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Abstract

The main issue addressed in our case study is the evaluation of the drinking water resource. Water
quality has an important impact on human health since different diseases can be the result of poor
quality. This paper presents several strategies to manage water quality in order to protect human
health by building a decision support system to help the authority of water supply stations to find
information about water management. The water quality service uses a set of (13) water-quality
parameters according to the water quality index (WQI) analysis. The system suggests a decision
for treatment the water so that it can be used by humans after detecting the causes and type of
pollution. Water quality DSS tests the data from the water management stations using
mathematical models. In this paper we use Machine learning and Data mining to build the
decision making system.

Keywords: Decision Support System (DSS); water decision support system; water quality; data

mining.
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AHHOTAUA

OcHOBHOI1 TIPOOIIEMOIA, pACCMOTPEHHON B JIAaHHOW padoTe, ABISIETCS Mpo0ieMa OIeHKH KayecTBa
BOJHBIX PECYpCOB, B TEPBYIO OdYEpelh NHUTHEBOW BOABI. YPOBEHb KadeCTBa BOJBI HMEET
3HAYUTENFHOE BIIMSHUE Ha 370POBBE UEIOBEKA, TaK KaK HEYJIOBIETBOPUTEIFHOE €€ Ka4eCTBO
MOJXKET CTaTh MPUYMHOMN pa3iINyYHBIX 3a0oneBaHnil. B naHHOI paboTe mpeicTaBieHbl HEKOTOPEIE
CTpaTeTuy KOHTPOJIS M YIIPaBICHUS KAYECTBOM BOJIBI C IIETBI0 OXPAHBI 3JIOPOBBS YEIIOBEKA ITyTEM
co3llaHus cUCTeMBl mojyiepkku npuHstus pemenuii (CIIIIP) mnst mcnonp3oBaHus B pabote
COTPYJHHKOB BOJOOXPAaHHBIX CIYy)X0O ¥ TpPEeAOoCTaBIIEHUS WM JOCTynma K WHGOpMAaIuH,
HEOOXOAMMOW TSI YIPABJIICHUS BOJHBIMH pecypcaMu. BomoHam30pHBIE CITYXKOBI HCTOIB3YIOT
KoMIuTeKe u3 13 mapaMeTpoB KadecTBa BOABI HA OCHOBE aHaJIM3a MHAEKca kKadecTBa Boasl (WQI).
CucremMa MOXET TIpejyIarath pelieHus mo o0padoTKe BOABI, TaKUM 00pa3oM, ee meaecooOpa3sHo
KCIIONB30BaTh MOCJE OnpenesieHus npuuuH U tuna 3arpsasHeHus. CIIIIP nias oueHku kauvecTBa
BOJABI W3Yy4YaeT JaHHBIE C BOJMOHAJ30PHBEIX W BOJAOCHAOKAIOMINX CTAHIIUNA TIPU TTOMOIIH
matematuueckux wmopneineil. Jannas CIIIP ocHoBaHa Ha TakuxX mpoleccax Kak MalIdHHOE
o0yuYeHHUe U WHTEIUICKTYAIbHbIN aHAIH3 TAHHBIX.

KaroueBble ciaoBa: Cucrema monaepxku npuasatus pemenuit (CIIIP); CIHIP mia oueHku
KadecTBa BOJBI, KAUECTBO BOJBI, MHTEIUICKTYAIbHBIN aHaTN3 TaHHBIX (data mining).

1. Introduction access to simulation results on flow water- quality

The issue of drinking water quality is very conditions and to offer sophisticated scenario testing
important in the world, so a web-based decision capabilities for research and water-quality planning
support infrastructure has been developed to provide through the graphical user interface with known
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controls [1]. Water crises around the world often
occur because of global climate change and the
increasing intensity of human activity. The main
cause for water crises is the lack of sustainable
methods of water resource management. In response
to the real water resource management problems, a
water-DSS has been designed as an easy-to-use and
user-friendly interface. The DSS consists of an
information management system that leads data
collection, verification, management and
visualization, and models estimated water demand
and water distribution [2]. The management of water
is a complex engineering problem that includes
various technical, social, economic, environmental,
cultural and legal issues depending on the various
forms of uncertainties such as fluctuations,
randomness, the cognitive nature of parameters and
model algorithms. The application of the DSS is
employed in various areas of the management of
water resources such as the management of water
resources, water and wastewater treatment [3]. The
visualization, design and implementation of an online
course on the topic of Decision Support Systems in
River Basin Management is very useful to avoid the
pollution crises. The Planning and Management of
Water Resources increasingly depends on the ways of
decision support such as simulation and Multi
Criteria Analysis [4]. The drinking water networks of
the surface water are weak in the short-term variation
of inputs of organic matter. This affects raw water
quality and increases the intensity of rainfall as well
as the frequency of heavy rainfall events. These
changes may strongly affect the water quality and
processing operations [5]. The development steps of
a decision tool prototype of geographic information
systems (GIS) and the general framework are based
on the decision support system of the river health
diagnosis (RHD-DSS). The system integrates data,
mathematical models and human knowledge on the
river health status, causal factors diagnosis and
restoration decision making in order to assist decision
makers during river restoration and management. It
has four functional components: input module,
database =~ management, diagnostic  indicators
management and visual result module [6]. The
problem of water quality degradation and the lack of
water quantity is urgent in different parts of the world
[7]. The new application model for designing this

software system-composite, service-oriented and
multilayered web information system for the
management of lakes and reservoirs describes the
architecture and services of the application model,
together with the structure and functionalities of the
software solution [8] and is then connected with the
Water Management Information System [9]. To
support water quality management under hybrid
uncertainties, we have developed a model-based
decision support system based on a hybrid uncertain
programming model with fuzzy and interval
coefficients. The system provides an effective tool
for decision makers in dealing with the problems of
water quality and developing policies and strategies
[10]. The fields of water resources, water quality and
river management have greatly influenced the DSS
over the past few decades, resulting in a variety of
decision support systems, such as the Sonhua River.
The aim of this paper is to present a DSS to support
water managers and scientists who have used the
predictive capabilities of the water management
models. These models typically use mathematical
process representations.

2. Design of the water quality-DSS

The water quality-DSS will consist of a set of
guidance and software tools designed to allow
decision-makers to make their own decision-specific
model using interactive tools that permit them to
generate graphs and input data, charts, and
mathematical analyses to teach decision-makers how
to use this conceptual model. Various decision
options can be quantified and evaluated in the larger
context of the conceptual model by using these tools.
Fig. 1 shows the components involved in the
framework design of the water quality-DSS.

The components of the water quality-DSS
approach are many fields as a user interfaces (see
Figure 1). 1 — interface control panel: contains
information about the stations users such as the new
authority wuser interface and station details,
2 — Applications interface: Includes the programs for
calculating water quality and water pollution. 3 —
Report: send the water state report for decisions of
supplying or not supplying water to the people. The
graphical user interface (UI) for water quality-DSS
was programmed in visual C#, and SQL server for
save database.
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The main interface of the system (for all
users)

Interface control panel Interface (compute water quality Interface (compute water
(Only the administrators) (for all users) pollution) (for all users)

Add a new user and save his
{ data in the database (Only the
administrators)

Add new sample and calculating
the degree of water quality
According to specific algorithms
and save that in database(for all
users)

Add new sample and calculating
the degree of water Pollution
{According to specific algorithms
and save that in database (for

all users)

Delete user from the database
(Only the administrators)

Send an email (for all users)

Send an email (for all users)

Update user (Only the
administrators)

Delete sample (Only the
administrators) Delete sample (Only the

administrators)

Edit sample (Only the .
administrators) Edit sample (Only the
administrators)

Reports (Only the
administrators) Repor.ts‘(OnIy the
administrators)

{Charts (Only the administrators
(Only ) {Charts (Only the administrators

Fig. 1. Water quality-DSS Application Framework

3. Water quality-DSS implementation and becomes an important factor to estimate and manage
discussions water, as an indicator. WQI is a mathematical

Water quality index (WQI) is one of the most instrument used to transform large quantities of water
effective tools to communicate information about quality data into a single number, which provides a
water quality to assist people in making a decision. It simple and understandable tool to managers and
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decision makers concerning water quality. The water
quality index provides a single number that expresses
the overall water quality at a certain location and
moment in time, based on several water quality
parameters. Data acquisition is made by 100 unit per
water sample and the results are public [11]. The
water quality index (WQI) was calculated using the
weighted arithmetic index method. The quality rating
scale for each parameter (qi) was calculated using
Equation (1):
. CL
qi = (5) xloo 1)

A quality rating scale (qi) for each parameter is
assigned by dividing the observed concentration (Ci)
for each water sample by its respective standard
value (Si) and the result is multiplied by 100.
Relative weight (wi) is calculated by a value
inversely proportional to the recommended standard

value (Si) of the corresponding parameter using
Equation (2):

wi== )

St

In general, the water quality index (WQI) is
calculated by compiling the quality rating scale (qi)
with unit weight (wi), written in Equation (3) as
follows:

wQI = (ZiZfwix qi) (3)

Where qi is the quality parameter, and wi is the
weight unit of (i) parameter, n represents the number
of parameters, WQI had been discussed for the
specific use and meaning of water quality index. In
this study we considered WQI for drinking purposes
are (100) values using Equation (4).

_ Xiwiqi
wor =5 )
Based on the calculated WQI, the classification of
water quality types are given according to [11], as

shown in Table 1.

Table 1
The conditions used to evaluate water quality
Water qualit .

No | WQI value classi fi(cl:atior? Water quality

1 <50 Excellent Excellent (water is clear and not in contact with domestic wastes. Ideal
for different purposes. No treatment required).

2 50-100 Good water Good (initiation of serious changes in water quality due to
environmental deterioration. Useful for domestic and industrial
purposes, suitable for wildlife and waterfowl).

3 100-200 Poor water Poor (drastic changes in water quality begin to occur the water can be
used for domestic and industrial purposes after intensive treatment).

4 200-300 Very poor water | Very poor (dangerous changes may occur in the ecosystem. Constant
disturbing smell. Conventional treatment costs are augmented).

5 >300 Water unsuitable | Unfit for drinking (highly dangerous pollution. Danger in any form of

for drinking water consumption).

Password

rrent time

3¢

Fig. 2. Authintecation window to input water quality
data

Figure 2 shows the login page to input water
quality data. The user can input a user name and
password), and can change his user name and
password.
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BbINMCANTENBHBIE KAYECTEa EOADI
The current user
E User-name: jalal Surname: karwi Name: jalal
Identification number 2 Usertype:  admin Station: 1 Gty:  baghdad 0
The water quality i —
parameters default “QCI Wi qi Wigqi D Sumame  Name Usemame Type Cty Sation pH val, A
pH value (pH unit) 7.5 75 |0.1333[100 [1333 | jalal jalal admin baghdad 1
7.5
P r— S i-m_f_mﬁ-__f--
Turbidity (NTU) 5 5.0 0.2 100 20 4 karwi jalal jalal admin baghdad 1 75
Dissolved Solids (ma/L) 500 |500 [0.002 [100 |0.2 5 kawi  jalal falal admn  baghdad 2 75
I' = 1 3 karwi jalal jalal admin baghdad 2 75
Hardmess (mp/L) L e AL A L 7 dud s hus  nomal  baghdad 2 75
Calcium (mg/L) 100 100 0.01 100 1 l 8 dul hus hus nomal baghdad 1 75
1
Magnesium (mg/L) 30 30 0.0333 | 100 333 ‘ 9 karwi jalal jalal admin baghdad 1 75
f ] 10 dul hus hus nomal baghdad 1 75
Chioride (mo/L) ﬁ_ 250|250 |0.004 100 |04 | | kawi  jolal el admin  baghdad 2 75
'Sulphate (mg/L) 250 |250 |0.004 [100 |04 | |12 karwi jalal jalal admin baghdad 1 0,
Ammonia (mg/L) 02 |02 |s 100 |so0 | < ‘ T "
Fluoride L £ Cratyc
Iron(m(;:;” ! 4‘ = . = 00| The total number of tests 29
03 |03 33333 [100  [333.33 j (WQI Water Quality Index)
Aluminum (mg/L) 03 [02 33333 [66.667 1222221  rheresur 91,3129770992366  Good water
ﬁs 1 112667 ]1196.2 ] Useful for domestic and industrial purposes, suitable for wildlife and waterfowl
Just for administrator
karwi ame : Send message from e-mail et
: . ' Reports & | charts [l - =
. I Update . |Delete 5 Add % Ok &
" The current time : 02.11.2016 22:14:32

Fig. 3. Main window of data analysis and modeling for water quality calculation

Figure 3 shows the interactive page. The user
can input the data of water quality and also perform
the analysis to calculate the water quality index. The
data analysis and modelling environment can be
retrieved through DBMS in order to calculate the
water quality and actual water status, which is further
provided as an input for analyzing the ecosystem
model to obtain actual advice and benefits of the
distinct practices for avoiding water pollution.

Furthermore, a simulation report generation service
was also provided to the client to facilitate a
comparative analysis of different possible planning
strategies to achieve an optimal solution. All
information is stored in a meta-database. The user
will input data in (Ci) column only, which represents
the observed concentration of each water sample, the
rest columns will be automatically calculated and will
display the data analysis result.
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. ________________________________________________

I
BbIYNCNTENBHDBIE Ka4YECTEa BCADbI
The current user
ame: karwi Name: jalal .’
Send message from E-mail | on: 1 City : baghdad 0
The water quality | =1 -
parameters I | e Usemame Type City Station pHval A
i 2 Administrator e-mail jalal admin baghdad 1 75
= jalal admin baghdad 1 75
Aliabuity (mo /L) SMIP e el admin  baghdad 2 75
Turbidity (NTU) Your Name : " il. jalal admin baghdad 1 75
jalal admin baghdad 2 75
. Password jalal admn  baghdad 2 75
Hardness (mg/L) Subject hus nomal baghdad 2 75
Calcium (mg/L) : hus nomal baghdad 1 75
Magnesium L jalal admin baghdad 1 75
= {no/L) Message change the font hus nomal baghdad 1 75
A special report on the water quality, which were A ?ala] admf" baghdad |2 75
examined jalal admin baghdad 1 10 5
About the sender : 2
: karwi
: jakal 29
PX)
About station : 0992366  Good water
: baghdad
Industrial purposes, suitable for wildlife and waterfowl
about the parameters : & [ Send message from e-mail
pH value (pH unit): 7,5 e u
plete i Add '# 0Ok %
3 I - I 4 TE cqrrent time: 012.@.6}3:17:33
Fig. 4. Main window to send an e-mail report of each data analysis for the stations
The report containing all this information can be quality parameters, which attach information file to
sent via email. Figure 4 shows the main window that an alert mail to provide a suitable decision basis to
allows printing of data after calculating the water the water authority.
1 of 1 b M |« @ | & B A3 H- | 100% - Find | Next
Water quality
—20 = quali
0 quality
[\ 150
99 [99 99 [ 99 [g5 [osl10d 100 100[99 [95[99 [ 99 [95 [99 [95 ][99 [100]sg Tes(100]99] 100 i
™
156.07.201620:38:34 23.06.2016 15:57:52 23.06.2016 16:48:25 23.06.201623:21:02 23.06.201623:30:31 0
Time
. 3 | o vessa %]
Fig. 5. Time series of all water parameters in the stations
Figure 5 shows the variation of water quality and make a comparison between the parameters.
parameters in the stations. From these, we can choose Finally, the report containing all this information is
the date of the input data from the retrieval button sent to the water station suppliers (figure 6).
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N
reportform
id_use¢ family name type wuserr city  statior ph_va alkalir turbidi dissoh hardne calciu magne chloric sulphz ammo fluorid iron  alumin qualty datete A
~[1 |75 |10 [50 (500 (100 100 (30 (250 (250 (02 (10 (03 (02 100 |230..
75 |100 |50 |50 100 100 |3 |250 |250 (02 |10 |03 (02 |10 |220..
o | \karwn jalal |admin dal | > |75 [0 |50 [s0 [100 [100 Bl H‘stoT\T‘éTo.TE’ 20..
1 :31 kaw |jgll |admin |idal |bag.. |1 |75 [100 50 [s00 [100 |10 30 [250 |20 (02 [10 [03 02 (e |:0..
|25 ..|kerwi |jal |acmin |9l |bag.. |2 |75 |100 |50 |500 |100 |100 |30 |20 |20 |02 |10 |03 |02 |e8 |230.|
‘56 31 . [kewi idl |admin il [bag..[2 (75 [100 [50 [500 [100 [100 (30 [0 |20 (o2 [10 [03 [0z [s [z0.]
2 \dm lhus |nor.. |hus |bag.. |2 |75 |00 |50 |50 [100 [100 [30 250 [250 o2 [10 |03 [02 (s |230.
> ‘43 (% s or s beg. 1 (75 (100 50 (S0 00 100 20 20 (02 (10 03 02 % 20
(18 |31 . |kawi |jglal |admin [jslal |bag.. (1 |75 [100 (50 |500 [100 [100 |30 |250 wzso 02 |10 |03 |02 [e9 |230.]
") 543 oldd |ms nor. s beg.. |1 |75 100 (50 [500 100 [100 30 [250 |20 02 |10 (03 |02 |3 |:0..|
B [31..|kewi |idal [acmin il |bog.. [2 (75 [100 |50 [s00 [100 |100 |30 20 20 o1 |10 |03 [o2 | |220. |
:9‘;43,; o 38 [ainn 88 a1 |10 |10 (50 |50 [0 1w [ [ (20 o2 [10 o2 02 s |mo.
35 . |karwi |l |admin el [bag.. [2 |75 [100 |50 500 [100 [100 [0 260 |50 |02 |10 o4 |02 [152 |230.
3 331 kewi |jolal |admin jdal |bag... h 75 |00 (50 |so0 |10 [100 (30 (250 [250 (02 |10 |03 |02 |12 123.0..“
37131 . ke ‘jaIaI |admin el . ‘1 7:5,577ﬁ |50 rsooiﬁiﬁ'ﬁ |20 | 250 [02 [10 o3 |02 Wzaov
!§ Print report for one test ) | Print report for all tests &
ad The current time :: 02.11.2016 22:19:14

Fig. 6 An example for input data for calculatmg the water quality index

Figure 6 displays the data analysis result used
for calculating the water quality index (see the
equations above). Table 1 shows the conditions used
to evaluate water quality which, if the WQI value is
100-200, then the water quality status is poor water
(see Table 1). Finally the program will send an email
report to the authority person which includes all the
test information.

4. Conclusions
The design and implementation of an
environmental decision support system is a challenge
in multi-criteria, involving software engineering,
environmental modelling, as well as service and data

semantics. In this paper, we have proposed an
application for environmental crises, water
management systems incorporating data and

presentation services as well as dynamically selected
simulation models able to calculate water quality
status from real time. Also, we have provided the
analysis tools for estimating strategies to avoid water
pollution effects resulting from the waste industry, oil
pollution and different causes. The present prototype
of the water quality-DSS is limited to 13
environmental criteria water quality and 24 for water
pollution. In this study, a hybrid decision support
system was designed and developed based on a
scoring method and experimental results. A rule-
based system was also created. This system has the
potential to provide useful information for the

optimum selection of water treatment combinations
depending on the type of application and target water
quality. In the case of water pollution, various causes
are observed and processed by using a mathematical
model. The program compares the real value of
pollution parameters with the standard value of these
parameters in order to identify the kind of pollution
and to give an appropriate suggestion for the water
pollution treatment. The water quality-DSS system
automatically computes and measures the water
quality. The water quality-DSS services provide
water management inputs, such as the measured
water quality or the water pollution test per water
application unit. In the future, based on the feedback
received from users, we hope to optimize the water
quality-DSS by collecting improved data sets and
addressing the additional environmental criteria
identified by the users.
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