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ABSTRACT

The problem of environmental pollution is an important issue which is related to whether
the goal of sustainable development can be achieved, among which the over-exploitation and
irrational use of water resources are particularly prominent. Therefore, the issue of rational
use of water resources and improvement of the current status of water treatment is imminent.

This design is aimed at a drainage project in a certain area of Songjiang District,
Shanghai, including two parts: the design of urban drainage pipe network system and the
design of urban sewage farm. The drainage pipe network system adopts a separate flow
system, and a total of 1 and 2 sets of schemes are designed. After technical and economic
comparison, 2 schemes are selected. After data analysis and calculation, the total scale of
sewage farm project in the region reached 75000 cubic meters per day. According to the
geographical location of the city and the requirements of nitrogen and phosphorus removal,
the selection of the main secondary treatment process flow called the Carrousel oxidation
ditch is given, and the detailed design and calculation of the sewage and sludge structure
monomer are carried out. The main technological process of the sewage treatment is: from the
coarse grid to the sewage lifting pump room, then to the fine grid, the advection type grit tank,
the Carrousel oxidation ditch, the radial flow type secondary sedimentation tank, and then the
advection type Disinfect the contact pool, the Pakistan-type measuring tank, and finally
discharge the water. In addition, this design uses the methods of synchronous addition of
polyaluminum chloride reagent to the oxidation ditch to carry out chemical phosphorus
removal in order to meet the discharge standard of phosphorus content in the effluent quality.
The sludge treatment process is as follows: the remaining sludge removed from the secondary
sedimentation tank first enters the sludge pump room, then enters the sludge thickening tank,
sludge storage tank, sludge dewatering machine room, and finally the sludge cake is
transported out. Through the treatment of this process, the effluent quality will reach the
Grade B standard in the “Discharge Standard of Pollutants f urban Sewage Treatment Plants”.
After the design, two plans of sewage and rainwater pipe network, one copy of graduation
design specification, three plans of layout and elevation of sewage treatment plant, and

several drawings of individual treatment structures were completed. In the design of the
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process diagram of the single-treatment structure, the plan and section of the Carrousel
oxidation ditch reaction tank are mainly completed, and the plan and section of the radial flow

secondary sedimentation tank are obtained.

Key words: nitrogen and phosphorus removal; urban drainage network; carrousel oxidation

ditch; urban sewage treatment plant
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Hybrid green-blue-gray decentralized urban drainage systems
design, a Simulation-optimization framework

Keywords:

Urban drainage systems; Hybrid green-blue-gray infrastructures; Decentralization;

Optimization; Layout; Resiliency and sustainability
ABSTRACT

Recent studies suggested hybrid green-blue-gray infrastructures (HGBGI) as the most
promising urban drainage systems that can simultaneously combine reliability, resilience,
and acceptability of gray infrastructures (net-works of pipes) with multi-functionality,
sustainability, and adaptability of green-blue infrastructures (GBI). Combining GBI and
gray measures for designing new urban drainage systems forms a nonlinear multimodal
mixed integer-real optimization problem that is highly constrained and intractable. For this
purpose, this study presents a simulation-optimization framework to optimize urban

drainage systems considering HGBGI alternatives and different degrees of centralization.
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The proposed framework begins with the characterization of the site under design and
drawing the base graph. Then, different layouts with different degrees of centralization are
generated and hydraulically designed using a recent algorithmcalled hanging gardens
algorithm. After introducing the feasible GBI to the model, we now perform second
optimization to find the optimum distribution of GBIs in a way that minimizes total life
cycle costs of GBIs and pipe networks. Finally, resiliency and sustainability of different
scenarios are evaluated using several design storms that provide material for final
assessment and decision-making. The performance of the proposed framework is evaluated
using a real large-scale case study, a part of the city of Ahvaz in Iran. Finally, results are

presented and discussed with recommendations for future studies.

1. Introduction

Recent research castigates the performance of traditional urban drainage systems
(UDS) that are based on only gray infrastructures (e.g.pipe networks, storage tanks, and
centralized WWTPs) in coping with upcoming challenges such as climate change, urban
growth and providing long-term sustainability (Alves et al., 2016; Vojinovic et al., 2016).
Traditionally, different gray infrastructures are chosen based on economic efficiency and
local conditions for urban water management. This approach is based on the collection and
fast transfer of runoff, which results in many adverse impacts on the environment.
Hydrological disruption, groundwater depletion, downstream flooding, pollution in water
bodies, and stream ecosystem damage are a sample of degrading legacies of gray
infrastructures (Barron et al., 2017;Goncalves et al., 2018).

Nowadays, it is becoming a well-accepted fact that other objectives such as
socio-ecological sustainability, resilience, and adaptability needs to be considered in the
planning or rehabilitation phase of urban water infrastructures (Alves et al., 2018, 2019;
Damodaram and Zechman, 2013; Wang et al., 2017). Therefore, various sustainable
stormwate management measures have been recommended to mitigate aforementioned
problems in more environmentally-friendly ways(Hoang and Fenner, 2016; Young et al.,

2014; Zhang and Chui, 2018;Zhou, 2014).
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These multi-functional and decentralized (distributed) measures are generally referred
to as low-impact development, best management practices,green infrastructures,
green-blue infrastructures (GBI), water sensitive urban design etc. (Fletcher et al., 2014;
Haghighatafshar et al.,2018; Zhang and Chui, 2018). Notwithstanding, the distinct
terminologies differ lightly in their meanings due to their histories (Fletcheret al., 2014). In
this paper, we use the term GBI. Some common GBI practices are bio-retention cells,
infiltration trenches, stormwater wet-lands,wet ponds, permeable pavements,swales, green
roofs, filter strips, sand and gravel filters and rain barrels (Brunetti et al., 2017; Goncalves
et al., 2018; Zhang and Chui, 2018).

For the optimal selection of type, location and size of GBIs, numerous optimization
and decision-making tools and methods, as reviewed in the next section, have been
developed so far in the literature.

The focus of methods to optimize GBIs is mainly finding optimum retrofitting
strategies through combing GBIs with existing gray infrastructures (Alves et al., 2018).
Although the advantages of including GBIs for retrofitting purposes GBI have been widely
discussed and acknowledged, mainly in the developed countries, they cannot fully replace
conventional gray infrastructures especially in developing countries and for planning new
infrastructures (Silveira, 2002). The reasons are lack of space in highly urbanized
area,socio-economic factors, the lack of environmental awareness and public acceptance,
and GBI's inability to control extreme events (Alves et al., 2016; Goncalves et al.,2018).
To conclude, gray measures are largely tested systems that show more resilience to cope
with intense rainfall while GBIs offer multiple benefits such as adaptability and
sustainability (Alves et al., 2018; Jiaet al., 2015).

Many authors and studies so far have suggested hybrid green-blue-gray infrastructures
(HGBGIs) as most promising urban water management approach that can simultaneously
combine reliability, resilience and acceptability of conventional pipe networks with
multi-functionality, sustainability and adaptability of green (Alves et al.,2018; Damodaram
et al., 2010; Damodaram and Zechman, 2013).Combining GBIs and gray measures makes
the procedure of designing urban water infrastructures more complicated, as there are

many feasible combination scenarios. Therefore, there is a need for developing new
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methodologies and tools to facilitate the combined optimization process. The aim of this
study is to present a simulation-optimization framework to optimize UDSs considering
HGBGIs and different degrees of centralization. The review of previous studies in the
upcoming section will reveal that there is no tool or methodology for identifying the effects
of the interaction between gray and green-blue infrastructures in the design phase of UDSs.

The remainder of this manuscript is structured as follows: in the next section, the state
of the literature on HGBGI optimization is recapitulated and the research gaps in the field
are identified. In the material and methods section, first, the case study is introduced then;
the proposed framework is presented in details. To demonstrate the performance of the
proposed framework, it is applied against the case study. The case study features the city of
Ahvaz in Iran. The results are presented and scrutinized in the results and discussion
section. The last section concludes the study and provides recommendations for further

investigations.
1.1 Literature review

Optimization of sewer networks, only the gray infrastructures, forms a
hard-class mixed integer-real combinatorial optimization problem that is highly
constrained and multimodal (Haghighi and Bakhshipour, 2015a). Two
sub-problems of (1) generating the layout and (2) dimensioning the sewers need
to be solved in a way that satisfies all hydraulic and technical restrictions. For
this purpose, various optimization tools and algorithms have been so far
developed. Literature review on the existing approaches for optimization of
sewer networks can be found in (Ahmadi et al., 2018; Haghighi and
Bakhshipour,2015a; Karovic and Mays, 2014).

The optimal planning and design of GBIs is also a complex task as their
design is bounded with various purposes and objectives,choosing among
different types, design parameters and considering their spatial allocation
(Dandy et al., 2018; Eckart et al., 2017; Liu et al., 2015; Zhang and Chui,
2018).
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Among many hydro-environmental objectives of using GBIs are: water
quality improvement, water quantity reduction, flood mitigation, recharging
groundwater, water harvesting, restoring the hydrologic characteristics of the
site, increasing urban amenity and alleviating the urban heat island effect
(Cano and Barkdoll, 2017; Dandy et al., 2018; Eckart et al., 2017; Goncalves et
al., 2018; Jackisch and Weiler, 2017; Liet al., 2017). The design decisions
include the size, type, number and location of components and how they are
connected. This issue needs to satisfy a number of practical constraints
including cost, space availability and site characteristics, including soil type,
topography, infiltration rate, contributing connected impervious area and
restrictions due to regional plans or legal regulations (Dandy et al., 2018; Di
Matteoet al., 2017; Giacomoni and Joseph, 2017).

Some studies combined hydrologic and hydraulic simulations with
optimization techniques to identify the optimal or near-optimal selection,
sizing and location of GBIs. A few works have combined the hydrodynamic
models with multi-objective optimization to evaluate and compare different
configuration of green-blue-gray practices and their effects (Alves et al., 2016).
Table 1 summarizes some studies that used optimization techniques for
designing GBIs or HGBGI. The criteria specified in the table for each study are
(1) whether they considered gray practices (layout of the network or hydraulic
specification), (2)whether they are aimed at selection, sizing or determining the
location of GBIs, and (3) the type of objective(s) considered (e.g., cost, peak
flow reduction, water quality improvement, other performance indices like
reliability and resilience).

Among the methods presented in Table 1, only four cases comprise of a
combination of GBIs and gray practices (i.e., HGBGI). Damodaram and
Zechman (2013) developed a simulation-optimization framework to identify
and explore watershed management plans that utilize green strategies
(permeable pavement and rainwater harvesting) and gray strategies (detention

ponds) to reduce the impacts of peak flow by a range of design storms for
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varying budget levels. They found that LID/ BMP hybrids performed the best,
but that the peak flow metrics might not be the best for judging sustainability.
Alves et al. (2016) presented a multi-objective optimization framework to
select, evaluate, and place different green-gray practices for retrofitting UDSs.
The proposed approach was applied to a highly urbanized watershed to evaluate
the effects of green-gray infrastructure (green roof, infiltration trench,
permeable pavement and storage tank) on reducing the quantity of combined
sewer overflow. They concluded that the lack of space faced in highly
urbanized area, where drainage systems have to be enlarged, can be confronted
if centralized and distributed practices are combined. Duan et al. (2016) studied
a multi-objective optimal design of gray practices (detention tanks) and green
practices (bio-detention tank, rain garden, permeable pavement and green roof).
They reported that both total investment costs and flooding risk could be
significantly reduced by optimally designed detention tanks and GBI measures.
All of the approaches reviewed above, only comprised storage/detention
tanks as gray practices to couple with GBIs. To the best of our knowledge, no
study so far has investigated the effect of coupling GBIs with conventional pipe
networks in the planning phase of stormwater management networks. Therefore,
the main aim of this study is to develop a simulation-optimization framework to
design hybrid green-blue-gray stormwater management systems to answer the
following questions:
1 Can HGBGIs compete with conventional gray infrastructures economically?
2 How do the layout configuration of pipe networks and the degree of
centralization affect economic efficiency of HGBGIs?
3 How do HGBGIs compare with gray systems in terms of resilience and

sustainability?
2. Materials and methods

2.1. Problem formulation
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The aim of this study is to investigate the performance of HGBGIs
considering different degrees of centralization. In general, the mathematical
least-cost optimization of sewer networks is formulated as follows.

Where @opt the optimal choice for the decision variable d in the feasible space
D that defines the sewer system. It includes the degree of centralization, layout
configuration and hydraulic specifications. By adding the GBIs as new
variables to the problem, d could be extended as the following.

Where DC (degree of centralization) implicitly explains how the system as a
whole is distributed as defined in the layout generation section. Layout
parameters express the connectivity between different components (sewers and
pumping stations) connected to one outlet each in a way that satisfies all layout
constraints. Hydraulic parameters determine pipe diameters, pipe slopes and
pump stations to satisfy all hydraulic and technical constraints. GBI parameters
involve the type, size and location of GBIs. GBIs can help to reduce the size
and consequently the cost of pipe network in two main ways:

1 By peak flow reduction due to capturing stormwater and altering
concentration time, the size of the pipe network can be reduced.

2 By replacing the pipes in the upstream branches, GBIs might capture all
stormwater for the designed rainstorm. Also, removing pipes in the upstream
branches reduces the installation depth of pipes further downstream and would
lead to a cost reduction. However, construction and maintenance of GBIs have
costs. Therefore, the optimization will find the optimum mixture of HGBGIs.

Considering all variables declared in Eq. (2) for Eq. (1) forms a nonlinear
multimodal mixed integer-real optimization problem that is highly constrained
and large-scale in most of real cases. To solve this hard-class combinatorial
optimization problem and finding a near-optimum solution in a reasonable time,
this study presents a simulation-optimization framework. To keep computation
costs at a plausible level, and to obtain directly pairwise comparable results
between gray and hybrid systems, we split the joint optimization into two steps.

First, different sewer layouts with different DCs from fully centralized to fully
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decentralized are generated and hydraulically designed for least cost using the
hanging gardens algorithm (Bakhshipouret al., 2018). Then, the feasible GBIs
are introduced to the model and a second optimization is performed on each of
the layouts to find the optimum distribution of GBIs in a way that minimize
total life cycle costs (LCC) of GBIs and the pipe network. Finally, to choose
between the optimal solutions with different DC, the resilience and
sustainability of different scenarios are evaluated using several design storms
that provide material for decision-making.

The proposed framework is shown schematically in Fig. 1. The details of
all sub-processes and algorithms are given in the following sections. It must be
noticed that none of the obtained designs using the proposed framework are
global optimum, though the results can be used for rough comparison and

decision-making.
2.2. Step 1: site characterization

2.2.1. Case study

To show how the proposed framework works, we consider a real case study
already introduced by Bakhshipour et al. (2018). The case study is a part of the
city of Ahvaz located in the southwest of Iran. It has a semi-desert climate with
long and very hot summers and short and mild winters. Annually, urban
flooding due to lack of a stormwater management system causes public
inconvenience, economic and environmental destruction. The area under design
is located in a highly urbanized area with a flat topography and relatively high
groundwater level. Technically, the aforementioned issues make constructing a
conventional pipe network with large pipe diameters and deep excavations too
expensive and almost impossible in practice. The case study has about 500-ha
area that is divided into 181 sub-catchments (loops in the base graph) including
530 pipes (about 75 km length) and 10 candidate outlets as shown in Fig. 2.

In the present study, the EPA's SWMM version 5.1 software is used

(Rossman, 2010) for the hydrologic-hydraulic simulation of pipe network and
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GBIs. The dynamic wave method is selected as the routing method because of
its ability to account for channel storage, backwater effects, flow reversal, and
pressurized flow (Rossman, 2010). The main parameters for each
sub-catchment, e.g. area, impervious area, width, slope, infiltration parameters,
Manning's roughness, are estimated using the Google Earth and engineering

judgment.
2.2.2. GBI selection

Possible GBI options include green roofs, rain gardens, swales, permeable
pavements, infiltration trenches, ponds, and rain barrels. The main factors to
select candidate options for the upcoming optimization include (1) the design
objectives such as runoff/peak flow reductions and quality control, (2) site
characteristics such as topography, degree of urbanization, climate and social
concerns, and (3) costs (Eckart et al., 2017). Through the following paragraphs,
literature in this area is reviewed. Based on these suggestions, we will choose
appropriate GBI candidates and their specifications to be added during
optimization.

First, we review the influence of design objectives. Damodaram et al.
(2010) reported that infiltration-based GBI measures are more effective than
storage-based measures for smaller storms (18 mm, 45 mm) but that
storage-based measures are more effective for larger storms(l14mm,185mm,
279 mm). Baek et al. (2015) found that bio-retention and rain barrels are most
effective for reducing the first flush effect of suspended solids. Li et al. (2017)
concluded that the preferential order of GBI single measures is:
bio-retention > rain barrels > low-elevation greenbelts > green roofs >
permeable pavement. Zhang and Chui (2018) suggested that combining diverse
GBI practices can improve system functionality. As an example, they reported
that infiltration-based GBIs like infiltration trenches combined with

storage-based ones such as bio-retention cells and rain barrels can lead to better
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stormwater management by providing different approaches for rainfall-runoff
control.

Second, we review how GBI solutions for stormwater management depend
on location characteristics like soil type, rainfall patterns and land use types as
they generally rely on infiltration and evapotranspiration (Zhang and Chui,
2018). The design of GBI stormwater strategies and controls must take such
site-specific conditions into consideration in order to be successful (Eckart et
al., 2017). Bloom (2006) suggested some detention-based management methods
for flat areas.

Third, we consider costs. Stovin and Swan (2007) ranked LID measures
based on their costs from the least to the most expensive as follow: infiltration
basins, soakaways, ponds, infiltration trenches and porous pavement.
Joksimovic and Alam (2014) showed that infiltration trenches and a
combination of infiltration trenches with green roofs are the most cost-efficient
solutions for runoff reduction. Another important decision variable that
influences the cost-effectiveness is the size of the GBI measure. Zhang and
Chui (2018) recommended that the area of the bio-retention cells should be
8%—-25% of the drainage area and that one have an area-to-depth ratio for
bio-retention cell, of 50 cm—120cm. Chui et al. (2016) recommended to expand
bio-retention cells and porous pavements in area instead of increasing in depth,
whereas green roofs are recommended to increase in depth instead of expanding
in the area.

As discussed earlier, the current case study is located in a highly
urbanized and flat terrain, and the design storm is about 31 mm. Based on the
above recommendations, and according to the main objective of the problem
(cost optimization), we select rain barrels and infiltration trenches as GBI
options. Rain barrels are micro-scale GBIs that are used as temporary storage
and for rainwater harvesting (Mannina, 2018). Infiltration trenches are buried
storage units filled with drain rock that have a significant amount of

underground storage. Therefore, infiltration trenches are useful for areas with
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limited space (Eckart, 2015). After rainfall, runoff from the roofs is diverted
into rain barrels to supply water for toilet flushing and household irrigation. A
percent of the impervious area from roads and parking lots, and roof runoff
overflowing the rain barrels are diverted to infiltration trenches. It is supposed
that each apartment can be equipped with a 2 m3 rain barrel that is available
in the local market. The infiltration trenches are installed along streetscapes
and can cover on average up to 5% of the impervious area in each
sub-catchment. Each Infiltration trench unit is supposed to have 2 m width, 5 m
length and a berm height of 250 mm. Other design parameters are assigned or
estimated according to the literature as follows: vegetation volume fraction 0.1,
storage (gravel) layer thickness of 1500 mm, a void ratio of 0.75, seepage rate
of 0.56 mm/h, drain flow exponent of 0.5, and an offset height of 100 mm(Cano
and Barkdoll, 2017; Chui et al., 2016; Eckart, 2015). This specification
removes the selection of GBI type and size from the optimization, and only the

locations for GBIs remain to be decided.
2.2.3. Life cycle costs (LCC)

As the objective function in Eq. (1), we use life cycle costs (LCC). The
LCC evaluates the capital costs, and the operation and maintenance (O&M)
costs of the pipe network and implemented GBIs over a typical service period
of 30 years (COhui et al., 2016). The LCC of each alternative is calculated by
compiling all the capital and O&M costs using Eqgs. (3) and (4) to present day
(Chui et al., 2016). The inflation rate of O&M cost in Iran is 12% and the
discount rate of the total LCC is 15%. The construction cost of the pipe
network is adopted from (Bakhshipouret al., 2019), 10% of capital costs, from
Iranian manual, are considered for annual O&M. To estimate the construction
costs of infiltration trenches, cost of excavation, removal, dewatering, grading,
geotextile fabric, underdrain pipe, and drain rock has been considered (Eckart,
2015). The initial construction cost of each infiltration unit is calculatedas

113.4 M. Rials and 5% of capital costs (Zhang et al., 2013) are considered for
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annual O&M. The price for each rain barrel in the local market is 19.423 M.
Rials.

2.3. Step 2: decentralized gray optimization

To design a conventional gray sewer system as first step, a feasible layout
considering street alignments, topology, barriers, watercourses and locations of
the outlets is designed. Second, the hydraulic specifications of the generated
layout are designed. In this work, to generate a sewer layout with an arbitrary
DC, the hanging garden algorithm (Bakhshipour et al., 2019) is adopted. For
this purpose, several outlet candidates are nominated in the area and a
centralized layout with an arbitrary outlet is generated. Then, other arbitrary
outlets from the candidates are added to the generated layout considering the
desired DC. The hanging gardens algorithm uses a graph-theory based approach
to assign parts of the layout to different outlets and generate a decentralized
layout. Fig. 3 summarizes this procedure. For the generated layout, pipe
diameters and invert elevation are designed in a way that satisfies all hydraulic
and technical constraints. To satisfy technical constraints like the telescopic
pattern, minimum cover depth, maximum excavation depth, and minimum and
maximum slope, the adaptive approachintroduced in (Bakhshipour et al., 2019)
is used. The hydraulic constraints of maximum velocity and no flooding are
handled using a penalty function during optimization. The detailed information
about the optimization of UDSs with different DCs are found in (Bakhshipour
et al., 2019).

2.4. Step 3: hybrid green-blue-gray optimization

This section introduces the proposed simulation-optimization framework
to consider HGBGIs for urban water management with arbitrary DC. After
generating and optimizing UDSs with different DCs as explained in section 3-3,
a list of feasible GBIs is added to the optimization problem, selected according

to section 3-2-2.
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The locations of GBIs are considered as optimization variables. Therefore,
for each sub-catchment, there is a binary variable so that 1 means the
sub-catchment is equipped with GBI and 0 means the sub-catchment has no GBI.
By adding a GBI, the size of pipes could be reduced by optimization. To
consider this effect and to lighten the search space to perform the optimization
in a reasonable time, 4 alternatives for each pipe are considered here: The
diameter of a pipe can remain the same as the optimum gray design or it can be
reduced down to three smaller sizes from the available commercial pipe sizes.
For example, a pipe with 1.50 m diameter in an optimized gray design can have
1.5, 1.2, 1.0 and 0.8 m diameter and a pipe that already has 0.35 m diameter can
have 0.35, 0.25, 0.20 m diameter or be removed from the network as there is no
smaller pipe in the list. To meet the telescopic pattern constraint, the minimum
diameter that can be assigned to a pipe is restricted by the diameter of its
upstream pipe.

For the optimization, a simple binary genetic algorithm (GA) is developed.
In a binary GA, real decision variables are encoded with binary 0-1 values
(bits). Each chromosome represents a design alternative. Here, there are
NP+NS variables including NP pipe diameters, and NS-GBI indicators in each
sub-catchment. To get the least-cost design, these variables need to be
calibrated by the GA to minimize the LCC in Eq. (3). Considering two binary
bits to represent each pipe diameter parameter and one bit for GBI in each
sub-catchment parameter, a design chromosome is consisting of 2NP+NS genes
(0—1 values) as shown in Fig. 4. For each chromosome, sewer diameters [D]
and GBI indicators are decoded as shown in Eqgs. (5) And (6). Fig. 5 presents
this approach schematically. This optimization is performed for each optimal

gray-only system corresponding to the different degrees of centralization.
2.5. Step 4: final assessment

To help the process of decision making among the remaining alternative

DCs, at the final step, other crucial criteria not considered during the
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optimization are taken into account. For the case study, two simple indices as
indicators for resilience and sustainability are defined. By definition adopted
from (Butler et al., 2014) the resilience is “the degree to which the system
minimizes the level of service failure magnitude and duration over its design
life subject to exceptional conditions”. The resilience of each optimized
scheme with different degrees of centralization is evaluated with the hydraulic
performance indicator (HPI) using equation (7) (Zischg et al., 2018).

Although a simple index for the environmental sustainability is considered
here, other criteria that influence sustainability such as pollution control,
energy consumption and maintaining the natural hydrological cycle can be
evaluated in this stage. By increasing the number of the criteria and indicators,
Multi-criteria decision analysis methods such as AHP/ANP and TOPSIS can be

applied (Wang et al., 2017) to the decision-making process.
3. Results and discussion

3.1. Cost

The proposed framework has been applied to the case study for four
different DCs of 100%, 66%, 33%, and 0% respectively for layouts with one,
four, seven and ten outlet(s). DC is defined using Eq. (9) (Bakhshipour et al.,
2019).

Where Nso the number of selected outlets from a list of candidates, and NPO is
the total number of possible candidate outlets. Table 2 summarizes the results
of this analysis and provides a comparison between HGBGIs found in the
current study and gray designs found for the exact same case study in
Bakhshipour et al. (2019). Therefore, there are eight designs for four DC with
and without GBIs. Figs. 6-9 presents the four designs with GBIs. It is
recognized that GBIs can significantly diminish the LCC of the totally
centralized (DC = 100%) design. The LCC of HGBGTI for the design with DC =
66% 1s roughly equal to its gray design. However, for more decentralized

alternatives (DC = 33% and 0%) the gray designs are 11 and 7 percent cheaper
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than designs with GBIs respectively. Table 2 reveals that the GBIs have more
impact on the more centralized network of pipes. The LCC of HGBGI for the
design with DC = 100% is 22% cheaper than the gray only design. Moreover,
the reduction in average diameter (D)and average invert depth (E) is higher in
more centralized scenarios. The reason could be capturing stormwater in each
sub-catchment reduces the flow in the all downstream parts of it while, in the
more decentralized network this only has effects on the part of the pipe network
that is equipped with that GBI. For the same reason, more centralized layouts
tend to use a higher number of GBIs than more decentralized layouts as can be
seen in Table 2 Likewise, Figs. 8 and 9 show that in the decentralized scenarios,
the larger sub-systems tend to use proportionately more GBIs and follow the
similar pattern that we observed in the whole system. Maximum and average
pipe diameter and invert depth have been decreased in all scenarios using GBIs.
Most surprisingly, in the design with DC = 66%, adding GBIs reduced the
maximum pipe diameter from 2 m to 0.8 m. This scenario has used more GBIs

than all other scenarios.
3.2. Resilience

To evaluate the resilience of each design using Eq. (7), four design storms
with the return periods of 10, 20, 25 and 50 years (6 h duration) and total
depths of 38.3, 46.7, 49.5 and 58.5 mm, respectively, are used. Fig. 10 shows
the results of this analysis. As can be interpreted from Fig. 10, for all flood
scenarios gray networks without GBIs perform much better. The best
performance is provided by DC = 66%, followed by DC = 33% and 0% that
show similar performance. The totally centralized design (DC = 100%) has the
lowest performance in spite of its larger gray storage capacity (bigger average
pipe diameter), because its performance completely depends on its single main
collector (the pipes with D = 2 m at upstream of outlet number 4). As soon as
that main collector encounters its maximum capacity, all the upstream areas

start to be flooded. On the other hand, the decentralized systems give diverse
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options for drainage, and the performance of each part does not disturb other
parts (Bakhshipour et al., 2019). Here, the scenario with DC = 66% has the
most resilience plausibly because it takes the advantages of both having several
drainage alternatives and more storage capacity. As expected, GBIs do not
perform as well as gray practices in facing severe rain-storms. The resilience of
all HGBGIs is significantly diminished for all the flood scenarios. The more a
scenario has used GBIs, the more it is vulnerable. The average reduction of
resilience for all designs from DC = 100% to DC = 0% in sequence is 5.9%,
17.3%, 5.9% and 4.9%. Interestingly, the design with DC = 66% that had the

highest resilience, shows the lowest resilience when it combines with GBIs.
3.3. Environmental sustainability

Fig. 11 shows the environmental sustainability of each design assessed
using Eq. (8). As can be interpreted, the environmental sustainability of all 4
Gy designs is the same, because pipe configuration does not affect the
imperviousness in the area. The environmental sustainability is enhanced in the
HGBGIs by extending the storage and infiltrating capacity provided by rain
barrels and infiltration trenches. Fig. 12 displays the flow in the outlet number
4 in all designs. This outlet is chosen because it is the only common outlet
between all four design scenarios. This figure shows how decentralizing
through gray and green-blue measures leads to a reduction in the peak flow.
Decreasing the DC in the pipe network only reduces the amount of peak flow,
but adding GBIs alters both the amount and timing of the peak flow. The
maximum captured stormwater and peak flow reduction is obtained in design
with DC = 66% + GBI. The other two decentralized designs (DC = 33&0% +

GBI) also show a satisfying performance in this regard.
3.4. Discussion

Although lack of capital is the main obstacle to construct new stormwater
management system, in many areas, designing these systems to be resilient and

sustainable is also vital. Changing rain patterns due to climate change, rapid

95



LA X R XK TR T

land use change due to urban development and changing regulations due to
public awareness and demand for prosperity are among the most important
threats that force new systems to be more resilient and adaptable. Sustainability
of new infrastructures is also very crucial in a country and must not anymore be
sacrificed for the thirst for development that has left behind many long-term
degrading environmental impacts (Madani et al., 2016). Iran and especially the
Khuzestan province, where the study case is located, is currently experiencing
severe water problems. Frequent droughts coupled with over-abstraction of
surface and groundwater are leading to drying lakes, rivers and wetlands,
declining groundwater levels (Madani et al.,2016), land subsidence (Dehghani
et al., 2013), deteriorating water quality, soil erosion, desertification and more
frequent dust storms (Madani et al., 2016; Madani, 2014). Therefore, there is a
need for a paradigm shift from a structural-based approach for development to a
more sustainable and environmental friendly approach to alleviate these issues
and prevent more tragic conditions in the future.

The results of this study show that HGBGIs of stormwater management
systems can economically compete with conventional gray-only pipe networks
for the test case. GBIs are more effective on more centralized networks;
however, the hybrid solutions are only marginally more expensive than
traditional solutions for more decentralized alternatives. They are more
sustainable and environmental-friendly however, resiliency is sacrificed for
this gain. Therefore, the optimal degree of centralization depends on the
objectives and it differs for cost, resilience and sustainability. This fact
indicates that better decisions can be made only using a multi-objective
optimization framework. As an example, a tiny increase in pipe diameters
might lead to significant gains in resiliency by a reasonable increase of costs
and a small decrease of sustainability. Although In this study the layout
sub-problem is solved only for the cost minimization, the layout of pipes has
also  significant effect on the system resilience (Haghighi and

Bakhshipour,2015b). For that reason, upcoming researches should focus the
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combined green-gray optimization in a joint approach, and directly use
multi-objective optimization to find globally optimal trade-off solutions

between cost, resilience, sustainability and possible other objectives.
4. Conclusion

A simulation-optimization framework to optimize urban drainage systems
(UDSs) considering hybrid green-blue-gray infrastructures (HGBGIs) and
different degrees of centralization (DCs) has been developed and tested using a
real case study, a part of the city of Ahvaz in Iran. The following conclusions
can be derived from the results of the case study:

*HGBGIs can economically compete with traditional gray-only pipe networks.
*GBIs are more effective on more centralized networks for cost reduction.

*The optimal DC depends on the objectives and it differs for cost, resilience
and sustainability.

*The more an UDS uses green-blue infrastructures (GBIs) to reduce the size of
pipes, the more vulnerable it is for rainstorms that are more severe from the
design storm.

+Using GBIs can alleviate ecological-environmental water-related problems in
the area by reducing the peak flow, storing the water and recharging the
groundwater surfaces.

*The results of this study are case dependent and cannot be directly transferred
to another area with different specifications, however the proposed framework
can be applied for the design of any new UDS.

* More expensive GBIs like green roofs and permeable pavements can be
considered in the proposed framework if the long-term benefits of them (e.g.
energy reduction, pollution removal, alleviate the urban heat) are assessed.

* Optimization of new green-blue-gray UDSs should be done in a joint
multi-objective framework for better decision making. This, however, will

significantly increase the required computational effort. Therefore, some

97



LA X R XK TR T

modifications will be needed to reduce the search space and make the problem

solvable in a reasonable time.
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REBF: WHKRS REGERERIE 8 RI6 #JR SR
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LA PR, S BB S SRR SR 2 AN TR B (VA R A Ja) - 2
IR AER AT GBI SI AR th 2 5, BATBLAEIAT 2R —kiitl, L)
A GBI VS 90 AR A i ol S A 1 75 503K 2 GBT IR L - B, AT LASIRTH R
TV AN R 5 A AT AT RF S, DN VA AR SR AR R . R G IR FL 24 T
) — A SCPR AR RIS I T, XHZ S RIPEBEREAT 1 VP0G Boa, XA BT
e, RS IR AT T sE 7.

1.1+48

RITFIHF R ST T RS T HEK 24 (UDS) MtERE, X RGN T
IR LTt C A L il SRR AR RS K AR ER D, DA BRI Sk Bk AR
WA AR AR A T I KSR B AT RS CAlves A, 20165 Vojinovic
LN, 20160 o LG b, 3T K BT VR B R AR 4 48 BF R0 A 2 Ml Ok R i A
[F) ) AR £ 5 it B it o 3K M 7 32 DA AR AL IR AT B R PR A B g Rl G A B 0 R
TVFZ ARG o KON . MR KRG 3 R kK o oK A TS e A i AR A
B G0 IR 2 AR 00 il v OB Ak it 77 I — N FE A (Barron &N, 2017 4
Goncalves % N, 2018 &) .

a4, R I T K RS il B R R R B s B By, W B R A o AR A ] AR
PE WE MG NS HMER, XN — DDA FEL (Alves 5N,
2018, 2019; Damodaram fil Zechman, 2013; Wang 2 A, 2017) . Kk,
VR BS MR RE AR WK E B, DL A R 7 N B R A
(Hoang and Fenner, 2016; Young % A, 2014; Zhang and Chui, 2018; Zhou,
2014)

X L8 22 Ty B8 73 #0 Co A 200 5 I8 8RR OV AR S W OT K L BB B SR R
SRR . SIE AR (GBD . KBURBE T ¥4 (Fletcher %%
A, 2014; Haghigatafshar % A, 2018; Zhang 1 Chui, 2018) . Rk,
PR, AR AREES L EA A (Fletcher 58 A, 2014) . f£
A, JAVEHRIE GBI, — L% W GBI L G AW B, BK
W WKL WEYE. EKESTH . HEH. OB T, S R A T JE SR
M 7K A (Brunetti % N, 2017; Goncalves %8 N, 2018 4F; Zhang 1 Chui,
2018 4F) .
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Xt ¥ GBIs (2R AL E M AR/NIRALIE S, Xk eaItk 7 iF2 it
A P s TR, Wh — ik

it GBIs W 77 V% B i 22 18 i K GBIs 5 LA 1 K & FE il & it A 45 &
FERBAEN ML R (Alves H A, 2018) « RETFHERAEREER, AM]
T R RN TR GBI T eiE AL, (B E AT TS ik 5 A BUARAR ST K
0 35 il Tt 5 A ) R A AR T I SO R R T 1 R ik R ( Silveira, 2002 4D
JBAL 2 i RE T AL X R Z R E] L AR e T AR L sk Z I RN A AR 2
B, UL J& GBI Jo i #8 il #% i &5 £F ( Alves et al., 2016; Goncalves et al., 2018 ).
i b pnid, REMERAR ER2d WK R G, Bon o 1 N AR 68 77 LA
XF R FERT, M GBIs 326t 7 2 Fir &b, dnad NPE AN AT RREETE CAlves &F N,
2018 4F; Jia BN, 2015 4F) o

A5 RNIE, WEEZEMPT LR, RESHE KGR E (HGBGIs)
& B AR T KR BT VR, B AT DL R IR AR G A M R EE L R R T
M5O 2 D RETE . R RS E NG N 4 SOk (Alves 4 A, 2018;
Damodaram % A\, 2010 4; Damodaram f1 Zechman, 2013 %) . ¥ GBIs
5K 20 W0 B2 AR 45, A A I T K BT R R L B ) Wt R E IR 2k, BN
WZAATHHE TR B, 7 ZIF R 7ML R R et H &g i .
AW TC R H B2 PR - DAL R, AR AL ¥ 2 HGBGIs A1 A [A] 48 o 2
[f) UDS . £ & — 7 o X 5 A WF 7C (0[] 0K 48 75 » £ UDSs [ # ik Br B, B0f
AT TR BTV SR A SE K 2% i R il Y 2 TR) A HL A R S R

APRPERE TGN £ 5, Bk 7 < T HGBGI 1L i
SCHRIR L, JEARH TSt R T A EME SRR S, BN H TR
BIWEse: VM T z4i . 8 TIEW PSR 45 M A Itk e, R 3N T SR A9
T FE BB FT LA AR B BT BL 2% T N AR R o & B TR <ok AT IR EE o R B OR A
R, G &t astr 7R84, IRt 7B R

1.1 SCHR [B] 6

15 K& WAL, AR B L Rl st , T — 2R B 2R 2 RS 1
SRIR S B H S AL A B (Haghhiki F1 Bakhshipour, 2015a) . (1) %
AR R A (2) g T KIE RSF AN RS a5 5 DL 2 BT A R B R
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BRI 7 s k. Ak, €5 IR, BMOLAL T RAM GRS TR E. B
1795 KB W AE T ik 1 SOk 2538 W CAhmadi % A, 2018 Haghhii Al
Bakhshipour, 2015a; Karovic fl Mays, 2014) .

GBTs [ 1L AL B Kl A0 v & — BB A AL 55, IR 9 kit %2 21 &% Fh
A A AR AR, EAFEA ., it Sz mAEfTEeE, IFEEHEE
fii (Dandy 28 A\, 2018; Eckart 2 N, 2017; Liu Z A\, 2015; Zhang fl Chui,
2018) .

fii FH GBIs WU AR Z KA EE HAR B4 . JK B 3% . KE R Bk, T
KB« ERIK L R S MoK SCRFAE 1800 3k T 87 3 2 R % A T A B R
(Cano and Barkdoll, 2017; Dandy et al., 2018; Eckart Z& A, 2017
% Goncalves % N\, 2018 4 Jackisch Fl Weiler, 2017 #; Li %6 A, 2017
F) o WItIRRAFEAFR RN KB BENE DL EAT R R TT
2 1) R B L V2 SR AR R, WA A A A AT A AT s kR AR, A
TR W BE AR R OEE B A E K X sk BL R IX SR ) B A v
HATFR #1) (Dandy 2 AN, 2018; Di Matteo 2 N\, 2017; Giacomoni fll Joseph,
2017) .

— BB TR K ST K A AU AR B A 45 & K 0 GBIs fY de 3 Bl 4%
RS, RO E . S TARRK OS2 At s &, Do
i M LR A 2% K S B K A R B R L OR (Alves S8 N, 20160 o R 1 K4
TAE AL AR B it GBIs B HGBGT ) — LA 5 . 3 Hh F i 1 5 WA 70 1) A
R (1) BEFHE 7 KOKE 8 WA RBUKAME) » (2) 255k
P WhHE GBI I R/NEAZ B, PAA (3) FEHHBRER (A, g
B> KB EE, HARTERERE AR, R EEPEATSEED .

R mdrissd, KA NGRS GBIs MKt sk (H HGBGI)
1204 . Damodaram 1 Zechman (2013) JF &k T — /MM AL S, DLHf E
AR R R F &% 0 S g gz 7K B Th A0 R K WSO ) M R €0 S g Cfy BV D ) A R
B BR T ) R YD AN R TR OK T B &R BT R R O 0 R R A R T A AT
BL, LID/BMP V& 5 & R B Fc 4f , 5 VA it B 48 b mT BE AN 52 ) W7 m] :F 2 1k 11 o
AR BIREH 2 N, (20160 42V — A2 Hinfitbaity, H i+,
PP AG A CE AN TR 2 K s B, B UDS o K% 07 vE BN T — A m B ko
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RGP T g K Bk Al B (Rt R TS B KA 3 KB TR S K i)
XF I8 b R TR B ROR o AT S5 e, AR T A i X, dn SR AR
S QO P e S T o 1 T 7 N2 e T NI £ ol T R LT 10
Duan % Ao (2016) WFFT /KB sk G Bt ) FIZRtsg gk (A Bt
M KAE [ SEK BRI Ak L R T 19 2 H AR AL BE i o Al ATk i B, AL
ACBETE R BN GBT 4 M, AT BL R KB AR e 50 B B AS AT ik 7K XU

E3rd|
SRR KE B R AT 707
R 1 b ialic B
5B KhEE #H uE R s R& o i35
4 v v v X s X X s
017) s % v ¢ x v ® v s
® ® v 'S v v v v ®
® * v t] v v H v ®
Lee et al. {2012) X X v v x v v v X
Jia et al. (2015) X ® % X v v v v X
g X v v ® v W ® v ®
s x v * v ® ' X *
X x v v X v 4 X v
® ® v 4 % ' v v X
¥ ® v 4 X v v v ®
] X X v v X v v v X
Alves et al. (2016) X v v v d v X v X
Stafford et al. (2015) ' v * ® v v ® % x
Oraei Zare et al. (2012) ® ® X v s 4 4 v X
Jayasooriya 2016) ® x x X v v ' % x
X x v v v v v v v
Kaini e 12) ® X v v v v v X X
Damodaram and Zechman (2013) ® v ® Vv ¥ v v ¥ ®
Zhang et al, (2013) X x v v v v v X *
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AR
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AHEFI H 28R A R S A FE I HGBGTs M Re . — Ok UL, 15 KE
W 1) A2 o /D A LAk 22 dn T

dopt = arg gep [foq ] (1)

o o 2 XI5 KRG AATEN D phFELE dRRIERE. ©
BRETE. HERAMAKOAE. BT K GBIs EAFHEERIE [0 &+,
JUEdTRAUTRR,

d = [DC, layout parameters, hydraulic parameters, GIB parameters|
(2)

Hoh DC CEF D) & E M MRRE 7 a0 7+ 1A J5) A2 BES 2 b 1 OH R
GiAE N — A BARTEAT 70 A o AT R 2 BUR s L A2 BT AT R 4 R T U 3% B
BEASH H A A AE CRKIE R uk D) 2 8] B4 . K 12 80 € &8 812
BT RS NG, DA R BT A K I AR IR ) . GBI Z# & GBT YK,
K/NAALE o GBIs AJ I i oy A 32 22 07 3035 By gk /N 8 9 B0 RS R R A
1. 38 5 A B RO K . SR A I ) A R D WA R, IR/ R
2. 1 B e b SO S B, GBIs W] BE A AR Bt B W M BT A MK . B4,
P B 0 S 0 B B 2 0 oD B AR T U TE AR R B, T PR AR A o AR
M, GBIs MW A4S —A AN . Ft, WL itk, 7 LL4K 3] HGBGTs i)
% 13 i EE .

FHEA 2) hR A LR, TR (D, BER-DARLEZ S
TR A B S A ) R, 1% ) R K 22 Bk BB G0 T B A e 2 TR R ORI A
P o O T DR X S8 Sk A PR AH S 10 A R O AE A BRI I TR) Y 4R B — AN I R
P, ACHRW T — DB G R . Oy 1 A5 9 DR 4 AE & B K,
HFHBERGS KO RGNS RGO A SR, AT S AL .
B, SR A Rk, PR AR A AR R R e Tt B A 5 A A F
56 45 7 B AN [F] 73 O i) & 48 B9 AS [R5 K A J& (Bakhshipour 5 A, 2018) .
WIE, MY G NAAT GBIs, JFX &A1 5 #47 — ki ft, BLfEE GBIs
A R i B S A B/, AT 4R B GBIs R4 | Ja, AT 1E
B A ATE DC I & AR 2 18] BEAT e 5, € FH O o SRR AL A4 BHI 2 A i X2
PEAG AN TR 3y 5L 2 A0 AT R S
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B 1R BRI S T B AR A BT 1 BERE AN SR I VRN AE B R
LR SR . AUE R, 2 MARNRITTTRERBNEER
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AIRER) GBT RIS @B . W/AKE . HH . BEBKEE. BKIE.
HIEA R AR . DRI BRI A B R 7 R EER R A (1) #&it
W, AR /b R R R D M B E AR, (2) B RRAE, WHUOR . S AR
B AEAA 2 GE R, B (3) A (Eckart A, 2017) o W BLF
Btk , B J7 1 0 SCHR o JE T IX Re g A, FRATTRE kG E Y GBI fig ik T AL
FEAE A A o 72 v S5 I i R

O
Outlet 10

IIHIHHHIIJII X P

O
Outlet 5 Outlet 6

2. % BiF 7T 1 2 i 1

e, WATEE 7 & i B Rm . Damodaram 2 A (2010) # % i,
B T2 A M) GBI #i Ji Lb 5 T i 47 19 4 it 0 B0/ KU (18 mm, 45 mm) 5E A 2%,
BT 687 48 o B K % (114 mm, 185 mm, 279 mm) 54 2. Baek
N (2015) A I AE Wi B8 AN RY 7K A 6 T 93 2D A I T A4 1) B8 — o Bk RO B
NAE . L1 EN (2017) 19 H GBI BI04 i (1) 0 26 I Dy« A2 W3k B3 > W Al >
MR S 3> B TR &AL > 3B K& 1 . Zhang A1 Chui (2018) #iL, & AFEM
GBI SEkm LR & ARG Thfe. B, ATk &, HTBEMN GBIs RiBiE
5T A7 B EE Can A B A WA M4 S, g R A R R
R A8 R 45 ) 7 v, AT DABE 4 M B RT K .

Fook, FRATEIE K E B GBI ff vk J7 28 Wl AR A8 - LR | R
B R R S A &5 A B R AR, B O BT R KO T2 1B A & B (Zhang
and Chui, 2018) o N 7 UL, GBI R 7K 5K W& A4 il ¥ 15 11 0 201 % & 3|
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37 (0 45 58 46 (Eckart 25 A, 2017) . Bloom (2006) M 7 —tb 3k T4
B ) ST H M X TV

=, WAIZEEBA . Stovin Ml Swan (2007) R & A& M &A% 3] & o7
P LID #5 AT THE4, W R B, Bk, Wi BKE 2 FLESTH .
Joksimovic #l Alam (2014) F U, &K A &% ()= T 127K H & =2
WD A E R T R AR RS — AN EE R AR B GBI
FE & 1) K/No Zhang F1 Chui (2018) 1 A= ¥y B it 1) 1i0 AR B A 1k 7K T AR 1)
8%—25%, &4 BE i 1 T AR R B L R 50 em—120 cm. Chui & A (2016)
BT R AR W i R A PRLRT 22 L T T AR, T AN 2 MG O R BE L T U D 4
BRI, WA KR

LU ETS E N TENJE CR Ui VA =T  AY RSA U o:2 N B | w3 o S
Y9031 =k EET EREW, HMRENANEZEER (AR, AT
T W KA AI B KW AE N GBT J7 2 . W /KA A2 F T I B i A7 A0 I K U 4 1
M GBIs (Mannina, 2018) . &7/K¥4 .2 M /K & A 45 78 10 b T i 47 506,
HARKERH T #AE. Bk, BAKEX T 20 A R X8 dE % A H (Eckart,
2015) o PERI S, WK ANJZ THUA N RU AR, A o ool R 5K 2 R R plE UK . T K R4
3 (AN 33 K X380 BL R W9 K A it TRAR IR R B 4 2 — B B B BB KA .
PEHEN, FEAHEHMA RS A 20’ B KH, AL T LR, B
KVGIEHETE S 248, PP A &N RRE KX A EKERE 5%. &4
BOKBIC TN 2m, KEHN S, P8 EEN 250 mmo Al TS HUR
P SCER BB AG B R MR AR #0001, K (BRAD ZJEEE 1500 mm,
RE 0,75, BIEHR 0.56 mm/h, HEAKMERE 0.5, M &EE 100 mn
(Cano and Barkdoll, 2017; Chui et al., 2016; Eckart, 2015) . }:#
a AR AL HROM BRSO GBT 2R A1 RN ik B, AN GBI HYAL B AT A £ 1 i€ .

2. 2. 3. A A A

fE & (LD i H breg #, FRATE A 7% dn A A A (LCC) o LCC 3F
fili 778 30 4 1 S 7Y il 2% 30 A, B R S T GB T s 1) B AR g AR i 8 4E 47 (0&MD
JA (Chui 28N, 2016 ) o FAS &% J7 1 LCC J& il i {5 F 45 20U 9 i
HRARF 0&M A KIFEK . (3) (4) &4 (Chui A, 2016) .
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EYET R A R R 12%, S A YT I 15%. B i LKA
M (Bakhshipour %}\, 2019 %) JFHIRTHEA, A BB AT A YE T A A B
FM A BEARRAR 10%. HFAEBKEHETRA. 2. Bk, HK.
HH. LT, T HOKERREA, FHEHAAKEEN (Eckart, 2015) ,
BAMBBE BT W A R W R A 113.4 BV /RIEE, &4 RE S MY 2t
2% F& 5% B AR A (Zhang 2 N, 2013 4£) . MHinidy b4 A W K6 H)
Wris A 19423 H IR,
LCC = Capital grpon—piue + PVou M green—biue + Capitale,, + PVogm gray

(3)
30
Z A1+r)
=1 (1 +1) (4)
[ILE]| I\'.IJ | 2§ 115 é!"‘ g \\%
é.y i) .51 i3] é TR T * / i
Chutlet candidabs Outler candsdare
{a) ancxample base graph ) arandomly generated centralized layout (c) Hanging down the generated layout
T OIRE CUES T Tt BTEABHRE
Farst outhet @ m : @3 E‘, 4
4]
10 L . Al
114
H..t-mum ourler - Second ourler
(d) Adding the second outlet, sl:pdralmg and {e) Adding the third outlet, scparating and () Map back to street layout 1o get a

hanging down the new hanging down the new part randomly generated decentralized layout
EhmotHO oEH Tﬁr“ﬂh‘ FEMESAHD , 4EHETESy BYEHEFRAFARNEENEDRER

) B3 2RREEEE
W2 T A WIS AN BCAR L) R o N 11 2 BN BR &I, WA 4 8 20 B /N 7E 5 IR S

& KIFZIRE . /Mg KR, KH T (Bakhshipour %8 A, 2019) # 4
HIEE N . AL FE A, R T eR B A FE A KA TR RN TG R IR 1 UK
2R . HRAE A E DC ALtk UDS I 4i{s 5, 1§ S W (Bakhshipour &5 A,
2019) .
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245 =. BESKBE KM

ARG T P R AR S5, PLF5 S HGBGT s £ 3k i1 7K % I B
(RN o 4% B3 3-3 1 I MY, £ M A H (K DCs ZE oML 46 UDS 2 Jm, R 4R
55 3-2-2 Wk FEM AL W RSN — S W AT 9 GBIs B3R .

¥ GBIs MM BEFE N AEE. Wik, MFEAD TR, #F i
A, K1 RRFRBE A T GBI, 0 R/pF BB A GBI. N
GBI, mf LB R /NE G R AT HEEIX — 20 I 78 & 2 i [H]

WD R AT, SRFZEETRHRREENANEE TR EEH
Bnl LR 5 e L K e v AR (R, B0 R] DU AT A B RO A E RS B 3
NENBIRS . B, ERAR K AR IEE, HAAA 1.50 m EE A LA
A 1.5.1.2.1.0fM0.8m P EMS, MEATDHN0.35m KEIELLEFA 0.35,
0.25. 0.20 m W E A4S, =0 T 5 R i F B/ B E 8 M P 2% H il B .
TR AR LR, A LA T I S BLAR 2 L B I AR I BRI
BEOTAR AL ) R, B H T — T S s I A B AR R A VR R
AR R R O 0-1 M () &L, BAAREBRRE-NRITT R
XE, AT UREE A NP+NS B &, A NP B iE AR NS-GBI fibr. AT
19 B B /N I BCA BT, X S AR B T R AR BRI AT R UE, DU M S (3D
Hf) LCC. FWBEFANTRBES T, WA B REFNER S,
— AN R AL AR GBT, Wit e Akt 2NPANS JER (0-1 AMED Ak,
4 iR e W TREAGEA, TKEERDIM GBI FEAR# S, X (5)
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M C6) from. B b aREMtRRm 7k, X ARBERE, X8

AR R 2K 0 R G kAT AL .
NP Pipe ]fiameters EEEE

[ )

10| 01 | ........ 11 1

L

NS GBIiE =88 NS GBI Indicators
E4.Bi~EMNBitFEN - TRadE

11 — D = Same as in the gray design

d=

10 — D = One size smaller than in the gray design

01 — D = two size smaller than in the gray design
00 — D = three size smaller than in the gray design

GBI = 1 — Subcatchment has GBI
0 — Subcatchment has no GBI

Stan FF

:

» Introduce the optimized gray (dejcentralized

sewer nebwork §| l’[;l:f ﬂﬁ?ﬁﬁ Fﬂ]
e [niroduce the smtable ﬁlbﬂl’s B| ASENGEI

s [ntroduce the design constramis, sumulation
parameters and LOC function

Sl A BT E %iﬂ-ﬁﬁ%ﬂLCEEﬂ

Randomly generate an initial population

i
-

FEOH/EXGBI

Fﬂmiﬁﬁl—*‘i‘!*ﬂfﬂfl

Decode binary chromosomes to locate GBI's and
assign pipe diameters

8 i%%ﬁﬁEFGE!HHEE’E‘EEE

Simulation in SWDHik4
TFESWMM f:' mal

For all design altematives {chromosomes),
check the constramits and evaluate the LOC (use

. p :
S e e R e

(5)

(6)
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250N BTG

NTETRRELE B RRZAMRELE, £kE—F, BIE
TARA I R A oK 2 R Al OC BE bR M . AE BB SO, 8 ST A ] B 4R
AR s A AT S 4R AR . R PE R A B E L (Butler 8 A, 2014 %) ,
ML CTERFIRORAT T R GAE I et A A N R ik 5% e e R R R 5 8 I ] B
INEBIRERE” o HK IEREFE AR (HPTD) EIE A X (7)) PRA5 A [H 4 A 1
NMMAL T2 #ME (Zischg 22N, 2018)

Vidsodin
HPI = 100 X [1 - M] (%)

ruraff (7)
SUS,.. = infiltration volume + final GBI storage
i Total Precipitation (8)

R IX BB R TR AL RE SR 0 — A T B AR A, (H AR X — B BRT DAV A
5 T RE SR 0 M AR HE, fnds Be sl L AR YRV AR AT 4EHE B AROK SCHE IR . E
ik W D o DU R AR Aw 6 B R, RS DL 2k o 3R 4 A J7 5, W AHP/ANP
TOPSIS (Wang Z A, 2017) , DIGHBhSEd 2.

3.5 RS
3.1 584
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FEMONAT 1. 4.7 M 10 M OAG R 4 DAE B &4 (O
AN 100%. 66% 33%F1 0%) M) LB 5E . 1 F 3 (9) & X DC (Bakhshipour
2N, 2019) .
DC:l[ﬂx(]—%) (%)

po — 1

(9)
iz;Fﬁ hﬁ!Zli J‘J_-;u

WiEE  EOMNMEA CpGll  CopGmy EEEFGB QEREGEREF THEDM  FAKEm) BAfiom  RAHEm

100 422700 0 138860 0 283840 (.88 257 2 0.78
100 + GBI 329672 $832 60780 57819 124240 043 169 15 £.39
b6 310170 0 101900 0 208270 0.68 201 2 522
ity + GBI 295964 47339 43957 64819 29849 0.37 157 0.8 491
3 250953 0 82433 1] 168520 (.64 213 15 472
33 + GBI 276370 76841 48737 511N 99621 .35 164 ! 43

0 253197 0 83177 ] 170020 0.63 216 L5 498
0 + GBI 269510 59731 55849 39770 114160 040 167 1 452

* RS RANER2TRI
A il, HGBGT By LCC tL 2K (o & iF (5 22%. JEAh, EEEFPRIEL T,

TR E A (D) AT MR (B) BN I B K. B AR A T
e K X 9T K 2 LA T 0 4 B B T 7E T A B A I o, i
2o X GBI BRI 36 40 7 2R B0 . By RDRE RO S DR, S o A R L
CH AT R 60 T4 PR R & 1 GBIs, IEdN 2 sF iR, RE, B8 19,
EN A B, BRI T R G T W 6 E £ GBIs, 3 A1)
TEMEA R G eh W5 BB KRR . 7EFTA I GBIs MR AL R, B KA
B AR LR R R RN T . A AR IOR, 7E DC=66%M i i
i, VRN GBIs 2K BRI EAM 2 n A H] 0.8 m. 7 E M GBTs
e PEL S
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020D 5040
040 < D= 060

060 < D2 1.00
1.00= D= 150

020D <040
040< D060
0.60< D <100

100< D150

D=200
le Botiom Elevation (m]

125HS25
25<H=40
40<HZ50

J0=H=60
60=H
Quilei

:
&
o
\J

GHI Lacation
Design Information

T

LOC: 2.9506e+05 Million Rials
Maximum Diameter: 0.80 m
Maximum Depth: 4.91 m

Maximum Velocity: 3.18 més
Degree of Centralization: 66% + GBI

E7 B ER66% 5GBS A
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e

o
" F —
.
ot
-
g
=

ipe Diameter (m

|

020=D <040
0.40< D<0.60
0.60< D= 100

100<D<1.50

D=200

|

12sH=25
©  25<H<4p
® t0<H=s0
@ s0<H=60

® co-n

Outlet

] GBI Location

s ol

LCC: 2763 7e+05 Million Rials
Maximum Diametes; 1,00 m
Maximum Depth: 430 m
Maximum Velocity: 2.6] ms
Degree of Centralization: 33% + GBI

FE8. P A 328 S0B1 4 At

0.40< D < 0.60
0.60< D < 1.00

1.00= D= 1.50

D=2.00

Elevation (m

|

12<H=Z25
23<H=40
40<H=50
S0<H=6d

Qoo

60<H

T oula
- GBI Location

Design Information

LCC: 2.6951e+03 Million Rials
Maximum Diameter: 100 m
Maximum Depth: 4,52 m
Maximum Velocity: 2.23 mfs
Degree of Centralization: 0% + GBI

9. S B oA0% 5GBI 45 Gt
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B Sk g-ibily 10
; 7§ 3301 %

7N ’-Ugjﬁjifﬁﬁl
=6o%dEt, H

) HE fERCIE
B tododle 81
A (I L) A : N K=, B
B KT R . 5 o sdinibe SR 25 0 HE K IR (8 T B MR, I
H A& A5 11 B8 A 2 T Pidoltiifign fBakbshipour 55 N, 2019 4F)
B, DC=66%M T EAARAEMHME, WACRNFATEEZ N KENR
FMEZ A AEENR S IEWHUHM AR, GBLs £E 1 X 2 mM i 1) 3 I
AR B L B . AERT A WOKE ST, B HGBGT IR R 1 #8 B 3% PR 1K . 5%
fiiH GBIs M IRHEUBR 2, BBk % % 2 B B o A\ DC=100%F] DC=0%F Jr A &
T F 2 8] 3 R AR RN 5. 9% 17. 3% 5. 9%F1 4. 9%. A B2, DC=66%H1 &%
EERE R, M5 GBIs &40, Bon B A%tk

33T RF S
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Bl 1L SR TR (8) VR IS Bk IR B Al KRR 1 . m] BUR B
2, B A AGy Wi R BE T R 82k R AR F 19, PR B B A 2% m i X
B AN B I M T K W KA RIS K VA B G A7 ANB B AR /1, $&m T HGBGIs
M E TR, Bl 12 B TiARITT 4 5 HORRE. 2B Lk ik
M, REAERZTANME TR EME—REH SO ERR T
IR WS €5 F0 2% R 65 455 i a3E AT 23 IR AT T 006 B U B 0D o BRAIC A B
R SRR IE A&, TGN GBIs & o A8 W {H I & 1) K /N RIS |) o 7 321
Hi, fE DC=66%+GBI M 1& &L T, WJ 3K 45 5 K 4 3K WY /K Fl 08 B I & k2> o 55 4b
PS4 B T (DC=33&0%+GBI) 73X 77 i 1 & /s tH 4 N3 & 1 14 BE .

14000
12000 ===C=100%
=—=C=100% + GBI
10000
—DC=66%
iR
@ 8000 D)0 660 + GBI
i —C=33%
£ 6000
DC=33% + GBI
4000 —DC=0%
2000 DC=0% + GBI
1]
0:00:00 2:00:00 6:00:00 9:00:00 12:00:00 15:00:00 1 8:00:00

Time B [E

B2, AR R H D4t
B L. AR 7 SR MR B T
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3.4.5118

AR RS RBERNPINKERERRM T ERES, BEFZHX, &
THIX 8 5% G I 3 1 A0 R RE AR M R A O H B AR AR A T B0 B R AR
03k T R R T B kb R P AR A B R A AR R TR SR R R T BUR R
Ak, R RS E R AE N R R EEE . T A E R K,
W A R I AT R AR R AR R OGN, AR N TR R I e B A, T
NRBERBEBRE N T Z2KPBMARERLZE (Madani 5 A, 2016 ) .
G BT, RF ) A2 T A SR BT AE A 2E 48 4, H AT I T I ™ EE K R . A
SRR o 1 N N N 115 O <32 S S 57 I I 1 5 P N A
TP (Madani 8 N\, 2016 4£) , i UTPE (Dehghani 5 A, 2013 ) , /K
Joi AL, AR ik, 5 VA RN BE A B ) b 2 B (Madani %8 N, 2016 4 ; Madani,
2014 4F) o PG, G0 A DL R Al 0 R U7 2 1) B R] KR 4R R 3R B R
U 7L, LR MRIX LS A, By k4 e I 3RS S 0L .

MR 45 RN, WK B RS HGBGTs 78 & 3% b AT LL 5 4% 4 i Ik (0 4%
PIFH 2 . GBIs FEREAEH ML EEA R HEZ, X TESBIMLE, &
G i T A LA G R D07 R D — e AT T R T R S R B 8 R 1
SR, BEMER NIX — R mal . Bk, RRMEFREEDRT HI, I
HAERSA . s Ml i AR ARE. X—FHLRY, RAMHZ Bin
Ak 25 40 A e AN SR A (W W SR . o, A T B4R I R/ 3 n TT e 2 5 B0 AR
¥y G 3 38 I R0 AT R SRR 0N IE R B, T B E AR . REE AT A,
A Jmy 1 0] AN D AR S A A T A B AR R HVE T A R N R G R A R
i) (Haghei Al Bakhshipour, 2015b) . I, &K BIHF 5N LLEE S J7 %
Mk KO HEMWNES, BEMNHZ BARRAITIEERA . #%E. A s
PEA AT RE B ot B An < ) S A2 R I =7 £ .

4.1

CAB IR B 22 T 99, AL T 7 B8 i KR & BE Al il (HGBGIs ) A1 AN
FAEHFE (DCs) MM HEAK R4 (UDSs) T EARAZE ), FEHbAT T LG
%o AFEGIBE T 45 K] LA I LR 48
® HGBGIs mJ LAfEZE G b 5 1% 48 i K (8 W 58 4 o
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® T BEARA, GBIs fE S &I E M LA AL
® HfESL A RT Hbr, HIEMA. 38 AHEA .

T HE K FR G B A ] 2 R A O (GBIs) SR/ & I RS, il
A S 5% B BT R 7 ORI B ™ E R R Y R

K GBIs 7] DLid i P ARk Mg 2 . & ZKORI AR 45 b R K T 45 15 . 2
2 M [XH AR 25 B 58 FH K ) .

AW & R RGO E B, AREE RS R 5 — D AR R HIX,
{2 P $72 H A0 25 4 w] BLSE T A AR 0 3 HE K &R gt .

an SR DF AL 2% 0 R TUNTYS 38 3 1 A R R e Canaml /> BE R L TH BRTS S 4%
fE T AR D, U LY 45 R R R BLSE 8 R B B AR Akt R TR NS B G T .

N T M HE AT RS B 1 S B T K &R g8 1 A N AE AN B
12 Abrai Pt r. Rim, XRKEFWMAFOHE TR, Hit, FE
BEAT — L2 OR D R 2 R] A AR AR A B A I TR] N A5 DURE TR .
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BsRA I5KBIXEAR (T X)

BX %5 1 2 3 18 19 20 21 22 39 40 41 42 49 50 51 59 60 67
#HiXmmAtha)| 7.45 | 6.47 | 5.71 1 5.88 ] 6.2 [ 3.96 | 4.87 [ 4.42 | 4.5 | 2.66 | 3.36 [ 3.73 2 2.6 | 2.3 [ 2.44] 2.27 | 2.67

HAKEIX R (I1KX)
BX ' 4 5 6 7 8 9 10 11 12 13 14 15 16 17 23 24 25 26 27
HXHA(ha) | 5.9 9.31 [ 2.96 [ 5.54[12.61| 5.64 | 13.24 ] 2.54]|5.27118.35]2.61 | 4.46 | 4.03 | 6.27|3.71[2.29]| 4.41 [ 2.85]2.17
BIX 2= 28 29 30 31 32 33 34 35 36 37 38 43 44 45 46 47 48 52 53
#HXmMAAha) | 4.42 | 3.88 | 2.8 | 4.1 | 5.29 | 3.4 | 2.31 | 3.01 | 417 3.17 [3.81 ] 3.99 [ 2.32 12.91] 1.9 | 1.29] 2.7 | 1.45]2.12
BIX 2= 54 55 56 57 58 61 62 63 64 65 66 68 69 70 71 72 73 74 75
#HXmAMa) | 2.56 | 1.69 | 1.25] 1.69 | 12.17] 1.66 | 2.09 | 2.49 | 1.63 | 1.06 [ 0.99 [ 2.84 [ 2.49 [ 1.31] 1.49] 5.36 ] 10.42] 8.73 ] 3.92
HIX S 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94
X mA(ha)| 6.22 | 12.18 [ 4.68 ] 7.50 ] 3.68 | 1.79 | 2.83 | 4.7714.02] 2.32 | 1.74]| 2.3 3.5 19.13[3.05[3.62] 3.83 [ 2.42 | 4.87
BIX 2= 95 96 97 98 99 100 101 102 | 103 104 105 106 107 | 108 [ 109 [ 110 111 112 | 113
#HXmAAha) | 1.75 | 3.38 | 1.94] 2.51 ] 4.99 | 6.27 ] 2.02 | 1.84 1207 1.28 [2.04[ 3.04 [ 3.7 [2.92]2.04]0.53] 3.11 | 3.3 |2.06
HIX 05 114 115 116 | 117 118 119 120 121 | 122 123 124 125 126 | 127 [ 128 | 129 130 | 131 | 132
X mAAGha) | 1,12 | 1.73 | 2.9 | 3.44] 5.08 | 1.44 ]| 2.78 | 1.5512.94| 2.76 [ 431 [ 5.14 [ 5.99 | 1.7 | 467 4.97] 2.61 | 1.99] 1.38
BIX 2= 133 134 135 | 136 137 138 139 140 | 141 142 143 144 145 | 146 [ 147 [ 148 149 [ 150 | 151
HXmAAha) | 2.11 | 2.54 | 1.48 ] 2.34] 2.46 | 2.4 | 3.95 | 448 | 2.55) 3.65 [ 407 1.17 [ 1.89 | 1.8 [ 3.05]5.79] 2.16 | 3.17] 8.8
BIX 2= 152 153 154 | 155 156 157 158 159 | 160 161 162 163 164 | 165 [ 166 | 167 168 169 | 170
#HrXAAha) | 20.46 | 15.84 1 0.86 | 3.67 | 3.48 | 0.98 | 3.17 | 4.47 | 4.46 | 2.46 [ 3.29| 4.91 [ 2.12 [ 3.71]5.75]9.72] 8.07 | 1.51 ] 2.42
BX %= 171 172 173 | 174 175 176 177 178 | 179 180 181 182 183 | 184 [ 185 [ 186 187 188 | 189
X mA(ha) | 3.16 [ 2.43 3.3 1303 1,12 ] 2131 3.72 [4 711232 401 | 4.1 333 [ 269 [5.75]3.27]14.36 | 5.1 [5.24]12.87
BIX 2= 189’ 190 191 | 192 193 194 195 196 | 197 | 197 198 199 200 | 201
HIX A (ha) [12.62 | 6.50 |7.19 [3.53 |3.73 |3.17 | 5.02 |7.30 |8.44 | 6.78 [3.76 [12.57 [ 0.64 |0.38

HKEXHEBR (TIIX)
XS 202 203 204 | 205 [ 206 207 220 221 | 222 223 233 234 235 | 236 | 237 [ 247 | 248 [ 249 | 272
X mAAM(ha)| 5.53 | 4.07 [3.01]5.16] 3.6 [ 4.01 ] 3.08 1.8 [ 3.14] 2.24 [ 3.65] 2.68 | 1.75 3 3.6 [3.16] 5.7 [3.35[5.21
HEIX 2 = 273 274 297 1 298 | 299 300 301 302 | 303 304 305 306 307 | 308
X A (ha) | 3.82 | 4.29 [6.47 |5.37 | 5.78 [4.28 | 4.99 |4.68 |3.93 [ 3.53 [2.72 | 3.68 | 3.19 |2.43

EAKREXEHE (VX

BIX %= 208 209 210 | 211 212 213 214 215 | 216 217 218 219 204 | 225 | 226 [ 227 | 228 [ 229 | 230
XA (ha) | 1.24 1 2.86 ] 1.59 ] 2.11 [ 0.97 | 1.32 [ 2.46 [ 1.36| 1.43 | 1.52| 1.88 | 2.39 [ 3.46[ 1.88] 2.38| 1.95 | 1.75 ] 3.33
BIX %= 231 232 238 | 239 [ 240 241 242 243 | 244 245 246 250 251 | 252 | 253 [ 254 | 255 [ 256 | 257
AIXEAA(ha) | 1.87 | 4.45 | 2.59 ] 2.37 | 3.44 | 1.81 | 2.38 2 1.76 | 3.35 | 1.94| 2.5 | 3.69 | 1.9 | 2.64 ] 2.31| 2.02 | 3.85 ] 2.98
BIX %= 258 259 260 | 261 262 263 264 265 | 266 267 268 269 270 | 271 | 275 [ 276 | 277 [ 278 | 279
XA (ha) | 2.38 | 4.04 | 3.08] 2.45] 3.38 | 1.59 | 2.18 | 1.85 | 1.57 | 2.83 [ 2.32| 1.7 | 3.05 | 7.72|2.66| 3.8 | 1.78 | 2.6 | 2.27
BIX 2= 280 281 282 | 283 [ 284 285 286 287 | 288 289 290 291 202 | 203 | 294 [ 295 | 296 [ 309 | 310
HIXmAA(ha) | 2.04 | 3.71 | 4.24] 2.61 | 463 ] 3.79| 8.22 | 3.47]|2.37| 2.22 | 1.6 | 1.41 | 3.71 | 6.18]| 5.91| 3.35| 3.62 | 2.65 | 2.63
BIX = 311 312 313 | 314 [ 315 316 317 318 | 319 320 321 322 323 | 324 | 325 [ 326 | 327 [ 328 | 329
AIX HE A (ha) | 0.94 1.9 1.88 | 3.41 | 1.68 | 1.63 | 1.38 | 2.2 | 2.18| 1.85 | 2.14| 2.15 | 1.84 | 2.48 ] 2.22| 5.59 | 2.35 | 2.89 | 3.57
BIX 2= 330 331 332 | 333 [ 334 335 336 337 | 338 339 | 339 340 341 | 341’
XA (ha) | 3.41 | 3.64 |2.26 [2.22 |4.03 |5.01 | 6.41 |3.81 |6.44 [14.20 |7.83 | 9.68 [10.93 | 9.35
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BREXAEEKE E£FRE BB
EBRWT R BX R/ thii & FBORE | HWRE | AR . B EM BIRE | 2BRRE | HARE | ®iTRE RE
(ha) /(L/s. ha) /(L/s) /(L/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
1 2 3 4 5 6 7 8 9 10 11 12 13
1-2 1 7.45 0.25 1. 86 0.00 1. 86 2.30 4. 28 0.00 0.00 0.00 4. 28
2-3 2, 3 12. 18 0.25 3.05 1. 86 4. 91 2.30 11. 28 0.00 0.00 0.00 11. 28
26-27 18 5. 88 0.25 1.47 0. 00 1.47 2. 30 3. 38 0. 00 0. 00 0. 00 3.38
27-3 19 3. 96 0.25 0.99 1. 47 2. 46 2.30 5. 66 0.00 0.00 0.00 5. 66
28-3 22 4. 42 0.25 1.11 0.00 1.11 2.30 2.54 0.00 0.00 0.00 2.54
3-4 20, 21 8. 83 0.25 2.21 8. 48 10. 69 2.11 22.55 0. 00 0. 00 0. 00 22.55
29-4 39 4.5 0.25 1.13 0.00 1.13 2. 30 2.59 0.00 0.00 0.00 2.59
30-4 42 3.73 0.25 0.93 0.00 0.93 2.30 2.14 0.00 0.00 0.00 2.14
4-5 40, 41 6. 02 0.25 1.51 12.75 14. 26 2.04 29. 08 0. 00 0. 00 0. 00 29. 08
31-5 51 2.3 0.25 0. 58 0. 00 0. 58 2. 30 1.32 0. 00 0. 00 0. 00 1.32
5-6 49, 50 4.6 0.25 1.15 14. 84 15.99 2.02 32. 30 0.00 0.00 0.00 32. 30
32-6 60 2.27 0.25 0.57 0.00 0.57 2.30 1. 31 0.00 0.00 0.00 1. 31
6-7 59 2.44 0.25 0.61 16. 56 17.17 2. 00 34.34 0. 00 0. 00 0. 00 34. 34
7-8 67 2.67 0.25 0.67 17. 17 17. 84 1.99 35. 50 0.00 0.00 0.00 35. 50
IIXEKEERITRETER
BEREXAEEKE EFRE BEBWIH
EBRRS R e X R/ thi & ABIRE | HWRE | AR | . B EM BIRE | 2BRRE | HARE | ®iMRE RE
(ha) /(L/s. ha) /(L/s) /(L/s) | &/@W/s) |5 /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
1 2 3 4 5 6 7 8 9 10 11 12 13
42-34 25 4. 41 0. 31 1. 37 0.00 1. 37 2.30 3. 14 0.00 0.00 0.00 3. 14
34-35 23, 24 6 0. 31 1. 86 8.72 10. 58 2.11 22.32 0.00 0.00 0.00 22.32
35-36 30 2.8 0. 31 0.87 10. 58 11. 45 2.09 23.93 0.00 0.00 0.00 23.93
43-36 32 5. 29 0.31 1. 64 0. 00 1. 64 2. 30 3.77 0. 00 0. 00 0. 00 3.77
36-37 31 4.1 0. 31 1. 27 13.09 14. 36 2.04 29. 30 0.00 0.00 0.00 29. 30
44-37 45 2.91 0. 31 0.90 0.00 0.90 2.30 2.07 0.00 0.00 0.00 2.07
37-38 43, 44 6.31 0.31 1.96 15. 26 17. 22 2. 00 34. 43 0. 00 0. 00 0. 00 34.43
45-38 54 2.56 0.31 0.79 0. 00 0.79 2. 30 1.83 0. 00 0. 00 0. 00 1.83
38-39 52, 53 3.57 0. 31 1.11 18. 01 19. 12 1.98 37.85 0.00 0.00 0.00 37.85
46-39 63 2.49 0. 31 0.77 0.00 0.77 2.30 1.78 0.00 0.00 0.00 1.78
39-8 61, 62 3.75 0.31 1.16 19. 89 21.05 1.96 41.26 0. 00 0. 00 0. 00 41. 26
8-9 68 2.84 0. 31 0. 88 21.05 21.93 1.95 42.76 0.00 0.00 0.00 42. 76
9-10 69 2.49 0. 31 0.77 21.93 22.70 1.94 44. 04 0.00 0.00 0.00 44. 04
10-11 70 1.31 0.31 0.41 22.70 23. 11 1.94 44.83 0. 00 0. 00 0. 00 44.83




BREXAEEKE E£FRE BRI
EBRWT X B BX R/ thii & FBORE | HWRE | AR . B BIRE | 2BRRE | HARE | ®IiTRE mE
N (ha) /(L/s. ha) /(L/s) /WL/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
47-48 8, 12 12. 61 0. 31 3.91 0.00 3.91 2.30 8.99 0.00 0.00 0.00 8.99
48-49 11, 15 5. 27 0. 31 1.63 3.91 5.54 2.26 12.53 0.00 0.00 0.00 12. 53
49-50 26, 27 5. 02 0.31 1.56 5.54 7.10 2. 20 15. 61 0. 00 0. 00 0. 00 15. 61
54-55 28 4. 42 0. 31 1. 37 0.00 1. 37 2. 30 3.15 0.00 0.00 0.00 3.15
55-56 35 3.01 0. 31 0.93 1.37 2.30 2.30 5. 30 0.00 0.00 0.00 5. 30
56-50 37 3.17 0.31 0.98 2. 30 3.28 2. 30 7.55 0. 00 0. 00 0. 00 7.55
50-51 33, 34 5.71 0.31 1.77 10. 38 12. 15 2.08 25. 27 0. 00 0. 00 0. 00 25. 27
57-51 48 2.7 0. 31 0.84 0.00 0.84 2.30 1.93 0.00 0.00 0.00 1.93
51-52 46, 47 3.19 0. 31 0.99 12.99 13.98 2.05 28. 66 0.00 0.00 0.00 28. 66
58-52 57 1. 69 0.31 0.52 0. 00 0.52 2. 30 1.20 0. 00 0. 00 0. 00 1.20
52-53 55, 56 2.94 0. 31 0.91 14. 50 15. 41 2.02 31.13 0.00 0.00 0.00 31.13
59-53 66 0.99 0. 31 0. 31 0.00 0. 31 2.30 0.71 0.00 0.00 0.00 0.71
53-11 64, 65 2. 69 0.31 0.83 15. 72 16. 55 2.01 33.27 0. 00 0. 00 0. 00 33.27
11-12 71 1. 49 0. 31 0. 46 39. 66 40.12 1.83 73. 42 0.00 0.00 0.00 73.42
12-13 72 5. 36 0. 31 1. 66 40. 12 41. 78 1.82 76. 04 0.00 0.00 0.00 76. 04
13-14 140 4. 48 0.31 1.39 41.78 43.17 1.81 78. 14 0. 00 0. 00 0. 00 78.14
60-61 73 10. 42 0.31 3.23 0. 00 3.23 2. 30 7.43 0. 00 0. 00 0. 00 7.43
76-61 75 3.92 0. 31 1.22 0.00 1.22 2.30 2.79 0.00 0.00 0.00 2.79
61-62 74 8.73 0. 31 2.71 4. 45 7.16 2.20 15.74 0.00 0.00 0.00 15. 74
77-62 81 1.79 0.31 0. 55 0. 00 0. 55 2. 30 1.28 0. 00 0. 00 0. 00 1.28
62-63 80 3. 68 0. 31 1. 14 7.71 8. 85 2.15 19. 03 0.00 0.00 0.00 19. 03
73-63 9 5. 64 0. 31 1.75 0.00 1.75 2.30 4.02 0.00 0.00 0.00 4.02
63-64 10 13. 24 0.31 4.10 10. 60 14. 70 2.03 29. 85 0. 00 0. 00 0. 00 29. 85
74-64 13 18. 35 0. 31 5.69 0.00 5.69 2.25 12. 80 0.00 0.00 0.00 12. 80
78-64 90 3.05 0. 31 0.95 0.00 0.95 2.30 2.17 0.00 0.00 0.00 2.17
64-65 89 9.13 0.31 2.83 21.34 24.17 1.93 46. 65 0. 00 0. 00 0. 00 46. 65
75-65 16 4.03 0.31 1.25 0. 00 1.25 2. 30 2.87 0. 00 0. 00 0. 00 2.87
79-65 101 2.02 0. 31 0.63 0.00 0.63 2.30 1. 44 0.00 0.00 0.00 1. 44
65-66 17, 100 12. 54 0. 31 3. 89 26. 05 29.94 1. 88 56. 28 0.00 0.00 0.00 56. 28
66-67 29 3. 88 0.31 1.20 29.94 31. 14 1.88 58. 55 0. 00 0. 00 0. 00 58. 55
80-67 107 3.7 0. 31 1.15 0.00 1.15 2.30 2.64 0.00 0.00 0.00 2.64
67-68 36, 106 7.21 0. 31 2.24 32. 29 34.53 1. 86 64. 22 0.00 0.00 0.00 64. 22
68-69 38, 111 6. 92 0.31 2.15 34.53 36. 68 1.84 67. 48 0. 00 0. 00 0. 00 67. 48
69-70 200 0. 64 0. 31 0. 20 36. 68 36. 88 1. 84 67. 86 0.00 0.00 0.00 67. 86
81-70 116 2.9 0. 31 0.90 0.00 0.90 2.30 2.07 0.00 0.00 0.00 2.07




BREXAEEKE E£FRE BRI
EBRWT X B BX R/ thii & FBORE | HWRE | AR . B EM BIRE | 2BRRE | HARE | ®IiTRE mE
N (ha) /(L/s. ha) /(L/s) /WL/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
70-71 114, 115 2.85 0. 31 0. 88 37.78 38. 66 1.83 70. 75 0.00 0.00 0.00 70. 75
84-71 58 12. 17 0. 31 3. 77 0.00 3. 77 2.30 8. 68 0.00 0.00 0.00 8. 68
82-71 124 4.31 0.31 1.34 0. 00 1.34 2. 30 3.07 0. 00 0. 00 0. 00 3.07
71-72 122.123 5.7 0. 31 1.77 43.77 45. 54 1. 80 81.97 0.00 0.00 0.00 81.97
83-72 133 2.11 0. 31 0.65 0.00 0.65 2.30 1. 50 0.00 0.00 0.00 1. 50
72-14 131, 132 3.37 0.31 1.04 46.19 47.23 1.79 84.55 0. 00 0. 00 0. 00 84. 55
14-15 141 2.55 0. 31 0.79 90. 40 91.19 1. 67 152. 29 0. 00 0. 00 0. 00 152. 29
15-16 142 3. 65 0. 31 1.13 91.19 92. 32 1.67 154. 18 0.00 0.00 0.00 154. 18
16-17 143 4. 07 0. 31 1. 26 92. 32 93. 58 1.67 156. 28 0.00 0.00 0.00 156. 28
104-85 99 4.99 0.31 1.55 0. 00 1.55 2. 30 3. 56 0. 00 0. 00 0. 00 3. 56
85-86 88 3.5 0. 31 1.09 1.55 2.64 2.30 6. 06 0.00 0.00 0.00 6. 06
105-86 98 2.51 0. 31 0.78 0.00 0.78 2.30 1.79 0.00 0.00 0.00 1.79
86-87 79, 87 9. 89 0.31 3.07 3.42 6. 49 2.22 14. 40 0. 00 0. 00 0. 00 14. 40
106-87 97 1.94 0. 31 0. 60 0.00 0. 60 2. 30 1. 38 0.00 0.00 0.00 1. 38
87-88 86 1.74 0. 31 0.54 7.09 7.63 2.18 16. 63 0.00 0.00 0.00 16. 63
88-89 78 4. 68 0.31 1.45 7.63 9.08 2.14 19. 43 0. 00 0. 00 0. 00 19. 43
107-89 96 3.38 0.31 1.05 0. 00 1.05 2. 30 2.41 0. 00 0. 00 0. 00 2.41
89-90 85 2.32 0. 31 0.72 10. 13 10. 85 2.10 22.78 0.00 0.00 0.00 22.78
99-90 76 6. 22 0. 31 1.93 0.00 1.93 2.30 4. 43 0.00 0.00 0.00 4. 43
90-91 77 12. 18 0.31 3.78 12.78 16. 56 2.01 33.28 0. 00 0. 00 0. 00 33.28
100-91 82 2.83 0. 31 0. 88 0.00 0. 88 2.30 2.02 0.00 0.00 0.00 2.02
108-91 95 1.75 0. 31 0.54 0.00 0.54 2.30 1.25 0.00 0.00 0.00 1.25
91-92 83, 84 8.79 0.31 2.72 17.98 20. 70 1.96 40. 58 0. 00 0. 00 0. 00 40. 58
101-92 91 3.62 0. 31 1.12 0.00 1.12 2. 30 2.58 0.00 0.00 0.00 2.58
109-92 94 4. 87 0. 31 1.51 0.00 1.51 2.30 3.47 0.00 0.00 0.00 3. 47
92-93 92, 93 6. 25 0.31 1.94 23.33 25.27 1.92 48.51 0. 00 0. 00 0. 00 48. 51
102-93 102 1. 84 0.31 0.57 0. 00 0.57 2. 30 1.31 0. 00 0. 00 0. 00 1.31
110-93 105 2.04 0. 31 0.63 0.00 0.63 2.30 1. 45 0.00 0.00 0.00 1.45
93-94 103, 104 3.35 0. 31 1. 04 26. 47 27.51 1.90 52. 27 0.00 0.00 0.00 52.27
94-95 108, 109 4.96 0.31 1.54 27.51 29. 05 1.89 54. 90 0. 00 0. 00 0. 00 54. 90
103-95 112 3.3 0. 31 1. 02 0.00 1. 02 2.30 2.35 0.00 0.00 0.00 2.35
111-95 110 0.53 0. 31 0.16 0.00 0.16 2.30 0. 38 0.00 0.00 0.00 0. 38
95-96 113 2.06 0.31 0. 64 30. 23 30. 87 1.88 58.03 0. 00 0. 00 0. 00 58.03
112-96 119 1. 44 0. 31 0.45 0.00 0.45 2. 30 1.03 0.00 0.00 0.00 1.03
96-97 117,118 8.52 0. 31 2.64 31.32 33.96 1. 86 63. 17 0.00 0.00 0.00 63. 17




BREXAEEKE E£FRE BRI
EBRWT X B BX R/ thii & EERME | HARE | A1 FHR 4 2 A BIRE | 2BRRE | HARE | ®IiTRE mE
N (ha) /(L/s. ha) /(L/s) /WL/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
113-97 127 1.7 0. 31 0.53 0.00 0.53 2.30 1.21 0.00 0.00 0.00 1.21
97-98 125, 126 11.13 0. 31 3.45 34. 49 37.94 1. 84 69. 81 0.00 0.00 0.00 69. 81
114-98 136 2.34 0.31 0.73 0. 00 0.73 2. 30 1. 67 0. 00 0. 00 0. 00 1. 67
98-17 134, 135 4. 02 0. 31 1.25 38. 67 39.92 1.83 73.05 0.00 0.00 0.00 73.05
17-18 144 1.17 0. 31 0. 36 133. 50 133. 86 1. 60 214. 18 0.00 0.00 0.00 214. 18
18-19 145 1.89 0.31 0. 59 133. 86 134. 45 1. 60 215. 11 0. 00 0. 00 0. 00 215. 11
19-20 146 1.8 0.31 0. 56 134. 45 135. 01 1. 60 216.01 0. 00 0. 00 0. 00 216. 01
20-21 147 3.05 0. 31 0.95 135. 01 135. 96 1. 60 217.53 0.00 0.00 0.00 217.53
115-116 150 3. 17 0. 31 0.98 0.00 0.98 2.30 2.26 0.00 0.00 0.00 2. 26
121-116 154 0. 86 0.31 0.27 0. 00 0.27 2. 30 0.61 0. 00 0. 00 0. 00 0.61
129-116 151 8.8 0. 31 2.73 0.00 2.73 2.30 6. 27 0.00 0.00 0.00 6. 27
116-117 155, 156 7.15 0. 31 2.22 3.98 6. 20 2.23 13. 82 0.00 0.00 0.00 13.82
122-123 157 0. 98 0.31 0. 30 0. 00 0. 30 2. 30 0. 70 0. 00 0. 00 0. 00 0. 70
123-117 158 3. 17 0. 31 0.98 0. 30 1.28 2. 30 2.95 0.00 0.00 0.00 2.95
130-117 162 3.29 0. 31 1. 02 0.00 1. 02 2.30 2.35 0.00 0.00 0.00 2.35
117-118 | 159, 160 8.93 0.31 2.77 8. 50 11. 27 2. 09 23.55 0. 00 0. 00 0. 00 23.55
124-125 | 169, 201 1.89 0.31 0. 59 0. 00 0. 59 2. 30 1.35 0. 00 0. 00 0. 00 1.35
125-118 170 2.42 0. 31 0.75 0.59 1. 34 2.30 3.08 0.00 0.00 0.00 3.08
131-118 173 3.3 0. 31 1. 02 0.00 1. 02 2.30 2.35 0.00 0.00 0.00 2.35
126-118 | 120,121 4.33 0.31 1.34 0. 00 1.34 2. 30 3. 09 0. 00 0. 00 0. 00 3.09
118-119 171,172 5.59 0. 31 1.73 14. 97 16. 70 2.01 33.57 0.00 0.00 0.00 33.57
127-119 128 4. 67 0. 31 1. 45 0.00 1. 45 2.30 3. 33 0.00 0.00 0.00 3. 33
119-120 | 129,130 7.58 0.31 2.35 18. 15 20. 50 1.96 40. 18 0. 00 0. 00 0. 00 40. 18
128-120 137 2. 46 0. 31 0.76 0.00 0.76 2. 30 1.75 0.00 0.00 0.00 1.75
120-21 138, 139 6. 35 0. 31 1.97 21. 26 23.23 1.94 45. 06 0.00 0.00 0.00 45. 06
21-22 148 5.79 0.31 1.79 159. 19 160. 98 1.57 252. 75 0. 00 0. 00 0. 00 252. 75
22-23 190 6.5 0.31 2.02 160. 98 163. 00 1.57 255. 90 0. 00 0. 00 0. 00 255. 90
132-133 161 2. 46 0. 31 0.76 0.00 0.76 2.30 1.75 0.00 0.00 0.00 1.75
133-134 152, 153 36.3 0. 31 11. 25 0.76 12. 01 2.08 24.99 0.00 0.00 0.00 24.99
139-134 163 4.91 0.31 1.52 0. 00 1.52 2. 30 3. 50 0. 00 0. 00 0. 00 3. 50
143-134 166 5.75 0. 31 1.78 0.00 1.78 2.30 4. 10 0.00 0.00 0.00 4. 10
134-135 164, 165 5. 83 0. 31 1. 81 15. 31 17.12 2.00 34. 23 0.00 0.00 0.00 34. 23
140-141 174 3.03 0.31 0.94 0. 00 0.94 2. 30 2.16 0. 00 0. 00 0. 00 2.16
141-135 175 1.12 0. 31 0.35 0.94 1. 29 2. 30 2.96 0.00 0.00 0.00 2.96
135-136 176, 177 5.85 0. 31 1. 81 18. 41 20. 22 1.97 39. 84 0.00 0.00 0.00 39. 84




BREXAEEKE E£FRE BRI
EBRWT R e BX R/ thii & EERME | HARE | A1 FHR 4 2 A BIRE | 2BRRE | HARE | ®IiTRE mE
(ha) /(L/s. ha) /(L/s) /WL/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
142-136 142 3. 65 0. 31 1.13 0.00 1.13 2.30 2.60 0.00 0.00 0.00 2. 60
136-137 179, 180 6. 33 0. 31 1. 96 21.35 23. 31 1.94 45. 23 0.00 0.00 0.00 45. 23
137-138 | 185, 186 7.63 0.31 2.37 23.31 25. 68 1.92 49. 30 0. 00 0. 00 0. 00 49. 30
144-138 194 3. 17 0. 31 0.98 0.00 0.98 2. 30 2.26 0.00 0.00 0.00 2.26
138-23 191 7.19 0. 31 2.23 26. 66 28. 89 1. 89 54. 60 0.00 0.00 0.00 54. 60
23-24 196 7.3 0.31 2.26 191. 89 194. 15 1.54 299. 00 0. 00 0. 00 0. 00 299. 00
24-25 197 8. 44 0. 31 2.62 194. 15 196. 77 1.54 303. 02 0. 00 0. 00 0. 00 303. 02
152-145 178 4. 71 0. 31 1. 46 0.00 1. 46 2.30 3. 36 0.00 0.00 0.00 3. 36
156-145 184 5.75 0. 31 1.78 0.00 1.78 2.30 4.10 0.00 0.00 0.00 4. 10
145-146 | 167, 168 17.79 0.31 5.51 3.24 8.75 2.15 18. 82 0. 00 0. 00 0. 00 18. 82
153-146 181 4.1 0. 31 1. 27 0.00 1.27 2.30 2.92 0.00 0.00 0.00 2.92
146-147 182, 183 6. 02 0. 31 1. 87 10. 02 11. 89 2.08 24.72 0.00 0.00 0.00 24.72
154-147 187 5.1 0.31 1.58 0. 00 1.58 2. 30 3. 64 0. 00 0. 00 0. 00 3.64
147-148 188, 189 18. 11 0. 31 5.61 13. 47 19. 08 1. 98 37.79 0.00 0.00 0.00 37.79
155-148 192 3.53 0. 31 1. 09 0.00 1. 09 2.30 2.52 0.00 0.00 0.00 2.52
148-149 193 3.73 0.31 1.16 20. 17 21.33 1.95 41.59 0. 00 0. 00 0. 00 41. 59
149-150 189’ 12. 62 0.31 3.91 21.33 25. 24 1.92 48. 47 0. 00 0. 00 0. 00 48. 47
150-151 195 5.02 0. 31 1. 56 25.24 26. 80 1.91 51.18 0.00 0.00 0.00 51.18
151-25 198, 199 16. 33 0. 31 5. 06 26. 80 31. 86 1. 87 59. 58 0.00 0.00 0.00 59. 58
25-180 197 6. 78 0.31 2.10 228. 63 230. 73 1.51 348. 41 0. 00 0. 00 0. 00 348. 41




IIXEKEERTRETER

BERXAEEKE EFRE BRI

EBRRT R e X ER/ L& FBIME | HWRE | ATER| . B EM BWHHE | ABRE | BARE | #itHRE nE

(ha) /(L/s. ha) /(L/s) /(L/s) | BE/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)

1 2 3 4 5 6 7 8 9 10 11 12 13
159-160 303, 306 7.61 0.23 1.75 2.73 4. 48 2. 30 10. 30 0.00 0.00 0.00 10. 30
160-161 302 4. 68 0.23 1. 08 4. 48 5. 56 2.26 12. 56 0.00 0.00 0.00 12. 56
183-161 301 4.99 0.23 1.15 0. 00 1.15 2. 30 2.64 0. 00 0. 00 0. 00 2.64
161-162 / / 0.23 / 6.71 6.71 2.21 14. 83 0. 00 0. 00 0. 00 14. 83
162-163 300 4. 28 0.23 0.98 6.71 7.69 2.18 16. 77 0.00 0.00 0.00 16. 77
184-163 297 6. 47 0.23 1. 49 0.00 1. 49 2.30 3.42 0.00 0.00 0.00 3. 42
163-164 | 298, 299 11.15 0.23 2. 56 9.18 11.74 2.08 24. 43 0. 00 0. 00 0. 00 24.43
185-164 272 5.21 0.23 1. 20 0.00 1. 20 2.30 2.76 0.00 0.00 0.00 2.76
164-165 273,274 8.11 0.23 1. 87 12. 94 14. 81 2.03 30. 05 0.00 0.00 0.00 30. 05
186-165 247 3.16 0.23 0.73 0. 00 0.73 2. 30 1. 67 0. 00 0. 00 0. 00 1. 67
165-166 248, 249 9.05 0.23 2.08 15. 54 17. 62 2.00 35.24 0.00 0.00 0.00 35.24
187-188 233 3. 65 0.23 0.84 0.00 0.84 2.30 1.93 0.00 0.00 0.00 1.93
188-166 234 2. 68 0.23 0. 62 0.84 1. 46 2. 30 3.35 0. 00 0. 00 0. 00 3.35
193-166 237 3.6 0.23 0.83 0. 00 0.83 2. 30 1.90 0. 00 0. 00 0. 00 1.90
166-167 235, 236 4. 75 0.23 1.09 19. 91 21.00 1. 96 41. 16 0.00 0.00 0.00 41. 16
189-167 220 3.08 0.23 0.71 0.00 0.71 2.30 1.63 0.00 0.00 0.00 1.63
194-167 223 2.24 0.23 0.52 0. 00 0.52 2. 30 1.18 0. 00 0. 00 0. 00 1.18
167-168 221, 222 4.94 0.23 1. 14 22.23 23.37 1.94 45. 33 0.00 0.00 0.00 45. 33
190-191 202 5.53 0.23 1. 27 0.00 1. 27 2.30 2.93 0.00 0.00 0.00 2.93
191-192 203 4.07 0.23 0.94 1.27 2.21 2. 30 5.07 0. 00 0. 00 0. 00 5.07
192-168 204 3.01 0.23 0.69 2.21 2.90 2. 30 6. 68 0.00 0.00 0.00 6. 68
168-169 205 5.16 0.23 1.19 26. 27 27. 46 1.90 52.17 0.00 0.00 0.00 52. 17
169-170 206 3.6 0.23 0.83 27. 46 28.29 1.90 53.75 0. 00 0. 00 0. 00 53.75
170-171 207 4.01 0.23 0.92 28. 29 29.21 1.89 55. 21 0. 00 0. 00 0. 00 55. 21
IVX5KEERITRETHER
BERXAEEKE EHRE BRI

EBRRS X EXmER/ L& FBIME | HWRE | ATR| . B EM BIHRE | 2BRE | HARE | ®itRE nE

(ha) /(L/s. ha) /(L/s) /(WL/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)

1 2 3 4 5 6 7 8 9 10 11 12 13

195-196 333 2.22 0.34 0.75 0. 00 0.75 2. 30 1. 74 0. 00 0. 00 0. 00 1.74
211-196 327 2.35 0.34 0. 80 0.00 0. 80 2.30 1. 84 0.00 0.00 0.00 1. 84
212-196 336 6.41 0.34 2.18 0.00 2.18 2.30 5.01 0.00 0.00 0.00 5.01
196-197 | 332,335 7.27 0.34 2. 47 3.73 6. 20 2.23 13. 83 0. 00 0. 00 0. 00 13. 83
213-197 334 4.03 0.34 1. 37 0.00 1. 37 2. 30 3.15 0.00 0.00 0.00 3.15




BRXAEEKE E£FRE FBRIT
EBRWT B R 4 BIXHER/ i E ARRE | HERE | A1 FR AR BWItRE | 2BRRE | BARE | KiTHRE RE
(ha) /(L/s. ha) /(L/s) /(L/s) | B/@/s) |57 /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)
1 2 3 4 5 6 7 8 9 10 11 12 13
197-198 | 326, 331 9.23 0.34 3. 14 7.57 10. 71 2. 11 22.59 0. 00 0. 00 0. 00 22.59
214-198 | 328, 330 6.3 0.34 2. 14 0. 00 2. 14 2.30 4.93 0.00 0. 00 0. 00 4.93
198-199 | 325,329 5.79 0.34 1.97 12.85 14. 82 2.03 30. 08 0. 00 0. 00 0. 00 30. 08
199-200 324 2.48 0.34 0.84 14. 82 15. 66 2.02 31. 64 0. 00 0. 00 0. 00 31. 64
215-200 323 1.84 0.34 0.63 0. 00 0.63 2.30 1. 44 0. 00 0. 00 0. 00 1.44
200-201 | 322, 321 4.29 0.34 1. 46 16. 29 17.75 1.99 35. 32 0. 00 0. 00 0. 00 35. 32
216-201 320 1.85 0.34 0.63 0. 00 0.63 2.30 1.45 0. 00 0. 00 0. 00 1.45
201-202 | 318,319 4. 38 0.34 1.49 18.38 19. 87 1.97 39. 14 0. 00 0. 00 0. 00 39. 14
217-202 317 1.38 0.34 0.47 0. 00 0.47 2.30 1.08 0. 00 0. 00 0. 00 1.08
202-203 | 315,316 3.31 0.34 1.13 20. 34 21. 47 1.95 41. 86 0. 00 0. 00 0. 00 41. 86
218-203 314 3.41 0.34 1.16 0. 00 1.16 2.30 2. 67 0. 00 0. 00 0. 00 2. 67
203-204 | 312,313 3.78 0.34 1.29 22.63 23.92 1.93 46. 16 0.00 0. 00 0. 00 46. 16
219-204 311 0.94 0.34 0.32 0. 00 0.32 2.30 0.74 0. 00 0. 00 0. 00 0.74
204-205 | 309, 310 5. 28 0.34 1.80 24. 24 26. 04 1.91 49. 73 0. 00 0. 00 0. 00 49. 73
220-205 K L3k / 0. 34 / / / / / 46. 30 0. 00 46. 30 46. 30
205-206 285 3.79 0.34 1.29 26. 04 27.33 1.90 51.92 0. 00 46. 30 46. 30 98. 22
206-207 275 2. 66 0.34 0. 90 27.33 28. 23 1.90 53. 65 0. 00 46. 30 46. 30 99. 95
207-208 261 2.45 0.34 0.83 28.23 29. 06 1.89 54.93 0. 00 46. 30 46. 30 101. 23
208-209 250 2.5 0.34 0.85 29. 06 29. 91 1.88 56. 23 0. 00 46. 30 46. 30 102. 53
209-210 | 238,239 4. 96 0.34 1.69 29. 91 31. 60 1.87 59. 09 0. 00 46. 30 46. 30 105. 39
210-171 224 2.39 0.34 0.81 31. 60 32. 41 1.87 60. 61 0. 00 46. 30 46. 30 106. 91
171-172 209 1 0.34 0.34 61. 62 61.96 1.74 107. 81 0. 00 46. 30 46. 30 154. 11
172-173 208 1.24 0.34 0.42 61. 96 62. 38 1.74 108. 54 0. 00 46. 30 46. 30 154. 84
221-222 G / 0. 34 / / / / 34.72 0. 00 34. 72 34. 72
237-222 291 1. 41 0.34 0.48 0. 00 0.48 2.30 1.10 0. 00 0. 00 0. 00 1.10
222-223 290 1.6 0.34 0. 54 0. 48 1.02 2.30 2.36 0. 00 34.72 34.72 37.08
238-223 289 2.22 0.34 0.75 0. 00 0.75 2.30 1.74 0. 00 0. 00 0. 00 1.74
230-223 286 8. 22 0.34 2.79 0. 00 2.79 2.30 6. 43 0. 00 0. 00 0. 00 6. 43
223-224 | 287, 288 5.84 0.34 1.99 4. 56 6. 55 2.22 14. 53 0. 00 34.72 34.72 49. 25
231-224 276 3.8 0.34 1.29 0. 00 1.29 2. 30 2.97 0. 00 0. 00 0. 00 2.97
239-224 279 2.27 0.34 0.77 0. 00 0.77 2.30 1.78 0. 00 0. 00 0. 00 1.78
224-225 | 277,278 4. 38 0.34 1.49 8.61 10. 10 2.12 21. 41 0.00 34. 72 34. 72 56. 13
232-225 262 3.38 0.34 1.15 0. 00 1.15 2.30 2.64 0. 00 0. 00 0. 00 2. 64
240-225 265 1.85 0.34 0.63 0. 00 0.63 2.30 1.45 0. 00 0. 00 0. 00 1.45




BREXAEEKE E£FRE BRI

EBRWT R e BX R/ thii & FBORE | HWRE | AR . B EM BIRE | 2BRRE | HARE | ®IiTRE mE

(ha) /(L/s. ha) /(L/s) /(L/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)

1 2 3 4 5 6 7 8 9 10 11 12 13

225-226 263, 264 3. 77 0.34 1.28 11. 88 13.16 2.06 27.11 0.00 34.72 34.72 61.83
233-226 251 3.69 0.34 1.25 0.00 1.25 2.30 2.89 0.00 0.00 0.00 2.89
241-226 254 2.31 0.34 0. 79 0. 00 0. 79 2. 30 1.81 0. 00 0. 00 0. 00 1.81
226-227 252, 253 4. 54 0.34 1.54 15. 20 16. 74 2.00 33.49 0.00 34.72 34.72 68. 21
234-227 240 3.44 0.34 1. 17 0.00 1. 17 2.30 2.69 0.00 0.00 0.00 2.69
242-227 243 2 0.34 0. 68 0. 00 0. 68 2. 30 1.56 0. 00 0. 00 0. 00 1.56
227-228 241, 242 4.19 0.34 1. 42 18. 59 20.01 1.97 39. 43 0.00 34.72 34.72 74. 15
235-228 225 3. 46 0.34 1.18 0.00 1.18 2.30 2.71 0.00 0.00 0.00 2.71
243-228 228 1.95 0.34 0. 66 0. 00 0. 66 2. 30 1.52 0. 00 0. 00 0. 00 1.52
228-229 226, 227 4. 26 0.34 1.45 21.85 23. 30 1.94 45. 20 0.00 34.72 34.72 79. 92
236-229 210 2. 86 0.34 0.97 0.00 0.97 2.30 2.24 0.00 0.00 0.00 2.24
244-229 213 0.97 0.34 0.33 0.00 0.33 2.30 0.76 0.00 0.00 0.00 0.76
229-173 | 211,212 3.7 0.34 1.26 24. 60 25. 86 1.91 49. 39 0. 00 34.72 34.72 84. 11
173-174 JLEE SR Il / 0.34 / 25. 86 25. 86 1.91 49. 39 28.94 81.02 109. 96 159. 35
245-246 339 14. 2 0.34 4. 83 0.00 4. 83 2.30 11.10 0.00 0.00 0.00 11. 10
246-247 339’ 7.83 0.34 2. 66 4.83 7.49 2.19 16. 41 0. 00 0. 00 0. 00 16. 41
255-247 337 3.81 0.34 1. 30 0.00 1. 30 2. 30 2.98 0.00 0.00 0.00 2.98
247-248 338, 340 16. 12 0.34 5. 48 8.79 14. 27 2.04 29.11 0.00 0.00 0.00 29. 11
256-248 292 3.71 0.34 1.26 0. 00 1.26 2. 30 2.90 0. 00 0. 00 0. 00 2.90
248-249 | 293,294 12.09 0.34 4.11 15. 53 19. 64 1.97 38. 69 0. 00 0. 00 0. 00 38.69
257-249 280 2.04 0.34 0.69 0.00 0.69 2.30 1. 60 0.00 0.00 0.00 1. 60
249-250 281, 282 7.95 0.34 2.70 20. 63 23.33 1.94 45. 27 0.00 0.00 0.00 45. 27
258-250 266 1.57 0.34 0.53 0. 00 0.53 2. 30 1.23 0. 00 0. 00 0. 00 1.23
250-251 267, 268 5.15 0.34 1.75 23. 86 25. 61 1.92 49. 17 0.00 0.00 0.00 49. 17
259-251 255 2.02 0.34 0.69 0.00 0.69 2.30 1. 58 0.00 0.00 0.00 1.58
251-252 | 256, 257 6. 83 0.34 2.32 26. 30 28. 62 1.89 54. 10 0. 00 0. 00 0. 00 54. 10
260-252 244 1.76 0.34 0. 60 0.00 0. 60 2. 30 1. 38 0.00 0.00 0.00 1. 38
252-253 245, 246 5.29 0.34 1. 80 29. 22 31.02 1. 88 58. 31 0.00 0.00 0.00 58. 31
261-253 229 1.75 0.34 0. 60 0. 00 0. 60 2. 30 1.37 0. 00 0. 00 0. 00 1.37
253-254 | 230, 231 5.2 0.34 1.77 31. 62 33.39 1. 86 62. 10 0. 00 0. 00 0. 00 62. 10
262-254 214 1.32 0.34 0. 45 0.00 0. 45 2.30 1.03 0.00 0.00 0.00 1.03
254-174 215,218 3.98 0.34 1.35 33.84 35.19 1.85 65. 11 0.00 0.00 0.00 65. 11
174-175 216 1.36 0.34 0. 46 61.05 61.51 1. 74 107. 03 0. 00 109. 96 109. 96 216. 99
175-176 217 1. 43 0.34 0. 49 61.51 62. 00 1.74 107. 87 0.00 109. 96 109. 96 217. 83




BREXAEEKE E£FRE BRI

EBRWT R e BX R/ thii & FBORE | HWRE | AR . B EM BIRE | 2BRRE | HARE | ®IiTRE mE
(ha) /(L/s. ha) /(L/s) /(L/s) | B/@W/s) | /(L/s) /(L/s) /(L/s) /(L/s) /(L/s)

1 2 3 4 5 6 7 8 9 10 11 12 13

263-264 341 10. 93 0.34 3.72 0.00 3.72 2.30 8. 55 0.00 0.00 0.00 8. 55
264-265 341 9.35 0.34 3.18 3.72 6. 90 2.21 15. 25 0.00 0.00 0.00 15. 25
265-266 | 295, 296 6.97 0.34 2.37 6. 90 9.27 2.14 19. 84 0. 00 0. 00 0. 00 19. 84
266-267 283, 284 7.24 0.34 2. 46 9.27 11. 73 2.08 24. 40 0.00 0.00 0.00 24. 40
267-268 269, 270 4.75 0.34 1. 62 11.73 13.35 2.06 27.49 0.00 0.00 0.00 27.49
268-269 | 258,259 6. 42 0.34 2.18 13.35 15. 53 2.02 31. 38 0. 00 0. 00 0. 00 31.38
269-270 232 4. 45 0.34 1.51 15.53 17. 04 2.00 34. 09 0.00 0.00 0.00 34.09
270-176 219 1. 88 0.34 0.64 17. 04 17. 68 1.99 35.18 0.00 0.00 0.00 35. 18
176-177 | NRAR / 0.34 / 79. 68 79. 68 1.70 135. 46 34. 72 109. 96 144. 68 280. 14
177-178 260 3.08 0.34 1.05 79. 68 80. 73 1.69 136. 43 0. 00 144. 68 144. 68 281. 11
178-179 271 7.72 0.34 2.62 80. 73 83. 35 1.69 140. 87 0.00 144. 68 144. 68 285. 55
179-180 TJH / 0.34 / 83.35 83. 35 1.69 140. 86 28.94 144. 68 173. 62 314. 48
180-181 / / 0.34 / 314. 08 314. 08 1. 46 458. 56 0. 00 173. 62 173. 62 632. 18
181-182 T) 4 / 0.34 / 314. 08 314. 08 1. 46 458. 56 23.15 173. 62 196. 77 655. 33




HFC TSR EA S

e e e BURE\ i | A0 | s | o | R o | KRR @0 | PR 0| IR @
1 2 3 4 6 7 8 9 10 12 13 14 15 16 17 18 19 20
12 | 425 | 4.28 | 300 | 0.0030 | 0.61 | 0.025 | 0.06 | 15.08 [0.114 | 240.58 [240.86 | 239.69 | 238.70 | 239.58 [238.59 | 1.00 | 2.28
23 | 376 [ 11.28 | 300 [ 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 |0.120 | 240.86 | 240.54 | 238.70 | 237.57 | 238.40 [237.27 | 2.46 | 3.27
34 | 261 [ 22.55 | 350 [ 0.0020 | 0.66 | 0.051 | 0.09 | 33.42 [0.182 | 240.54 |240.31 | 237.40 | 236.88 | 237.22 [236.70 | 3.32 | 3.61
4=5 | 159 [ 29.08 | 350 [ 0.0020 | 0.71 | 0.054 | 0.11 | 38.57 |0.193 [240.31 |240.17 | 236.88 | 236.56 | 236.69 |236.37 | 3.62 | 3.80
56 | 136 | 32.30 | 350 [ 0.0020 | 0.73 | 0.055 | 0.11 | 40.40 [0.196 | 240.17 | 240.06 | 236.56 | 236.29 | 236.36 |236.09 | 3.81 | 3.97
67 | 421 | 34.31 | 350 [ 0.0020 | 0.76 | 0.058 | 0.12 | 44.22 [0.203 | 240.06 | 240. 11 | 236.29 | 235.45 | 236.09 |235.25 | 3.97 | 4.87
33-31 | 203 [ 16.10 | 300 [0.0030 | 0.63 | 0.026 | 0.06 | 16.57 [0.120 | 241.29 [241. 12 | 240.41 | 239.63 | 240.29 [239.51 | 1.00 | 1.61
34-35 | 165 | 22.32 | 300 [ 0.0030 | 0.68 | 0.034 | 0.07 | 22.93 [0.144 |241. 12 | 240.96 | 239.63 | 239. 14 | 239.49 [238.99 | .63 | 197
35-36 | 104 [ 23.93 | 350 [ 0.0020 | 0.70 | 0.053 | 0.10 | 36.80 [0.189 [240.96 | 240.85 | 237.31 | 237. 10 | 237. 12 [236.91 | 3.84 | 3.94
36-37 | 179 | 29.30 | 350 [ 0.0020 | 0.73 | 0.055 | 0.11 | 40.40 |0.196 | 240.85 |240.67 | 237. 10 | 236.74 | 236.90 |236.55 | 3.95 | 4. 12
37-38 | 154 | 34.43 | 350 [ 0.0020 | 0.76 | 0.058 | 0.12 | 44.22 |0.203 | 240.67 | 240.51 | 236.74 | 236.43 | 236.54 [236.23 | 4.13 | 4.28
38-39 | 162 | 37.85 | 350 [ 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 |0.210 | 240.51 |240.34 | 236.43 | 236. 11 | 236.22 |235.90 | 4.29 | 4.44
30-8 | 272 [ 41.26 | 400 [ 0.0018 | 0.89 | 0.083 | 0.16 | 74.21 [0.252 | 240.34 [239.90 | 236. 10 | 235.61 | 235.85 [235.36 | 4.49 | 4.54
47-48 | 153 | 8.99 | 300 [0.0030 | 0.61 | 0.025 | 0.06 | 15.08 [0.114 |241.63 [241.50 | 240.74 | 240.16 | 240.63 [240.04 | 1.00 | 1.46
4819 | 266 | 12.53 | 300 [ 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 [0.120 | 241.50 [241.25 | 240. 16 | 239.36 | 240.04 |239.24 | L. 46 | 2.01
19-50 | 266 | 15.61 | 300 0.0020 | 0.64 | 0.040 | 0.09 | 25.57 [0.165 | 241. 25 [240.97 | 239.36 | 238.83 | 239.20 |238.66 | 2.05 | 2.31
5051 | 191 | 25.27 | 350 [ 0.0020 | 0.66 | 0.051 | 0.09 | 33.42 |0.182 | 240.97 |240.67 | 238.79 | 238.41 | 238.61 |238.23 | 2.36 | 2.44
5152 | 163 | 28.66 | 350 [ 0.0020 | 0.68 | 0.052 | 0.10 | 35.08 |0.186 | 240.67 | 240.43 | 238.41 | 238.08 | 238.22 [237.90 | 2.45 | 2.53
5253 | 158 | 31.13 | 350 [ 0.0020 | 0.71 | 0.054 | 0.11 | 38.57 [0.193 [240.43 |240.19 | 238.08 | 237.76 | 237.89 |237.57 | 2.54 | 2.62
53-11 | 103 | 33.27 | 350 [ 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 |0.210 | 240.19 |240.04 | 237.76 | 237.55 | 237. 55 [237.34 | 2.64 | 2.70
60-61 | 283 | 7.43 | 300 [0.0030 | 0.61 | 0.025 [ 0.06 | 15.08 |0. 114 | 242.66 |242.43 | 241.77 | 240.70 | 241.66 |240.58 | 1.00 | 1.85
6162 | 165 | 15.74 | 300 [ 0.0030 | 0.65 | 0.029 [ 0.07 | 18.89 |0.129 | 242.43 [242.30 | 240.70 | 240.21 | 240.57 |240.08 | 1.86 | .22
62-63 | 257 | 19.03 | 300 [ 0.0030 | 0.70 | 0.035 | 0.08 | 24.59 [0.150 | 242.30 |242.09 | 240.21 | 239.44 | 240.06 |239.29 | 2.24 | 2.80
63-64 | 163 | 20.85 | 350 [0.0020 | 0.71 | 0.054 | 0.11 | 38.57 [0.193 [242.09 [241.95 | 230.43 | 239. 11 | 239.24 [238.91 | 2.85 | 3.04
61-65 | 377 | 46.65 | 400 [0.0018 | 0.74 | 0.071 [ 0.12 | 52.25 [0.220 | 241.95 |241.60 | 239.08 | 238.40 | 238.86 |238.18 | 3.09 | 3. 42
6566 | 144 | 56.28 | 400 [0.0020 | 0.80 | 0.072 | 0.12 | 57.68 [0.224 | 241.60 |241.46 | 238.40 | 238. 11 | 238.18 |237.89 | 3.42 | 3.57
66-67 | 53 | 58.55 | 400 [0.0020 | 0.84 | 0.076 | 0.13 | 63.13 [0.232 | 241. 46 [241.41 | 238. 11 | 238.00 | 237.88 |237.77 | 3.58 | 3.64
67-68 | 217 | 64.22 | 400 [ 0.0020 | 0.83 | 0.079 | 0.14 | 68.90 [0.240 [241.41 |[241.21 | 238.00 | 237.57 | 237.76 |237.33 | 3.65 | 3.88
68-69 | 132 | 67.48 | 450 | 0.0015 | 0.90 | 0.107 | 0.19 | 96.64 [0.288 [241.21 |241.09 | 237.57 | 237.37 | 237.28 [237.08 | 3.93 | 4.01
6970 | 132 | 67.86 | 450 [ 0.0015 | 0.92 | 0.109 | 0.19 | 100.66 |0.293 | 24109 |240.95 | 237.37 | 237. 17 | 237.08 |236.88 | 4.01 | 4.07
70-71 | 286 | 70.75 | 450 [ 0.0016 | 0.93 | 0.107 | 0.19 | 99.81 |0.288 | 240.95 |240.57 | 237. 17 | 236.71 | 236.88 |236.42 | 4.07 | 4.15
71-72 | 185 [ 81.97 | 500 [ 0.0014 | 0.95 | 0.135 | 0.21 | 128.79 |0.325 | 240.57 | 240.31 | 236.70 | 236.44 | 236.37 [236. 11 | 4.20 | 4.20
72-14 | 319 [ 84.55 | 500 [ 0.0014 | 0.98 | 0.137 [ 0.22 | 134.08 [0.330 | 240.31 [239.71 | 236.44 | 235.99 | 236. 11 [235.66 | 4.20 | 4.05



gb
出现流速太小时，有以下解决措施：
1.减少管径D
2.减小充满度t
3.增加管道坡度I（注意不能小于最小坡度）

gb
出现实际流量太小时，有以下解决措施：
1.增大管径D
2.增加充满度t（注意不能大于该径最大充满度）
3.增加管道坡度I
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(n/s) () AT i Y L Vi Y L Vi 2 o | 2

1 2 3 4 6 7 8 9 10 12 13 14 15 16 17 18 19 20
85-86 | 171 | 6.06 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 |0.120 | 242. 49 | 242.38 | 241.61 | 240.99 | 241.49 | 240.87 | 1.00 | L. 51
86-87 | 150 | 14.40 | 300 | 0.0030 | 0.66 | 0.031 ] 0.07 | 20.49 |0.135 | 242.38 | 242. 29 | 240.99 | 240. 54 | 240.86 | 240.41 | 1.52 | 1.88
87-88 | 84 | 16.63 | 300 | 0.0030 | 0.70 | 0.035 ] 0.08 | 24.59 |0.150 | 242. 29 | 242. 24 | 240.54 | 240.29 | 240.39 | 240. 14 | 1.90 | 2. 10
88-89 | 106 | 19.43 | 300 | 0.0030 | 0.73 | 0.037 | 0.08 | 27.13 |0.156 | 242. 24 | 242. 17 | 240.29 | 239.97 | 240. 13 |239.82 | 2.11 | 2. 35
89-90 | 59 | 22.78 | 350 | 0.0022 | 0.75 | 0.054 | 0.11 | 40.46 |0.193 | 242. 17 | 242. 13 | 239.96 | 239.83 | 239. 77 | 239.64 | 2.40 | 2. 49
90-91 | 318 | 33.28 | 350 | 0.0020 | 0.76 | 0.058 | 0.12 | 44.22 |0.203 | 242. 13 | 241.93 | 239.83 | 239. 19 | 239. 63 | 235.99 | 2.50 | 2. 94
91-92 | 258 | 40.58 | 400 | 0.0015 | 0.79 | 0.082 | 0.15 | 64.98 |0.248 | 241.93 | 241.67 | 239. 19 | 238.80 | 238.94 | 238.55 | 2.99 | 3. 12
92-93 | 175 | 48.51 | 400 | 0.0015 | 0.83 | 0.085 | 0.16 | 70.59 |0.256 | 241.67 | 241. 49 | 238.80 | 238.54 | 238.54 | 238.28 | 3.13 | 3.21
93-94 | 201 | 52.27 | 400 | 0.0016 | 0.86 | 0.085 | 0.16 | 72.91 |0.256 | 241.49 | 241.28 | 238.54 | 238.22 | 238.28 | 237.96 | 3.21 | 3.32
94-95 | 95 | 54.90 | 400 | 0.0016 | 0.88 | 0.086 | 0.17 | 75.94 |0.260 | 241.28 | 241. 18 | 238.22 | 238.07 | 237.96 | 237.81 | 3.32 | 3.37
95-96 | 216 | 58.03 | 450 | 0.0016 | 0.89 | 0.104 ] 0.17 | 91.87 |0.279 | 241. 18 | 240.97 | 238.04 | 237.69 | 237.76 | 237.41 | 3.42 | 3.56
96-97 | 278 | 63.17 | 450 | 0.0016 | 0.91 | 0.105 ] 0.18 | 95.78 |0.284 | 240.97 | 240.55 | 237.69 | 237.25 | 237. 41 | 236.96 | 3.56 | 3.59
97-98 | 169 | 69.81 | 450 | 0.0016 | 0.93 | 0.107 | 0.19 | 99.81 |0.288 | 240.55 | 240.29 | 237. 25 | 236.98 | 236.96 | 236.69 | 3.59 | 3. 60
98-17 | 195 | 73.05 | 450 | 0.0016 | 0.95 | 0.109 | 0.19 | 103.96 | 0. 293 | 240. 29 | 240. 00 | 236.98 | 236.67 | 236.69 | 236.38 | 3.60 | 3. 63
115-116 309 | 2.26 | 300 | 0.0030 | 0.61 | 0.025 | 0.06 | 15.08 |0.114 | 242.32 |242.02 | 241. 43 | 240. 21 | 241.32 |240.09 | 1.00 | 1.93
116-117] 388 | 13.82 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 | 0.120 | 242.02 | 241. 44 | 240.21 | 239.05 | 240.09 |238.93 | 1.93 | 2.51
117-118] 268 | 23.55 | 350 | 0.0020 | 0.66 | 0.051 | 0.09 | 33.42 |0.182 | 241.44 | 241.03 | 239.05 | 238.51 | 238.87 |238.33 | 2.57 | 2.70
118-119] 265 | 33.57 | 350 | 0.0020 | 0.71 | 0.054 | 0.11 | 38.57 | 0.193 | 241.03 | 240.62 | 238.51 | 237.98 | 238.32 |237.79 | 2.71 | 2.83
119-120] 167 | 40.18 | 350 | 0.0020 | 0.73 | 0.055 | 0.11 | 40.40 |0.196 | 240.62 | 240.36 | 237.98 | 237.65 | 237.78 |237.45 | 2.84 | 2.91
12021] 218 | 45.06 | 350 | 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 | 0.210 | 240.36 | 240.02 | 237.65 | 237. 21 | 237.44 |237.00 | 2.92 | 3.02
132-133] 472 | 1.75 | 300 | 0.0030 | 0.61 | 0.025 | 0.06 | 15.08 |0.114 | 241.81 | 241 61 | 240.92 | 239.31 | 240.81 |239.19 | 1.00 | 2.42
133-134] 248 | 3.50 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 | 0.120 | 241.61 | 241.26 | 239.31 | 238.57 | 239. 19 |238.45 | 2.42 | 2.81
134-135] 262 | 34.23 | 350 | 0.0020 | 0.71 | 0.054 | 0.11 | 38.57 | 0.193 | 241.26 | 240.90 | 238.57 | 238.05 | 238.38 |237.85 | 2.88 | 3.05
135-136] 258 | 39.84 | 350 | 0.0020 | 0.76 | 0.058 | 0.12 | 44.22 |0.203 | 240.90 | 240.52 | 238.05 | 237.53 | 237.85 |237.33 | 3.05 | 3.19
136-137] 275 | 45.23 | 350 | 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 | 0.210 | 240.52 | 240.28 | 237.53 | 236.98 | 237.32 |236.77 | 3.20 | 3.51
137-138] 408 | 49.30 | 350 | 0.0020 | 0.84 | 0.063 | 0.13 | 52.55 | 0.217 | 240.28 | 240. 14 | 236.98 | 236. 16 | 236.76 |235.95 | 3.52 | 4.19
138-23] 430 | 54.60 | 350 | 0.0020 | 0.90 | 0.066 | 0.15 | 59.47 | 0.228 | 240. 14 | 239.88 | 236. 16 | 235.30 | 235.93 |235.07 | 4.21 | 4.81
145-146] 204 | 18.82 | 350 | 0.0020 | 0.61 | 0.043 | 0.08 | 26.23 |0.161 | 241. 11 | 241.66 | 240.22 | 240.36 | 240.06 |240.20 | 1.05 | 1.46
146-147] 294 | 24.72 | 350 | 0.0020 | 0.63 | 0.048 | 0.09 | 30.29 | 0.175 | 241.66 | 241. 34 | 240.36 | 239.77 | 240. 19 |239.60 | 1.47 | 1.74
147-148] 219 | 37.79 | 350 | 0.0020 | 0.71 | 0.054 | 0.11 | 38.57 | 0.193 | 241.34 | 241. 11 | 239.77 | 239.33 | 239.58 |239.14 | 1.76 | 1.97
148-149] 110 | 41.59 | 350 | 0.0020 | 0.75 | 0.057 | 0.11 | 42.28 |0.200 | 241. 11 | 241.00 | 239.33 | 239. 11 | 239.13 |238.91 | 1.98 | 2.09
149-150] 173 | 48.47 | 350 | 0.0020 | 0.82 | 0.061 | 0.13 | 50.37 | 0.213 | 241.00 | 240. 74 | 239. 11 | 238.76 | 238.90 |238.55 | 2.10 | 2.19
150-151] 239 | 51.18 | 350 | 0.0020 | 0.84 | 0.063 | 0.13 | 52.55 | 0.217 | 240.74 | 240.39 | 238.76 | 238.28 | 238.54 |238.07 | 2.20 | 2.33
151-25] 292 | 59.58 | 400 | 0.0015 | 0.85 | 0.086 | 0.17 | 73.53 | 0.260 | 240.39 | 239.95 | 238.28 | 237.84 | 238.02 |237.58 | 2.37 | 2.37
157-158] 178 | 2.97 | 300 | 0.0030 | 0.61 | 0.025 | 0.06 | 15.08 |0.114 | 242.75 | 242.66 | 241.86 | 241.24 | 241.75 |241. 13 | 1.00 | 1.53
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158-159] 247 | 6.27 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 | 0.120 | 242.66 | 242.53 | 241.24 | 240.50 | 241. 12 |240.38 | 1.54 | 2. 15
159-160] 382 | 10.30 | 300 | 0.0030 | 0.66 | 0.031 | 0.07 | 20.49 | 0.135 | 242.53 | 242. 31 | 240.50 | 239.35 | 240.37 |239.22 | 2.16 | 3.09
160-161] 138 | 12.56 | 300 | 0.0030 | 0.70 | 0.035 | 0.08 | 24.59 | 0.150 | 242.31 | 242.23 | 239.35 | 238.94 | 239.20 |238.79 | 3.11 | 3.44
161-162] 595 | 14.83 | 300 | 0.0030 | 0.73 | 0.037 | 0.08 | 27.13 |0.156 | 242.23 | 241.63 | 238.94 | 237. 16 | 238.78 |237.00 | 3.45 | 4.63
162-163] 214 | 16.77 | 300 | 0.0030 | 0.75 | 0.038 | 0.08 | 28.49 | 0.159 | 241.63 | 241.39 | 240.29 | 239.41 | 240. 13 |239.25 | 1.50 | 2. 14
163-164] 203 | 24.43 | 350 | 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 |0.210 | 241.39 | 241. 16 | 239. 41 | 239.00 | 239.20 |238.79 | 2.19 | 2.37
164-165] 197 | 30.05 | 350 | 0.0020 | 0.76 | 0.058 | 0.12 | 44.22 |0.203 | 241. 16 | 240.93 | 239.00 | 238.61 | 238.80 |238.40 | 2.36 | 2.53
165-166] 197 | 35.24 | 350 | 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 | 0.210 | 240.93 | 240.68 | 238.61 | 238.22 | 238.40 |238.01 | 2.53 | 2.67
166-167] 200 | 41.16 | 350 | 0.0020 | 0.84 | 0.063 | 0.13 | 52.55 | 0.217 | 240.68 | 240.42 | 238.22 | 237.82 | 238.00 |237.60 | 2.68 | 2.82
167-168] 278 | 45.33 | 350 | 0.0020 | 0.88 | 0.065 | 0.14 | 57.09 | 0.224 | 240.42 | 240.06 | 237.82 | 237.26 | 237.60 |237.04 | 2.82 | 3.02
195-196] 264 | 1.74 | 300 | 0.0030 | 0.61 | 0.025 | 0.06 | 15.08 |0.114 | 242.94 | 242.86 | 242.05 | 241.18 | 241.94 |241.07 | 1.00 | 1.79
196-197] 264 | 13.83 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 | 0.120 | 242.86 | 242.78 | 241. 18 | 240.39 | 241.06 |240.27 | 1.80 | 2.51
197-198] 251 | 22.59 | 350 | 0.0021 | 0.65 | 0.048 | 0.09 | 31.03 |0.175 | 242.78 | 242. 71 | 240.39 | 239.86 | 240.22 |239.69 | 2.57 | 3.02
198-199] 81 | 30.08 | 350 | 0.0020 | 0.66 | 0.051 | 0.09 | 33.42 |0.182 | 242. 71 | 242.68 | 239.86 | 239.70 | 239.68 |239.52 | 3.03 | 3.16
199-200] 202 | 31.64 | 350 | 0.0020 | 0.70 | 0.053 | 0.10 | 36.80 | 0.189 | 242.68 | 242.43 | 239.70 | 239.30 | 239.51 |239. 11 | 3.17 | 3.32
200-201] 202 | 35.32 | 350 | 0.0020 | 0.73 | 0.055 | 0.11 | 40.40 |0.196 | 242. 43 | 242. 25 | 239.30 | 238.90 | 239. 10 | 238.70 | 3.33 | 3.55
201-202] 161 | 39.14 | 400 | 0.0016 | 0.75 | 0.076 | 0.13 | 56.46 |0.232 | 242.25 | 242.08 | 238.83 | 238.57 | 238.60 | 235.34 | 3.65 | 3.74
202-203] 183 | 41.86 | 400 | 0.0015 | 0.76 | 0.079 | 0.14 | 59.67 |0.240 | 242.08 | 241.89 | 238.57 | 238.30 | 238.33 | 235.06 | 3.75 | 3.83
203-204] 244 | 46.16 | 400 | 0.0015 | 0.79 | 0.082 | 0.15 | 64.98 |0.248 | 241.89 | 241.69 | 238.30 | 237.93 | 238.05 | 237.69 | 3.84 | 4.00
204-205| 376 | 49.73 | 400 | 0.0015 | 0.85 | 0.086 | 0.17 | 73.53 | 0.260 | 241.69 | 241.27 | 237.93 | 237.37 | 237.67 | 237.11 | 4.02 | 4. 16
205-206] 211 | 98.22 | 500 | 0.0012 | 0.86 | 0.133 | 0.21 | 114.48 |0.320 | 241.27 | 241. 04 | 237.33 | 237.08 | 237.01 | 236.76 | 4.26 | 4.28
206-207] 152 | 99.95 | 500 | 0.0012 | 0.88 | 0.135 ] 0.21 | 119.24 |0.325 | 241. 04 | 240.85 | 237.08 | 236.90 | 236.76 | 236.57 | 4.28 | 4.28
207-208] 158 |101.23 | 500 | 0.0012 | 0.90 | 0.137 | 0.22 | 124. 14 | 0.330 | 240.85 | 240. 67 | 236.90 | 236.71 | 236.57 | 236.38 | 4.28 | 4. 29
208-209] 197 |102.53 | 500 | 0.0012 | 0.92 | 0.140 | 0.23 | 129. 18 | 0.335 | 240. 67 | 240. 44 | 236. 71 | 236. 47 | 236.38 | 236. 14 | 4.29 | 4. 30
209-210] 166 |105.39 | 500 | 0.0012 | 0.95 | 0.142 | 0.24 | 134.38 |0.340 | 240. 44 | 240. 25 | 236.47 | 236.27 | 236.13 | 235.93 | 4.31 | 4. 32
210-171] 123 |106.91 | 500 | 0.0012 | 0.99 | 0.147 | 0.25 | 145.25 | 0.350 | 240. 25 | 240. 12 | 236. 27 | 236. 12 | 235.92 | 235.77 | 4.33 | 4. 35
221-222] 159 | 34.72 | 350 | 0.0020 | 0.70 | 0.053 | 0.10 | 36.80 |0.189 | 241.77 | 241.58 | 240.91 | 240. 40 | 240.72 | 240.21 | 1.05 | 1.37
222-223] 180 | 37.08 | 350 | 0.0020 | 0.80 | 0.060 | 0.13 | 48.26 |0.210 | 241.58 | 241.38 | 240.40 | 240,04 | 240.19 |239.83 | 1.39 | 155
223-224] 184 | 49.25 | 400 | 0.0016 | 0.82 | 0.082 | 0.15 | 67.11 |0.248 | 241.38 | 241. 18 | 240.03 | 239. 73 | 239. 78 | 239.49 | 1.60 | 1.69
224-225| 158 | 56.13 | 400 | 0.0016 | 0.84 | 0.083 | 0.16 | 69.97 |0.252 | 241. 18 | 240. 98 | 239.73 | 239. 48 | 239. 48 |239.23 | 1.70 | 1. 75
225-226] 182 | 61.83 | 400 | 0.0016 | 0.88 | 0.086 | 0.17 | 75.94 |0.260 | 240.98 | 240.80 | 239.48 | 239. 19 | 239.22 | 238.93 | 1.76 | 1.87
226-227] 184 | 68.21 | 450 | 0.0014 | 0.89 | 0.109 | 0.19 | 97.25 |0.293 | 240.80 | 240.61 | 239. 17 | 238.92 | 238.88 | 238.62 | 1.92 | 1.99
227-228] 178 | 74.15 | 500 | 0.0012 | 0.90 | 0.137 | 0.22 | 124. 14 |0.330 | 240. 61 | 240. 43 | 238.90 | 238.69 | 238.57 | 238.36 | 2.04 | 2. 07
228-229] 158 | 79.92 | 500 | 0.0012 | 0.95 | 0.142 | 0.24 | 134.38 |0.340 | 240. 43 | 240. 27 | 238.69 | 238.50 | 238.35 | 235.16 | 2.08 | 2. 11
229-173] 235 | 84.11 | 500 | 0.0012 | 0.97 | 0.144 | 0.24 | 139.73 |0.345 | 240. 27 | 240. 03 | 238.50 | 238.22 | 238. 16 | 237.87 | 2.12 | 2. 16
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245-246| 308 | 11.10 | 300 | 0.0030 | 0.63 | 0.026 | 0.06 | 16.57 |0.120 | 242.34 | 242. 21 | 240.54 | 240. 41 | 240. 42 | 240.29 | 1.00 | 1. 92
246-247] 280 | 16.41 | 300 | 0.0030 | 0.65 | 0.029 | 0.07 | 18.89 |0.129 | 242.21 | 241.86 | 240.41 | 239.57 | 240.28 |239.44 | 1.93 | 2. 42
247-248] 280 | 29.11 | 350 | 0.0020 | 0.66 | 0.051 | 0.09 | 33.42 |0.182 | 241.86 | 241.52 | 239.57 | 239.01 | 239.39 | 238.83 | 2. 47 | 2.69
248-249] 191 | 38.69 | 350 | 0.0025 | 0.80 | 0.054 | 0.11 | 43.13 |0.193 | 241.52 | 241.29 | 239.01 | 238.53 | 238.82 | 238.34 | 2.70 | 2. 95
249-250] 171 | 45.27 | 400 | 0.0016 | 0.82 | 0.082 | 0.15 | 67.11 |0.248 | 241.29 | 241.09 | 238.53 | 238.26 | 238.28 | 238.01 | 3.01 | 3.08
250-251] 196 | 49.17 | 400 | 0.0015 | 0.83 | 0.085 | 0.16 | 70.59 |0.256 | 241.09 | 240.86 | 238. 26 | 237.97 | 238.00 | 237.71 | 3.09 | 3. 15
251-252] 169 | 54.10 | 400 | 0.0015 | 0.85 | 0.086 | 0.17 | 73.53 |0.260 | 240.86 | 240. 67 | 237.97 | 237.72 | 237.71 |237.46 | 3.15 | 3.21
252-253] 180 | 58.31 | 400 | 0.0016 | 0.88 | 0.086 | 0.17 | 75.94 | 0.260 | 240. 67 | 240. 46 | 237.72 | 237. 43 | 237.46 | 237.17 | 3.21 | 3.29
253-254] 160 | 62.10 | 450 | 0.0015 | 0.92 | 0.109 | 0.19 | 100.66 |0.293 | 240. 46 | 240. 28 | 237.41 | 237. 17 | 237. 12 | 236.88 | 3.34 | 3. 40
254-174] 172 | 65.11 | 450 | 0.0016 | 0.95 | 0.109 | 0.19 | 103.96 | 0.293 | 240. 28 | 240. 08 | 237. 17 | 236.89 | 236.88 | 236.60 | 3.40 | 3.48
263-264] 276 | 8.55 | 300 | 0.0030 | 0.61 | 0.025 ] 0.06 | 15.08 |0.114 | 241. 11 | 241.37 | 240. 22 | 239. 66 | 240. 11 |239.54 | 1.00 | 1. 83
264-265| 271 | 15.25 | 300 | 0.0030 | 0.70 | 0.035 ] 0.08 | 24.59 |0.150 | 241.37 | 241. 17 | 239.66 | 238.85 | 239.51 | 238.70 | 1.86 | 2. 47
265-266] 203 | 19.84 | 300 | 0.0031 | 0.71 | 0.035 ] 0.08 | 25.00 |0.150 | 241,17 | 241.00 | 238.85 | 238.22 | 238.70 | 238.07 | 2.47 | 2. 93
266-267| 144 | 24.40 | 350 | 0.0022 | 0.73 | 0.053 | 0.10 | 38.60 |0.189 | 241.00 | 240.88 | 238.21 | 237.89 | 238.02 | 237.70 | 2.98 | 3. 18
267-268| 184 | 27.49 | 350 | 0.0024 | 0.78 | 0.054 | 0.11 | 42.26 |0.193 | 240.88 | 240.69 | 237.89 | 237.45 | 237.70 | 237.26 | 3.18 | 3. 43
268-269] 313 | 31.38 | 350 | 0.0026 | 0.81 | 0.054 | 0.11 | 43.98 |0.193 | 240.69 | 240.37 | 237.45 | 236.64 | 237.26 | 236.44 | 3.43 | 3.93
269-270] 161 | 34.09 | 350 | 0.0027 | 0.83 | 0.054 | 0.11 | 44.82 |0.193 | 240.37 | 240. 21 | 236.64 | 236.21 | 236.45 | 236.01 | 3.92 | 4. 20
270-176| 235 | 35.18 | 350 | 0.0028 | 0.84 | 0.054 | 0.11 | 45.64 |0.193 | 240.21 | 239.98 | 236. 21 | 235.55 | 236.02 | 235.36 | 4.19 | 4. 62
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7-8 | 474 | 35.50 | 350 | 0.0020 | 0.70 | 0.053 | 0.10 | 36.80 | 0.189 | 240. 11 | 239.90 | 239. 25 | 238.60 | 239.06 | 238.41 | 1.05 | 1. 49
89 | 256 | 42.76 | 400 | 0.0017 | 0.72 | 0.071 | 0.12 | 50.77 |0.220 | 239.90 | 240.00 | 238.58 | 238. 14 | 238.36 | 237.92 | 1.54 | 2.08
9-10 | 262 | 44.04 | 400 | 0.0018 | 0.76 | 0.072 | 0.12 | 54.72 | 0.224 | 240.00 | 240.02 | 238. 14 | 237.67 | 237.92 | 237.44 | 2.08 | 2.58
10-11 | 230 | 44.83 | 400 | 0.0018 | 0.76 | 0.072 | 0.12 | 54 72 |0.224 | 240.02 | 240. 04 | 237.67 | 237.26 | 237.45 |237.03 | 2.57 | 3.01
11-12 | 329 | 73.42 | 450 | 0.0015 | 0.78 | 0.096 | 0.15 | 74.84 |0.261 | 240.04 | 240,02 | 237.24 | 236.75 | 236.98 |236.49 | 3.06 | 3.53
12-13 | asa 1 76.04 | 450 [ 0.0014 | 0.79 | 0.100 | 0.16 | 78.92 |0.270 | 240. 02 [239.90 | 236.75 | 236. 21 | 236.48 |235.94 | 3.54 | 3.96
13-14 | 309 | 78.14 | 450 | 0.0014 | 0.83 | 0.104 | 0.17 | 85.94 | 0.279 | 239.90 | 239.71 | 236.21 | 235.78 | 235.93 |235.50 | 3.97 | 4.21
14-15 | 192 |152.29 | 600 | 0.0010 | 0.85 | 0.184 | 0.23 | 156.42 | 0.372 | 239. 71 | 240.00 | 235.72 | 235.53 | 235.35 |235.16 | 4.36 | 4.84
15-16 | 226 | 154.18 | 600 | 0.0011 | 0.89 | 0.184 | 0.23 | 164.05 | 0.372 | 240.00 | 240.01 | 235.53 | 235.28 | 235.16 |234.91 | 4.84 | 5. 10
16-17 | 303 |156.28 | 600 | 0.0011 | 0.91 | 0.187 | 0.24 | 171.04 | 0.378 | 240. 01 | 240.00 | 239.09 | 238.74 | 238.71 |238.37 | 1.30 | 1.63
17-18 | 153 |214.18 | 600 | 0.0015 | 1.12 | 0.194 | 0.26 | 216.78 | 0.390 | 240.00 | 239.98 | 238.74 | 238.51 | 238.35 |238.12 | 1.65 | 1.86
18-19 | 306 |215.11 | 600 | 0.0015 | 1.14 | 0.198 | 0.26 | 225.69 | 0.396 | 239.98 | 240.08 | 238.51 | 238.05 | 238. 11 |237.66 | 1.87 | 2.43




%ﬁ%%;%glﬁii% %ﬁnﬁﬁﬁgiﬁﬁﬁ@ ﬁ@g? *g*cfﬁﬁf b ﬂ?ﬁ%/mj m?ﬁ%/mj %ﬁﬁﬁ%/%) @?%E/?)

(n/s) () AT i Y L Vi Y L Vi 2 o | 2

1 2 3 4 6 7 8 9 10 12 13 14 15 16 17 18 19 20

1920 | 260 |216.01 | 600 | 0.0016 | 1.18 | 0.198 | 0.26 | 233.09 | 0.396 | 240. 08 | 240. 00 | 238.05 | 237.63 | 237.65 |237.24 | 2.43 | 2.76
20-21 | 275 |217.53 | 600 | 0.0015 | 1.19 | 0.205 | 0.28 | 244.30 | 0.408 | 240. 00 | 240. 02 | 237.63 | 237.22 | 237.22 |236.81 | 2.78 | 3.21
21-22 | 712 |252.75 | 600 | 0.0017 | 1.27 | 0.205 | 0.28 | 260.08 |0.408 | 240.02 | 239.92 | 237.22 | 236.01 | 236.81 | 235.60 | 3.21 | 4.32
22-23 | 367 1255.90 | 700 | 0.0018 | 1.29 | 0.255 | 0.28 | 330.04 |0.441 | 239.92 | 239.88 | 235.94 | 235.28 | 235.50 | 234.84 | 4.42 | 5.04
23-24 | 285 1299.00 | 700 | 0.0018 | 1.32 | 0.260 | 0.29 | 343.92 | 0.448 | 239.88 | 240. 05 | 238.33 | 237.99 | 237.88 |237.54 | 2.00 | 2.51
24-25 | 501 |303.02 | 700 | 0.0018 | 1.38 | 0.269 | 0.31 | 372.93 |0.462 | 240. 05 | 239. 95 | 237.99 | 237.09 | 237.53 |236.63 | 2.52 | 3. 232
25-180 | 572 |348.41 | 700 | 0.0018 | 1.38 | 0.269 | 0.31 | 372.93 | 0.462 | 239.95 | 240.07 | 237.09 | 236.06 | 236.63 | 235.60 | 3.32 | 4. 47
168-169] 289 | 52.17 | 450 | 0.0014 | 0.70 | 0.090 | 0.14 | 63.08 | 0.248 | 240.06 | 240.08 | 239. 16 | 238.77 | 238.91 |238.53 | 1.15 | 1.55
169-170] 239 | 53.75 | 450 | 0.0014 | 0.72 | 0.092 | 0.14 | 66.06 | 0.252 | 240.08 | 240. 10 | 238.77 | 238.44 | 238.52 |238.18 | 1.56 | 1.92
170-171] 573 | 55.21 | 450 | 0.0014 | 0.74 | 0.094 | 0.15 | 69.14 |0.257 | 240. 10 | 240. 12 | 238. 44 | 237.64 | 238. 18 |237.38 | 1.92 | 2.74
171-172] 200 |154. 11 | 600 | 0.0014 | 1.01 | 0.184 | 0.23 | 185.07 | 0.372 | 240. 12 | 240.09 | 237.60 | 237.32 | 237.23 |236.95 | 2.89 | 3. 14
172-173] 570 | 154.84 | 600 | 0.0015 | 1.04 | 0.184 | 0.23 | 191.57 | 0.372 | 240.09 | 240.03 | 237.32 | 236.47 | 236.95 |236.09 | 3. 14 | 3.94
173-174] 895 |159.35 | 600 | 0.0016 | 1.08 | 0.184 | 0.23 | 197.85 | 0.372 | 240.03 | 240.08 | 236. 47 | 235.04 | 236. 10 |234.67 | 3.93 | 5.41
174-175] 138 |216.99 | 600 | 0.0015 | 1.17 | 0.201 | 0.27 | 234.86 | 0. 402 | 240.08 | 240. 10 | 239. 18 | 239.00 | 238.78 |238.59 | 1.30 | 1.51
175-176] 241 | 217.83 | 600 | 0.0016 | 1.23 | 0.205 | 0.28 | 252.32 | 0. 408 | 240. 10 | 239.98 | 239.00 | 238.61 | 238.59 |238.21 | 1.51 | 1.77
176-177/1457 | 280. 14 | 700 | 0.0016 | 1.37 | 0.278 | 0.33 | 380.60 | 0.476 | 239.98 | 239.95 | 238.59 | 236.25 | 238.11 |235.78 | 1.87 | 4.17
177-178] 186 | 281.11 | 700 | 0.0017 | 1.41 | 0.278 | 0.33 | 392.31 | 0.476 | 239.95 | 239.97 | 236.25 | 235.93 | 235.77 |235.46 | 4.18 | 4.51
178-179] 522 | 285.55 | 700 | 0.0019 | 1.52 | 0.283 | 0.34 | 431.27 | 0.483 | 239.97 | 240. 12 | 239. 05 | 238. 21 | 238.57 |237.73 | 1.40 | 2.39
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3RD MK TERIHEBRKERILKERICER

EIE T ERK/m ABUKI G S | ABULKIE A/ T /K AR/ IEK R/
1-2 205 73 3. 38 0. 00 3. 38
2-3 234 73 7.04 3. 38 10. 42
34 321 74 8.73 10. 42 19.15
4-5 196 80 3. 68 35. 57 39. 25
56 344 89 9.13 43. 87 53. 00
6-7 277 100 6. 27 29. 67 65. 94
-8 201 106 3. 04 69. 80 72.84
8-9 263 111 3. 11 76. 54 79.65
9-10 208 116 2. 90 82.95 85. 85
10-11 287 124 4. 31 92. 80 97.11
11-12 174 133 2. 11 102. 81 104.92
12-13 268 142 3. 65 108. 29 111.94
13-14 90 / 0. 00 118.97 118.97
15-16 198 7 6. 28 0. 00 6. 28
16-17 254 76 6. 22 6. 28 12. 50
17-4 190 75 3. 92 12. 50 16. 42
18-19 151 82 2. 83 0. 00 2. 83
19-5 182 81 1. 79 2. 83 4.62
20-21 143 91 3. 62 0. 00 3. 62
21-6 150 90 3. 05 3. 62 6. 67
23-22 120 102 1.84 0. 00 1.84
22-7 149 101 2. 02 1.84 3. 86
24-8 165 107 3. 70 0. 00 3. 70
25-9 196 112 3. 30 0. 00 3. 30
2627 149 o8, 114 5. 22 0. 00 5. 22
27-10 186 115 1.73 5. 22 6.95
28-29 141 122 2. 94 0. 00 2. 94
29-11 186 123 2. 76 2.94 2. 70
30-31 190 131 1.99 0. 00 1.99
31-12 183 132 1.38 1.99 3.37
32-33 164 140 4.48 0. 00 4.48
33-13 182 141 2. 95 4.48 7.03




RE MATEKATER

it | e [0k | AR min | wmeei| st | e |, gk | ocpppm | SCHHuERRE/m | BCHE AR/ | R/ n
5 L/m Fha | p=>L/m60v)| 2=L/60v | o/ (L/s.had) |Q/ (L/s) | D/mm - v/ (m/s) | Q/ (L/s) b S b e dm | sam
1 2 3 4 5 6 7 8 9 10 13 15 16 17 18 19 20
1-2 205 3. 38 0. 00 3.78 102. 87 347.71 700 0.00164 0.91 348. 29 242.82 | 242.78 | 241.42 241.08 | 1.40 | 1.70
2-3 234 10. 42 3.78 3. 45 84. 89 884. 53 1000 | 0.00159 1.13 887. 74 242,78 | 242.59 | 240.78 | 240.41 | 2.00 | 2.18
3-4 321 19. 15 7.23 4.29 73. 47 1407.00 | 1200 [ 0.00152 1.25 1411. 43 242.59 | 242.33 | 240.21 | 239.72 | 2.38 | 2.61
4-5 196 39. 25 11.51 2.33 63. 18 2479.69 | 1500 | 0.00143 1. 40 2482. 18 242.33 | 242.17 | 239.42 | 239.14 | 2.91 ] 3.03
5-6 344 53. 00 13. 84 3. 89 58. 79 3115.84 | 1640 | 0.00140 1.47 3115. 80 242,17 | 241.88 | 239.00 | 238.52 | 3.17 | 3.36
6-7 277 65. 94 17.73 3. 36 52.76 3478.90 | 1800 | 0.00107 1.37 3491. 46 241.88 | 241.61 238.36 | 238.07 | 3.52 ] 3.54
7-8 201 72. 84 21.09 2.41 48. 52 3534. 11 | 1800 | 0.00110 1. 39 3540. 07 241.61 | 241.42 | 238.07 | 237.84 | 3.54 | 3.58
8-9 263 79. 65 23.50 3.04 45.91 3656.65 | 1800 | 0.00118 1. 44 3666. 54 241.42 | 241.18 | 237.84 | 237.53 | 3.58 | 3.65
9-10 | 208 85. 85 26. 54 2.39 43.02 3692. 87 | 1800 | 0.00120 1. 45 3697. 48 241.18 | 241.00 | 237.53 237.28 | 3.65 | 3.72
10-11| 287 97. 11 28. 93 3.05 41. 01 3982.23 | 1800 | 0.00140 1.57 3993. 73 241.00 | 240.60 | 237.28 | 236.88 | 3.72 | 3.72
11-12 | 174 104. 92 31.97 1.82 38.72 4062.40 | 1800 | 0.00145 1. 60 4064. 43 240.60 | 240.36 | 236.88 | 236.63 | 3.72 | 3.73
12-13| 268 111.94 33.79 3.33 37. 48 4195.76 | 2000 | 0.00089 1. 34 4217. 26 240. 36 | 240.00 | 236.43 236.19 | 3.93 | 3.81
13-14 | 90 118.97 37.12 1. 12 35. 42 4214.41 | 2000 | 0.00089 1. 34 4217. 26 240.00 | 239.55 | 236.19 | 236.11 | 3.81 | 3.44
15-16 | 198 6. 28 0. 00 2.56 102. 87 646. 04 800 0. 00278 1.29 647. 42 242.48 | 242.63 | 240.98 | 240.43 | 1.50 | 2.20
16-17| 254 12.50 2.56 4.25 89. 89 1123.65 | 1200 [ 0.00097 1. 00 1127. 52 242.63 | 242.28 | 240.03 239.78 | 2.60 | 2.50
17-4 190 16. 42 6. 81 2.92 74. 68 1226.25 | 1200 [ 0.00115 1. 09 1227. 69 242.28 | 242.33 | 239.78 | 239.56 | 2.50 | 2.77
18-19 | 151 2.83 0. 00 3.32 102. 87 291. 13 700 0.00115 0.76 291. 65 242.07 | 242.11 | 240.67 | 240.50 | 1.40 | 1.61
19-5 182 4.62 3.32 2.91 86. 69 400. 49 700 0.00217 1. 04 400. 63 242. 11 242.17 | 240.50 | 240.10 | 1.61 | 2.07
20-21| 143 3. 62 0. 00 2. 46 102. 87 372. 40 700 0.00188 0.97 372.90 241.80 | 241.84 | 240.40 | 240.13 | 1.40 | 1.71
21-6 | 150 6. 67 2. 46 2.07 90. 33 602. 52 800 0. 00245 1.21 607. 78 241.84 | 241.88 | 240.03 | 239.66 | 1.81 | 2.22
23-221 120 1. 84 0. 00 2.64 102. 87 189. 29 600 0.00141 0.76 214. 09 241.64 | 241.63 | 240.24 | 240.07 | 1.40 | 1.56
221 149 3. 86 2.64 2.74 89. 54 345. 63 700 0.00164 0.91 348. 29 241.63 | 241.61 239. 97 239.73 | 1.66 | 1.88
24-8 165 3.70 0. 00 2.78 102. 87 380. 63 700 0. 00196 0.99 380. 75 241.44 | 241.42 | 240.04 | 239.72 | 1.40 | 1.70
25-9 | 196 3. 30 0. 00 3.70 102. 87 339. 48 700 0. 00156 0. 88 339. 69 241.21 | 241.18 | 239.81 | 239.50 | 1.40 | 1.68
26-27 | 149 5.22 0. 00 2.32 102. 87 536. 99 800 0.00192 1. 07 538. 04 240.99 | 240.89 | 239.49 | 239.20 | 1.50 | 1.69
27-10| 186 6. 95 2.32 3. 11 90. 96 632. 15 900 0.00142 1. 00 633. 45 240.89 | 241.00 | 239.10 | 238.84 | 1.79 | 2.16




g | sk |vrokmEe | EWRKIATI I /min | s msvevie | wrrom | e BT g | seppone | BOHERER/m | WIS/ | R/
5 L/m Fha | >p=>L/m60v)| 2=L/60v | o/ (L/s.had) |Q/ (L/s) | D/mm - v/ (m/s) | Q/ (L/s) A i Fob e g | s

1 2 3 4 5 6 7 8 9 10 13 15 16 17 18 19 20
28-29 | 141 2.94 0. 00 2.99 102. 87 302. 44 700 0.00124 0.79 302. 85 240.60 | 240.59 | 239.20 | 239.03 | 1.40 | 1.56
29-11| 186 5.70 2.99 3.10 88. 07 501. 97 800 0. 00168 1. 00 503. 29 240.59 | 240.60 | 238.93 | 238.61 | 1.66 | 1.99
30-311 190 1.99 0. 00 3.94 102. 87 204. 72 600 0. 00159 0. 80 227. 35 240.36 | 240.35 | 238.96 | 238.66 | 1.40 | 1.69
31-12 | 183 3. 37 3.94 3.03 84. 26 283. 96 600 0. 00249 1.01 284. 51 240.35 | 240.36 | 238.66 | 238.20 | 1.69 | 2.16
32-33| 164 4. 48 0. 00 2.28 102. 87 460. 87 700 0. 00288 1. 20 461. 54 239.86 | 239.92 | 238.46 | 237.99 | 1.40 | 1.93
33-13| 182 7.03 2.28 3.00 91. 14 640. 72 900 0. 00146 1.01 642. 31 239.92 | 240.00 | 237.79 | 237.52 | 2.13 | 2.48
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