
180 CI S TOOLS FOR WATER, WASTE WATER, AND STORMWATER SYSTEMS

Noted structura l problems

Number of taps by type (fittin g or break-in)

STORMWATER SYSTEM APPLICATIONS DATA

Attribut e data require d for hydrauli c modeling (e.g., inle t capacities)

Watersheds

Drainage areas

Landfill s

Parks

Recreation areas

Open land s

National Pollutio n and Discharge Eliminatio n System compliance data

Roadways

- Sweepin g schedule

- Debris/litte r removal program designation s and responsibilities

- Drainag e structure s

Construction site s

- Standar d Industria l Classification code

- Owner/occupan t informatio n

- Inspectio n schedule

- Inspectio n date s

- Comment s

Field data

Dry weather testing dat a

Wet weather testing data

Land use

Identif y potentia l sources o f stormwater pollutio n and drainage defect s

TV inspection s

- Attribute s same as for wastewater syste m listed above

Manhole inspection s

Smoke testin g

Dye testing

STORMWATER MANAGEMENT APPLICATIONS DATA

Attribute dat a require d fo r hydrauli c modelin g (e.g. , runof f curv e

numbers and stream cross sections )
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Land use

Stream centerlin e

Cross-section locatio n

Field surveys

Benchmarks

Watershed boundarie s

Subwatershed / subbasi n boundaries

Photograph location s

Outfall location s

Hydrauli c obstruction s (culvert s and bridges, etc.) and their capacities

Floodplai n boundarie s

Existin g

Future

Improvement locations

DATABASE DESIGN STANDARDS

Certain desig n standard s shoul d b e followe d i n creatin g a  GI S database .

For example , th e desig n shoul d adher e t o compute r industr y standards .

The standard s se t fort h guideline s o n syste m interoperabilit y an d
integration, whic h are critica l for the success o f a GIS applicatio n project .

There ar e fou r importan t standard s fo r moder n GI S softwar e (ESRI ,

2000):

1. Microsof t Windows for interfac e

2. Structure d Query Language (SQL) for data access

3. Componen t Object Model (COM) for tools

4. Transmissio n contro l protocol/Interne t protoco l (TCP/IP ) an d hype r
text transfe r protocol (HTTP) fo r network dat a transfer

Interoperabilit y i s no t a  realit y toda y becaus e differen t standard s ar e

advocated b y variou s groups . Th e majo r player s ar e Microsoft , wit h it s

ActiveX standards , an d th e ope n standard s bodies , whic h ar e promotin g

the us e o f Commo n Objec t Reques t Broke r Architectur e (CORBA )

standards. Th e softwar e industr y ha s recognize d th e nee d t o provid e

seamless interoperabilit y betwee n product s develope d b y differen t

vendors. Mechanism s ar e require d t o allo w component s develope d b y

differen t vendor s t o communicate , whereve r thos e component s reside , b e
it o n the sam e devic e o r distribute d across a  local o r wid e area network .
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There ar e significan t benefit s i n thi s "component-based" approach, bu t i t

require s th e adoptio n o f a  commo n standar d fo r th e interoperabilit y o f

component object s manufacture d b y differen t vendors . Th e compute r

industry standard s use d i n GI S softwar e procuremen t an d integratio n

should als o b e use d fo r th e databas e design . Additiona l database desig n

standards and requirement s are described in the next section.

GIS DAT A MODELS

For dat a storag e an d manipulation , a  database  managemen t syste m

(DBMS) use s a  data model , suc h a s a  hierarchical , network , o r relationa l

data model . I n the late 1990s, a  new object-oriente d (OO) data model was
introduced . Thi s model , whic h ca n stor e spatia l dat a insid e a  relationa l

DBMS (RDBMS), i s described a t the end of this chapter.

The relationa l model is the most widel y used data model. A n RDBMS is a

software progra m tha t i s used t o create, maintain , modify , an d manipulat e

a relationa l database. A n RDBM S i s also use d to create th e application s

that wil l enabl e user s t o interac t wit h th e dat a store d i n th e databas e

(Hernandez, 1997) . I t allow s fo r eas y dat a entr y an d manipulation ,

provides fas t quer y and display , and maintain s data integrit y and securit y

(EPA, 2000) . Relationa l databas e system s hav e becom e th e commercia l
de facto standard becaus e o f ease of use and implementation , abilit y to be

modified , an d flexibility .

Some application s us e informatio n fro m severa l differen t database s o r

tables. For example, a  smoke testin g applicatio n might require information

from manhol e an d custome r accoun t databases . I t i s inefficien t an d

cumbersome t o ente r th e dat a fro m differen t table s i n on e table .
Relational database table s allo w informatio n to be accessed fro m differen t

tables withou t joining them together physically .

A relationa l databas e store s informatio n i n record s (rows ) an d field s
(columns) . A n RDBM S conduct s searche s b y usin g dat a i n specifie d

fields o f one table to find additiona l data in another table . T o accomplis h

this, ther e shoul d b e a t least on e "key" o r "common" field in each tabl e

that uniquel y identifies the records. Th e common field can be used to lin k

the GI S databas e table s t o virtuall y an y externa l databas e table . Thi s

linkage capabilit y allow s th e GI S t o mak e effectiv e us e o f existin g

databases withou t requirin g new dat a entrie s i n the GI S database. Onc e

the GI S an d externa l databas e table s hav e been  linked , the externa l dat a

can be queried o r mapped fro m withi n the GIS. Figur e 6-1 shows ho w a

GIS tabl e fo r valve s ca n b e linke d t o a n externa l tabl e containin g valv e

maintenance history . I n this example, the "Valve ID " field is the key field
common t o bot h th e GI S an d th e externa l databas e tables . Figur e 6- 2

shows th e linkag e of a  manhol e them e tabl e i n ArcView wit h an external

manhole inspectio n table.
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Figure 6-1. Linkin g GIS and Externa l Tables in Relationa l Databases

Figure 6-2. Linkin g Manhole Them e Table and External Manhole Inspectio n Table in Arc View
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The linkag e shown in Figur e 6-2 i s accomplishe d using the field s "Mhid"

of the manhol e theme table and "Mh_id" of the manhole inspectio n table.

It shows tha t whe n manhol e "MH9-2" i s selected i n the theme table , th e

corresponding records in the manhol e inspection table are also selected.

The traditiona l fil e syste m (hybrid ) database desig n approac h save s th e

results of spatial queries, such as an overlay operation, in a new file . Thi s

approach require s a  GIS manager t o kee p al l derivativ e file s (suc h a s a

GIS overlay ) synchronize d wit h thei r sourc e data . An y chang e i n th e

source coverag e woul d als o requir e updatin g th e overla y map— a

laborious process! Th e RDBMS approac h saves the quer y rather than the

results o f the query . Thus , an updat e of source data woul d automatically

update the quer y view and there woul d be no need to change the overlay

map (Lowe, 2000a) .

DATABASE DESIGN STEPS

Database desig n involve s thre e steps : (1 ) conceptua l design , (2 ) logica l
design, an d (3 ) physica l design . Conceptua l desig n doe s no t depen d o n

hardware o r software . I t define s graphi c features , attributes , labels , dat a

format, reports , featur e placemen t rule s an d guidelines , an d databas e

output. Logica l desig n depend s on  softwar e only and  define s the logica l

structure of the database element s accordin g to the software requirements .

The logica l databas e desig n describe s th e size , shape , an d necessar y

systems fo r a  database ; i t addresse s th e informationa l an d operationa l

needs of a business or utility . Logica l design reduces the time required to

implement th e databas e structure . Thi s free s u p tim e fo r developin g
applications tha t wil l b e use d t o interac t wit h th e dat a i n th e databas e

(Hernandez, 1997) . Physica l database design depends on the hardware. I t
specifies system-specifi c fil e structure , databas e structure , dat a layers ,

feature symbology , file names, table names, attribut e names, an d key IDs.

Physical desig n als o provide s specification s o n memory , dis k space ,
access, an d speed . Yo u ca n thin k o f the logica l databas e desig n a s the

architectural blueprint s and th e physica l database implementatio n a s th e

completed home (Hernandez, 1997) .

Conventional databas e desig n method s involv e thre e phases : need s

analysis (o r assessment) , dat a modeling , an d normalization . Need s

analysis clarifie s the project' s specifi c needs; identifie s and quantifie s the

GIS needs of an organization an d its stakeholders; an d defines how a GIS

will benefi t a n organization b y relatin g specifi c organizational resource s

and need s t o specifi c GI S capabilitie s (Wells , 1991). Need s analysi s i s

analogous t o strategi c planning . Carefu l need s assessmen t i s critica l t o

successful GI S implementation . Befor e a systemwide implementation , the

initial databas e desig n an d dat a conversio n methodolog y shoul d b e

evaluated fo r a  smal l pilo t are a an d fine-tuned i f necessary. Additiona l
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needs analysi s an d pilo t projec t testin g i s provide d i n Chapte r 9

(Wastewater System Applications) .

Depending on the design goals, basic database design may be divide d into

three categories: standalone , giant , an d joint (mos t complex) . Today , the
trend i s t o us e standar d databas e managemen t systems , suc h a s Oracle ,

Informix , DB2 , o r SQ L Server , t o stor e bot h attribut e an d geometrica l

data. Th e dependenc e between the basic data mode l and application s can

be reduce d b y usin g simpl e storag e structure s i n a  standar d DBM S

(Bernhardsen, 1999). A  detailed discussio n of database design phases and

categories i s outsid e th e scop e o f thi s book . Pleas e rea d on e o f th e

database book s (e.g. , Hernandez , 1997 ) liste d i n Chapte r 1 2 (GI S

Resources) fo r more information .

Each featur e of a database mus t have a uniqu e identifie r o r "structure ID. "

Each feature should also have a "source ID" attribut e in the database. Thi s

attribute represent s a n identificatio n numbe r for the source materia l fro m

which the featur e was digitized . Th e source IDs shoul d be explaine d in a

separate table called a "source table" that accompanies the database design

report. Thi s table shoul d have informatio n about the source title, number,

creator, date , syste m (water , wastewater , o r stormwater), an d comments .

The column s an d sampl e entrie s fo r a  typica l sourc e tabl e ar e show n i n

Table 6-5.

Table 6-5. Typica l Source Table for a Database Design Report

Column

Source ID

Source title

Creator

Date created

Date modified

Drawing No.

Sheet No.

System

Comments

Sample Entry

1001

River Park Water Service Extension

ABC Engineers

January 15, 1959

October 21, 1960

2252-24-59-13

13
Water

River Park is now called the Reagan Park

Once yo u hav e create d tables , se t up tabl e relationships , an d establishe d

the appropriat e level s o f dat a integrity , you r database i s complete. No w

you are ready to develop applications that wil l allow you to interact easily

with the data stored i n your database, an d you can be confiden t that thes e

applications wil l provid e you with timely and—most important—accurat e
information.

The database design should also support the intended applications, such as

work orde r management . Th e asset s an d application s databas e desig n
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should b e full y complian t wit h th e dat a requirement s o f th e facilitie s

management software , suc h a s Cityworks " (mor e informatio n i n Chapte r

3). Eac h featur e type should contain certain mandatory attribute fields tha t

facilitate som e functio n withi n th e applicatio n software . I n additio n t o

these, user-define d attribute field s shoul d be allowed, which can be added

to or subtracted fro m th e design. Fo r example, database design for a layer

of combine d sewer overflo w (CSO) event s is presented in Table 6-6.

Table 6-6. Databas e Design for Combine d Sewer Overflo w (CSO) Event s

This layer describes CSO events and supports links to the CSO database.

Layer Name: CSOEVENT.PA T

Layer Type: POINT

Attribute Name

Arc#

Csoevent#

Csoevent_id

Structure code

Source ID

X_coord

Y_coord

Address

City

Zip

ParcelJD

County

Type

CSO_Num

Comments

Definition

10 10 I

10 101

10 10 1

33 1

912 F

8,20,F,5

8,20,F,5

3232 C

3232 C

10 IO C

4848 1

3232 C

3232 C

1616 C

6464 C

Description

System-generated I D

System-generated ID

User-specified I D

Code representin g structure type

Source drawing

State plane x coordinate

State plane y coordinat e

Address nearest event

City where event occurred

Zip code where event occurred

Tax parcel ID number of event location

County where event occurred

Type of event

CSO event number

Data converter comments

Typical structur e code s reference d i n Table 6- 6 ar e shown i n Table 6-7 .

The secon d colum n (definition ) o f th e abov e tabl e consist s o f thre e

elements:

Item width: the number of bytes to store the item

Output width: the number of columns to display the item value

Item type: the type of data stored in the item

B =  Binary
C =  Character

F?n =  Floating with n decimal places

I =  Integer
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Table 6-7. Typica l Sewer System Structur e Codes

Structure Code

101

102

103

104

105

106

107

108
109

110
111

112

113
114

115

116

117
118

Structure Description

Manhole

Buried manhole

Lamphole

Cleanout

Force main valve

Air release valve

Pump

Diversion chamber

Manhole overflow

Combined sewer overflow

Sanitary sewer overflow

Pump station overflow

Grease trap

Grinder pump

Catch basin

Head wall

End wall

Meter pit

DATA DICTIONARY

The firs t ste p i n designin g a  databas e i s th e developmen t o f a  dat a

dictionary, which is defined as a catalog that explain s the data. I t can be a

paper o r compute r document . A  dat a dictionar y delineate s th e specifi c

categories o f descriptiv e informatio n required for each ma p feature . Dat a

that d o not come wit h a  data dictionar y may not be usabl e (ESRI , 1997).

Each uniqu e category of descriptiv e information is called an attribute.

The databas e desig n provide s a  detaile d definitio n o f th e structur e an d

content o f the database. Th e database design i s presented with the help of
a dat a dictionary , whic h document s th e logica l an d physica l structur e o f

the layer s o f th e GIS . I t include s description s o f individua l layers ,

specifications o f all tables associated with the layers, physica l definition s

of the item s containe d withi n those tables,  listing s o f the vali d codes o r

codes associated wit h those items , an d diagrams graphicall y showin g the

logical relationship s between the items and tables.

Table 6- 8 show s a  portio n o f a  dat a dictionar y fo r a  sewe r syste m

documenting pip e material codes. Tabl e 6-9 shows a  sample database fo r
a water system (ESRI, 1996a).
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Table 6-8. Sampl e Data Dictionar y for a Sewer System

Data Layer

Name

Source

Date

Projection

Item

Code = ACP

Code = CIP

Code = CMP

Code = DIP

Code = PVC

Code = RCP

Code = TCP

Code = VCP

Sanitary Sewer Pipes

SANSEWER

Publi c Works Department

1985

State Plane

PIPEMAT

Asbestos cemen t pipe

Cast iron pipe

Corrugated metal pipe

Ductile iron pipe

Polyvinyl chloride

Reinforced concret e pipe

Terra cotta pipe

Vitrifie d clay pipe

Table 6-9. Sample Water System Databas e

Department

Public

Service (PS)

PS

PS

PS

PS

Layer

WATERPOT

WATERFACI

WATERSERV

WATERSV

WATERLEAK

Abbreviation

WP

WF

WS

WV

WL

Theme

Potable water system

Water facilitie s

Water service areas

Water services

Water system leaks

Features

Lines

Nodes

Points

Polygons

Polygons

Lines
Nodes

Points

The data dictionar y provide s th e physica l descriptio n o f each laye r usin g

three types of documents (ESRI, 1996a):

1. A  laye r fac t shee t tha t provide s basi c informatio n abou t th e layer .

Figure 6-3 provides a sample fact sheet for the WATERLEAK layer of

the sample database show n in Table 6-9.

2. A  dat a diagra m tha t illustrate s th e logica l relationship s amon g th e

layer's featur e attribut e table s (FATs ) an d related tables . Figur e 6-4

provides a sample data diagram for the WATERLEAK layer .

3. A  data dictionary template(s) tha t defme(s) the FATs and related tables

associated wit h the layer. Tabl e 6-10 gives a sample FAT template for

the WATERLEAK layer.
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Figure 6-3. Dat a Dictionary Fact Sheet for Water Leak Layer

Figure 6-4. Dat a Dictionary Data Diagram for Water Leak Layer

Description

Feature Class

Entities

Associated Data Sets

Precision

Responsible Agenc y

The WATERLEAK layer shows leak locations in the

City's water system. Jo b information fo r water leaks

is maintained in the general water job file

(WPJOB.DAT). Th e link is affected through the job

number (WL_JOB_NO).

Points

Leak points

None

Double

Public Service

FACTSHEET

WATERLEAK

DATA DIAGRAM
LAYER = WATERLEAK
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