions of different mass concentrations of elements
to be measured. The test method recommended in GB3838-2002 “Surface Water
Environmental Quality Standards” and new method were used to measure the sample
with adding standard recovery, and the recovery rate was calculated according to the
test results of the water sample and the spiked water sample. As can be seen from
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Table 17.4 Precision and accuracy

Sample No | Element |Mean value |SD RSD (%) | Sample concentration | RE (%)
pg/ml ng/ml

M255549 Cu 0.098 0.002 |2.53 0.1 —1.81
Zn 0.101 0.003 |2.53 0.1 0.95
Cd 0.091 0.002 | 1.66 0.1 —4.15
Pb 0.100 0.000 |0.41 0.1 0.15
Fe 0.099 0.002 |1.73 0.1 —1.47
Mn 0.098 0.002 | 1.62 0.1 —2.47
Mo 0.099 0.001 | 1.45 0.1 —1.44
Co 0.097 0.001 |1.02 0.1 —3.37
Be 0.103 0.002 | 1.56 0.1 3.47
Sb 0.103 0.001 |0.79 0.1 2.57
Ni 0.104 0.001 |0.71 0.1 3.98
Ba 0.102 0.002 |2.05 0.1 1.85
\' 0.103 0.002 | 1.61 0.1 3.09
Ti 0.103 0.002 | 1.58 0.1 2.54
Tl 0.103 0.002 |2.31 0.1 3.41
Hg 0.100 0.000 |0.33 0.1 0.37

M255548 Cu 1.072 0.053 |4.93 1 4.16
Zn 0.984 0.016 |1.62 1 —1.57
Cd 0.989 0.022 |2.27 1 —1.13
Pb 1.021 0.057 |5.56 1 2.10
Fe 1.110 0.029 |2.59 1 4.02
Mn 0.997 0.053 |5.33 1 —0.32
Mo 1.074 0.056 |5.22 1 4.41
Co 1.072 0.056 |5.22 1 4.17
Be 0.996 0.026 |2.59 1 —-0.36
Sb 1.066 0.036 |3.35 1 3.59
Ni 0.997 0.040 |4.01 1 —0.32
Ba 1.058 0.029 |2.74 1 2.83
\" 1.014 0.024 |2.39 1 1.39
Ti 1.028 0.018 | 1.73 1 2.81
Tl 1.010 0.024 | 241 1 0.98
Hg 1.042 0.038 |3.61 1 4.15

M252518 Cu 10.079 0.160 | 1.59 10 0.79
Zn 11.048 0.222 |2.01 10 0.48
Cd 9.725 0.091 |0.94 10 —2.75

(continued)
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Table 17.4 (continued)

Sample No | Element |Mean value |SD RSD (%) | Sample concentration | RE (%)
pg/ml ng/ml
Pb 9.889 0.168 | 1.70 10 —1.11
Fe 10.570 0.107 | 1.02 10 2.70
Mn 10.463 0.344 |3.29 10 4.63
Mo 10.095 0.175 | 1.74 10 0.95
Co 10.529 0.449 |4.26 10 2.29
Be 9.644 0.414 |4.30 10 —3.56
Sb 10.384 0.103 |0.99 10 3.84
Ni 10.493 0.221 |2.11 10 4.93
Ba 10.485 0.152 | 1.45 10 4.85
\% 10.116 0.174 | 1.72 10 1.16
Ti 10.023 0.127 | 1.26 10 0.23
Tl 10.073 0.117 | 1.17 10 0.73
Hg 10.660 0.095 |0.89 10 1.60

Table 17.5, the recoveries of the spiked water samples with the recommended method
ranged from 95.44% to 106.26%, while that of the spiked water samples with new
method ranged from 96.3% to 106.04%. There was little difference between the
recoveries of the two analytical methods.

17.3 Conclusion

This paper verifies the feasibility of simultaneous determination of 16 metal elements
in surface water by ICP-MS with quadrupole collision cell technology. The experi-
mental results show that the detection limit of elements to be measured is far lower
than the minimum detection limit requirements of GB3838-2002 “Surface Water
Environmental Quality Standards”, and the mass concentration of all elements to be
measured has a good linear relationship with the spectral intensity. The precision
and accuracy of the analytical method and the recovery rate of the sample can meet
the quality requirements of water sample analysis in DZ/T0130-2006 Standard for
Quality Management of Geological and Mineral Laboratory Testing. The test method
recommended in GB3838-2002 standard and the new ICP-MS method were used to
carry out the recovery test of Shenyang Puhe surface water samples respectively. The
recovery rates of the two different analysis methods were basically no difference,
which further verified the accuracy of the test results of the new method. And the
new method has great advantages of the linear range, testing efficiency and chem-
ical reagent consumption. The application of ICP-MS with quadrupole CCT in the
determination of surface water samples can effectively solve the problem of mass
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Table 17.5 Actual sample test

Element | Selected standard analytical methods Method of this paper
Method Serial number Recovery | Recovery

Cu Atomic absorption and GB7475-87 97.79 102.05
chelation extraction

Zn Atomic GB7475-87 100.83 96.91
absorption—direct
method

Cd Atomic absorption and GB7475-87 99.86 100.49
chelation extraction

Pb Atomic absorption and GB7475-87 95.44 99.23
chelation extraction

Fe Flame atomic absorption | GB11911-89 102.60 106.04
spectroscopy method

Mn Flame atomic absorption | GB11911-89 97.03 105.79
spectroscopy method

Mo Flameless atomic GB/T5750-2006 | 104.16 97.11
absorption method

Co Flameless atomic GB/T5750-2006 98.58 98.30
absorption method

Be Graphite furnace atomic | HJ/T59-2000 104.85 99.11
absorption spectrometry

Sb Hydrogenated atomic GB/T5750-2006 | 104.77 99.76
absorption spectrometry

Ni Flameless atomic GB/T5750-2006 | 105.73 96.30
absorption method

Ba Flameless atomic GB/T5750-2006 | 102.01 103.73
absorption method

\% Flameless atomic GB/T5750-2006 | 102.19 102.38
absorption method

Ti Salicyl-fluoroketone GB/T5750-2006 99.83 102.46
spectrophotometry

Tl Flameless atomic GB/T5750-2006 | 106.26 98.58
absorption method

Hg Cold-vapor atomic GB7468-87 100.54 102.92

absorption method

spectrum interference in sample testing, greatly improve the efficiency of sample
analysis, and reduce the environmental pollution caused using chemical reagents
and the health hazards of the analysis and testing personnel.
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Chapter 18 )
Spatio-Temporal Variation ez
Characteristics of NPP in Weihe

Watershed and Its Response

to Environmental Factors Based

on the CASA and CA-Markov Model

Lixia Wang, Feiyan Pan, Mingshuang Zhang, Zhao Liu,
Shuangcheng Zhang, and Jinling Kong

Abstract In this study, in order to simulate and predict NPP in the Weihe Watershed
and examine its spatiotemporal coverage and dynamic variations, CASA and CA-
Markov models are linked. To statistically assess the NPP response to environmental
conditions, correlation analysis was used. Results revealed: (1) Seasonal fluctuations
were noticeable on the time scale within a year, with the NPP in July being the highest
and the NPP in January being the lowest. The forecast indicates that the vegetation
of the watershed will continue to increase over the coming ten years based on the
rising trend in the interannual change. (2) The NPP coverage is noticeably varied on a
regional scale, with a generally high coverage in the south and east and a low coverage
in the north and west. (3) The response of NPP to environmental conditions is notable
but diverse. There was a weakly positive correlation between the response and climate
parameters. With increasing slope and altitude, the NPP exhibits a bimodal tendency
that continues to rise. The northern and western aspects’ NPP levels, meanwhile,
were higher. (4) The high coupling degrees of the CASA and CA-Markov models
are appropriate for the prediction of NPP in the Watershed.
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18.1 Introduction

The 19th National Congress of the Communist Party of China (CPC) put forward the
slogan of “treating the ecological environment like life”, and under the guidance of
this concept, we will move towards a new era of vegetation and ecological civilization.
Net Primary Production (NPP) is the net increase in the amount of energy fixed by
photosynthesis in a given time (Guan et al. 2017), and is a measure of the productivity
of vegetation communities under natural conditions (Zheng et al. 2020). It is also
the study basis of the movement of matter and energy in terrestrial ecosystems,
which represents important variables of vegetation activities and the main factors
that regulate ecological processes. Moreover, it plays a sinister role in analysing
climate change (Naeem et al. 1985).

Since the 1970s, the research on vegetation NPP has gained increasing attention.
Many relevant calculation models have emerged, including statistical, process, and
parameter models (Comparison Between Modeled et al. 2002; Bian et al. 2010;
Bradford et al. 2005; Cao et al. 2004; Defosse and Bertiller 1991; Field et al. 1995).
NPP estimation models extend site data to regional and even the whole world; the
Carnegie-Ames-Stanford Approach (CASA) model is a classical representative of
this model (Ruimy et al. 1994; Kalubarme et al. 2003; Lewis et al. 1998; Jones
et al. 2003; Prasad et al. 2006; Nemani et al. 2003; Doraiswamy et al. 2003). In
particular, after the optimization of this model by Zhu et al. in 2007, its applicability
was improved and it could be applied well in regional spaces of different scales (Zhu
et al. 2007).

Many studies have been performed by domestic and international scholars on
scientific issues such as the spatial and temporal variability of NPP dynamics and
the driving factors, and more fruitful results have been achieved (Li et al. 2001;
Lai et al. 1982; Shang et al. 1960). For example, Nemani et al. studied the global
climate change for about 20 years at the end of the last century and concluded that
it was favorable for vegetation growth (Nemani et al. 2003). Bokhorst et al. esti-
mated the vegetation restoration after extreme winter warming events in subarctic
regions. Neumann et al. studied the difference between vegetation NPP products
from Moderate Resolution Imaging Spectroradiometer (MODIS) and the inventory
data of Austria’s terrestrial national forest (Neumann et al. 2016). Zhu et al. system-
atically analyzed the NPP and corresponding climatic data of China’s terrestrial
vegetation from 1982 to 1999 (Zhu et al. 2007). Chen et al. studied the effects of
climate factors on vegetation NPP in different periods in China (Chen et al. 2011).
Meanwhile, scholars have also conducted a lot of studies on the Spatio-temporal char-
acteristics of vegetation NPP and its response to climate change in several regions
of China, such as the Qinghai-Tibet Plateau, Loess Plateau, northeastern region,
southeastern region, and subtropical mountainous hilly region, etc. These results
are important for exploring the spatial and temporal patterns, change processes and
driving mechanisms of terrestrial ecosystem NPP (Yu et al. 2018; Neumann et al.
2015; Wang et al. 2019; Kong et al. 2019; Zhang et al. 2019; Luo et al. 2018). In addi-
tion, remote sensing technology can provide important information for the dynamic
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change process of vegetation type/cover. The combination of remote sensing model
and mathematical model can realize dynamic monitoring and simulation prediction
of vegetation resources, so as to carry out the disaster risk assessment and crop yield
estimation. For example, while the effect of precipitation on NDVT has a lag, Funkc
et al. developed an empirical model based on this relationship and predicted NDVI
changes in semi-arid regions of Africa (Funk and Brown 2006). Goncalves et al.
used multivariable and univariate models to predict the crop NDVI in the Sao Paulo
sugarcane producing area in Brazil (Gongalves et al. 2012).

The Weihe Watersh (33°-38° N, 104°~110° E) is located in the arid and semi-arid
region of the northwestern interior, with a total area of about 134,766 km?2 (Fig. 18.1)
(Ji and Peters 2004). The main vegetation types include cultivated vegetation, broad-
leaved forest and grassland, etc. The tributaries of the Jinghe and Luohe rivers on
the north bank flow through the Loess Plateau and carry a large amount of sediment.
The ecological and environmental problems such as v including the deterioration of
the vegetation, the desertification of the land, the loss of the soil and the seasonal
change of the river are very prominent (Wang et al. 2018; Zhang and Zhang 2008).
At the same time, the Guantian Economic Zone in the watershed is a strategically
important place connecting the east and the west, the north and the south. It is
an area with a good economic foundation, profound humanistic history, and great
development potential in western China. It is also an important fulcrum for realizing
the construction and development of the country’s “The Belt and Road”. Therefore,
studying the NPP of the watershed and its response to environmental drivers is
of great significance for understanding the carbon cycle characteristics of regional
terrestrial ecosystems, rational utilization of vegetation resources, evaluation of the
benefits of ecological construction projects, and formulation of watershed ecological
construction and sustainable development strategies.

Our study used MODIS NDVI products (MOD13), meteorological data, vegeta-
tion type data, and DEM data, etc. In the context of comprehensive consideration
of the effect time of the Returning Farmland to Forest Program, Hanjiang to Weihe
Watershed Project, by coupling CASA model and CA—Markov model, firstly, the
Spatio-temporal coverage of NPP in the Weihe Watershed in 2000, 2006, 2012, and
2018 was calculated, followed by quantitative analysis of its response to precipi-
tation, temperature, elevation, slope, and slope orientation, and finally, the spatial
coverage pattern of NPP in the Weihe Watershed in 2024 and 2030 was predicted.

18.2 Materials and Methods

18.2.1 Data Sources and Preprocessing

Remote sensing data: The data selected in this study are MOD13Q1 data from
the NASA website (https://ladsweb.modaps.eosdis.nasa.gov/). The spatial resolution
was 250 m. To facilitate the reading and processing of ENVI and ArcGIS software as
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Fig. 18.1 Geographical location and topography of Weihe Watershed

well as the spatial matching of the existing map data, preprocessing such as splicing,
projection conversion, and format conversion is required. Therefore, Modis Repro-
jection Tools (MRT) were used for preprocessing. At the same time, the image data
is affected by the atmosphere, soil, height angle, and other factors, resulting in noise
in the NDVI value. Therefore, the maximum value synthesis method is selected to
synthesize the two phases of NDVI data every month.

Meteorological data: The data mainly include sunshine hours, temperature and
precipitation, which were obtained from the National Meteorological Information
Center (http://data.cma.cn/), including 33 meteorological stations in and around the
Weihe Watershed. As there are few stations observing radiation data nationwide, the
radiation derivation formula is used to convert sunshine hours into radiation data.
Finally, sunshine radiation, average daily temperature, and average daily precipitation
data were interpolated into raster data with spatial resolution consistent with NDVI
using the Kriging interpolation method.

Other data: Digital elevation model (DEM) data, administrative boundary data,
vegetation type data, etc., were derived from the geospatial data cloud (http:/www.
gscloud.cn/). DEM data were spliced and clipped in ArcGIS to obtain DEM data
covering the study area. Then, the spatial resolution was resampled to 250 m and
slope and aspect information was extracted for overlay analysis with NPP data.
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18.2.2 Method

CASA model. The CASA model is a parametric model based on the light energy
utilization principle developed by Potter and Field according to Monteith’s theory
of calculating NPP using photosynthetically active radiation (APAR) and efficiency
for solar energy utilization (¢) (Field et al. 1995, 1998; Potter et al. 1993; Zhu et al.
2006). The model has been widely used in large-scale vegetation NPP simulations
and global vegetation carbon cycles, and has been calibrated by more than 1,900
field sites worldwide (Zhu et al. 2004). In this study, the improved CASA model of
Zhu Wenquan was used to estimate the vegetation NPP of terrestrial ecosystems in
the Weihe Watershed in 2000, 2006, 2012, and 2018.

Based on the physiological and ecological processes of vegetation, the model-
simulated NPP depends on the photosynthetically active radiation absorbed by vege-
tation and efficiency of solar energy utilization (Zhu et al. 2005). The calculation
formula is as follows:

NPP(x,t) = APAR(x,t) x e(x,1)

where ¢ is the time and x is the position in space.

Correlation analysis. The detailed information about this method can be achieved
from reference (Wang et al. 2018).

CA-Markov model. The CA-Markov model integrates Cellular Automata (CA)
with spatial evolution capability and Markov chain with temporal reasoning func-
tion, which plays a significant role in studying the spatiotemporal evolution law and
characteristics of complex spatial systems. The model uses the transition matrix and
suitability atlas between the two periods to redistribute the base period data, so as
to simulate the future spatial coverage characteristics of the data. In this paper, the
CA-Markov module in the DRISI17.0 platform is used to predict the future spatial
coverage pattern of net primary productivity of vegetation.

18.3 Results and Analysis

18.3.1 Temporal Variation Characteristics of the NPP

It can be seen that the intra-year variation of NPP shows a unimodal curve, with the
highest value of the year occurring in July, about 115.29 gC/m?a, and the lowest
value in January, about 10.75 gC/m?a. The seasonal variation of NPP showed an
obvious periodicity, which was basically consistent with the variation of vegetation
phenological characteristics. Vegetation in summer is in a vigorous growth stage,
with the highest NPP value, about 382.08 gC/m?a; in spring temperature warms up,
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precipitation increases, and vegetation growth speeds up, so NPP is second only to
summer, about 129.38 gC/m?a; in autumn vegetation gradually stops growing until
withered, the NPP value gradually decreased, slightly lower than that in spring, about
118.94 gC/m?a; the NPP of winter vegetation was the lowest, about 42.97 gC/m?*a
(Fig. 18.2).

The inter-annual change of NPP shows an overall upward trend. From 2000 to
2006, there was a significant increase, and the average annual NPP values were about
549.12 and 700.88 gC/m?a, respectively. The NPP value in 2012 was basically the
same as in 2006, about 770.85 gC/m?a. The NPP value in 2018 increased slightly,
about 828.00 gC/m”a. It shows that the vegetation growth in the Weihe Watershed
has a trend toward positive development (Fig. 18.2).

18.3.2 Spatial Coverage Characteristics of the NPP

The spatial coverage of NPP is similar from year to year, basically showing the
characteristics of high north, low east and low west, with obvious spatial differences,
as shown in Fig. 18.4. Among them, the Qinling and the area above Zhuangtou on the
Beiluohe River areas have higher NPP annual average values. The main reason is that
most of these areas are warm temperate zone, vegetation is evergreen broad-leaved
forest or deciduous broad-leaved forest, and the combination of water and heat is
better; the annual average value of NPP in the Guanzhong Plain, the area above
Zhangjiashan on the Jinghe River and the area above Baojixia on the Weihe River is
relatively small. The main reason is that the vegetation types in these areas are mainly
low cultivated plants, and as the latitude rises, the temperature and precipitation
gradually decreases; the annual average value of NPP in the northern part of the
Weihe Watershed is the lowest because of the poor water and heat conditions due to
the combined effects of latitude and topography (Figs. 18.3 and 18.4).

average

| 3
Y
NP

Fig. 18.2 NPP change trend in different months/seasons/years in the Weihe Watershed
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18.3.3 Response of NPP to Major Climatic Factors

Figure 18.5 shows the general relationship between average monthly NPP, tempera-
ture, and precipitation. As can be seen, NPP has significant exponential correlation
and power function correlation with temperature and precipitation, respectively. NPP
increases with the increase in temperature. When the monthly average temperature
is above 20 °C, NPP tends to reach a maximum. NPP also increases with the increase
in precipitation. When the monthly average precipitation exceeded 100 mm, NPP
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Fig. 18.5 Relationship between NPP and temperature/precipitation in the Weihe Watershed

tended to be stable, indicating that the water supply for the growth and development
of vegetation tended to be saturated.

Figure 18.6 illustrates the spatial relationship of NPP with temperature and rain-
fall. For each correlation level, the pixel count is given in Table 18.1. It is found
that NPP is positively correlated with temperature, and the proportion of pixels is
77.87%, which are mainly distributed in the Guanzhong Plain area and the southern
part of the watershed. There is a positive correlation between NPP and precipitation,
and the proportion of pixels is 71.46%, mainly in the western and central regions of
the watershed. In general, the NPP of the Weihe Watershed has a higher degree of
response to temperature.
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Table 18.1 Correlation statistics of NPP, temperature and precipitation in the Weihe Watershed

Correlation level Temperature Precipitation
Number of pixels | Proportion/% | Number of pixels | Proportion/%

Significantly negative | 35,643 1.65 20,014 0.93
correlation

Moderately negative | 103,959 4.82 165,093 7.66
correlation

Mildly negative 337,794 15.67 430,043 19.94
correlation

Mildly positive 1,205,939 55.93 1,249,134 57.93
correlation

Moderately positive 458,977 21.29 212,674 9.86
correlation

Significantly positive | 13,926 0.65 79,197 3.67
correlation

18.3.4 Response of NPP to Topographic Factors

Response of NPP to elevation. Figure 18.7 shows the variation of vegetation NPP
with elevation. It can be seen that the average value of vegetation NPP shows a
bimodal trend with increasing altitude, and there is a large gap between the maximum
value and the minimum value. In the area with an elevation of less than 1250 m,
namely, the Guanzhong plain area, the corresponding mean NPP fluctuates less,
remaining between 732.31 and 800.94 gC/m?a, which accounts for 35.77% of the
total number of pixels. In the range of elevation from 1250 to 1750 m, the mean
vegetation NPP decreased slightly, accounting for the highest percentage of the total
number of pixels (43.75%); it was mainly distributed in the Jinghe and Beiluohe
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Fig. 18.7 Changes of NPP with elevation in the Weihe Watershed

Watershed. As the elevation rose to 2750 m, the mean vegetation NPP reached the
maximum value, which is mainly caused by the high vegetation coverage and mostly
deciduous broad-leaved forests distributed in the Qinling Mountains. The percentage
of the total number of pixels decreased slightly, to 19.71%. After that, as the elevation
continued to rise, the vegetation NPP gradually decreased.

Response of NPP to slope. The slope of the Weihe watershed is between 0° and
73°; the slope of more than 90% of the region is less than 30°. Figure 18.8 shows the
variation of the mean NPP with the increase in slope. In general, with the increase
in slope, the average NPP of the vegetation shows an increasing trend. Areas with
a gentle terrain with a slope of less than 35° have fertile soil, sufficient water, and
good natural conditions, which are more suitable for the growth and development
of vegetation. The vegetation types in the 0-35° slope range are grasses, shrubs,
cultivated plants and other short vegetation that are easily affected by the slope.
When the slope exceeds 35°, the soil conditions change, and the vegetation types
gradually change to coniferous forests and broad-leaved forests. Leaf forests and
other vegetation that are not easily affected by slope, the depth, width, and direction
of valleys begin to restrict the growth of dwarf vegetation. As coniferous forests
and broad-leaved forests occupy a relatively small area in the Weihe Watershed, and
grasslands and shrubs occupy a large area, the maximum value begins to decrease.

Response of NPP to aspects. It can be seen that the mean NPP is between 688.3 and
732.34 gC/m?a. However, there are some differences between the aspects. The mean
value of vegetation NPP is as follows from large to small: northwest slope > north
slope > northeast slope > west slope > southeast slope > east slope > south slope
> southwest slope > flat land. Differences in hydrothermal conditions can explain
this feature. According to the statistics of the average temperature and precipitation
in each aspect, the difference in the average annual precipitation in each aspect is
approximately 1-3 mm. Meanwhile, the average temperature of the north slope and
the west slope is approximately 0.05-0.20 °C lower than that of the southern and



18  Spatio-Temporal Variation Characteristics of NPP in Weihe Watershed ... 235

1000 100 Flat
900 a0 i
800 80
700 70 =
® =
:€ o 0 % Northwest MNortheast
£ oo o b
; 400 an K
300 —s—NPP 0
200 —e— Percentage 20 West East
100 10
0 0
5 10 15 20 25 30 35 40 45 50 55 =55 Southwest Southeast
Slope/ South

Fig. 18.8 Changes of NPP with slope/aspect in the Weihe Watershed

eastern slopes. This indicates that in northwest China, the climate is dry and sunny,
the north slope is on the dark side, the solar radiation received is relatively less, the
transpiration is weak, and the water is easy to retain. Therefore, the northern slope
is relatively humid and the respiration is weakened, which is more conducive to
the growth of vegetation. There are many results showing that the soil of the north
slope and west slope has better water holding capacity, higher soil moisture content.
Therefore, it is conducive to the growth of vegetation. than that of the southern and
eastern slopes.

18.3.5 Prediction of the NPP Spatial Distribution Pattern

As the input data in the CA—-Markov model needs to be spatial and state-discrete
raster data, according to the natural discontinuity point classification method, they
are divided into five levels. The area and percentage of each NPP grade in 2012 and
2018 were calculated as shown in Table 18.2. The overall characteristics of the NPP
status in the Weihe Watershed in 2012 mainly correspond to lower-value regions,
medium-value regions, and higher-value regions, which account for 74.74% of the
total area. By 2018, the spatial coverage of very low-value regions, higher-value
regions, and very high-value regions shrinked, while those of lower-value regions
and medium-value regions expanded.

To verify the feasibility of the CA—Markov model in predicting the dynamic
change of vegetation in the Weihe Watershed, this research took the NPP spatial
coverage of 2006 and 2012 as basic data, simulated the NPP spatial coverage in
2018, and compare with the real value. The Kappa coefficient was calculated as
0.8776. It shows that the simulation results meet the accuracy requirements, and the
simulation method and process have good applicability.

Therefore, based on the spatial coverage of NPP in the Weihe Watershed in 2012
and 2018, the CA_Markov model was established to predict the spatial coverage of
NPP in 2024 and 2030. The results are shown in Fig. 18.9 and Table 18.2.
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Fig. 18.9 Spatial distribution pattern prediction of NPP in the Weihe Watershed in 2024 and 2030

By 2024, the areas of very low-value regions, lower-value regions, and medium-
value regions will have decreased by 6.30%, 9.48%, and 2.74%, respectively from
2018. Among them, the low level of NPP areas are mainly distributed in the northern
part of the watershed and Xi’an and its surrounding areas. The area of the lower NPP
areas has been significantly reduced, mainly in the northern and western parts of the
basin, and the median NPP area expands northward as a whole. The areas with higher
NPP and areas with high NPP are expanding northward, increasing by 9.56% and
8.96% respectively over 2018. By 2030, NPP will show a similar pattern of change.

In general, the overall vegetation growth conditions in the Weihe Watershed tend
to be optimized. Among them, the areas of very low-value regions, lower-value
regions, and medium-value regions will be reduced, and the overall spatial migration
will be northward. The areas of higher-value regions and very high-value regions
will be further increased and the spatial expansion will be northward and central.

18.4 Discussion and Conclusions

18.4.1 Discussion

In terms of the temporal trend of NPP, this study is consistent with the results of
Wang et al. (2021) and Wang et al. (2020) who concluded that the NPP of vegetation
in the Weihe River basin has been gradually increasing in recent years, and in terms
of the spatial coverage of NPP, it is also consistent with the conclusions reached by
the above-mentioned scholars. Judging from the response of NPP to climate factors,
there is a positive correlation between NPP and temperature and precipitation in this
study, accounting for as high as 70%. Some related studies also show that temperature
and precipitation are generally positively correlated with NPP values in other regions
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(Wang et al. 2022; Li et al. 2022; Jia et al. 2019; Xu et al. 2020). In terms of the
response of NPP to topographic factors, the mean value of NPP showed a bimodal
variation with elevation and increased with slope, which is not consistent with the
results obtained by Wang et al. (2021) and may be influenced by the time frame of
the study and the selection of parameters for different models.

The study of the characteristics, changes, and coverage of the natural geographical
environment and its components is usually based on the law of natural geograph-
ical differentiation. However, a review of many domestic and foreign studies on the
temporal and spatial coverage and variation characteristics of regional vegetation
NPP has shown that there are relatively abundant simulation studies at the adminis-
trative region scale, while few prediction studies have been conducted at watershed
scales. A lot of researches have been done on the response of vegetation NPP to
climatic factors such as temperature and precipitation but few studies on its response
to topographic factors. There have been many studies on vegetation NDVI predic-
tion, but few studies on vegetation NPP prediction. Therefore, it is of great theoretical
significance to simulate and predict the spatial and temporal coverage characteristics
of watershed-scale vegetation NPP and explore its correlation with environmental
factors.

Surface vegetation interacts with the atmosphere, hydrosphere, and soil sphere
through material exchange and energy flow. The relationship between the degree
and primary and secondary effects of many environmental factors on a vegetation
system is very complex. This research focuses on analyzing the response of NPP
to multiple single factors. In practice, NPP has relatively many influencing factors,
such as the relationship between water and heat, the physiological and ecological
properties of vegetation, and the interaction of climate factors in the models of
climate change. At the same time, the temporal and spatial coverage and change
characteristics of NPP in the Weihe Watershed are also closely related to human
activities and economic construction, especially in the past 20 years, the Silk Road
Economic Belt has been vigorously developed and the urbanization process has
accelerated. The government has also issued a series of policies and regulations,
such as Returning Farmland to Forest Program and the Hanjiang to Weihe River
Project. These human activities will further affect the temporal and spatial coverage
and change characteristics of NPP in the Weihe Watershed. It can be said that the
change of NPP is a very complicated process. It is influenced not only by climate
change and natural disasters, but also by the influence of land use policy, social,
economic development and other human activities. Therefore, the follow-up will
conduct in-depth research on the compound response of NPP to multiple factors,
evaluate the contribution rate of various influencing factors to NPP, and better reveal
the coupling mechanism of various factors to NPP.
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18.4.2 Conclusions

Based on multi-source datasets, this paper experimented with the coupled application
of CASA model and CA-Markov model, simulated and predicted the temporal and
spatial coverage of NPP in the Weihe Watershed, and explored the response of NPP
to environmental factors such as climate and topography based on related analysis
methods. The main conclusions are as follows:

(1) Concerning temporality, the seasonality of NPP changes during the year is
obvious; The trend of annual change of NPP is increasing, and it is predicted that
NPP will keep increasing in the coming decade. There is a significant difference
in spatial coverage of NPP, and the overall coverage characteristics of NPP are
high in the south and low in the north, and high in the east and low in the west.

(2) The responses of NPP to temperature and precipitation in the Weihe Watershed
are remarkable but varied. The response to temperature and precipitation is
mainly positive correlation. More attention should be paid to heat preservation
for the growth of vegetation in the northern part of the watershed, and more
attention should be paid to the moisturizing effect for the growth of vegetation
in the western part of the watershed.

(3) NPP in the Weihe Watershed responds significantly to topographical factors,
but there are differences. NPP presents a bimodal trend with increasing altitude,
and it keeps increasing with increasing slope. At the same time, the NPP of the
north and west aspects are higher than that of the south and east aspects.

(4) The CASA model and the CA—Markov model have good coupling, and the
prediction accuracy reaches 0.8776. It shows that the simulation based on CASA
model and the prediction based on CA-Markov model can well evaluate the
vegetation growth status and evolution law of the watershed.
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Chapter 19

Determination of Water-Soluble C1™ Guca i
and SO42~ in Soil by Chemical Analysis

and Ion Chromatography

Liu Yang and Yin-Fu Wang

Abstract Titration and colorimetric chemical analysis methods are usually used to
test the water-soluble C1~ and SO,4> in soil. Although this method has been applied
maturely, it also has some characteristics, such as complex operation, long analysis
cycle, great influence of detailed process on analysis results, and requirement limit
on sample content range. In this paper, the water-soluble Cl1~ and SO,4> in standard
soil samples were determined by chemical analysis and ion chromatography. The
technical points of chemical analysis methods were put forward, and the possibility
of using ion chromatography was discussed. The results show that the water-soluble
ClI~ and SO4>~ in soil are determined by ion chromatography. Under the selected
test conditions, the mass concentrations of Cl1- and SO42~ are in the range of 1-
100 mg/L, and the correlation coefficient R (C17) = 0.9998, R (SO4>7) = 0.9997.
The detection limits for chloride ions were 0.005 pug/ml and 0.016 pwg/ml for sulfate.
ASA14, ASA16, ASA17 and ASA18 were determined by the experimental method,
and the accuracy and precision of the ion chromatography test were verified. The
relative error of the test results was 0.7-8.3%, and the relative standard deviation
was 0.8-2.8%. The determination of water-soluble C1~ and SO, in soil by ion
chromatography is feasible. The use of ion chromatography reagent is small, reduce
the impact on the environment and human body, short test time, can better adapt to
a large number of samples test analysis.

Keywords Water-soluble C1~ and SO, in soil - Chemical analysis methods
Ion chromatography

Saline-alkali soil is widely distributed in China’s cultivated land, which seriously
restricts agricultural development and rural construction (Zhao et al. 2020). The
content of water-soluble salt in soil is an important attribute of saline-alkali soil and
an obstacle to crop growth. High salt content in soil will affect the soil quality in the
tilled layer by affecting the formation of soil aggregates (Feng et al. 2020) and the
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migration of soil water (Liao etal. 2021; Wang et al. 2019), and at the same time affect
the fertilizer application (Tao et al. 2020), crop growth and vegetation community
distribution characteristics (Liu et al. 2021), thus restricting the improvement of
agricultural productivity. These salts are mainly including the chlorides and sulfates
of calcium, magnesium, sodium, potassium. Chloride ion (C1™) and sulfate (S0427)
are the main components of soil soluble salt, and the essential index of anion content
monitoring for soil (Jiang et al. 2016).

The technical methods of the determination of C1~ and SO42~ in water-soluble
salt in soil was discussed in this paper.

Referring to the relevant standards for analysis of water-soluble salts in soil,
Analysis of Water-soluble Salts in Forest Soil, LY/T 1251-1999, and detection of
soil, NY/T 1121-2006, C1~ could be determined by silver nitrate titration, S0,2-
could be determined by titration, colorimetric method, and mass method.

With the development of technology and analytical instrument, the determination
of C1~ and SO4>~ by ion chromatography has been widely used in water quality
analysis, energy geology, environmental detection, food safety and other fields (Hu
et al. 2018; Ma et al. 2019; Wang et al. 2012; Li et al. 2012; Yang et al. 2012).
In practical application, ion chromatography has the advantages of fast, simple,
sensitive, small sample amount required, good selectivity, and can analyze a variety
of components at the same time. Especially for the determination of inorganic anions,
it has other advantages that cannot be replaced.

Although the traditional chemical analysis method of water-soluble anion content
in soil is mature, it has many complicated operations. If the determination of C1~ and
SO,4>~ in water soluble salt can be carried out by ion chromatography, the speed of
sample analysis will be greatly improved to meet the requirement of rapid analysis.

In this paper, the national standard material is taken as the research sample, the
technical key points of traditional testing methods are summarized, and the feasibility
of the determination of C1~ and SO4>~ in soil water-soluble salt by ion chromatog-
raphy is analyzed through the comparison of sample test results, to provide scientific
basis and technical support for improving the testing efficiency of large quantities
samples.

19.1 Experiment

19.1.1 Methods for Chemical Analysis (See LY/T 1251-1999
Jor Materials and Procedures)

(1) Determination of CI~
Silver nitrate titration method
Principle: Using AgNO; standard solution to titrate Cl~ with K,CrO4 as
indicator, the reaction is as follows:
Cl~ 4+ Ag" — AgCl| (White precipitate)
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CrO4>~ + 2Ag* — Ag,CrO,| (Brown-red precipitate)

Although both AgCl and Ag,CrO4 are precipitates at room temperature,
the solubility of AgCl (1.5%1073 g/L) is smaller than that of Ag,CrOy4
(2.5%1072 g/L). Therefore, when AgNO; is added to the solution, CI~ first
reacts with Ag* to form white AgCl precipitate. When all C1~ in the solution
is precipitated by Ag*, Ag* reacts with K,CrO, indicator to form brown-red
Ag,CrOy4 precipitate, and then the end point of titration is reached.
Determination of SO42~

Sulfate analysis is a complicated project in water-soluble salt analysis. The
classical method is barium sulfate precipitation weighing method, which has
the advantage of high accuracy. The difficulty lies in the large amount of soil
leaching solution required (more than 100 ml), and it is only suitable for samples
with relatively high SO4%~ content (100 ml containing sulfate should be more
than 20 mg, preferably 100 mg, if the concentration is below 10 mg, more
leaching solution should be taken and the leaching solution should be concen-
trated and evaporated). The whole process of precipitation evaporation takes
a long time, so the method mentioned above is now less used. EDTA indirect
titration and turbidimetric method are widely used now.

@EDTA indirect titration method (optimum determination range is 50—
300 pg/ml)

Principle: Excessive barium chloride solution is used to precipitate the SO4>~ in
the solution completely. To prevent the precipitation of BaCO3, the solution to
be tested must be acidified before adding BaCl, solution and heated to boiling to
drive out CO,. BaCl, solution was added while hot to promote the precipitation
of BaSO, to form larger particles. Excessive Ba?*, together with the existing
Ca’* and Mg?* in the solution, were determined by EDTA standard solution
with chromium black T indicator at pH = 10. It is worth mentioning that for
making the end point obvious, a certain amount of Mg?* should be added.
So, the consumption of EDTA consists of three parts: Mg?* added to make
the titration endpoint obvious, BaZ* in the solution to be tested, and Ca%* and
Mg?* existing initially in the solution which can react with EDTA. The amount
of EDTA consumed by Mg?* to make the end point of titration obvious can
be obtained by using blank calibration. The concentrations of Ca>* and Mg?*
existing initially in the sample were measured in advance, and the amount of
EDTA consumed by corresponding Ca’>* and Mg?* in the solution to be tested
could be obtained by calculation. Finally, the amount of Ba?* in the solution to
be tested can be calculated to find the SO4%~ amount.

@Barium sulfate turbidimetric method (the best determination range is
<40 pg/ml);

Principle: The sulfate in the solution to be tested and the added barium chloride
(BaCl,) crystals formed dispersed and stable barium sulfate (BaSOy4) suspen-
sion, and its absorbance (turbidity) was measured by colorimeter or turbidimeter.
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According to the measurement results, the concentration of sulfate was found
on the standard curve.

19.1.2 Ion Chromatography

Instruments, reagents and materials.

AQUION RFIC ion Chromatograph: ThermoFisher.

SPECORD 210 UV-Visible Spectrophotometer: Agilent.

HY-2 speed regulating multi-purpose oscillator: Ronghua instrument.
Centrifuge: Feige.

ClI~, SO,>~ standard solution (1000 mg/L) were purchased from Beijing North Weiye
Metrology Technology Research Institute.

The experimental standard samples were purchased from Environmental Quality
Supervision, Inspection and Testing Center of Ministry of Agriculture and Rural
Affairs (Tianjin).

All reference substances are provided with a standard sample certificate.
Process parameter for chromatography.

Cl-, SO42- mixed standard curve. The 1000 pwg/ml mixed standard solution
(CUST-96252) were purchased from Beijing North Weiye Institute of Metrology
Technology (Table 19.1).

Accurately remove 0.00 ml, 0.10 ml, 0.50 ml, 1.00 ml, 5.00 ml, 10.00 ml stan-
dard solution into a set of 100 ml volumetric bottles, dilute with water, volume to
100 ml/bottle and mix well. Formulated into 6 different concentrations of mixed

standard solution.

cT(?rll)(:?tif)gn.sl Of\’;’grking Process parameter Value
Eluent buffer 30%mmolKOH
IC electric current 75 mA
Eluent flow rate 1.0 ml/min
Partial loop fill 25l
Target of measurement peak area
Time 12 min
Chromatographic column AS11-HC
Guard column AG11-HC
Suppressor AERSS500- 4 mm
Detector detection parameter Conductivity




19 Determination of Water-Soluble C1~ and SO42~ in Soil by Chemical ... 247

Quality control. Quality control was carried out by measuring the standards. The
mixed standard solutions GNM-M031909-2013 and GNM-M031912-2013 were
purchased from the National Analysis and Testing Center for Non-ferrous Metals
and Electronic Materials (the reference values of Cl1~ and SO4>~ were 10 pg/ml
and 100 pg/ml). Standards are used to monitor the stability of instruments during
analytical testing to ensure the accuracy of measurement data.

19.1.3 Sample Treatment

Weigh the 50.0 g (10 mesh sieves filtered) air-dried soil sample into a 300 ml plastic
extraction bottle, add 250 ml CO,-free pure water that has been boiled and cooled to
room temperature, cover the bottle, and put it into an oscillator, oscillate at 220 r/min
for 3 min. The extract was filtered by 0.45 pm filter membrane to obtain the clarified
liquid to be tested.

19.2 Results and discussion

19.2.1 Determination of Water-Soluble Cl~ and SO~
in Soil by Chemical Method

Results discussion and summary of precautions in operation (Table 19.2).
According to the experimental method, the four-soil available state standards were
measured, and the parallel determination was made for five times. The results were

Table 19.2 The results of chemical determination of water-soluble C1~ and SO42 in available state
reference materials in soil

Sample | Property Cl™ Silver nitrate S04>~ |EDTA Turbidimetry
No pglg | titration nglg titration
Mean | RSD% Mean |RSD | Value |RSD%
value | (n=25) value (n=Y5)
ASA14 | Heilongjiang | 0.030 | 0.028 | 1.9 0.118 [0.116 |3.1 0.122 |45
black soil
ASA16 |Henantidal |0.036 |0.034 |3.8 0.144 ]0.140 |2.1 0.139 |39

soil
ASA17 | Xinjiang 0.048 |0.041 |24 0.151 |0.155 |24 0.159 3.8
chestnut soil

ASAI18 | Jilin brown 0.027 |0.03 |3.1 0.112 |0.115 | 1.9 0.117 5.2
soil
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all within the scope given by the standard certificate. The test results are good. What
should be noted in the operation process is detailed below:

(1) Titrations of C1~ with AgNO should be carried out in neutral solutions because
the following reactions occur in acidic environments: CrO4%* +H* — HCrO4~
which reducing the sensitivity of K,CrOy, as an indicator. If in alkaline environ-
ments: Ag+ +OH — AgOH|, The concentration of Ag* in AgOH saturated
solution is lower than that in Ag,CrOy4, so AgOH will precipitate out before
Ag>CrOy4. This will result in no brown-red precipitate at the end of the titration
of CI~, which will affect the determination of Cl~. Therefore, we recommend
that the solution after the determination of CO32~ and HCO;~ be used for the
determination of C1~. The endpoint will be easier to identify if the titration is
done in yellow light. If the color of the leaching solution is dark and it is difficult
to distinguish the color change of the end point, potentiometric titration can be
used instead.

(2) The EDTA indirect titration method for the determination of SO, is relatively
simple. However, the addition amount of barium magnesium mixture is not easy
to determine, and the end point of titration is difficult to master. If the dosage
of barium magnesium mixture is insufficient, it will lead to wrong measure-
ment results. Therefore, it is necessary to predict the approximate content of
sulfate in the sample properly before analysis to determine the dosage of barium
magnesium mixture, to obtain more accurate determination results.

(3) Barium sulfate turbidimetric method for the determination of SO4%~ is quick
and convenient. The disadvantage is the result is easily affected by precipitation
conditions, such as uniform suspension without forming conditions. This will
affect the accuracy of the results.

19.2.2 Determination of CI~ and SO4*~ by ion
Chromatography

Standard curve and detection limit. Determination of standard solution series
under stable instrumental conditions. With the mass concentration of chloride ion and
sulfate as the abscissa and the corresponding peak area as the ordinate, the standard
curve was drawn, as shown in Fig. 19.1. The results show that the linear relationship
between the standard curves of C1~ and SO4>~ is good when the mass concentration
of CI~ and SO42~ is within 1-100 pg/ml. Correlation coefficient Rz(CI_) = 0.9998
R? so42—y = 0.9997. Under the same conditions, the blank solution was tested contin-
uously for 7 times according to the experimental method. The detection limit of the
detection method is calculated (three times the standard deviation). The detection
limit of chloride ion is 0.005 pg/ml, the detection limit of sulfate is 0.016 pg/ml.
Four times the detection limit was taken as the lower limit of determination, The
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lower limit for the determination of chloride ions was 0.02 pg/ml, and the detection
limit for sulfate was 0.064 pLg/ml (Fig. 19.2).

Precision and accuracy. According to the experimental method, the aqueous solu-
tion of the available soil standards ASA14, ASA16, ASA17 and ASA18 was
extracted. The water-soluble C1- and SO4%>~ were determined under stable instru-
mental conditions, The results are shown in Figs. 19.3-19.6 and Table 19.3. The
four-soil available state standards were measured six times parallelly according to
the experimental method. All the results are within the scope given by the standard
certificate. The test results are good. The relative deviation of the measurement results

external standard CI”
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Fig. 19.2 Calibration curve of S042~
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met the requirements of Analysis of Water-Soluble Salinity in Forest Soil LY/T1251-
1999, and the relative standard deviation was within 1.1-2.8%, so the precision of
the instrument measurement is also good.
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Table 19.3 Determination of Water-soluble C1~ and SO42~ in available state reference materials
in soil by ion chromatography

Sample | Cl~ content |Ion chromatography SO42~ content | Ion chromatography

Noo |nele Mean |RSD% |RE% |M&/ Mean |RSD% |RE%
value |(n=06) value |(n=06)

ASA14 |0.030 0.029 |1.1 33 0.118 0.117 |1.1 0.9

ASAI17 |0.048 0.044 |0.8 8.3 0.151 0.150 |14 0.7

ASAI18 |0.027 0.029 |1.1 7.4 0.112 0.113 |19 0.9

ASA16 |0.036 0.035 |28 2.8 0.144 0.141 | 1.1 2.1

o us 2-50.-5.911 1
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Fig. 19.6 Ion chromatographic analysis of ASA18 sample

19.3 Conclusion

The traditional chemical analysis method for the determination of soil water-soluble
Cl~ and SO4>~ has corresponding standards for reference. The technology and
methods are mature and reliable, However, due to the relatively complex opera-
tion process, and it is necessary to select appropriate detection methods according
to different sample contents for the determination of the corresponding sulfate.
Therefore, the traditional analysis method has higher technical requirements for
personnel. Compared with traditional chemical method, ion chromatography is quick
and simple, which greatly improves the analysis efficiency and saves the analysis cost.
It is suitable for mass sample analysis. In the determination of water-soluble C1~ and
S04~ by ion chromatography, the technical indexes such as precision, accuracy
and detection limit all meet the quality requirements of analysis in the standard for
geochemical evaluation of soil quality. We hope to apply for the relevant standard
method to provide technical support for soil environmental protection and pollution
control through laboratory collaboration analysis, and hope that this method can play
an important role in the third national soil census in China.
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Chapter 20 ®)
Hydrological Change and Probable oo
Ecosystem Impacts Under a Climate

Change in the Kunhar River, Pakistan

Shan-E-Hyder Soomro, Xiaotao Shi, Jiali Guo, Yinghai Li, Caihong Hu,
Zhu Chunyun, Jiahui Gu, Ao Li, Shenghong Liu, Yu Guo, and Nida Rabab

Abstract Nowadays Pakistan is suffering from water stress, and its water supplies
are under threat, because of the unpredictability of climate change. Hydrologiska
Byrns Vattenbalansavdelning (HBV) model was used to calibrate and validate the
anticipated flow fluctuation in Kunhar River in the face of persistent climatic varia-
tions. Overall Nash—Sutcliffe yield of 0.87 and 0.79 was found to be acceptable for the
HBYV work ability through the phases of overall calibration and validation, respec-
tively. The research shows that future changes are predicted in the study region’s
streamflow intensity, duration, frequency, timing, and rate. For the period 2011—
2099, all scenarios predict a hydrologic change relative to historical values for the
majority of flow characteristics (1975-2020). Varying hydrologic and temperatures
could have an impact on the fish population in the area being analyzed. The findings
of this study have the potential to improve water resources and aquatic environment
management by supplying useful and actionable information.
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20.1 Introduction

Hydrological systems are highly significant because of their effect on economic and
ecological development. The scarcity of fresh water in Pakistan is a severe problem
since the average annual supply has declined from 5,000 m* per person in 1952 to
1,100 m® in 2014 (Arif et al. 2022). A UN report defines nations with water shortage
as those having annual per capita availability of less than 1,000 cubic meters of water
(Dhakal et al. 2022). The dynamics of a basin’s hydrological cycle are often affected
by factors such as location, climate, and human interference. Variations in climatic
factors such as temperature, precipitation, humidity, and wind have been observed by
numerous researchers (Wang et al. 2022, Zan et al. 2022). Recently, (Yifru et al. 2022)
have begun to use GCMs to explore the impacts of forthcoming climatic alteration on
freshwater properties worldwide. There is a high correlation between river biodiver-
sity and ecosystem sustainability, and the natural flow regime of river systems (Widén
et al. 2022) and in addition to controlling a wide variety of ecological and physiolog-
ical phenomena (Litchman and Thomas 2023). Physical properties of river habitats,
such as flow rate and water depth, are substantially influenced by processes such as
nutrient cycling and sediment transport (Yuan et al. 2023). Hence, the stream manage-
ment of a river is critical to the survival of aquatic, riparian, and wetland ecosystems
along with the sustainability of their surrounding environment (Abebe et al. 2022).
Changing flow regimes can cause stream ecosystems to lose native species, fail to
recruit fish and micro-invertebrates, and introduce invasive alien species (Feio et al.
2023). For environment and biodiversity of the region, fish is the crucial part which
played significant role (Prakash 2021). There are near 193 recognized fish species in
the rivers of Pakistan, but only approximately 30 are considered economically signif-
icant inhabitants. These 30 species include: cyprinus carpio, Labeo rohita, Gibelion
catla, Cirrhinus mrigala, Cirrhinus reba, Channa straita, Channa marulius, Sperata
sarwari, Wallago attu, Rita rita, Bagarius baga (Usman et al. 2016). In relation to
soil conservation and evapotranspiration fluxes, vegetation is an essential component
of the watershed water cycle resulting in an essential part of the region’s biodiver-
sity. Hydrological alteration causes significant ecological hazards to Kunhar River
aquatic and terrestrial species. Low fish biodiversity has been linked to Kunhar River
temperature fluctuations and turbidity challenges (Soomro et al. 2022, 2023), and
there’s evidence that physical causes linked to climate change are responsible for
the Kunhar River’s water quality deteriorating. Based on ecology and social poten-
tial consequences of the changing climatic scenarios in the Kunhar River basin,
prior analysis has emphasized upon hydrodynamic effects caused by fluctuations
and catastrophic river discharge amounts. Regarding specific reasons, we need an
in-depth investigation of consequences that climate change has on the river system
ecology within that vicinity. Thus, this research is to determine and evaluate the
relevant primary water related streamflow modification which may have significant
consequences on aquatic organisms in the Kunhar River watershed under rapidly
changing climatic conditions.
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Fig. 20.1 Map representing kunhar river basin location used in the current experiment

20.2 Case of Kunhar River and Acquisition of Data

The research was assessed for the Kunhar River which stretches across Northern
Pakistan from 34.2-35.1°N to 73.3-74.1°E. The overall area of Kunhar River is
about (171 km) long, which exists in alpine valley located in Mansehra district. The
approximately 2600 km? of drainage area and an elevation from 672 to 5192 m above
sea level shown in Fig. 20.1. Also, the river water is crucial for domestic purposes
which turn to contributes in region’s economic growth. The hydrometeorological
data were obtained from different sources mentioned in (Table 20.1).

The hydrosphere in a region can be adversely affected by land cover. Vegetation
diversity and its density have significant effects on these processes (Zhao et al. 2022)

shown in Fig. 20.2.

20.3 Materials and Methods

20.3.1 HBYV Hydrological Model

The HBV model is a conceptual hydrology model that simulates the runoff mecha-
nism in a watershed based on meteorological data like air temperature and potential
evapotranspiration (Devia et al. 2015). The input data to construct the HBV model



256 S.-E.-H. Soomro et al.

Table 20.1 List of sources from which data were obtained

Type of the data Data acquisition sources | Spatial resolution | Specification

Terrain data USGS National Elevation | 30 x 30 m DEM
Dataset
(http://earthexplorer.usgs.
gov/)

Landuse data European Space Agency | 300 x 300 m Land classification like
(ESA) http://ionial .esrin. water body, forest,
esa.int/ agricultural, snow, crops,
Access date: 12 etc
December 2022

Climate data PMD-Pakistan Each day Precipitation, heat, solar
Metrological Department radiation, Wind velocity

(1975-2020)

Hydrological metrics | WAPDA-Water and Each day Kunhar River discharge
Power Development at daily time step
Authority (1975-2020)

comprised mainly quantifiable parameters, such as rainfall, temperature, and poten-
tial evaporation, so its uncertainty is minimal in most conditions (Ouatiki et al.
2020). The HBV hypothesis is feasible due to its simplicity and robust framework.
The overall methodology is presented in Fig. 20.3.

20.4 Results and Discussion

20.4.1 Calibration and Validation Over Kunhar River

HBV model performance with the calibrated a predetermined set of variables or
parameters adequately represents the hydrological features of the Kunhar River Basin
for the period of 2000 to 2009 and simoultaneouly validated for the dataset from 2010
to 2016 for two different stream gauge stations named Gari-Habibullah and Naran
in the Kunhar river basin. Repeated HBV model run calibration and validation for
the two stream gauge stations for the Gari-Habibullah and Naran basins yielded
efficiency levels 0.87 and 0.79 of Nash—Sutcliffe (NSE), respectively. The calibration
and validation procedures brought to a remarkable enhancement in the correlation
between the predicted and detected river flows. The model calibration accurately
depicted the abundant flow in Gari-Habibullah in 2006 and the extreme discharge
in 2007; whereas, during validation, the discharge was consistently unpredictable
and wildly misleading in both 2011 and 2015. The estimated annual runoff from
the simulation and evaluation for the validation periods of 2010-2016 was 488 and
495 mm, respectively (Table 20.2; Fig. 20.4).


http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://ionia1.esrin.esa.int/
http://ionia1.esrin.esa.int/
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Fig. 20.2 Landuse map of the Kunhar River basin

After determining these HBV parameters, the model was updated to account for
the changes in river flow expected between 2017 and 2037 (shortly), 2038 and 2058
(in the middle future), and 2059 and 2079 (in the far future), as predicted by four
general circulation models as well as four RCP scenarios (Fig. 20.5).

20.4.2 Measure of Hydrological Alteration and Ecological
Implications

Projected Changes in Streamflow. RCP 8.5 emission scenario maximum flow vari-
ability was computed (Fig. 20.6). For the long-term RCP 2.6 emission scenario,
BCC-CSM2-MR is forecast to increase mid-term monsoon flow by 42%, while
MPI-ESM1.2-HR is expected to decrease it by 19% in winter.
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Table 20.2 Performance

indicators and outcomes in Criteria Units Annually

HBYV for Kunhar River Calibration Validation
(R 0.95 0.94
(NSE) 0.88 0.85
(PBIAS) % 0.47 14.61
(CO) 0.95 0.94
(AE) Cumec 0.01 0.24
(AAE) Cumec 0.4 0.45
(SE) Cumec 0.69 0.68

Note R? is coefficient of determination, NSE is Nash-Sutcliffe
efficiency, PBIAS is a Percentage bias, CC is the correlation coef-
ficient, AE is the average error, AAE is a average absolute error,
and SE is a standard error

The RCP 4.5 emission scenario under MPI-ESM1.2-h is predicted a total 63%
risen during next few months in monsoon season and 34% increase in extreme winter
months. It was found that peak cold months will reduce by 21% under the RCP
6.0 emission scenario, while the CAMS-CSM1-0 model predicted a 76% increase
in rainy season stream flow over multiple months. However, 149% predicted rise
during monsoon under CAMS-CSM1-0 during initiation times in the distant future,
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and MPI-ESM1.2-h predicted a decline of fall flows to 36% under the RCP 8.5
emission scenario. Analyses of water flow indicate a massive increase in the amount
of water flowing during the warm months and a precipitous fall during the winter.
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20.5 Conclusion

T
200 250

The HBV model was used to calibrate and validate the expected flow fluctuation
in the Kunhar River in light of current climate change conditions. For the period
2011-2099, all scenarios predict a hydrologic change relative to historical values for
the majority of flow metrics (1975-2020). It was predicted that in the mid-twentieth
century, natural streamflow conditions will change. Based on the findings, it seems
that a Nash—Sutcliffe efficiency of 0.87 is optimal for the calibration stage, while 0.79
is suitable for the validation stage. In addition, peak cold months will reduce by 21%
under the RCP 6.0 emission scenario, while the CAMS-CSM1-0 model predicted
a 76% increase in rainy season stream flow over multiple months. However, 149%



20 Hydrological Change and Probable Ecosystem Impacts Under a Climate ... 261

RCP2E

2
5

 BOCCSMZ-MR CAMS-CSM1-0 = BECCSMI-MR » , CAMSCSMIO
48 _ d8 4 = i85 _ 48 4 57 . azdss 528 L84
i {i5s5iabiitd i EERNTTRI LI f BRIRIEIRREAE §  faiRiEslfil
il - bl I ml a3 honnntiins
B0 U 5 oM E L  E 5 ot MM
; . Obrarved LN ] u Otrverved P 200135 § W Observed  ®P1(2011.39) é u Observed =P 2001-39)
s WP7 (2040-69) @ P3 (7070-99) WP [2040-69) B P3 (2070-9%) P2 (2080-69) @ 3 (2070-95) P (2040.55) @ P [2070.99)
= MPRESML. mn 4 >, HadGEMZ-AD & ; MPIESM12-HR > ms:mzm 3
52T a ¢4 Bt oy, BuBEs 528m, oy, p2888 =z S2ts, £544
s JEERIEshRBE ¢ MEiRrEsiRiiy ¢ REBREResRRRER O aRinpgshiid
i L :| ot 391
= [ ' T FELE| ] A .
PR w3 Jmuﬂlljllml[luu [ TTTUT I TTTT O R L LT
g mObierved  ®P1(2011-39) u Otrierved P1[2001-39 i W Obaerved B P1{2011.35) E WObserved  ®P1{2011-39)
- WP (2040-65] 8 P3 (200095 WP [2080-69) WP (200099 - W P2 (2040-69) @ P3 (2070-95%) P2 (2040-65) @ P [2070-99)
RCP 6.0 RCP 8.5
> i BOCCNGMA 5 = B CAMS-CIMIO = § BOCCGMIMR ¢ §
E s sBeg HE T EE §. §igs .
. £5§ = 255 = §3zz 2
PREIEE I TR R TR CT O W LRI ER L
=m0 ? = 200 J " & 20 J' ?
i ] H E| [
5 0 5 g o
E W Obrserved u P1{2011.39) g ® Observed = P1{2011.39) - W Observed P [2011-39) - W Observed P (2001-39)
WP [2040-65) W P3 (2070-99) WP} (2040-69) m P {2070-99) W P2 {2080-65) @ P3 (2070-99) P2 (2040-65) @ P3 (2070-99)
MPI-ESM1.2-HR HadGEMZ-AD o = MPIESM12-HR > HadGEMZAD
s Pdferucbitil & PMfnre Bidil 8 Pdee.y 0080 ¢ ) Tt
F IR E .&3.53 5 FEIEFEaREiEE g 5:3255553655 H tER T
Eaw, ™ = =
E | . P g mi g 3
£ i 5
e .uﬂtﬂluuuﬂlﬂluﬂ 2 7% fappu ) Il[ﬂlllu a3 { | [[lJ]LIJJLm F
é . Dbwerved = P1(2011-39) § u Observed = P1{2011-39) . u Observed =P [2011-39) - u Observed =Pl (2001-39)
WP [2040-65) W P3 {2070.54) WP (2040-69) m P3{2070.599) WP2 (2080-69) @ P32 (2070-99) P2 (7040-69) @ P3 [2070-99)

Fig. 20.6 Projected changes in streamflow

predicted rise during monsoon under CAMS-CSM1-0 during initiation times in the
distant future, and MPI-ESM1.2-h predicted a decline of fall flows to 36% under
the RCP 8.5 emission scenario. These changes may affect the Kunhar River’s fish
biodiversity, particularly during their reproductive and growth stages. This work helps
stakeholders in policy and decision-making assess aquatic ecosystem vulnerability
to hydrologic changes and manage water resources and aquatic ecosystems more
effectively and sustainably.
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Chapter 21 ®)
Evaluation of Innovation oo
and Entrepreneurship Education Based

on Fuzzy Comprehensive Evaluation:

A Case Study of Water Management
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Abstract Entrepreneurship related to water environment governance is an impor-
tant way to promote sustainable development. Water Management majors in some
Chinese universities have set up courses on innovation and entrepreneurship to orga-
nize students to carry out innovation and entrepreneurship practice. Butitis necessary
to evaluate the effects of such education. Based on fuzzy comprehensive evalua-
tion (FCE), this paper evaluates the performance of innovation and entrepreneur-
ship education in water environmental management major in universities. Firstly,
the fuzzy evaluation index was selected, and the single factor matrix was set by
calculating the evaluation weight. In case of a college, the FCE evaluation model
was constructed, and the bidirectional top-level processing was used to realize the
performance evaluation. The test results show that: the organizational leadership and
curriculum content of the case college are good, and other indicators such as success
conversion rate are in the average level. It is believed that more efforts should be
made for colleges to improve the entrepreneurial environment.
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21.1 Introduction

The Implementation Plan of National Vocational Education Reform is a policy put
forward by China to guide higher vocational schools to cultivate high-quality tech-
nical and skilled personnel (Liu and Hardy 2021). This is the hope that vocational
college students in the future can focus on serving enterprises, especially the R&D
and product upgrading in small, medium and micro enterprises. In the plan, the impor-
tance of expertise in technology R&D and product upgrading is mentioned, as well
as the cultivation of innovative and entrepreneurial thinking and ability. Innovation
and entrepreneurship education (IEE) aims to cultivate students’ innovative thinking
ability to cope with the new demands under the background of scientific and techno-
logical progress (Jonsdottir and Macdonald 2019). Innovation and entrepreneurship
education is currently regarded as an important way for higher vocational colleges
to improve the training quality of highly skilled personnel (Ratten and Jones 2021).

Some regions in China, such as Zhejiang Province, hope to drive professional
reform through IEE education reform. For example, it plans to improve the quality
of talent training through IEE education reform, so as to provide technical skills
support for the constantly upgrading water industry (Biihler et al. 2022). At present,
many higher vocational colleges have set up the course “Innovation and Entrepreneur-
ship” for the major of Water Management, and actively guide students to participate
in innovation and entrepreneurship practice, such as Internet 4+ College students
Innovation and Entrepreneurship Competition, National Higher Vocational Water
Technology Skills Competition (Lei et al. 2020). However, compared with the rele-
vant requirements put forward in the theory of innovation and entrepreneurship, the
content and methods of IEE education for water governance are relatively simple
at present. Some scholars believe that the teaching and practice of innovation and
entrepreneurship courses of water environment monitoring and governance major
are not well connected with the actual production of enterprises in the industry,
without introducing new knowledge, new processes and new technologies in the
water industry, resulting in a disconnect between the content of IEE education and
enterprises (Dyllick and Muff 2016; Chen et al. 2022, 2021; Chen and Wu 2021).
On the one hand, it is difficult to arouse students’ passion for learning; On the other
hand, it also makes students’ innovation and entrepreneurship awareness and ability
training free from the rapid development of smart water era.

Inrecent years, IEE education in the field of environmental protection has received
much attention. Its purpose is to cultivate students’ environmental awareness and
innovation ability through education, so as to promote the development of envi-
ronmental protection industry. The literature on IEE education quality evaluation
in the field of environmental protection caught our attention. Some studies have
used questionnaires to assess the quality of IEE education in the field of environ-
mental protection. For example, Li (2018) conducted a questionnaire survey among
universities in China to assess the status and quality of IEE education in environ-
mental protection. For example, Bao and Li (2021) used Analytic Hierarchy Process
(AHP), principal component analysis (PCA) and data envelopment analysis (DEA)
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to evaluate the quality of IEE education in environmental protection in Chinese
universities. They take educational quality evaluation indicators (such as teacher
level, curriculum setting, practical teaching, etc.) as different levels of hierarchy, and
obtain the weights of different indicators through questionnaire survey. Then, they
used PCA to comprehensively evaluate different indicators to evaluate the quality of
IEE education in the field of environmental protection in various universities. The
results show that teacher level and practical teaching are the key factors affecting the
quality of innovative education in environmental protection. In addition, some studies
use data-mining based methods to assess the quality of IEE education. Similarly, Wu
et al. (2021) used cluster analysis and decision tree analysis to assess the ability and
performance of Taiwanese students in IEE education. By analyzing students’ test
data and questionnaire data, they divided students into different groups and studied
the performance of different groups.

Past research usually studied on environment-related social or educational prob-
lems from econometric and socio-psychological perspectives (Lin et al. 2020; Zhang
et al. 2022; Chou et al. 2020; Wei et al. 2022; Zhu et al. 2021; Huang et al. 2022;
Qian et al. 2021), but IEE education evaluation based on fuzzy theory has been more
and more recognized in recent years. This is because the evaluation pertinence of
fuzzy comprehensive evaluation method is relatively stronger. Under complex envi-
ronment, it can minimize the evaluation error and provide reference for the rating
method. Therefore, this paper takes a vocational college in Zhejiang Province, China
as an example to make an exploratory evaluation.

21.2 Methodology

As shown in Table 21.1, the evaluation framework is divided into three levels: A,
B and C. The evaluation starts from the two levels of students and schools and is
then divided into four aspects. B = {B1, B2, B3, B4} = {entrepreneurship ability,
innovation effect, faculty resources, reputation}. There are nine evaluation indexes
C = {Cl, C2, C3, (4, C5, C6, C7, C8, C9}. The evaluation system of our study is
divided into four levels, the specific evaluation set is V = {excellent, good, medium,
poor}.

The correctness of membership degree and membership function has direct influ-
ence on the reliability of evaluation results. In this paper, the membership function
of each index is determined by logical inference assignment method according to
the relevant data of case college. As shown in Table 21.2, according to the specific
situation of A university, the membership degree of each indicator is obtained after
expert scoring.
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Table 21.1 Evaluation framework

J. Da

ietal.

First-Level Weight Second-Level Weight
Indicators (A) Indicators (B)

Third-Level
Indicators (B)

Weight

Student Level | 0.7 |al Entrepreneurship | 0.6 |bl
(A1) ability (B1)

Organizational
leadership (C1)

0.4

Operation and
management
ability (C2)

0.4

Social skill (C3)

0.2

c

Innovation effect | 0.4
(B2)

Entrepreneurial
achievement
(C4)

0.6

Success rate
(C5)

0.4

2

School Level | 0.3 Faculty resources | 0.5 |b;
(A2) (B3)

Teacher
background
(Co)

0.5

Course content
(C7)

0.5

C3

Reputation (B4) | 0.5

Entrepreneurial
environment
(C8)

0.6

School
reputation (C9)

0.4

Cq

21.3 Results

The weight distribution set of first-level indicators is:

al = [(0.70.3)]

The weight distribution set of the secondary indicators is:

bl = [(0.60.4)]
b2 = [(0.50.5)]

The weight distribution set of the third-level indicators is:

cl = [(0.40.40.2)]
2 = [(0.60.4)]
3 = [(0.50.5)]

¢4 = [(0.60.4)]
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Table 21.2 Statistical table of expert evaluation
Expert evaluation items (d) Excellent | Good | Medium | Poor
Organizational leadership (C1) Score 7 3 0 0
Operation and management ability (C2) Normalization | 0.7 0.3 0 0
Social skill (C3) Score 5 4 1 0
Entrepreneurial achievement (C4) Normalization | 0.5 0.4 0.1 0
Success rate (C5) Score 2 5 2 1
Teacher background (C6) Normalization | 0.2 05 02 0.1
Course content (C7) Score 3 4 3 0
Entrepreneurial environment (C8) Normalization | 0.3 0.4 03 0
School reputation (C9) Score 3 5 2 0
Organizational leadership (C1) Normalization | 0.3 05 02 0
Operation and management ability (C2) | Score 5 4 0 1
Social skill (C3) Normalization | 0.5 0.4 0 0.1
Entrepreneurial achievement (C4) Score 6 3 1 0
Success rate (C5) Normalization | 0.6 03 |01 0
Teacher background (C6) Score 5 3 2 0
Course content (C7) Normalization | 0.5 03 02 0
Entrepreneurial environment (C8) Score 5 3 1 1
Normalization | 0.5 0.3 0.1 0.1

Based on the judgment of 10 experts on each evaluation index, the three-level
expert evaluation statistical table of each level is obtained (Table 21.2).
The evaluation set of entrepreneurship ability (B1):

dl=[C1C2C3]T =

0703 0 O
050401 0
02 05 02 0.1

The evaluation set of innovation effect (B2):

d2=[Cc4C5]" = [

The evaluation set of faculty resources (B3):

d3=[c6C7T = [

The evaluation set of reputation (B4):

03 04 03 0
03 05020

0.6 03 01 O
0.5 04 0.0 0.1

]
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05 0302 0

d4 = T
(€8 C9) |:0.5 0.3 0.1 0.1 :|

The third-level fuzzy comprehensive evaluation results are calculated based on
the formula: weight * evaluation set, therefore, then:

0703 0 0
Bl=cl*dl=[040402]«| 0.5 04 0.1 0 |=[0.520.290.08 0.02]
02 0.5 0.2 0.1

0304 030

B2 = c2#d2 = [0.6 0.
c2td [0604]*[0.3 05 02 0

} =1[0.30 0.44 0.24 0.02 ]

[0.55 0.35 0.05 0.05 |

o 0.6 03 0.1 0
B3=c3*d3=[0.5 0'5]*[0.5 0.4 0.0 0.1]

050302 0

]34=c4-d4=[0~6 0-4]*[0,5 03 0.1 0.1

] =[0.50 0.30 0.16 0.04 |

The second-level fuzzy comprehensive evaluation results are therefore:

0.52 0.29 0.08 0.2

Al =b1*B12=[0.60.
b [0604]*[0.30 0.44 024 0.02

] =1[0430350.140.13 ]

0.55 0.35 0.05 0.05

A2=b2*B34=[0.50.
b2"B3 [0505]*[0.50 0.30 0.16 0.04

} =[0.78 0.33 0.11 0.05 ]

The first-level fuzzy comprehensive evaluation results are therefore:

0.43 0.35 0.14 0.13

= * =
A=al*A12=[07 0'3]*[0.78 0.33 0.11 0.05

} =[0.540.350.13 0.13]

According to the principle of maximum membership, it shows that the IEE
education in the case vocational colleges is evaluated as “excellent”.

21.4 Conclusion

Innovation and entrepreneurship education reform is considered to be an inevitable
requirement for water management major to cultivate talents to adapt to the transfor-
mation and upgrading of water industry. Through the comprehensive evaluation of
IEE education quality in the case college, it is found that the organizational leader-
ship and curriculum content of the case colleges are good, and other indicators such
as success conversion rate are in the average level. But overall, the school’s rating
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is excellent, which indicates that the case school can be used as a good reference
standard to judge the performance of other universities. However, in order to improve
the quality of IEE education for college students, we believe that the case of higher
vocational colleges should appropriately improve the entrepreneurial environment,
and at the same time provide more soft support for entrepreneurship.
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