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Real Time Humidity, Temperature and Water Level Monitoring Website with Time Access
Manipulation and Data Accumulation
Justin Roman B. Amargo, Fratz C. Antigua, April Joy B. Cabredo

College of Engineering Architecture and Fine Arts, University of Santo T-hegazpi

ABSTRACT

Flooding has always been one of the main problemthe Philippines which in turn
brings risk to the inhabitants and the structures in the area. Monitoring the water level, humidity
and temperature contributes in preventing casualties in the environment. The immediate
objective of this study was to del@p a systemtha would monitor the humidity and the
temperature of the environment, and the water level afitkein real time whicttanbe viewed
online through a websitaccessible by the publand would also reach the people through SMS
notification. Rational Unified Process was applied in developing the prototype model to achieve
the different phases of this project. The Swim Lane Diagram was used to specify how the data
would flow in the sysgsm and the Architectural Design on how the hardware passes the data
within the system and would showcase it on the website. Through this study, the researchers also
perceive that the website needs to be improved and to further study the predicted data for
increasing the chance of its success rate.

INTRODUCTION
AWater is the dridvi n §Vvatérasrreaky ingpbrtard WHen ih Ginas rtoe 0
Leonardo da Vinci thepeopl eds survival but

With two thirds of the earth's surface dangerous, especially when nature is
covered by water and the human body involved. The fear of nature peple
consistingof 75% of it, it is evidently clear  experience before is different to what people
that water is one of the prime elements experience today. Human activities are
responsible for life on earth. People can increasingly influencing the climate and the
survive for more than three weeks without earth's tempeature by burning fossil fuels,
food. Example is Mahatma Gandhi who cutting down rainforests and farming
survived 21 days of congte starvationd livestock. This adds enormous amounts of

but water is a dif f egreenhause gases toyhose Aaturally ecausring 6 0 %
the adult body is made of water and every in the atmosphere, increasing the greenhouse
living cell in the body needs water to keep effect and global warming.

functioning Water circulates through the These activities cause chasgin the
land just as it does through the human body, amounts of greenhouse gases, aerosols and
transporting, disolving, organic matterand cloudiness i n t he Eart

replenishing nutrientswhile carrying away contributing to climate change. Burning of
waste material. Further in the body, water fossil fuels, which is the largest known
regulates the activities of fluids, tissues, cells, contributor to climate change releases carbon
lymph, blood and glandular secretions. dioxide gas to the atmosphere while
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greenhouse gases and aerosols alter incomindhat radiate in all directions. The heating that
solar radiation and outgoing infrared the lower atmosphere and the surface of the
radiati on, t hereby adrtih getcfrom dirgct sunlighe is erthanced thy 6 s
energy balance. Warming or cooling of the this energy that the atmospheric water and
climate system may result when the greenhouse ap molecules radiates back
atmospheric abundance or properties of thesetoward the Earth. This absorption and
gases ang@articles were changed. The human radiation of heat by the atmosphere is the
impact on climate change during the natural greenhouse effect that warms the
industrial era greatly surpassed the overall Earth into the comfortable ¥6 temperature
effect of human activities on climate since the that it is today. If there were no greenhouse
start of the industrial era (about 1750) due to effect, the Eah 6 s average su
known changes in natural processes, such agemperature could be very cold,8°C, which
solar changes and volcanic eruptions. will not be able to support life.

The rising global sea level is one major threat The presece of water in the air
from climate change because the rising seasrelative to the amount of water that the air
will threaten wildlife and wipe out can hold is calledirelative humidity, which
infrastructures. Sea water intrusion will also expresses the abundance of water vapor in the
contaminate sources required for drinking atmosphere. As the atmospheb&comes
water and agriculture if ocean water moves warm, it becomes capable of absorbing and
deeper into landmasses. Expansion of holding more water and the air drops unless
seawater and melting of ice over land can more water is added.

also result from warning climate. With In climate modelling, scientists have
respect to climate change, sea levels can riseassumed that the mbsphere has a constant
by two different mechanisms. relative humidity regardless of how the

First, as the incising global temperature climate changes. They assumed that the
warms the oceansthe seawater expands, constancy of the percentage of water in the
takes up more space in the ocean basin andair is maintained because even if the iair
causes a rise in water level. Second is theable to hold more water as the temperature
melting of ice over land which adds water to increases, proportiatly more water vapor

the ocean. will evaporatefrom the ocean surface and
The Earthoés tempercay throegh hhe gatmosphere.i A hgreat
the sunlight that enters the atmosphere. i ncrease in the Earthos

Bright surfaces such as clouds and ice redlect increased carbon dioxide is predicted by
about 30%of sunlight back into space, the climate change models that assumed
land and ocean absorb most of the remainingconstancy in future relative humigi than
70% , and the rest that is absorbed by themodels that allows changes in relative
atmosphere heatke planet. humidity. This is because extra water, which
As the land, air andcean warm, they increases that heating is placed in the
radiate heat energy in the form of infrared equation of the constantlativehumidity
radiation, which travels into the atmosphere assumptions.
where much is absorbed by water vapor and Real time is a level of computer
long-lived greenhouse gases such as methanegesponsiveness that a user sensas
and carbordioxide.As these atmospheric gas sufficiently immediate or that enables the
molecules absorbedinfrared rays, they computer to keep up with some external
become warm and continue to release heatprocess (for example, to present
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visualizations of the weather as it constantly The study aimedo develop a real
changes). Redlme is an adjective pertaining time website that monitors the water level of
to computers or processes that operateah re the designatt river and theelative humidity
time. Real time describes a human rather thanand temperature of the environment. The
a machine sense of time. Websites and blogsfollowing are the specific objectives:
are becoming an i nt eTpr apply thea simple olihear p regoegsior 0 s
brand and business. People live in an algorithm of the previous 5 inputs of the
information and knowledge economy that current datédo forecast the water level in the
values finding information in an increasiggl  next minutes
web world. To add a time control feature that
Keeping records and monitoring  manipulates the time interval &Vater level
activities helppeople see progress and builds humidity and temperature data.
a sense of achievement. Records can beTo send SMShotifications to the people who
useful and even essential when promotirg th are subscribed to the database.
group or applying for funding. Having stated the focus and the
Monitoring also has significance for the objective of the researchorecasting and
wider field of conservation. Ecosystem measurig the water level can also bewys of
monitoring is not a fully developed science, detecting threatening events ithe near
so any work undertaken by your group has future. This will enable the public to be
the potential to contribute to the refinement warned soner than later sthat actions can
of measures of ecosystem health. be taken to reduce the adverse effects of the
Monitoring the water level, humidity and event Due to timefame and resourseof this
temperature conbbutes in  preventing study, the research hast a path that will be
casualties in the environment. Its purpose is a guide in developop the project. The study
to notify the people in the environment to focusedon developing a real time website
what is the current water leveland the  that would monitor the data gathered by the
temperature throughouthe day. With the sensors from time to time and can be
suddenrainfall during the wet season in the accessed on lalgadgets that havénternet
country rising water levels alongside rivers is browsers. Real Timélumidity, Temperature
expected and more often than not, causeand Water LevelMonitoring will be built
flooding to the people who live nearby a using MySql, PHP language, Arduino IDE
river. Flooding,is one of the major problesn  for programming the microcontroller and the
in the Philippines. sensors. Ultrasonic Sensor HBR04 which
Barangays whichare doser to the  measures maximumdistanceof 13 feetand
riverbanks are unaware of the water level DHT22 Sensor for measuring the temperature
which could result to a delayed evacuation and humidity of the surrounding The
After establishing the area where the study microcontoller and the sensors act as toel
was conducted, three practical questionsin order to get the input that the researchers
arose: How will the systerable to forecast desired from the destined location of the
the water level in the nexhinute? How will study The haravare prototype wasbuilt
the system deal with the time basigh the supported by a pipwithin the sensors reach
data gathered?How will the system andto support andact as a stand to let the
contribute alertness to the people who lived sensor facghe water.The webgie which is
near the river bank? built by PHP wasdesigned by a template
using Bootstrap and Materialize due to the
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timeframe of he study and which also
utilized from the Google Chart aype of
Google API for the graphhat wasused to
display the data in real timéatabase was
built using MYSQL that fundamentally
processes the incoming and outgoing
validated data from the data agsjtion board
througha console filewhich acts as oubase
station. The data outpbfas aminimum of 30
seconddnterval. The time control feature is
only available at the Admin Page

interpretation of the graph that can be viewed
fi L &nd also haMo r ~» ~

inside the
readyto-print record of all thelata in tabular
form which can also be filtered by da#and
by minutes The website is responsive and
online for the viewersThe web admin page
is for the administrator which irs accredited
to the researchers of the Departmenft
Science and Technology (DOST) for the
update and maintenance of the database ar
the microcontrollers.The system however
cannot monitor a river flowingwvith large
debris and mud that could harm the
prototype and the components withihe
system will depend on its stand arwuld not
accommodate when there i®00 much
interference in the backgroun@he system
cannot control the things that could mesth
the line of sight of the sensor like rocks,
papers and etd.he hardware cannot function
without WiFi  which serves as a
communication between thaicrocontrollers
to the serverThe SMS notification of the

Business Modeling

Analysis & Design

7

contributes to the safety of the environment.
The engineers whare planning to build and
do floor mapping will have a smootiime in
evaluating the areaear the riverResidents
will feel safe as thdarangay will subscribe
for SMS emergncy notification for the alert
to minimize the casualties ithe upcoming
flood. The study will serve as a basis of
information for future undertaking.

METHODS

Inception | Elaboration

I1 El | E2

Transition

Tl | T2

Consfruction

c2 | C3

C1 c4

Requirements

Implementation

Test

Deployment

Time

Figure 1. Rational Unified Process (RUP)

%
-

The methodology employed in
preparation and development of this
application is the Rational Unified Process or
RUP Methodology in Figure 1, for its formal
definition of scope and major project
milestones are associated with specific
timeline. It provides a disciplined approach of
assigning tasks and resgpmibilities within a

system depends on the process of thedeveloped organization and expresses a

Semaphore API because of the traffic that model

will occur upon the request of the server to
the API. The real time graphprocess has a
minimum interval of30 seconddor the data
to be accumulated through the
microcontroller and the servemlhe project
aimed to benefit the following: The

detaéd plan on how to crete,
develop and eventuallymplementto obtain
its functionality. Although some of the
models do ot explidtly say how the program
hasdeveloped, but they presented phabas
are important in the completiasf the study.
Some methods worketter for specific types

researcher of Department of Science and of projects but in the final analysis the most

Technology (DOST) thats able to monitor
the small rivers here in Legazpi City and

important factor for the success of eojpct
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may be how closely a particular plan was
followed.

As part ofthe methodology, the researalso
set a vision to let the people know that the
Bicol Coastal Areas and the environments
tempergure are monitored tbeaware and to
ensure safety from estal flooding among
the resident®f Legazpi City. To accomplish
the vision theesearch has set using the RUP
methodology; the project underwetitferent
kinds of phases:

First phase is thenception phase
where the system requirement was
determined andlocumentedTo ensure this,
the researchhas initially considered a
responsiveReal time Website development
that monitors the environment throughe
help of the microcontrollerMicrocontroller
has been used in thousands of different
projects and  applications. The
Microcontroller software is eadp-use for
beginners, yet flekle enough for advanced
users, ad runs on Mac, Windows, and Linux.
Teachers and students use it to build low cost
sdentific instruments, to prove H&mistry
and physics priciples, or to get started with
programming and robotics especiallyor
environmental monitoring. With thisthe
reseach usel microcontroller sensors to
develop the project. Environmental
monitoring is defined as the processes and
activities  including chaacterizing and
monitoringthe quality of the environmentt
is used in the preparation of environmental
impact asessments, and in some cases
involves human activitiescarrying a risk of
harmful effects on the natural environment.
All strategies and matoring prograns have
valid reason and are often designediway
to establish the currentstatus of an
environment and to establish trends
environmental parameterb relation to the
system requirements, software and hardware
requirements were alsdentified.

in
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Tables 1.1 and 1.2 shothe minimum and
the recommendechardware and software
requirements for the project to workince
2014, Windows XP has not received any
support from the Micrsoft that is why the
researchopted to use Windows 7 Operatin
System for fast andupport purposes. The
research included the microcontroller
hardware requirement for it is used a tool in
determining the input of the system.

The second phase is tli#aboration
Phase wherein analysis and design were
given focus. The research wasable to
determine the problem and objectives by
focusng on a venue for the research to gather
information andlend service to prometits
advocacies. The researchoseYawa River
as a venue of this studgnd asked the
Department of Sciere and Technology for
assistancebecause of its innovation and
advocacies. In additigthe research wagable
to identify what the system can be done and
cannot be doneSwimlane Diagram (see
Appendix 1) was used to define each and the
various process ingtling the clientand the
server side of the sysh, in relation to the
entitties The Real Time Humidity,
Temperaturend Water LeveMonitoring

Table 1.1 Recommended Hardware Requirements

* 1.3 mgahertz (GHZ)
or faster 32-bat(xBG)
ot 64 bit{z64)
processor.

1 ggabyte (GE)
RAM (32-bat) 0z 2
GB RAM(64-bt)
DurectX 9 graphics
device wath WDDM
1.0 or higher driver.
DHT22

Ultrazonic Sensor
HC-5R04
NodeMCU with
ESP12 Board
Breadboard

Hardware

Jumper Wires

3V Power Source
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website has only 2 users identifiedhe
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used for the graphThe system may have

viewers and the admin. The server side cansome spike issues of some interference of the

only be accessed by thadmin which
contains the records of the dafhe admin

sensor, but the admin can verify that spiked
data with the duration of the water level that

page can only be accessed through a static IRcan be seen on the real time graph or at the

provided by the server. There is no
registration form for the users since the
website are only for viewing data. The
viewers can subscribe for theSMS
notifications to keep them notified. Abf the

records that are kept on the admin pagae
researchdecided to use Google Chart API
which is an interactive Web Service that
creates graphical charts from the user
supplied data. Using PHP the API will draw

data that are present in the system weregraph according to the data in the atstse.
stored in the database. The database consist§Vhen the sensors detecefhergency poiist

of 3 tablesfoundin (Appendix?2): tbl_admin
(Appendix 2.1) tbl_user Appendix 2.2) and
tbl_data (AppendixX.3). The siteis managd

by an Admin and will be responsible for the
updae and maintenance of the sit&éhe
Admins information isstored on tbl_admin
and must cotain the following information:
admin_idadmin_username, admin_password,

the caution level or the critical leviélwould
alert the admin by sending emergency
notifications on the admin page and the
admin to double check and to validatee
data then requestor SMS gateway Api from
Sephamore. Usg PHP code, Semaphore can
send SMS notification to the numberand
according to the locale of the viewehat are

admin_email and admin_contact. Users canregistered in the databasEhe viewers can

also subscribeon the site so that the admin

leave their numbers on the site iahh is

can alert the people when the water level optional if the viewers want to subscribe for

reacled a critical level. User information is
stored on tbl user which contains the
following:  user_d, user_name  and
user_contact. The wva¢s recorded by the
sensor arerecorded in tbl data which

contains: ID, chan_id, data_name, data_desc,outgoing and

sms notifications when the water reaches the
emergency point. Unlike the admin the users
candt control t he ti
of the data on thegraph. Theadmin is
basically responsible for ¢hmonitoring of all
incoming information. The

me

data_created, entry_id, data_temp, data_hum,admin is the only one that can login on the

data_distance.The Swimlane diagram in
Appendix 1shows the process dmow the

system runs. Once thgystem is deployed it
shows that the data acquisition board will

send instructions to the sensors to be assigneaonfidential

with specific task. lin this case, the research

page with the static IP and of course the only
one that can access the Admin Page. All the
information that can beeen in the websites i
managed by theadmin as well as the
information such as phone
numbers.

programmed the sensor to measure the height

of the water level,its temperature and

humidity and sends it back to the board for

the validation of the data collectedhe
console file programmed in C#Hyill receive
the validated datdy listening to the serial
portandsends the data to the databaster

Simple Linear Regression Algorithm

Simple linear regression is a statistical
method that allows the reseanthsummarize
and study relationships between two
coninuous (quantitative)variables. In this
case the time and the water level is used as a

the data issaved on the database the server basis. Because the other terms are used less

will then request data on the database to befrequently today, the

researchusal the
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"predictor” and "response” terms to refer to programmers documentation for both
the variables encountered in this course. Thesoftware and hardware for the future system
other terms @ mentioned only to makihe analyst.
viewers aware of them Simple linear
regression gets its adjective "simple,” RESULTS AND DISCUSSION
because it concerns the study oflyoione
predictor variable. The researaisal this Part of the method used in the
method in order tdorecast the water level in  developnent of this website is to gather data
minute and to viev the data in statistical but since there are no other existing data of
method in predicting the correlation of the the Yawa River, the researcised a dummy
variables. data as a part of the discussion. The
The next phase is th€onstruction  researchers approached the Department of
phaseAs soon as the problem, objectives and Science and Technology Region V, DOST V
the system requirement had beaenognized, and Philigpine Atmoseric, Geophysical and
the developersdeveloped an initial and Astronomical Services Administration V
preliminaly model of the applicatiorilesting (PAGASA) as our primary and secondary
the prototype was also conducted in the research center to gather data but since there
construction phase. After developing the are no existinglata of rivers in Legazpi City.
initial prototype, it is implemented on a The researchemere advised to do it otheir
certain viewer. Then identifying okview of own.
the prototype followed. This step determined In Hgure 1, the hardware materials
if the system requirements are met. Website are assembled on a breadboard. The- HC
will still be functional unless there will be SR04 ultrasonic sensor uses sonar to
some changes on the update of the databaseletermine distance to an object. It offers
which depends on the admin. The project excellent norcontact range detection with
tends to include monthly system evaluation high accuracy and stable readings in an -easy
and will serve as the errolefect checking to-use packg e . From 2cm to 400
stage to achieve the functionality of the 13 feet. It operation is not affected by
procesof the data and the hardwaeavoid sunlight while the DHT22, its temperature
conflict from time to time. measuring range is frordl0 to +125 degrees
The last phase of the methodology is Celsius with +0.5 degrees accuracy.
the Transition Phase. In here, the final Through the convergence sinartphones and
website is being implemented and degldy internet these things made life easier with
online and on &ertain vena. In this case the almost all parts thaare needed for work and
venue of the study is Yawa River. The defyeffort to manually do the job on the run.
research need © have a structured After developing the study it responded to the
threepresented questions in the introduction
First siguificant question washow will the
system able to forecast theater level in the
next minute. The researclused the simple
linear regression algorithm to determine the
forecasted data in the next minutes. Getting
E the data although is not that accuraie this
Figure 2 Internal Hardware algorithm helped a lot of viewers and
research departmesib keep in mind that the
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level of the water may increadgelow is the
algorithm of the simple linear regression
made by Richard Thome and the the
algorithm is manifesteth the system in order
to forecast the water level.

Figure 3. Main Website of the system

AST ope= - BOEXYEY) ) B/X)@NE
Where,

x and y are the variables.

b = The slope of the regression line
a = Theintercept point of the regression line =~
and the y axis.
N = Number of values or elements

X = First Score

Realtime Water Level Humidity and Temperature Monitoring

Y = Second Score =3 =3

EFXY = Sum of the prodt cond
Scores

E X = Sum of First Sco Set Data Output Interal Send SMS ALERT

Y = Sum of Second Sc (= RSN

FX2 = Sum of suare Fi

Fiaure 4. Admin Paae of the svstem
Pseudo Code of Simple Linear Regression The first part of the codsuns up the array x

and array y.
Step 1: The researdtetermins what is the x $xx_sum = 0;
andwhat is y in this case x = time and y = $xy_sum =0;
water level.
Step 2: Get the n where n = count number of for($i = 0; $i < $n; $i++) {
points up to 5 $xy_sum += ( $x[$i]*$y[$i] );
Step 3: Ensure both arrays of points are the $xx_sum += ( $X[Si]*$x[$1] ); }
samesize.
Step 4: Calculate the sums of array X and The second part of the codet the product
array Y of the summation of x and y in the array
Step 5: Calculate the Slope
(NEX(YEX) (BY))( B/IX)(2NEX2
Step 6: Calculate the Intercept Il Slope
y = x(slope) + intercept If (( ($n * $xx_sum } ($x_sum * $x_sum) )
Step 7: Return the result I=0)

The pseudo code above is applied in the $slope = ( ( $n * $xy_sum ) ($x_sum *
system inorder to get the forecasted data in $y_sum) ) / ( ( $n * $xx_sum-) $x_sum *
upcoming minutes. Part of the code is shown $x_sum));
below: else $slope = 0;
$n = count($x);
$x_sum = array_sum($x);
$y_sum = array_sum($y);
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Third part of the code is to calculate for the the data hadling. As the researctesed the
sl ope where s BKEE( EY XpemdXrgathering the datathin the day,

( NEXREX) 2) the researchcould filter the time in intervals
(refer to figure 4)and to make the records
if($n>0) easyto browseand for resarch purposes on
$intercept = ( $y_sum ( $slope * $x_sum ) ) the admin side.
/ $n; With this, the research waable to
else $intercept = 0; articulate the results. This websiteshegreat

Lastly the researchcalculated the potential in providingthe constituents of
intercept sat could apply the formulay = mx Legazpiabout humidity and temperature of
+b the environmentas well as the water level
The output of the data is placed on a separatewhere the instrument is installed. It may
graph form to determine the level of the serve as real time basis to consider the safety
water in the next 5 minute§.he code was and security of the placés shown in Figure
then connecteat the water level graph as a 5, the welsite also has its own current and
red line The main page is shown indtre 2 updatedrecords of the data which can be
to showcase the data on the graphs printed forimmediateuse.

The researchdevelogd a website for The records can be filtered according
the viewers and admin teecordthe data of to the date or time that the data halveen
the waer leveland humidity and temperature gathered. The system has an up to date
of the surrounding environmerdt current information of the data upon accesp the
time. The webpage irFigure 3 is to be website and is capable of generating
managed by the admin which is the DOST statistical data which can forecast data in
and to be used as one of their monitoring upcoming minutes andanswered the last
facilities. The second question answered was, question from above which is how the system
how will the system deal with thente basis  contribute alertness to the peepiho lived
with the data gathered. This was made near the rivdsank. The system has 2
possible by developing a centralized content cautiorary levels programmed in ithe 50%
management system using MYSQL for all as alert lindicates eminderlevel while the

70% asalert 2indicatescritical level. As
soon as the water reached those keitenill
send an alert on the Admin page that can be
seenin the notifications tab, refer to fgure

6.

Figure 5. Time interval at Admin webpage
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Humidity, Temperature and Water Level Monitoring Site Records

Data Records
| =

Entry ID¥ Temperature ('C)  Humidity (%)  Water Level (m)

Figure 6. Screenshot of the Records

The admin can validate the data by
rechecking it at the records pagelf the
admin sees that the
those levels the admin can then click the
Send SMS button. Aseen in igure 7, the
format of the message is hardcoded within
the systemand is sent to the API called
Semaphore, an SMS gateway

The SMS notification can contribute
safety and giving time for people to be
updated to whaits happening on the level of
the river.

ALERT!

Message TimeReceived Action

cautiont 2077112 [k Read || SendsMs

fark Read || Send SMS

ark Read || Send SMS

ead || Send SMS

Figure 7. Notifications Tab on
Admin Page

With this it notifies the people ndar the
riverbank to prepareThe system is the first
project that monitors the rivevithin Legazpi
City. The researclsoncluded that the system
can accurately measure humidity and
temperature of the surroundings and can
measure the water level up to 3 feet, although
the foreasted data is only 55% accuratece

the system has no past records of the river 3#

which it can use as a basis for the algorithm.
Through this study, the researelso

perceivel that the website needs to be

improved and to further study the predicted

seee . Globe UTE 8:156 AM @ 15% 1

<

Semaphore (i)

CAUTION! As of 2017-10-12
14:38:54 Water level has
reached an approximate of
117cm. Please pay attention to
your surroundings.

Figure 8 Sample SMS alert from the system

dlata far incremasimshe ahbricesof its sutcesst 6 s

rate Given the nature of changing technology
and upcoming innovations, future researchers
can consider the possibilityf ausing this
system as their basis for fber research and
upgradinginto a more detailed measurement
and to gather the past data to improve the
prediction success rate It is also
recommended to the future researchers to
explore and achieve further resda in
getting the regression to a higher chance of
success and to explore the possibility of the
change of weather, the current of the water
and its components as a basis of shady.
Based on
gathered, the websitprovides efficient and
accurate venue for monitoring the

environmentlt al caters to promote that
Legazpi area isone of the environment

Figure 10.Screenshot of the
Hardware testing on a bucket of
water

t dnalysis tbreughadata h 6 s
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cautious citiesn the Philippines. The results
of the system indicated that human
intervention in some cases suchnaanaging
the system is highly required.

E |
=
4

Figure 9. Assembled Prototype of the Hardware

Therefore, there should be a
knowledgeable administrator that will
monitor and maintain the systerRigure §
shows the hardware assembledtihe
researcherassembled the ptotype attached
to a 55 inch pipe which would allowhe
sensorto face downwards to measure the
distance from the ground. The sensor is
programmed to determine thalert level
within the 55cmor 140cm.The Real Time
Humidity, Temperature ral Water Level
Monitoring Website is a systerwhich the
people can view onlin®n the websiteand
get t he data oleveltthee
humidity and temperaturef the environment
for immediate use also to contribute security
to the city by sendingSMS notifications
which is validated by the admin. The system
is all about monitoring the environment with
the help of the microcontroller and its
sensors. It will be helpful to people who are
tasked to monitor the environment with lesser
effort. In Hgure 7, the ensor and the
microcontroller aretested on a bucket of
water as a presentation of the system.
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Recommendation

Future study should be conducted to
reduce the inaccuracy of the predcti
algorithm. Future researchshould also
improve the data storage capability of the
system. The system only catéoghe sending
of SMS notification to the public but lacks
provision to handle interruptembnnections.

Definition of Terms

Data Accumulation T the process of
accumulang data placed in microcontroller
by the sensors for calibration.

Humidity and Temperature 1 the humidity
and temperature of the surroundings where
the DHT22 sensor is placed.

Monitoring - observe and check the progress
or quality of (something) over a period of
time; keep under systematic review

Real Time - relating to a system in which
input data is processed within minutes so that
it is available virtually immediately as
feedback.

Time Access Manipulationi The time that
is maglpeulf';\t%dsto aw?é tpeesystem time and
the sensors process time.

Water Level 7 the measurement on how
deep the water is and the distance of the
sensor to the water.
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APPENDIX 2
Database table

Appendix 2.1 Tables
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Column Name Description

tbl_admin Database table where all the information about the Admins are s
Contains the username of the admin, password, email and c
number.

tbl_user Database table that contains the information of the residents for
level updates.

tbl_data Database table that contains the temperature and other inforn

about temperature recorded by the sensor.

Appendix 2.1 shows the database dictionary for all the tables used in the study

Appendix 2.2 tbl_admin table

Column Name

Description

admin_id

Id number of the admin in the database of the system, s
as the primary key of the table.

admin_username

Username created by the admin and stored in the databag

admin_password

Password created by the Admin

admin_email

Email address of the user, serves as one of the impg
details of the admin to contact them.

admin_contact

Contact Number of the Admin

Appendix 2.2 shows the database for the admin as well as the information needed.

Appendix 2.3 tbl_user

Column Name Description

user_id Id number of the user in the database of the system, ser
the primary key of the table.

user_name Name of the user.

user_contact

Contact number of the user or where the sms notification
be sent in case of emergency.

Appendix 2.3 shows the database for the users/viewers.
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Appendix 2.4 tbl_data
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Column Name

Description

ID Id number for the records of the sensor, serves as the pr
key of the table.

chan_id Auto incremented ID of the Values

data_name General name of the project.

data_desc Sensors that where used in the project.

data_created Time and date when the values are recorded.

entry id The entry id that the sensors gathered.

data_temp Temperature value recorded by the DHT22 Sensor.

data_hum Humidity value recorded by the DHT22 Sensor.

data_distance

Height of Water Level recorded by the Ultrasonic Sensor.

Appendix 2.4 shows the database for the data recorded by the sensors.

APPENDIX 3

& = O ‘ water-dht-monitor.webstarterzcom/AdminMa

Water Level
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Figure 11. Admin Main Pageof the System

A. Administrator (DOST)
a. Overview

The DOST department is the main administrator of the page. Their duty is to
control the data in the database as well as manage the security of the phone numbers of the
viewers.

b. Roles
The administratorés role in the system incl

Set the Interval between the data.
Send SMS Message.

Register New Phone Numbers.
Show and Filter Database Records.

c. Instructions

Set Interval between the data.

& S O ‘ water-dht-monitor.webstarterz.com/AdminMainPage.php * ‘ = :/_ Q ace

NOTIFICATIONS Admin ¥

Water Level DHT

10 —— Wiater 00 — Humidicy
Level

05 — Predic

]
20171008 20171008 20171008 20171008 2017-10-08

Tmestamp 015744 015718 DI5TAS DIST21 DISTZR

Timestamp

VIEW MORE VIEW MORE

Default

3 Minutes

5 Minutes Add New Phone Number

10 Minutes ocale L Telephone

SUBMIT INSERT 3>

Figure 12. List of Time Intervals

The admin can control the interval of the data.
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1. Click the value you want in the combo box. It can be 3 minutes, 5 minutes, 10 minutes or
the default time interval allocated by the sensors.

2. Click Submit button.

Send SMS Mssage

6 % O ‘ water-dht-monitor.webstarterz.com/AdminMainPage.php ﬁ ‘ == :/: g oco

ALERT!

Figure 13. Notification Tab

When the admin has validated that the water has reached the emergency point. It can send
message to the phone numbers that are registered to the database to warn them about the rising of
water level.

1. Checkf there is a new notification.
2. Click Notification. (A modal will appear.)
3. If data is already validated Click Send SMS to send messages.

4. Click Mark as Read to delete the notification.
& = O ‘ water-dht-monitor.webstarterz.com/AdminMainPage php * | = :/; @

Realtime Water Level, Humidity, and Temperature Monitoring Site NOTFICATIONS  Acmin

— Water 50.0 — Humidity

Level — Temp

0

20171008 20171008 20171008 20171008 20171008

015714 OIET16  OATAE  OLAT21 018723
Timestsmp

VIEW MORE VIEW MORE

Timestamp

Set Data Output Interval Add New Phone Number

. Telephone
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Figure 14: Phone Number Subscription
1. Type the place where the resident lives in the Locale input field.

2. Enter phone number of the residents. Phone Numbers must consist of 11 numbers and must
start with 09.

3. Click the Insert button.

Show andFilter Database Record

5 cPanel - Main | 3 cPanel - Main | 3 cPanel File Manac ‘ 3 settings.php - <Pz ‘ 3 tablephp - cPane ‘ I recordsphp - cPai 5 Water Level, 1 X [ Water Level, Temp | + — e
&~ = 0O ‘ webstarterz.com Y | = Z & -

Realtime Water Level Humidity and Temperature Monitoring

Water Level Monitoring Site Records

Data Records

o October 2017 )

[LSu Mo Tu We Th Fr Sa Entry ID# Temperature Humidity (%)  Water Level (m)
)
B 2|3( 4|5 6|7

8 o 10 11 12|13 12 291 =7 593 1e4
7 15 16 17| 18| 19| 20 21 290 298 59.4 184
2 [R22|[525| 52| 25| (526|524 52 289 298 59.4 184

29 30 3

2 288 297 593 184
2017-10-01 12:41:43 287 297 595 184
2017-10-01 12:4126 286 297 593 184
2017-10-01 12:41:07 285 297 593 184
2017-10-01 12:40:47 284 29.7 59.9 184

Figure 15. Records of Water Level, Humidity and Temperature
1. Click Admin in the Main Pag€A drop down menu will appear.)
2. Click Records.

3. Click From Date Textboand a drop down calendar will appear. Choose the minimum date
range you want.

4. Click To Date Textbox and a drop down calendar will appear. Choose the maximum date
range you want.

5. Click Filter. This will show all the data that are included on the rdatge you specify.
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Design Of Water Distribution System of the Proposed Resettlement Site At Mayong, Tiwi,
Albay

Bragais, Rose Elise M., Callos, Kirzteen Camille Q. ,De Ontoy, Cheyser M.

College of Engineering, Architecture and Fine Arts, University of Santo Tomas-Legazpi
ABSTRACT

This study entitled “Design of Water Distribution System of the Proposed Resettlement
Site at Mayong, Tiwi, Albay,” is an attempt of the researchers who are civil engineering
students to design a Water Distribution System that will deliver water, with appropriate quality,
quantity and pressure, to residents of the Resettlement Site .After the conducted assessment for a
possible water sources in the area, the research found out that there were four (4) sources.
Source A which is just inside the area of the resettlement site, Source B where located higher in
elevation from Source A, Dapdap Spring is located about 3 kilometers from Barangay Mayong,
and Mayong River which were about 20 meters from than the Resettlement Site. Upon primary
assessment for Source A, the researchers themselves with APSEMO-APHSO can state that the
first source cannot be a possible main water source for the resettlement site due to its small
amount of output. For Source B, this is located at the peak of the mountain which is near the
site. This study concludes that the possible main source of supply for the water distribution
system in the relocation site would be Source B. The common effective method of the location
of Source B is gravity fed system. Pressure of water would flow directly downward to each
connection of the houses. Gravity fed system must prefer the system in this area because of the
availability of the source and its location from the mountain. There was no use of pump in this
system because of the inclined slope which determined how fast and easy the water flows. Also,
zoning scheme was designed to conserve water in the area. There were valves installed in the
water distribution system in order to deliver the needed demand of water. The goal of this design
was to maintain good service and supply sufficient water in the resettlement site.

KEYWORDS: water supply, resettlement site, design, water distribution

INTRODUCTION

Philippines is an archipelagic
nation located in southeast region of

8,643,585 persons compared with the
2010 Census of Population and

Asia, which according to AQUASTAT,
has a land area of about 30 million
hectares which based on latest data
registers 36.47% as the %age of Total
Cultivated Area and had a per capita
income of USD2,900. According to the
National ~ Economic  Development
Authority (2015) agriculture industry
provides 30% of the employment and
10% of the Gross Domestic Product
(GDP) based on the 2015 Census of
Population (POPCEN 2015). The
nation had reached a total population of
100,981,437 as of August 1, 2015. This
latest census shown an increase of

Housing (CPH) count of 92,337,852.
From this data, annual inflation rates
have been steadily decreasing from
2.3% from 1990-2000, 1.9% from
2000-2010 and current 1.7% from
2010-2015.

Albay is a province of the
Philippines that lies at the southern tip
of Luzon Island and about 550
kilometers from Manila. It is
approximately 13 to 13.5 degrees north
latitude and 123.25 to 124.25 degrees
east longitude. It were bounded by
Lagonoy Gulf and the province of
Camarines Sur in the northwest, the

22



SOPHIA VOLUME 2, IS3BERI2018

Pacific Ocean in the east, the province
of Sorsogon in the south, and the
Burias Pass in the southeast. Albay has
a total land area of 2,554.06 square
kilometers (986.13 square miles)
politically subdivided into 3 cities and
15 municipalities. Albay had a total
population of 1,187,185 persons as of
August 1, 2007, higher by 96,278
persons than the population count of
1,090,907 persons as of May 1, 2000.
This increase translated to an annual
population growth rate of 1.17% during
the period 2000 to 2007.

The Province of Albay is generally
mountainous with scattered fertile
plains and valleys. Aside from Mayon
Volcano, the Province of Albay has
two major peaks Mount Malinao and
Mount Masaraga. The western coast of
the province is mountainous but not as
prominent as the eastern range with the
highest elevation at around 490 meters
(1,610ft.). Among these mountains are
Mount Catburawan in Ligao and
Mount Pantao in Oas & Libon. In
Albay, agriculture is the major industry
which produces crops like coconut,
rice, sugar, and abacd. Handicrafts are
the major source of rural income. It
continues to provide fairly large share
in the small-scale industries of the
province. Forestry, cement production
and paper-making are other sources of
livelihood. The manufactured abacd
products like Manila hemp, hats, bags,
mats, and slippers is one of the main
sources of income in the rural areas.
Fishing is the main livelihood along
shores of the province. Tourism is a
sunshine industry and the Provincial
Government’s current major focus. The
weather is generally fair throughout the
year with moderate rain showers during
the second half of the year. From
March to July, the people of the
province experience a relatively warm
and sunny season. In the past until the
80’s, the Province of Albay used to
experience .

The focus of this study is to
developed an adequate water source and
designed an efficient water distribution
system that would be able to supply the
water demand needs of the proposed
resettlement site at Mayong, Tiwi,
Albay. This study aimed to: 1) provide
an abundant and good quality water
system to the resettles at Mayong, Tiwi,
Albay;

2) determine the most efficient and
reliable water distribution system that
would promote and improved the quality of
living of the people at the resettlement
area; and 3) design an efficient and suitable
water distribution system to address the
water needs of the resettlement area at the
said site.

In designing an efficient water system
for the resettlement area, the study
focused on three aspects: a) source of
supply; b) water demand; and water
distribution. The resettlement project was
divided into two (2) phases, Phase I and
Phase II; Phase II to begin only after
Phase I has been completed. Currently,
only Phase I has a site development plan
but both Phase I and Phase II were
designed to have a common source of
water.

This study focuses on a designed
water supply and distribution system for
Phase L.

Phase I comprises 2.1 hectares of
the whole project which according to
the proposed site development plan
includes 141 lots and center for social
services, such as barangay hall, school,
rural health center and community park
with a basketball facility. The potential
modal lots size of 80 square meters will
be constructed as combination of
single-detached, duplex and row-
houses. For the determination of Phase
I water demand, the study would
account for water demand created by
Phase I based on the following: the
proposed site development plan of the
project; the design of the houses
specifically to the total number of
water facilities, and the projected
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occupants of the entire resettlement
area based target beneficiaries and
conducted surveys for the project; and
the emergency and social services that
will be needing water. For the aspect of
Phase I water distribution, the study
focuses on the designed water
distribution network that would be able
to supply water to all residential
houses, emergency services, rural
health center, school and community
park with basketball facility that were
included in the site development plan
of Phase I of the proposed resettlement
area at Mayong, Tiwi, Albay.

The research aimed to achieve a
design of a primary water supply
system that would be able to provide
adequate and sufficient water for the
residents of the proposed resettlement
area at Mayong, Tiwi, Albay for the
purposes of  drinking, cooking,
washing, cleaning and for carrying
away waste. This study would be
beneficial to the following: residents of
the resettlement area, Barangay
Mayong, Tiwi, Albay, Emergency
Services, Other Neighbouring
Barangays, Municipal Local
Government Unit of Tiwi (MLGU-
Tiwi), PLGU-Albay, APHSO, and the
researchers and future researchers.

The residents of the resettlement
area are the primary beneficiaries of
the water supply system. The WSS will
help encourage residents to
permanently relocate  from their
previous homes that are located at risk
zones. This would also help them in
their activities of daily living (ADLs)
and help promote quality living
conditions. Investments in
infrastructure would help in the
development of the barangay and
MLGU-Tiwi. This would also open
opportunities for other sources of
income. Emergency Services, which
include the Rural Health Unit (RHU)
and Bureau of Fire Protection (BFP),
would be aided in performing their
services. For the RHU, providing a

clean source of water would lessen the
incidence of gastro-intestinal problems
like diarrhoea and cholera. The BFP
will ask a source of water in case of
fire and other emergencies. Also, the
need for the BFP to distribute clean
water to the residents of areas without
access to water would be lessened.
Designing a  proximate  water
distribution system would be provided
other neighboring barangays access to
a closer source of clean water so that
they would be able to obtain water
more frequently. With the project being
over sighted by APHSO under the
PLGU-Albay, the success of the
project would be greatly beneficial to
all the agencies involved in
resettlement area and would be
dependent on the ability of the site to
fulfill the needs that the project were
originally constructed for. If the
resettlement area was able to
accommodate good living conditions,
like providing a WSS with clean and
reliable water, and would be able to
encourage residents to permanently
leave their homes at risk zones then
project would be successful. This study
would serve as a guide for future
researchers whose studies may be
similar or related to this topic. And
lastly, the researchers who made this
study and those who would help to
contribute to its success would be
known and would be able to apply their
skills and knowledge in creating a
positive impact on the success and
development of all the people and
institutions involved.

According to NEDA(2015), recent
natural disaster resulted in damages to
crops and livestock and caused severe
losses in agricultural production
including human lives. A report
released by Benfield(2017), described
how global natural disasters in 2016
caused (see Appendix A) USD210
billion in economic losses which
showed a 21 % increase compared to
the 16-year average (see Appendix B)

24



SOPHIA VOLUME 2, IS3BERI2018

of USDI174 billion. The report
attributed most of the 2016 economic
losses (see Appendix B) to flooding,
earthquake, severe weather, and
tropical cyclone events and cited that
four events were responsible for 85%
of all global natural disaster losses for
2016. The article also discussed
possible factors that drive the losses,
one of which the article discussed that
since 1980, global population has risen
at a compounded average growth rate
of 1.4% to 7.4 billion. Another statistic
given emphasis were about how
urbanized population has grown by 0.9
% each year to 53.9%. The article cited
that according to the United Nations
(UN) urbanized population growth is
anticipated to grow to 66% by 2050
and suggested that by 2020,
approximately half of the world’s total
population will live within 100
kilometers of an ocean coastline.

According to the article released by
Benfield(2017), a total of 26 named
storms developed in the Western North
Pacific, 13 of which became typhoons.
These are equal to the 36 year average
recorded (see Appendix E). 11 of the
13 typhoons reached Category 3 (or
higher) strength. Eight (8) typhoons
made landfall and six (6) of the
typhoons were Category 3 or higher in
intensity at the time of landfall.
According to the article the strongest
typhoon of the season was September’s
Super Typhoon Meranti which attained
Category 5 strength with sustained
wind speeds of 305 kph. Meranti was
one of four typhoons to reach Category
5 intensity in the basin in 2016 which
was the strongest typhoon in the
Western North Pacific since 2013’s
Super Typhoon Haiyan and was the
strongest tropical cyclone to develop
anywhere across the globe in 2016.

An article published by EcoWatch
named typhoons Haiyan, Thelma, Ike,
Fengshen, Washi, Durian, Bopha, Trix,
Amy and Nina as the top 10 deadliest
typhoons in the Philippines since 1947.

All these ten typhoons have occurred
since 2006 which displaced thousands
of residents and caused more than
1,000 casualties. Typhoon Haiyan,
locally known as Typhoon Yolanda
was responsible for 6,300 casualties,
more than four (4) million displaced
citizens and two (2) billion USD in
damages in 2013. According to an
article in the Washington Post (Plumer,
2013), the Philippines has become one
of the most affected by climate change
and cited the following reasons: 1)
Philippine’s vulnerability due to and
not exclusively to deforestation, coastal
population increase and poor road
accessibility; 2)  Philippines  was
affected by other natural disasters (see
Appendix F); 3) Adaptations help but
are not enough; and 4) Funding for
adaptations. And according to the
Global Climate Risk Index (2015),
Philippines ranked fifth (see Appendix
G) in the most affected countries in the
period of 1994-2013, which was
preceded by Honduras, Myanmar, Haiti
and Nicaragua as first, second, third
and fourth places respectively.

The Philippine Constitution states
that “it is the policy of the State to
protect and advance the right of the
Filipino people to a balanced and
healthful ecology in accord with the
rthythm and harmony of nature.” In
accordance to the mandate of the
Philippine Constitution, the World
Bank cited that the government has
approved six (6) laws that explicitly
addresses effects climate change: 1)
Agriculture and Fisheries
Modernization Act (1997), which
directs the Department of Agriculture
and other appropriate agencies to take
into account climate change, weather
disturbances, and annual productivity
cycles in order to forecast and
formulate appropriate agricultural and
fisheries programs; 2) the Philippine
Clear Air Act (1999), which instructs
the Department of Environment and
Natural Resources, concerned agencies,
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and local government units (LGUs) to
prepare and implement national plans
in accordance with the United Nations
Framework Convention on Climate
Change (UNFCCC); 3) the Ecological
Solid Waste Management Act (2000),
which similarly instructs the DENR,
concerned agencies, and LGUs to
prepare and implement solid waste
management plans; 4) the Philippine
Clean Water Act (2004), which aims to
reduce water pollution through better
management  of  sewerage and
sanitation, industrial effluent, and
agricultural, industrial, and residential
waste; 5) the Biofuels Act (2006),
which pursues energy self-sufficiency
and 6)the Renewable Energy Bill
(2008), which encourages the use of
renewable energy.

The enactment of Republic Act No.
10121 also known as the Philippine
Disaster Risk Reduction and
Management Act of 2010 repealed
Presidential Decree No. 1566 and
replaced the  National  Disaster
Coordinating Council (NDCC) with the
National Disaster Risk Reduction and
Management Council (NDRRMC) as
the focal body (Rey 2015). According to
the article published by the World Bank,
the four-pronged NDCC, currently
NDRMCC, framework for Disaster Risk
Management identifies four agencies to
take the lead with respect to the
following: 1) preparedness-the
Department of Interior and Local
Government (DILG); 2) response-the
Department of Social Welfare and
Development; 3) rehabilitation-the
Department of Public Works and
Highways (DPWH); and 4) mitigation-
the Department Environment and
Natural Resources (DENR).

Espinas(2013) published an article
that shows the new paradigm for
disaster risk management adopted by the
Albay province (see Appendix H).
According to the article, with the
paradigm, the following guiding
principles were adopted to work towards

reaching the goal of a safe development:
1) to promote a proactive and not a
reactive response to disasters; 2) to
evacuate at the early stage of the
calamity instead of to rescue affected
families; 3) to promote an institutional
rather than personal orientation, 4) to
promote coordination and team-work
and not individual action; 5) to conduct
community-based disaster risk reduction
programs and projects as basic input to
the Regional Master Plan; 6) to adopt a
disaster ~ proofing  approach  to
development; and 7) to integrate DRR in
the Comprehensive Land Use Plan and
promote no or selective investment in
high risk zone, maximum protection in
the low to moderate risk zone, and to
identify safe zones as sites for new
development investments. According to
the published article by Espinas (2013),
with shift to disaster risk management,
Albay established the permanent
disaster management office called the
Albay Provincial Safety and Emergency
Office (APSEMO). Other newly created
program offices were the Centre for
Initiatives and Research on Climate
Adaptation  (CIRCA), the Albay
Millennium Development Goals Office
(ADMGO) and the most recent Albay
Provincial Human Settlements Office
(APHSO) which were created to
reinforce the capability of the provincial
government. According to the interview
by Edgar Alejo with Cedric Daep, head
of APSEMO, Daep said that “The local
government units, non-government and
private sector, which will be tapped by
APHSO to help, will prioritize those
areas which have ready relocation sites
that could be procured,”.

According to Thomas (2015),
between 2008 and 2013, rapid-onset
natural hazards such as floods and
typhoons displaced an average of 27
million people per year. In the face of
more frequent and intense weather
events due to climate change,
combined with rapid population
growth in many urban and coastal
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areas, several government units were
contemplating measures for moving
at-risk populations out of harm’s way:.
As noted in the Fifth Assessment
Report of the Inter-governmental
Panel on Climate Change, however,
adaptation strategies that seek to
reduce exposure to climate change
through the resettlement  of
communities carry risks, including the
disruption of livelihoods,
displacement, and loss of cultural
practices. The current and anticipated
effects of climate change vary in
scale, frequency, intensity, and rates
of acceleration. Thus, determining
when to relocate at-risk populations in
order to protect public safety and
mitigate displacement would vary
from context to context. In some
instances, governments may undertake
relocation and resettlement programs
as an anticipatory measure. However,
the large-scale devastation and
displacement that disasters leave in
their wake, accompanied by large
inflows of response and rehabilitation
funds, create both an incentive and an
opportunity for governments to
impose example before land use
restrictions, prohibit people from
returning, and take measures to
relocate and resettle people in an
effort to “build back safer.” This case
study examined population relocation
and resettlement as a strategy for
mitigating disaster-induced
displacement, drawing on experience
from the resettlement program
currently being implemented in the
Philippines in the aftermath of
Typhoon Haiyan. Although the
program is ongoing, observations to
date suggest that without sufficient
planning and safeguards, post-disaster
relocation and resettlement programs
can prolong displacement and leave
affected populations more, not less,
vulnerable. In post-disaster contexts,
far ~more comprehensive  and
innovative approaches are needed in

order to avoid the negative outcomes
associated ~ with ~ government-led
relocation and resettlement.

According to United States
Geological Surveys, water quality is a
measure of the suitability of water for
a particular use based on selected
physical, chemical, and biological
characteristics. Selected
characteristics are then compared to
numeric standards and guidelines to
decide if the water is suitable for a
particular use. The DENR
Administrative Order No. 2016-08
also known as the Water Quality
Guidelines and General Effluent
Standards of 2016 which provides
guidelines for the classification of
bodies of water (see Appendix I);
determination of time trends and
evaluation of stages of
deterioration/enhancement of water
quality (see Appendix J); evaluation
of need for taking actions in
preventing, controlling or abating
water pollution; and designation of
water quality management areas
(WQMA); and to set General Effluent
Standards (GES). The guidelines were
structured pursuant to Section 19e and
19f of the Republic Act 9275,
otherwise known as the Philippine
Clean Water Act of 2004. The
Philippine Clean Water Act of 2004
has the primary objective to protect
the country’s water bodies from
pollution from land- based sources. It
provides a comprehensive and
integrated strategy to prevent and
minimize pollution through a multi-
sectorial and participatory approach
involving all the stakeholders. The
scope and coverage of the guideline
applies to all water bodies in the
country, inland surface water, marine
waters, and groundwater; and shall be
used for classifying water bodies,
determining time trends, evaluating
stages of deterioration or enhancement
in water quality, and as basis for
taking positive actions in preventing,
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controlling, or abating water pollution.
Moreover, the guideline shall be used
in designating non- attainment areas
(NAA). The GES applies to all point
sources of pollution discharged to all
water bodies in the country. Until such
time that industry-specific standards
are promulgated, the GES shall be
used regardless of the industry
category.

The WQG were set regardless of
the assimilative capacity of the body
of water a to ensure that the
assimilative  capacities are  not
exceeded the WQG set forth the
following important considerations: a)
annual average of at least 10 data sets
for primary parameter except for fecal
coliform; b) annual average of at least
4 data sets for secondary parameters;
c¢) geometric mean of at least three (3)
data sets per quarter for fecal
coliform. Further, maximum
allowable limit for fecal coliform were
twice WQG per sample; d) maximum
allowable limit for secondary metals
and organics parameters; and e) for
water quality parameters that were
naturally occurring in Philippines, the
natural background concentration as
determined by Environmental
Management Bureau (EMB) shall
prevail if concentration were higher
than WQG; provided that the
maximum increase is only up to 10%
and that it would not cause any risk to
human health and the environment.

According to Adeosun (2014),
providing  sufficient ~ water  of
appropriate quality and quantity has
been one of the most important issues
in human history. Most ancient
civilizations were initiated near water
sources. As populations grow, the
challenge to meet user demands also
increases. People had begun to
transport water from other locations to
their communities. For example, the
Romans constructed aqueducts to
deliver water from distant sources to
their communities. Today, a water

distribution ~ system  consists of
infrastructure that collects, stores,
treats and distributes water between
water sources and consumers. Many
efforts on the development of water
distribution system have been made
through  for  sustainable  water
distribution.

The water distribution system’s
purpose is to deliver water to the
consumer with quality, quantity and
pressure. Distribution system was
used to describe collectively the
facilities used to supply from its
source to the point of usage. A good
distribution system requires a water
quality that does not get deteriorated
in the distribution pipes. It should be
capable of supplying water to all the
intended place with sufficient pressure
head. It should be capable of
supplying the requisite amount of
water during fire fighting. All the
distribution pipes should be preferably
laid one meter away or above the
sewer lines. Distribution systems are
used to describe collectively the
facilities used to supply water from its
source to the point of usage Layouts
of Distribution Network: The
distribution pipes are generally laid
below the road pavements, and as
such their layouts generally follow the
layouts of roads. There are, in general,
four different types of pipe networks;
any of which either singly or in
combinations, can be used for a
particular place. They are Grid, Ring,
Radial and Dead End System. Grid
Iron System it were suitable for cities
with rectangular layout, where the
water mains and branches were laid in
rectangles (see Appendix G). The
advantages are the following: 1) water
was kept in good circulation due to the
absence of dead ends; 2)in the cases of
a breakdown in some section, water is
available from some other direction.
The disadvantage is exact calculation
of sizes of pipes is not possible due to
provision of valves on all branches.
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Ring System the main supply is laid
all along the peripheral roads and sub
mains branch out from the mains (see
Appendix G). Thus, this system also
followed the grid iron system with the
flow pattern similar in character to
that of dead end system. So,
determination of the size of pipes
were easy. The advantage of Ring
System is water can be supplied to any
point from at least two directions. For
radial system, the area is divided into
different zones (see Appendix G). The
water is pumped into the distribution
reservoir kept in the middle of each
zone and the supply pipes are laid
radially ending towards the periphery.
The advantages of Radial System is
that easy quick service and calculation
of pipe size were easy. Dead End or
Tree System were suitable for old
towns and cities having no definite
pattern of roads (see Appendix G). The
advantages of dead end system are
relatively cheap and determination of
discharges and pressure easier due to
less number of valves and the
disadvantage is due to many dead ends,
stagnation of water occurs in pipes. For
efficient distribution system, adequate
water pressure is required at various
points: Depending upon the level of
source, topography of the area and
other local conditions the water might
be forced into distribution system by
following ways:
1) Gravity System suitable when source
of supply were at sufficient height
.Most  reliable and economical
distribution system. The water head
available at the consumer were just
minimum required. The remaining
head is consumed in the frictional and
other losses; 2) Pumping System
treated water is directly pumped into
the distribution main without storing.
High lift pumps were required. If
power supply fails, complete stoppage
of water supply and Combined Gravity
and Pumping System most common
system. Treated water is pumped and

stored in an elevated distribution
reservoir then supplies the consumers
by action of gravity.

According to a Toolkit prepared
by SIGUS — Special Interest Group in
Urban Settlement-MIT, directed by
Reinhard Goethert the types of Levels
of service (LOS) of water supply are
as follows; 1) In House Connections;
2) Yard Tap for Single Family; 3)
Yard Tap for Several Families; 4)
Private Point Source; 5) Door-to-door
Vending; and 6) Rainwater
Harvesting. Though In-house
connection is best LOS but this type
of connection may encourage waste in
water. A private point source, such as
a well or borehole, is generally used
by communities beyond the reach of
piped networks. In Africa interest is
grown and there are many initiatives
ongoing across the continent, and
institutional use had been increasing
in Africa. Low rural incomes are a
major obstacle for investing in
household rainwater tanks. However,
the increasing use of impermeable
roofing materials, the establishment of
community-based revolving funds and
significant support from many donor
agencies (e.g. UNICEF, SIDA,
DANIDA, and FINIDA) have helped
increase access among rural Africans.

According to Buttler et.al (2016)
who published an article entitled
“Water, Sanitation Program” that
discussed the common characteristic
of water demand in urban areas
worldwide were relentless rise over
many years, and projections of
continuous growth over coming
decades. The chief influencing factors
are population growth, together with
changes in lifestyle, demographic
structure and the possible effects of
climate  change. The  detailed
implications of climate change is not
yet clear, and anyway will depend on
global location, but must at least
increase the uncertainty in security of
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supply. This is compounded by rapid
development, creeping urbanization
and, in some places, rising standards
of living. Strategic planning is a key
aspect of a successful demand
management strategy. This means
understanding the constraints,
analyzing how much water is used,
when, by whom, for what purpose and
at what level of efficiency;
determining the potential reduction in
water use that can occur through
improvements to water-using
equipment and  behavior  and
developing programs to achieve these
improvements. ased on the article that
states “Types of water demands in
water supply scheme” published on
2014 by PROBCGUIDE cited
designed water supply system for a
town or city; it is essential to
determine the detailed quantity of a
water required for various purposes by
the city. But there were many aspects
involved in the demand of water, it is
impossible to precisely figure out the
actual demand. Certain empirical
formula and thumb rules were used in
determining the water demand, which
are closest to the real demand. The
following are the various types of
water demands of a city or town: 1)
Domestic Water Demand the amount
of water necessary in the residences
for drinking, bathing, cooking,
washing etc were known as domestic
water demand and primarily depends
on the habits, social status, weather
and traditions of the people. As per
Indian Standard: 1172-1963, under
normal conditions, the domestic
consumption of water in India is about
135 liters per day per capita. But in
developed countries this figure might
be 325-340 liters per day per capita
because of use of air coolers, air
conditioners, maintenance of lawns,
automatic household appliances; 2)
Industrial Demand, the water needed
in the industries mostly relies on the
kind of industries that were

established within the town. The water

neededby various industries like
paper mills, cloth mills, cotton mills,
breweries, sugar refineries etc. comes
under industrial use. About 20-25%
of total water demand was normally
considered as industrial ~ water
demand; 3) Institution and
Commercial Demand this type of
water demand includes the water
requirement for the public buildings
other than residences. Commercial
buildings, malls, colleges, hotels, bus
depots and other similar public
buildings come within this category;
4) water demand for public use,
volume of water necessary for public
utility needs like for washing and
sprinkling on roads, cleaning of
sewers, watering of public parks,
gardens, public fountains etc comes
under public demand. Usually 5% of
total water demand for city were
considered for public use while
designing water supply scheme.
According to article of “Water and
wastewater engineering” that would
be discussed about 5) Fire Demand
water requirement for firefighting
purpose fall under this head. The
volume of water necessary for
firefighting is usually computed by
making use of various empirical
formulas. For Indian conditions
Kuching’s formula provides
acceptable results; 6) For wastage and
losses there are always losses and
wastage that occurs in pipeline while
water distribution. The main reasons
for this are listed in the following; a)
Damage pipe line and or faulty
accessories like valves, fittings etc.; b)
Water tabs kept open in public or
residences causing water wastage; c)
Due to illegal and unauthorized
connections. While calculating the
total amount of water of a town;
allowance of 12-15% of total quantity
of water was designed to make up for
losses, thefts and wastage of water.
The quantity of water required for
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municipal uses for which the water
supply scheme has to be designed
requires the following data: 1) Water
consumption rate (Per Capita Demand
in liters per day per head); 2)
population to be served and water
consumption rate, were very difficult
to precisely assess the quantity of
water demanded by the public, since
there were many variable factors
affecting water consumption. The
various types of water demands,
which a city may have (see Appendix
0O). Fire Fighting Demand, the per
capita fire demand is lessen on an
average basis but the rate at which the
water were required is larger. The rate
of fire demand is sometimes treated as
a function of population.

The following were factors

affecting per capita demand; a) size of
the city: Per capita demand for big
cities were generally large as
compared to that for smaller towns as
big cities have sewer houses;
b) presence of industries; c) climatic
conditions; d) habits of people and
their economic status; e) quality of
water: If water were aesthetically
medically safe, the consumption will
increase as people will not resort to
private wells, etc.; f) pressure in the
distribution system; g) efficiency of
water works administration: leaks in
water mains and services; and
unauthorized use of water can be kept
to a minimum by surveys; and g) cost
of water Policy of metering and
charging method: Water tax were
charged in two different ways: on the
basis of meter reading and on the basis
of certain fixed monthly rate.

If this average demand is supplied
at all the times, it will not be sufficient
to meet the fluctuations. Seasonal
variation the demand peak during
summer. Firebreakouts are generally
more in summer with an increasing
demand. So, there are seasonal
variations. Daily variation depends on
the activity. People draw out more

water on Sundays and festival days,
thus increasing demand on these days.
Hourly variations are very important
as they have a wide range. During
active household working hours i.e.
from 6-10 in the morning and 4-8 in
the evening, the bulk of the daily
requirement was taken. During other
hours the requirement was negligible.
Moreover, if a fire breaks out, a huge
quantity of water is required to be
supplied during short duration,
necessitating the need for a maximum
rate of hourly supply. So, an adequate
quantity of water must be available to
meet the peak demand. To meet all the
fluctuations, the supply pipes, service
reservoirs and distribution pipes must
be properly proportioned. The water is
supplied by pumping directly and the
pumps and distribution system must
be designed to meet the peak demand.
The effect of monthly variation
influences the design of storage
reservoirs and the hourly variations
influence the design of pumps and
service reservoirs. As the population
decreases, the fluctuation rate
increases. This quantity should be
worked out with due provision for the
estimated requirements of the future.
The future period for which a
provision was made in the water
supply scheme is known as the design
period. Design period is estimated
based on the following: 1) useful life
of the component, considering
obsolescence, wear, tear, etc.; 2)
expandability aspect; 3) anticipated
rate of growth of population,
including  industrial, = commercial
developments & migration-
immigration; 4) available resources;
and 5) performance of the system
during initial period. Population
forecasting methods, the various
methods adopted for estimating future
populations are given below. The
particular method to be adopted for a
particular case or for a particular city
depends largely on the factors
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discussed in the methods, and the
selection were left to the discretion
and intelligence of the designer. A)
Arithmetic method; B) Geometric
increase method;

C) Incremental increase method; D)
Decreasing rate of growth method; F)
Simple  graphical  method; G)
Comparative graphical method; H)
Ratio Method; 1) Logistic curve
method.

Based on the Sixth (6™) guiding
Principle of APSEMO, which are in
accordance to new paradigm adopted
by Albay province, states that “to
integrate DRR in the Comprehensive
Land Use Plan and promote no or
selective investment in high risk zone,
maximum protection in the low to
moderate risk zone, and to identify
safe zones as sites for new
development investments”, the
Provincial Local Government Unit of
Albay  through APSEMO-APHSO
started a housing resettlement project
in Mayong, Tiwi, Albay.

Through the review of related
literature and studies, the research was
able to identify that even though Phase
I of that housing resettlement site at
Mayong, Tiwi, Albay already has a site
development
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Figure T. Theeretical Framework

In Figure 1, the research first identified

the problems. The problem statements
identified would serve as an anchor for
data gathering that would be based on the
three aspects identified namely: water
source, water demand and water
distribution. After this, data gathered
would be consolidated and analyzed and
would serve as a basis for the design of a
water supply and distribution system.

METHODS

The research focused on the
design of a primary water supply
system for a proposed housing
resettlement site at Mayong, Tiwi,
Albay using a nearby natural spring as
a source of water. The purpose of the
research was to assess water source
and evaluate the condition of the
resettlement site and use the data
collected as basis in the design of the
water supply and distribution system.

The sources of data that the
research used were both primary and
secondary sources. Primary sources of
data are the actual site observations,
surveys and tests conducted on the site
and on
the possible water sources. Other
primary sources were data collected
from various related agencies like
APHSO, MLGU-Tiwi, PLGU-Albay,
National Housing Authority (NHA),
Provincial Health Office (PHO),
Provincial Engineering’s Office (PRO)
and Department of Social Welfare and
Development (DSWD). The secondary
data were derived from publications
and articles such as books, inquiries,
interviews, journals, surveys, previous
studies and reliable sources from the
internet.

The research sought to identify
the type and configuration of a water
supply system that would be able to
provide the potential needs and
demands for water of the resettlement
area. The research presented facilities
and structures of the water supply
system along with the relevant data
that served as justifications for the
design choices of the study. The
researchers first coordinated with
APHSO, which is one of the core
agencies involved in the
implementation of the resettlement
project, along with other agencies
previously enumerated that were also
involved in the project. Based on the
data gathered from concerning
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