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Abstract: With the industrial development the envi-
ronment is polluting severely. So this issue becomes
the burning question of Bangladesh and it should be
solved as Sustainable Development aspect. In Ban-
gladesh, the capita city Dhaka is the nerve center of
al activities. The present population of the city is
around 12 million and its growth rate is about 3%.
The city is nearly surrounded by a circular river sys-
tem, which includes Turag, Buriganga, Dhaleswari,
Balu, Lakhya and Tongi Khal.The surface water
along these periphera rivers is known to be highly
polluted due to municipal and industrial untreated
wastewaters that are discharged. At present moment,
Dhaka Water Supply and Sewerage Authority
(DWASA) is highly dependent on ground water for
the water supply in the city. As a result the average
ground water depletion in most area in the city re-
portedly around 1-3 m/year. The present rate of dep-
letion is aarming because it can potentially cause
environmental hazards such as land subsidence pro-
longed water logging, alteration in vegetation etc. So,
more research work should be done on surface water
to make it usable. In this paper the water quality data
of periphera rivers of Dhaka city of different re-
searchers of different time periods have been col-
lected, extracted and then stored in a data warehouse.
Data warehouse is a subject-oriented, integrated,
time-variant and non-volatile collection of data de-
signed to facilitate time-series analysis, trend fore-
casting and decision making. This procedure brings
water quality datain a common platform which gives
researchers or related organizations the opportunity
of processing data quickly to know the past, present
and future trend of water pollution in peripheral rivers
of Dhaka city. It also givesthe

chance of comparing the data from various research-
ers. Water quality data include physicochemical pa-
rameters such as DO (dissolved oxygen), BOD (bio-
chemical oxygen demand), COD (chemical oxygen
demand) and TDS (total dissolved solids) as well as
concentrations of various chemical pollutants (acid
ions, metal ions, ammonia etc).

Keywords: Data warehouse, Peripheral River, Sur-
face and Ground Water, Water Pollution.

I. INTRODUCTION

oday there are many cities worldwide facing
an acute shortage of water. Dhaka City (the

Capital of Bangladesh) is one such city labeled
as a mega city (i.e., cities with population exceeding
10 million) of the world [1],[2]. The city is nearly
surrounded by acircular river system, which includes:
Turag, Buriganga, Dhaleswari, Balu, Lakhya and
Tongi Khal (Figure-2).The surface water along these
peripheral rivers is known to be highly polluted due
to municipal and industrial untreated wastewaters that
are discharged. At present moment, Dhaka Water
Supply and Sewerage Authority (DWASA) is highly
dependent on ground water for the water supply in the
city. As aresult the average ground water depletion in
most area in the city is reportedly around 1-3 m/year.
The present rate of depletion is alarming because it
can potentially cause environmental hazards such as
land subsidence, prolonged water logging, alteration
in vegetation etc. [1],[3],[4]. Thus, there is an urgent
need to aleviate the demand on the upper aquifers
and explore sustainable sources to augment the
present water supply. A sustainable solution is
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needed. This implies a conjunctive use of groundwa-
ter and surface water in order to maintain the balance
between anthropogenic demand and water’s natural
availability [5],[6],[7]-

To find the sustainable solution, more research should
be done on surface water that can be easier through
water quality data warehouse. The primary concept of
data warehousing is that the data stored for analysis
can most efficiently be accessed by separating the
data from the operational systems. In addition to pro-
ducing standard reports data warehousing systems
support very sophisticated online analysis including
multi dimensional analysis [INM96CHA97]. In this
paper the water quality data warehouse of periphera
rivers of Dhaka city has been designed and devel-
oped.

The paper is outlined as follows. Section 2 describes
the characteristics of data warehouse. Section 3 de-
scribes the subject domain of data warehouse. Pro-
posed data warehouse specially will be loaded with
the water quality parameters of peripheral river of
Dhaka city, Bangladesh. In this section we have
shown the river system of Dhaka city. Section 4 de-
scribes the graph model of river systems which allows
forming a private river subsystem using various data
sources. Section 5 describes us the prerequisite data,
knowledge and information, which are necessary for
design issue of data warehouse. In section 6 we con-
sider the design methodology of proposed data ware-
house. We discuss here the steps of construction of
data warehouse, fact and dimensions of warehouse
and draw a conceptual snowflake schema of data
warehouse. Section 7 describes the graph obtained by
executing the SQL commands on DW. Section 8
summarizesthe article.

Il. A BRIEF CHARACTERIZATION OF DATA
WAREHOUSING

As a data warehouse we understand a collection of
data that is “subject-oriented, integrated, nonvolatile,
time-variant” and it supports the management’s deci-
sions [8],[10]. Data warehouses (DW) are not data-
base systems in traditional understanding of this term.
They differ from databases among other things with
e.g. data models, entering information methods,
processing models, query optimization agorithms,
visualization techniques [9],[11]. Transformation
from data to knowledge has been presented in Figure
1

-
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Fig. 1 The example of the managerial information
system based on data warehouse

I1l. SUBJECT DOMAIN

The main rivers around the greater Dhaka comprised
the river routes for this paper (Figure 1). Dhaka City
is located between 23°35" to 23°54" North Latitude
and 90°20" to 90°33" East Longitude [2]. The routes
included (Figure 2):

i. Tongi Cana-Balu river

ii. Turag river-Buriganga river-Dhal eshwari river

iii. Shitalakhya River

The study encompassed the entire reach of the Tongi
Canal, partia reach of the Turag (from the confluence
of Turag and Tongi Canal to the confluence of Turag
and Buriganga Rivers), partia reach of the Balu Riv-
er (from the confluence of Tongi Cana and Balu Riv-
er to the confluence of Balu River and Shitalakhya
River at Demra), partia reach of the Dhaleshwari
River (from the confluence of Buriganga and Dha-
leshwari rivers to the confluence of Dhaleshwari and
Shitalakhya rivers at Kalagachia) and finally, partial
reach of the Shitalakhya river (from Ghorasha rail-
way bridge to the confluence of Shitalakhya and Dha-
leshwari at Kalagachia).This river system is our sub-
ject domain of construction of data warehouse.

Fig. 2 Periphera River System of Dhaka city, Ban-
gladesh

IV. GRAPH MODELSOF RIVER SYSTEM
To describe the structure of the river system, graph
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model has been developed (Fig. 3).Here the vertices
of a directed graph is the point of confluence of the
rivers falling into the river system (the vertices X4,
X5, X7, X8, X10, X11), as well as the conventional
boundaries of the river, defining the boundaries of the
study to metropolitan (vertices X1, X2, X3, X6, X9,
X12). Each edge of the graph corresponds to a frag-
ment of the river system.

Fig. 3 Graph model of the river system

In terms of set theory we can write the following ex-

pressions.

R=(r) = ("Bdu", ..., "Turag") - the set of rivers;
F=()=("T1, "T2", ... , "M") - the set of river
segments;

S=(s) - the set of river subsystems;

P={p} - the set of sampling points;

r; < {fi} - every river consists of a subset of frag-
ments;

sc {fi} - each river subsystem consists of a subset of
fragments;

Pe f; - each sampling point belongs to only one
fragment.

In terms of graph theory, indexing of vertices can be
arbitrary. However, in this directed graph numbering
of vertices is made in a special way, considering the
direction of water flow in the river system. The basic
rule of numbering of the vertices: Number of the ver-
tices increases along the direction to the flow of the
river, that is the vertices with greater numbers located
downstream. Thus, for any edge of the graph

f=(X,X;) the index of last vertex will be
greater than the index of the initid ver-
tex (Vf, = (X, X)) i<].

The resulting graph is incomplete and has some spe-
cial properties that distinguish it from an arbitrary

graph. Vertices of the graph, conditional boundaries
of the entire river system, have a degreed ( X, ) =1.

Graph has no vertices with degree of d(Xi ) >3, it

means that the branches of the river at one point si-
multaneously can be three or less.

Joining of the fragment of river system (correspond-
ing to individual edges of the graph) into the river
subsystem (corresponding to individual sub graphs) is
also dtrictly defined by rules. In one subsystem s =
(f1, f2) may be united only successive fragments f1 =
(Xi, Xj) and f, = (X, Xi), having a common vertex,
which is the end of one fragment and the beginning of
other, with i <j <k. It is impossible to combine the
fragments which do not have common vertices, ie
isolated fragments of the river system. Association of
fragments of the rivers in river subsystems alows to
model the carry of pollution in the direction of water
flow [12].

V. PREREQUISITESFOR DESIGNING OF WATER
QUALITY DATA WAREHOUSE

As a preliminary step for initiating the work, follow-

ing tasks were first identified:

e A map of the study area showing greater Dhaka
and the peripheral rivers was studied first.

e  The sampling points of water quality parameter
were to be detected and identified through maps.

e Tota length of peripheral rivers and the length
of subsystems were measured.

e A thorough study of water pollution parameters
was compl eted.

o  Water quality standards of drinking water of
Bangladesh were collected.

e  Water quality data of various research organiza-
tions and researchers were collected.

e  The collected data need to be extracted, trans-
formed and stored into data warehouse.

VI. DESIGN METHODOLOGY

A. The main steps of constructing a data ware-
house

A formal description of the subject domain;
Development of system requirements to data
warehouse;

e  Development of structure of datawarehouse;

e  Selection of target DBMS and software imple-
mentation of data warehouse;

o  Development of procedures for administration
of datawarehouse;

o Development of user interfaces for different
group of users.
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B. Factsand Dimensions

Analyzing al the source documents (primary raw
data), to design the water quality data warehouse it is
needed to determine what type of entities and what
attributes are necessary to be taken in. The following
entities have been considered during designing of
data warehouse:

Source: Water quality data stored in the data ware-
house have been collected from different sources,
such as scientific reports of World Bank, the Depart-
ment of Water and Sewerage Dhaka (DWASA), De-
partment of Environment, Bangladesh (DOE), Insti-
tute of Water Modeling (IWM), the Asian Ingtitute of
Technology (AIT), Bangkok, Thailand etc.The in-
formation about data sources have been stored in an
entity named “Source’. The entity “Source” consists
of the fields such as “source id”, “source_name”,
“source_addr” , and “author_information”. The field
“source id” is used as primary key. The fields
“source_name”, “source_addr”, and “au-
thor_information” have been used for storing source
name, source address and information of author re-
spectively.

Type: Water quality data stored in the data ware-
house can be obtained by collecting either results of
individual measurements or averaged or simulated
values. Thus an entity named “Type’ with
“tide_type” field was included in warehouse structure
to indicate thisfact, where “tide_id” is primary key.

Water Layer: During the analysis of source docu-
ments, it was found that the researchers considered
different water layers at the time of water quality
measurements. Some researchers have measured val-
ues of the water quality parameters at the top of the
surface water while some have taken values at the
bottom of the surface water. To illustrate this charac-
teristics an entity named “Layer” has been consi-
dered, which includes the fields “layer_id” and
“layer_name”. “Layer_id” is used for primary key
and layer_name for indicating different layer name
like surface layer and bottom layer.

Season: Water quality parameters of the different
months have been classified as the following seasons:

i) Dry season (December-January-February)

ii) Pre monsoon season (March-April-May)

iii) Monsoon season of rainy season (June-July-
August)

iv) Post monsoon season (September-October-
November)

To expose the above classification we consider an
entity named “ Season”. The entity has 3 fields such as

“season_id”, “season_name’ and “month_included”.
The field “season_id” is considered as primary key.

The field “season_name” stores the name of season
where “month_included” shows duration of each sea-
son.

Tide: The peripheral rivers of Dhaka city experience
tidal oscillations induced by Bay of Bengal. Some
researchers notify the tide types as high tide and low
tide while some do not mention this fact. This fact has
been considered by an entity named “Tide’. The enti-
ty has two fields that are “tide_id” and “tide_type’.
The field “tide_id” indicates the primary key and
“tide_type” classifiesthetide.

Location: The researchers performed their experi-
ments in various locations of the periphera river sys-
tem. Water quality data warehouse should store the
data collected from various locations. To store infor-
mation about the location of sampling points, we had
to add an entity named “Location” which consists of
location_id, river_id, scientific_location_name, pub-
lic_location_name, total_distance, individu-
a_distance, river_fragment. Location_id uses as pri-
mary key. River_id determines to which river the
sampling point belongs to. Scientific_location_name
and public_location_name store the name of locations
used in scientific reports and by loca population re-
spectively. For example, a sampling point in Buri-
ganga river is known to the researchers as BURI_1,
whereas it is known to the public as “ Gabtoli Bridge”.
Individual_distance indicates distance from the be-
ginning of the river fragment to the current sampling
point. Total_distance indicates distance from the very
beginning of the whole river to the current sampling
point.

River: Six river reaches encompass the Dhaka city
which includes Tongi Khal, Turag river, Buriganga
river, Dhaleswari river, Lakhya river and Balu river.
Different researchers performed their experiments in
different locations at different rivers. We need to lo-
cate the sampling point which belongs to particular
River, so we have thought about an entity containing
the river name. The field river_id uses as primary key
and river_name indicates the name of theriver.

Parameter: The concentration water quality parame-
ter shows the water pollution level of a river. The
water is polluted if the concentrations are beyond to
the standard level of water quality. The main parame-
ters of water quality in the river systems are the con-
centration of dissolved oxygen (DO), chemical
(COD) and biochemical (BOD) oxygen demand, total
dissolve solids (TDS), as well as concentrations of
chemical pollutants acid ions(NOs’, CI", SO4", PO,"),
metal ions (Cr**, Pb™, Hg", Zn™),ammonium(NH,")
etc. An entity named “Parameter” was used to store
parameters. This entity consists of 6 attributes such as
“parameter_id”, “parameter_name’, “drinking_ws’,
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“household ws’, “fishing_ ws’ and “irrigation_ws’
which correspond to primary key, parameter's name
and water quality standards of Bangladesh for various
uses such as drinking water, household work, fishing
and irrigation.

River fragment: It is observed that different organi-
zations have assessed the water quality in different
manner. Some have assessed the water quality of a
particular river while some have taken as subject area
the particular fragment of the river. For this reason,
the whole periphera river system has been divided
into several fragments. An entity named “River frag-
ment” has been considered during designing of data
warehouse. The entity consists of six fields. The field
“river_fragment_id” uses as primary key. The field
“river_fragment_name” stores the name of the river
fragment. “Shortriverfragment_name” exposes the
abbreviation for the fragment. Riverfragment_length
indicates the length of river fragment. The fields “riv-
er_id” isused asforeign key.

Concentration: This is the vital entity which keeps
direct or indirect relations with all above mentioned
entities and contains extra attributes such as “date
and time’ of the experiments and “concentration”
levels of every water quality parameter.

C. Conceptual Schema

Most data warehouses use a star schema to
represent the multidimensional data model. The data-
base consists of a single fact table and a single table
for each dimension. Snowflake schema provides a
refinement of star schema where the dimensional hie-
rarchy is explicitly represented by normalizing the
dimension tables. This leads to advantages in main-
taining the dimension tables. However, the renorma-
lized structure of the dimensional tables in star sche-
mas may be more appropriate for browsing the di-
mensions. Fact collections are examples of more
complex structures in which multiple fact tables share
dimensional tables. In our proposed DW we use the
snowflake data model schema because:

e The snowflake schema is a normalized star
schema. In a snowflake schema, the dimension
tables are normalized.

e In some cases it may improve performance be-
cause smaller tables are joined.

e |tiseasier to maintain.

e Itincreasesflexibility.

River
River Frazment Baver_id
ver_fia, t_id Raver_name
Fuver_framient_name
Faver_fragment_length Seazon
Short_over fragiment Name Location Season_id
E“.»:h:_nc:_‘Tf_nimnlnr_mUmmr Season_ne
Faver id 1 Month_included
— Pullic_I
Total_distance ~
Parameter [ndiidual_distance
Parameter id River frazment 1d Laver
[ Laver 1
- Layer_mame
Coientration -
Location_d
Se
Layer_id | Tide
Farameter_id Tade_id
Sonrce_id ™ Tide_tvpe
Source Tpe_id
Source_id Drate ™
Source_name Concenration 1
Source_ adde e Tide_sd + Tupe 1d .
Author_mformation Time Type_description

Fig. 4 Snowflake data model schema of proposed
data warehouse

VII. VISUALIZATION AND RESULT DISCUSSION

As an example, we consider a river subsystem con-
sigting of four fragments of three different rivers -
Turag (T1 and T2), Buriganga (BR2) and Dhal eswari
(DR2). The total length of river subsystem is L = 55
km. Dissolved oxygen (DO) refers to the volume of
oxygen that is contained in water. Its limit is 4 ac-
cording to the standard of Department of Environ-
ment, Bangladesh. Below of this limit it is harmful as
because Dissolved oxygen plays a large role in the
survival of aguatic life.

|—0—Dry —=— Preion Mon PosMon —— Acceptable Limit of DO
7
1
o
EFy
N 7
34 \A/
2 4
1 4
0 R oy & m
- ™ mRS =

Dry(Decernber-danuary-February), Premonsoon(March-April-tay)
MaonsooniJune-July-August), Postmonsoon{September-Cctober-MNovernber)

Fig. 5 Profile of DO along Turag-Buriganga-
Dhaleshwari River in 2008

The above figure shows the concentration of dis
solved oxygen (DO) in the considered river subsys-
tem in 2008. We present here 7 points to which the
industrial and domestic effluent of the city fall
through canals.

Here it is analyzed that the most favorable condi-
tions, ie highest concentrations of dissolved oxygen is
observed during the monsoon period (June - August)
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and the lowest concentrations is observed during dry
period (December-Feb). Data for the graph is ob-
tained from different literature sources by SQL-query
exploring our data warehouse. In total more than 11
000 records were collected and processed over the
period of 1998 to 2009 years on 135 locations of riv-
er systems.

VIII. CONCLUSION

Measurement of water quality datais very expensive,
requires skilled manpower, sophisticated instrument
and well organized laboratory facilities. One of the
best advantages to use our data warehouse is that us-
ers will be able to access a large amount of informa-
tion, which can be used to solve a large number of
problems. As our water quality data are taken from
multiple sources and placed in a centralized location,
an organization can analyze it in away that may allow
them to come up with different solutions than they
would if they looked at the data separately.

Overdll, the work has laid the foundations for the
Dhaka city planners and designers to make a qualita-
tive resource assessment of surface water. Such an
assessment can eventually evolve to along-term mon-
itoring system of water supply sources for Dhaka
City. The work also facilitates water quality modelers
to choose the proper water quality model and help in
formulating the strategy for water abstraction and
water supply for Dhaka city.
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