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Society of Surveying, Geodesy, Photogrammetry, and Cartography, 21(1): 45-51.
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Association of Geographic Information Studies, 5(3):1-8
[3] PaulM.Mather, 1987. Computer Processing of Remotely Sensed Image, John
wiley&Sons, pp. k189-202
[4] PCI Geomatics, 2002. Geomatica Software manual
[5] ROBERT H. ARNOLD, 1996. Interpretation of Airphotos and Remotely Sensed
Imagery, PRENTICE HALL
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Publishing Co, pp:275-290

-18-



(E)HEDEEEHEREE SPOT AR FERI /K E [l

R © ZRAFEFI F SE-SO0HUTE Y 3RS 2(Spectroradiometer) & I 7K R Y3
BEATRE  MAETHAE — R EAEYE ORI ME B S R
FEE [E]) A5 R R /K B A I B R 1 T 26 708 R 234 (multiple regression) » i ZF i
[ERFRET AR © HIFEFREREC SRR AT € EHELTEREA - B A RS ELEN
FEE =FKE Y28 IMEEESPOTHE 2 = (B R R R 53 i Ed Al
KEERBETTEER ST - BONLREKERG - EhiklA— KK E il
SPOTH# BB E RHRRT O ATAE S © M HSE- SO0 EESPOT# 2 — {8k
ER1S RIS EEEE R » 7 SE-590 « SPOTEH & SE-590f#E POTH £ YRt &kt
HIEIER T2 FE EHEL KB 73 - 40 M HEIER A HEAGAS SR > LASE-590
EATRYEIER SRR AR HHE IR A - R AR LB R AR
Z 53 R1850.57 ug/l, 0.2 mg/l and 0.17 m
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3.1 EBFATHIRG R

SE-SO0ERHIHEER MTAG R AN R — - TERRES0 99 » FrEHY [ -test®]
f0.05)BIEE B 24.0 - HEEHKE A > SSHIEEIHE > FrAMCK/(+1)=<1.0
SPOTH# 2 BUSHIEER (R BUNASE-SO0RT 1S EIRY - Fr 2 ¥HEIHRE 2kER
HAB0.75 > TFmafa] » SE-SO0KEEESPOTH 2 REi: RIS RN HIREL - Hlal
0.91 -

FIRRMSER A= th 245 5 3 - SE-590 8 HISS K ZE HA B HIRMSER A (E /M
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& | HHAZSERERIGER S ITER

SE-590/ SHRE &R
KE | EERRE | BEYEIRFE | Fetest F(0.05) | Ck/k+1)
FERFEA | 09949 | 0.57ugl | 139.33 3.14 0.06
RIFERE | 09947 | 02mgl | 2890 5.90 0.80
BHAE 09946 | 0.17m 38.30 4.68 0.78
SPOTH# 2%
TELREA | 09273 | 0.36ugd | 2456 3.41 0.76
RIFERE | 09025 | 0.49mgl | 19.02 3.49 1.0
ERHE | 07534 | 042m 19.69 3.59 0.05
SE-590fEESPOTH# 2 Y5 BR

BERREA | 09321 | 1.77ugd | 2872 3.41 1.0
FRIEERE | 08980 | 049me/l | 16.66 3.49 1.0
FEHHE | 09050 | 0.37m 16.59 3.59 1.0
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RLIRERBERE

TERRERA RRIFEIRR(SS) ERE
(ug/) (mg/l) (m)
PRERES \ N :
B | TAMKE | BEME | FEMEE | 2HE | HEGE
SE- SO0 SR ENE K

3 1.9 1.94 0.8 5.13 39 2.0
11 2.2 3.95 1.0 29 3.35 1.54
15 1.3 2.95 1.6 4.96 3.30 3.97
20 4.5 2.39 1.0 4.29 2.75 2.29
22 4.1 4.96 1.8 2.09 2.75 0.20

RMS 1.48 3.50 1.67

SPOT# 2§15

3 1.9 2.22 0.8 0.02 39 3.95
11 2.2 2.06 1.0 0.11 3.35 3.95
15 1.3 2.95 1.6 1.14 3.3 3.31
20 4.5 2.73 1.0 0.67 2.8 3.21
22 4.1 2.33 1.8 0.68 2.8 342

RMS 1.35 0.72 041

SE-590f&#5E SPOT/#1 2 YAt ER

3 1.9 2.3 0.8 2.6 3.9 3.7
11 2.2 74 1.0 3.7 3.35 3.0
15 1.3 0.1 1.6 1.5 3.3 4.2
20 4.5 4.5 1.0 27 2.75 3.3
22 4.1 0.2 1.8 1.3 2.75 3.7

RMS 2.96 1.44 0.66
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[1] Engman, E. T., 1985, Surface Water Monitoring, pp.1~7.

[2] Engman, E. T., 1991, Remote Sensing in Hydrology, CH. 9, pp. 175 ~ 190.
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Abstract: Taipei Watershed Management Bureau (WRATB) is a government
agency entitled for water resources protection at two major watersheds in order
to provide drinking water for about four millions population in Taipei on a
sustainable basis. At WRATB, there are two major public sewage treatment
facilities which can convert sewage in each watershed into an acceptable state
before they were discharged into rivers. More than 82% of household
wastewater have been collected and treated by the two public sewage systems.
However, households at remote area still need more effective sewage
. management prescriptions. The objective of this paper is to implement
geographic information systems in order to provide more effective approaches
that sewage management can be easier and cost effective. ArcIMS was
implemented for Internet browsing and map server of those sewage facilities on
personal computers, laptop computers. In the open field, ArcPAD was
implemented with personal digital assistant (PDA) such that compact flash
type’s global positioning systems (GPS) and digital camera can be utilized with
PDA. All sewage facilities digital files were convert into ArcMap format files.
MapObjects and visual BASIC were used to create sewage application modules
to meet every single technician personal flavor. ASP.NET was implemented for
Internet database manipulations of all sewage databases. Mobile GIS was the
key component of GIS applications in the open field for sewage management on
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a basis of house by house. Houses at remote area, which can not cover by the
two public sewage systems, were managed by PDA and laptop computers with
GPS and digital camera. Sewage management at Taipei Watershed Management
Bureau is easier both in the open field and in the office. Integration of GPS, GIS,
and PDA makes sewage management in the open field much easier. ArcIMS,
MapObijects, ASP.NET and visual BASIC make sewage management can be
done in the office and over Internet.

Keywords: Geographic information systems, sewage management, GPS.

1. Introduction

Water quality and quantity is one of very important issues that should be
pursued at Taipei Watershed Management Bureau. In order to supply high
quality of drinking water on a sustainable basis, water resource protection has
to look into all aspects of solutions. There are two major public sewage
treatment facilities have been constructed and managed to convert sewage of
the two watersheds into an acceptable state before they were discharged into
rivers. Household wastewater is subjected to be managed by the two public
sewage systems. Households at remote area still need more effective sewage
management prescriptions.

The objective of this paper is to implement geographic information systems
for sewage management such that water resource protection can be easier and
effective.

2. Material and Method

Sewage management has to deal with a lot of maps and databases. Domestic
and community wastewater has to look into on a single household basis because
it is the main pollution source at WRATB. Existed sewage pipeline network has
not covered more than 85% of all household. Maintenance of established sewage
facilities and extending collecting pipelines to every single household are the
two major problems to be solved.

1) Material
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The two major sewage treatment facilities have been created into the
databases separately. Sewage collecting pipeline systems including house maps
have been created as well. Their map scales are in the range of 1:500 to 1:5000.
All maps have been converted into topographic coordinates in order to overlay
with maps in the databases. Maps are converted into ArcMap format. Attributes
are manipulated into relational database format.

2) Method

Commercial GIS software such as ArcIMS, ArcView, and ArcPAD are the major
items to provide GIS functions for sewage management. Programming
languages such as Visual Basic, ASPNet and ADO.Net are used for
development of application modules, data manipulations, creation of hyperlinks
among maps and their associated attributes. The major ingredients of the whole
prescriptions for sewage management are build-to-order and configuration of
application modules for single technician both in the open fields and in the
office.

Personal digital assistant (PDA) is a very useful and convenient device for
field operations. ArcPAD is designed for PDA operations but is also good for
personal computer implementations. GPS can work independently with or
without PDA. Embedded visual Basic is needed for development of more
application modules with PDA. A PDA connected to a GPS device is desired at
WRATB. All PDA are running with Windows Pocket PC operating system.

ArcIMS was purchased and used for both Internet operations and intranet
operations of sewage management. Databases were mainly created by Excel.
They have to convert into Microsoft SQL server and some of them were stored
as Internet HTML file format for quick web browsing. With ASP.Net and
ADQO Net, traditional database manipulations can be done on web pages.

MapObjects were published by ESRI and come up with several different
software languages such as, Visual Basic, Visual C++, Delphi, and so on. With a
little bit of programming, MapObjects can provide GIS functions with personal
flavor. Some of sewage application modules were created with MapObjects.

-39
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3. Results and Discussion
1) Household Inventory

Every single household has been investigated and their basic information was
created into the databases including address, wastewater collected or not,
landowner, types of pipelines, and so on. Which village is also a key component
for sewage management.

2) Pumping Station and Sewage Treatment Facilities

Pumping stations including location, number of pumps, capacity, and horse
powers were ready for data manipulations and inquiry. More detail information
still need to be input into the databases.

The two public sewage treatment facilities are the major components of the
whole systems. How to keep them operation on 24 hours a day, and day after
day is the top priority. All hardware must keep in good condition and spare parts
have to be reached at sufficient amounts and in a short time frame. GIS in this
regard is providing some supporting functions in order to make the whole
process of sewage treatment facilities can be smooth as long as possible.

3) Sewage Pipeline Network in the Open Fields

Sewage pipeline network in the open fields is the key component that GIS can
contribute something in sewage management. Layout maps of pipeline network
for every village were stored as GIS databases. A GPS device and a PDA can
browse the right sewage maps for a desired place for field operations and data
manipulations. Almost all manholes have been located with the help of GPS and
their location maps were overlaid with different map layers. Hyperlinks between
important sewage pipeline network and their associated attributes can be done
smoothly in GIS software.
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Fig. 2. Manholes overlaid with a township map.
4) Regions that Wastewater has been Collected

Those regions that their wastewater has been collected were managed more like
routine works. Maintenance is the most part of jobs done every. Hot springs
discharged by hotels and resorts are hot issues to be managed recently. Sewage
maps are not the only required maps for management. Parcel maps, house maps,
road systems, and contour maps are overlaid quite often. Summary reports
usually are a must. Visual Basic is very good for table automatic generation
using Microsoft Excel and automatic report generation using Microsoft Word.
To convert those information in Excel and Word into databases, Visual Basic is
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also a very good programming language.

5) Regions that Wastewater has not been Collected

How to collect the household and public wastewater at remote area with
effective management prescriptions is a real challenge at WRATB. Uncollected
household has been investigated house by house. GIS can answer so many
“what if” questions in order to come up with very good management
prescriptions for a specific region. Maps overlay and buffering analysis of GIS
can do a nice job in this regard [1]. Budget concern and efficiency can be met
simultaneously as well. A long-term project for these regions that wastewater to
be collected has been reviewed with the help of GIS and GPS. How many
houses to be collected at a given village or region and where are they can be
answered quickly by GIS, with the help of maps to show their locations and
tables to indicate attributes.

6) PDA for Open Field Operation and Web Browsing

PDA is a very convenient device for open field operation of sewage
management, especially, with the help of GPS. Although, it has RAM only 64
MB but power supply good for 12 hours job is quite useful. High resolution
color images such as 2 meters and 0.5 meters are no problems to put into PDA
as background for field inspection. Some free software can compress one color
image from 144 MB into 3 MB such as ECW [2]. ECW is good for ArcView,
ArcIMS, and ArcPAD. High resolution satellite images and 0.5 meters
resolution orthomaps are very good information to update household databases.
PDA can not use for web browsing without some sorts of cell phone functions
such as PHS and GPRS. Two ways communication between servers in the office
and PDA in the open fields brings real-time mobile GIS into sewage
management. Although, large amount of data manipulations in this manner is
confined to bandwidths of PHS and GPRS, a good combination of PDA, GPS,
and GIS is very useful for sewage management at WRATB.
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4. Conclusions

Taipei Watershed Management Bureau is entitled for water resource
protection in order to provide high quality of drinking water for about four
millions populations in Taipei. Sewage management is one of many types of
jobs has to be done day after day at WRATB. With the help of GIS, GPS, and
PDA, sewage management can be done in the open fields and in the office
almost identically. Web browsing and mobile GIS are two typical functions that
sewage management can be done with more personal flavor. Commercial GIS
software is not easy to customize in this manner. With a little bit of
programming, application modules for sewage management can be organized in
task-oriented and personalized modules. GIS implementations for sewage
management at WRATB is not confined to examples mentioned here. More
research on GIS implementations for water resource protection are planned in
the near future.
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Abstract: Water quantity and quality monitoring at Taipei Watershed Management Bureau
(WRATB) is not only a daily Business but also a long term job. WRATB is responsible for
providing high quality drinking water to about four millions population in Taipei. The quality
of drinking water provided by WRATB is among one of the best in Taiwan. The total area is
717 square kilometers. The water resource pollution is usually divided into two categories,
point source pollution and nonpoint source pollution. Garbage disposal is the most important
component of the point source pollution, especially those by tourist during holidays and
weekends. Pesticide pollution, fertilizer pollution, and natural pollution are the major
contributions for nonpoint source pollution. The objective of this paper is to implement
remote sensing, geographic information systems, and global positioning systems to monitor
water quantity and water quality at WRATB. There are 12 water quality monitoring stations
and four water gauge stations at WRATB. The coordinates of the 16 stations were determined
by GPS devices and created into the base maps. MapObjects and visual BASIC were

implemented to create application modules for water quality and quantity monitoring. Water
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quality of the two major watersheds at WRATB was put on Internet for public review monthly.
The GIS software, ArcIMS, can put location maps and attributes of all 16 stations on Internet
for general public review and technical implementations at WRATB. Inquiry and statistic
charts automatic manipulations for the past 18 years are also available. Garbage disposal by
community and tourist were also managed by GIS and GPS. The storage, collection, and
transportation of garbage were reviewed by ArcMap file format. All garbage cart and garbage
can at WRATB can be displayed on the base maps. Garbage disposal by tourist during
holidays and weekends can be managed by a PDA with a GPS device and a digital camera.
Man power allocation for tourist garbage disposal management can be done in an integration
of GIS and GPS. Monitoring of water quality and quantity at WRATB can be done on Internet

and by a PDA.

Keywords: remote sensing, GIS, GPS, water quality monitoring.

1. Introduction

Water quality and quantity is one of very important issues that should be pursued at Taipei
Watershed Management Bureau. In order to supply high quality ofdrinking water on a
sustainable basis, water resource protection has to look into all aspects of solutions. Water
must be supplied in very high quality manner as well as quite sufficient for general publics.
Monitoring water quantity and quality is a daily operation and a long-term job. General public
has the right to know detail information about water quality and water quantity on Internet.
Garbage disposal by tourist and community is one the main source of point pollution. The
nonpoint source pollution is consisting of pesticide pollution, fertilizer pollution, and natural
pollution. One of the major sources, hog farm pollution, has been wiped out at WRATB.
The objective of this paper was to implement remote sensing, geographic information
systems, and global positioning systems to monitor water quantity and water quality at
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WRATB.
2. Material and Method

Water quantity monitoring has been performed since 1988. Monthly measurement and their
changes every year have to summit to EPA and open for general public. Some of gauge
stations have not measured due to natural disaster such as typhoon. There are 12 stations for
water quality monitoring. What have tb be sampled and measured are subjected to the
guidelines and law set up by EPA. Temperature, pH values, BOD, COD, S§, and so on are
items measured periodically.

Garbage disposal is the major components of water pollution at WRATB because so many
tourists visit during holidays and weekends. This type of garbage has to be collected and

treated efficiently. Monitoring of garbage dumped by tourists is then an important job.
1) Material

Table 1 shows water quality measurements at five sampling stations for a given month.
Table 2 indicates water quantity measurements from 1988 to 1992 month by month. Those
two types of data have been converted into relational databases and some of them were stored

in HTML format for web browsing by general public.

Table 1. Water quality was measured at sampling stations with several

elements.

Location  pH DO BODS COD SS
(mg/l) (mg/l) (mg/l) (mg/l)
Kuolai 7.0 9.8 02 1.0 0.6
Pihu 6.9 9.9 0.5 13 04
YCPL 6.8 9.4 0.7 1.6 72

Pinlin
Bridge 6.9 9.7 0.6 14 3.0
Dalin 6.8 9.9 0.6 1.7 12
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Bridge

Table 2. Water quantity was measured at one sampling station month by month.

year | JAN FEB | March | Aprill | MAY

1988 | 5.113 4813 | 4.500 | 4465 | 3.862

1989 | 7.002 | 12.060 | 3.242 | 4.068 | 8.105

1990 6.982 4629 | 7.952 | 1438 4.746

1991 | 1.786 3736 | 1706 | 2299 | 4.747

1992 | 5.180 | 12.200 | 5.010 | 5260 | 5.520

Figure 1 shows location of all 16 sampling stations for water quality and water quantity
monitoring in ArcPAD.

\» ArcPad - ArcPad

, o S
.'.n: .
R *HRR ‘
S
L =11 (G}

G HidPepoal
Fig. 1. Location of all 16 sampling stations for water quality and water quantity
monitoring.
2) Method

Brand-name GIS software such as ArcIMS, ArcView, and ArcPAD are the major items to

provide most GIS functions for water quality and water quantity monitoring at WRATB.
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Visual Basic was used to develop more application modules. It is very simple that commercial
GIS software can not do all the jobs alone. Programming languages such as ASP.Net and
ADO . Net are used for development of application modules, data manipulations,creation of
hyperlinks among maps and their associated attributes.

Personal digital assistant (PDA) is used for field operations including water quality and
water quantity sampling and garbage management. ArcPAD is designed for PDA operations
but is also good for personal computer implementations. It 1s a very good combination that
GPS works together with PDA. Embedded visual Basic is needed for development of more
application modules with PDA. PDA is running with Windows Pocket PC operating system.

ArcIMS was purchased and used for both Internet operations and intranet operations.
Databases were mainly created by Microsoft Excel and they have to convert into Microsoft
SQL server and also stored as Internet HTML file format for web browsing. With ASP.Net
and ADQ.Net, traditional database manipulations can be done on web pages by general public
or government authority. More functions can be added on web pages without making any
compromise for security reasons.

MapObjects were published by ESRI with several different software languages say, Visual
Basic, Visual C++, Delphi, and so on. MapObjects can provide GIS functions with personal
flavor but requires more computer efforts. Some of application modules were created with

MapObjects such that they can be more user-friendly and cheaper.

3. Results and Discussion

1) Water Quality Monitoring

Many items of water quality have to be measured at headquarters of WRATB. Their measurements
were then manipulated with Microsoft Excel. Standard procedure has been set up for the

whole process. GIS can provide functions for field data collection, database manipulation,
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hyperlinks between location and its associated attributes, and map overlay with other map
layers. When water pollution was detected, it can be analyzed with the help of GIS to come up
with some management prescriptions. Because landslide maps, sewage facilities maps, land
use maps, and high resolution images can be overlaid with the water sampling station map for

further inspection.
2) Water Quantity Monitoring

Water quantity monitoring is much like the water quality monitoring but it is much simple.
Some of the sampling stations have been converted into automatic process. A little bit of
programming has to read the data set and input into the existed databases. Statistic table
generation and statistic charts generation were provided by application modules in Visual
Basic.

Both water quantity and water quality monitoring require satellite images to cover a single
watershed. SPOT satellite images with 20 meters resolution have been purchased and used as
background information. Higher resolution satellite images such as 2 to 3 meters are more
useful. Chinese Sat-II will be launched in the near future that will be implemented for water

quality and water quantity monitoring at WRATB.

3) Garbage Management

Garbage management can be divided into two types of job. Community garbage collection and
transportation is more like a routine work can be managed without much surprise. Figure 2
shows locations of all garbage can and garbage cart at WRATB. Every single garbage can or
garbage cart has its associated attributes in the databases ready for further inquiry and analysis.
How many garbage can and garbage cart within a village or at a scenic attraction can be

answered by GIS.
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Fig. 3. Garbage transportation route at WRATB.
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Figure 3 is a garbage transportation route map at WRATB. It was prepared with the help of
GPS.

Garbage disposal by tourists during holidays and weekends is a challenge that requires close
monitoring. Man power allocation at different sites has to prescribe according to this type of
garbage monitoring. PDA and GPS work together in the open fields can provide very nice
garbage information in real time. A compact flash type of digital camera can work with PDA
providing color images on the right place. With the help of PHS and GPRS, PDA can be used

for web browsing and provides real-time mobile GIS functions for garbage management.

4. Conclusions

Taipei Watershed Management Bureau is the only one government agency in Taiwan set up
for water resource protection with full legal authority. It is more like a river valley authority
in order to provide high quality of drinking water for about four millions populations in
Taipei. Water quality and water quantity monitoring is a long-term process that require more
sophisticate and effective approaches. GIS, remote sensing, GPS, and PDA can work together

providing more cutting-edge approaches for water resource protection at WRATB.
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