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SUMMARY

The Hanford EnvironmentalInformationSystem (HEIS) has been developedto

manage the data from the characterizationand environmentalmonitoringof the

HanfordSite. HEISGIS is the Geographic InformationSystemscomponentof

HEIS.

. This report analyzesthe HEISGIS functionalrequirementsas articulated

by the members of a GIS subcommitteeestablishedby the HEIS Technical

AdvisoryCommittee (HTAC) in a series of meetings. These functionalitiesare

identifiedthroughoutthis report, but no implementationcommitmentis made.

This requirementsanalysisdocumentwill be followed by a brief list of the

functionalitiesthat will be implementedin FYgl and a descriptionof the

requisiteacceptancetest criteria.

This document states the HEISGIS purposeand objectives;describesthe

required functionalitiesand desirablefeatures;identifiessome design

constraintsand assumptions;outlines data requirementsand thestatus of the

currentlyexisting data. A preliminaryimplementationapproach and some

critical implementationissuesare also identified.
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FOREWORD

The Hanford EnvironmentalInformationSystem (HEIS)has been developed

to manage the data from the characterizationand environmentalmonitoringof

the HanfordSite. The purposeof the geographic informationsystem (GIS)

componentof HEIS, termed here HEISGIS, is to allow scientistsand engineers

to spatiallyanalyzethe environmentaldata stored in the HEIS database.
Jp

HEISGIS is in its second stage of development. The first stage produced

a working prototype,,The focus of the second stage is data accuracy and

standardization,analyticaland modelingcapabilities,improvementof the

interfacesbetween the varioussoftwarecomponents,and refinement of the user

interface.

This report analyzesthe HEISGISfunctionalrequirementsas articulated

by the members of a GIS subcommitteeestablishedby the HEIS Technical

Advisory Committee (HTAC) in a series of meetings. Some of the requested

functionalitieswill probably not be implementedeither because of technical

difficultiesand limitationsof the HEISGIS softwaredevelopmentenvironment,

or becausethey are outside the HEISGIS scope. These functionalitiesare

identifiedthroughout this report,but no implementationcommitment is made.

This requirementsanalysisdocument will be followed by a brief list of

the functionalitiesthat will be implementedin FY91 and a descriptionof the

requisiteacceptancetest criteria.

HEISGISwill be implementedin stages. Each successivestage will

result in an increasinglyrefinedsystem. At the end of each stage, the

HEISGIS system will be demonstratedto ensure that the product is what the

users expected.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Hanford EnvironmentalInforl_ationSystem (HEIS)is a repository for

scientificand technicaldata relatedto Hanford Site cleanup and

environmentalmonitoring. The system is intendedto be both a repository for

• these data and to support analysisand presentationof the data via reporting,

graphics,data extraction,and the geographic informationsystem (GIS). The

GIS componentof HEIS is called "HEISGIS"in this document. HEISGIS will_

allow for powerful analysis,manipulation,and display of HEIS data and

Hanfordmap data.

The HEIS is being developedthrough a coordinatedeffort between

WestinghouseHanford Company (WHC) and the PacificNorthwestLaboratory

(PNL)a. The system has been und'erdevelopmentfor three years. The first

year was a scopingyear. During the second year, a database prototypewas

implemented. In the third year, the productiondatabase portionof the system

and the HEISGIS prototypewere implemented. This year, a production GIS is

being ir,,plementedand database capabilitiesare being expanded.

Becausethe vast majority of the HEIS data is relatedto a location on

the earth, the GIS is a very importantanalytical and display tool. The GIS

allows the data to be displayedand manipulatedgeographically. The

analyticalpower of the HEISGISwill help the Hanfordenvironmentalengineers,

scientists,and managers become more productive in their respectivefields.

1.2 REQUIREMENTSANALYSIS PROCESS

Requirementsfor the HEISGISwere gathered from a subcommitteeof

representativesof various organizationsdedicated to environmentalmonitoring

and restoration. They includegeologists,biologists,hydrologists,

,, statisticians,geoscientists,and cartographers. This subcommitteewas

commissionedby the HEIS TechnicalAdvisory Committee (HTAC)and was

responsiblefor defining the requirementsfor the HEISGIS.

(a) PacificNorthwestLaboratoryis operated for the U.S. Departmentof Energy
by BattelleMemorial Instituteunder Contract DE-ACO6-76RLO1830.
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The HEISGISdevelopmentteam met repeatedlywith the GIS subcommitteeas

a group and with individualmembers of HTAC. The user needs were analyzed and

the requisiteHEISGIS functionalitiesto meet the user needs were derived.

The HEISGIS functionalitiesare discussedin this documentwith examples that

explain how the user needs can be satisfied. Thus, when the HEISGIS

developmentteam designs and implementsthe HEISGIS software,it will be able

to rely on a completepicture of what each functionalityis expected to

provide• The HEISGIS requirementsdetailed in this documentwill provide the

basis for the acceptancecriteriafor testing the HEISGISdesign.

The HEISGIS purpose,objectives,and features are described in Section

2.0. The functionalitiesare explainedin Section 3.0. Section4.0

identifiessome design constraintsand assumptions• Section5.0 outlines data

requirementsand the status of the currentlyexistingdata. A preliminary

implementationapproach and some critical implementationissuesare identified

in Section 6.0. Appendix A lists the members of the HEISGIS developmentteam

and the HTAC, while Appendix B providesa list of acronyms.

1.3 THE HEISGIS ENVIRONMENT

HEISGIS is implementedusing the ARC/INFO GIS, a product of the

EnvironmentalSystems Research Institute(ESRI). The hardwaredevelopment

platform is a Sun workstationwith the UNIX operatingsystem and a windowing
environment.

HEISGISwill access the HEIS databasethrough the ARC/INFO RDBIO module

and a networkconnectionto the HEIS database. The latter uses the Oracle

relational Data Base ManagementSystem (DBMS)on a Sequentmultiprocessor

hardware platform.



2.0 SYSTEM DEFINITION

2.1 pURPOSE AND SCOPE

The purposeof HEISGIS is to provide the means to graphically

manipulate,store, display, and analyzethe spatiallydistributeddata of HEIS

in order to facilitatemodeling, understanding,and communicationconcerning

• the Hanford Site.

The scope of HEISGIS is defined by the spatialinformationneeded for

environmentalmonitoringand restorationof the HanfordSite in supportof the

milestones set forth by the Hanford Federal FacilityAgreementand Consent

Order (known as the Tri-PartyAgreement).

HEISG_S has the followingtwo goals.

• The first goal is to support the spatialdata storage, display, and
analysisneeds of current and future envircrDmentalmonitoring and
restorationactivities. The users will rely on the HEISGIS accuracy,
modeling tools,mapping, and interfacewith the nonspatialattributesof
HEIS for their modeling and informationneeds.

• The secondgoal is to enhance communication. The high qualitygraphical
output will be used to help presentenvironmentalmonitoring and
restorationresultsto the scientificcommunityand the general public
as weil.

Some examples of technicalapplicationsof the HEISGIS are:

• display and data analysis for each of the major HEIS subject areas
includingatmospheric,biota, geologic,geophysics,ground-water,
soil gas, and well-constructiondata

• interfacewith working copies of currentmaps maintained in the Spatial
InformationManagementSystem (SIMS)

• support of environmentalstudies includingenvironmentalassessmentsand
long-termenvironmentalmonitoring.

2.2 OBJECTIVES

The need to depict and analyze spatiallydistributed Informationbecame

apparentduring the developmentof the HEIS database. However, a relational

database is not the forum for storage,retrieval,and manipulationui;spatial

data. Therefore, the HEIS database containsonly referencesto locations in

3



space, while HEISGIS containsall the spatialdata and the tools to manipulate

them. The objectivesof the HEISGISwere set by the GIS subcommitteeof HTAC

after a series of meetingswith representativesfrom the potentialHEIS user

community

2.2.1 Display Map and AttributeData

HEIS containsdata from environmentalinvestigationsand contamination

. monitoring. HEISGIS will providethe capabilityto graphicallyrepresentdata

stored in HEIS as well as the means to displaymaps such as those displaying

the Hanford Site's geology,hydrology, biota, and the results of geophysics

investigations. HEISGISwill provide a graphicalrepresentationof the data

currentlystored in HEIS as well as displaymaps currentlybeing developed at

the site. The HEIS data willbe superimposedon the site maps for a better

understandingof their spatialdistribution.

2.2.2 Generate New Maps

HEISGISwill allow the user to generatenew maps by modifying existing

maps throughediting or overlays,by digitizingpaper maps, or by transferring

digital data throughthe AutoCad interface. The new maps will reside in the

user's private space and will be accessibleonly by a limited number of

authorizedusers., The user maps will not become part of the HEISGIS system

unless it is so requested,the needed storagespace is available,and the maps

are verified and validated.

2.2.3 Select Data Based on User-SuppliedLimitingCriteria

One of the fundamentalaspectsof any GIS is to be able to view data

accordingto some attributesor combinationof attributesof the data. For

example,display only those wells in the 1100 Area with a depth of 3 m or

more. The user will supply limiting criteriato restrictthe displayeddata.

The user will also be able to interactwith the display to select a subset of

the data to be viewed or manipulated. For example, the user may use the mouse

' to designatean area on the screen that contains a subset of wells For which

additionalinformationis desired.
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2.2.4 ProcessSelected Data to Generate New Information

The user will be able to combinedifferentmap data sets to create new

maps that can then be stored for later viewing, analysis,or additional

modifications. For example, the overlayof a map layer with facility

discharge stack locationsand layerswith atmosphericdata might identify=

facilitiesthat are good candidatesfor exhaust system maintenanceor

upgrades.e

2.2.5 providea ConvenientSource of Reliable Base Maps

The user is able to access up-to-datebase maps easily and copy or work

with the maps of interest. The original systemdata is kept intact and can

only be changedby the users with data update privileges. This data security

process enablesusers to use the HFISGISwithout corruptingany of the system

data.

2.2.6 InterfaceWith External Systems

HEISGISwill allow for interfaceswith external systemsand software

packages. For example, HEISGISwill have an interfacewith the HEIS database

that is transparentto the user (known as a seamlessinterface). HEISGISwill

support informationtransfer from and to AutoCad files in AutoCad's Data

ExchangeFormat (DXF}. ACCllfiles will be the standard interfaceformat for

any other software package, such as statisticalpackages,three-dimensional

modeling packages,and other graphics packages.

2.2.7 Provide Informationon Map Accurac.y

The accuracyof the data being viewed or manipulatedis important

informationto the user. HEISGISwill supply descriptionsof spatialdata

accuracy. The accuracy statementsmade by HEISGISwill be based on the

informationprovided by the original source of the spatialdata. Where

possible,the original sourceswill be referenced.

l

2.3 FEATURES

Characteristicfeaturesof the HEISGIS are listed below. Some of these

featureshave alreadybeen implementedin the existing prototypewhile others

will be implementedin the future.

5



• HEISGIS will providea seamless interfaceto the HEIS database, ltwill
a11ow the user to access the HEIS database,to select and displaythe
HEIS data on a map, and to study the complex environmentalinteractions
due to spatialproximity.

• The standardWashington State plane coordinate (WSC) system with a
Lambert NAD83 metric projection is being used throughoutthe HEISGIS.

• High resolutioncolor graphics on the screen,plotter, and thermal
printerwill provide high qualityoutput.

• A large format digitizerwill allow large size paper map digitization.

• Data will be displayablein specialgraphicswindows.

• Audit trails will be availableto allow effectivequality assurance.

• Map accuracy informationwill be displayedon the map.

• The user interfacewill be of the point and click variety with the
possibilityfor a commandline interfacefor sophisticatedusers.

• The HEISGIS will have the abilityto import and export files in the
AutoCad DXF format.

• The HEISGIS will provideappropriatesecurity on all HEISGISmap data.
Users will work with copies of the system data and will be able to
digitize their own maps.



3.0 FUNCTIONALITIES

3.1 QATADISP4AY

Area Maps. A map of the entire Hanford Site needs to be availablewith

the approximatelocationsof major site features. The site map will be used

for basic user orientationon the site and the identificationof areas or

featuresof interest. Layers of the s_te base map includethe Hanford Siteo

boundary,major site roads,major water bodies,and other clearly identifiable
r,

site features of general or special interest. More detailed and accurate

informationwill be availablefor the followingareas"

100
200E
200W
300
400
1100

The 600 Area consists of sites not included in the aforementio,ledareas and

will only containgeneralmap features at this time. Currently there is no

good spatial informationsource For the 600 Area. An attemptwill be made to

acquire rasterizedSPOT satelliteimages to form a backdrop for the entire

Hanford Site. If SPOT data are not acquired,existingdata will be edited to

show the site boundary,major water bodies, and the afo_'ementionednumbered

areas.

Coordinate Systems. The HEISGIS standardcoordinate system is a Lambert

projectionof the WashingtonCoordinateSystem of 1983, South Zone (WCS83s),

and the coordinatesare expressedin meters. The WCS83s is based on the North

American Datum of 1983 (NAD 83).

lt is noted here that a multitudeof coordinatesystems have been used

' at the Hanford Site over the past 50 years. Most of these coordinatesystems

are known with the collectivename "HanfordCoordinateSystems" (HCS). Other

• "local"coordinate systemsthat have been used are the N-Area coordinates,

Plant coordinates,and Richland coordinates. The degree of completenessand

accuracyof the Hanfordmaps in the aforementionedcoordinate systemsvaries

significantly.
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Much essentialenvironmentalinformationrefers to locationsthat are

recorded in one or more of the Hanfordcoordinatesystems. Accurate

transformationsbetween coordinatesystems is possibleonly where there exists

a good field tie between the coordinatesystems, and it must be inthe

particularvicinity under consideration. Therefore, proceduresand algorithms

need to be developed (outsideof HEISGIS) that will allow the translationof a

limitednumber of locationsfrom the Hanford coordinatesystemsto WSC. An
I

exampleof locationsthat need to be translated are some of the Hanford well

locations. Of the over 3,000 Hanfordwells, only a handfulof wells are

currentlyrecorded in the WSC. Most of tilewells are in plant coordinates.

Diqital ElevationData. Digitalelevationcontourswill be entered in

HEISGIS in the form in which they have been validatedto retain maximum

accuracy. This informationwill be provided by EngineeringServices and SIMS.

MaD Layers. lt is expectedthat the maps that HEISGISwill receive from

SIMS will contain more map layersthan required by the HEISGIS users.

Therefore,early in tiledesign process,the HEISGIS users will be asked to

identifywhich map layers are desired. Some examples of the general map

layers to be displayedare"

• general area boundaries

• roads

• wells

• waste sites

• locationof selectedutilityfeatures

• surfaceand subsurfacegeologyand hydrogeologywhere available

• building perimeters.

Other availablemap featuresthat are pertinent to environmentalmonitoring

and restorationcan be added as budget and schedulepermit.

GeophysicsMeasurementsResults. Geophysicsmeasurementsgenerate

. massive amountsof data that cannot be stored efficientlyin a traditional

database or GIS. However, the interpretedresults of the measurementsinclude

outlines and profiles which can be stored and displayedas a map overlay in a

pop-up window or possiblyon the ground map in a 3D projection.



The geophysicsmeasurementsincludeseismic,ground-penetratingradar

(GPR),gravity,magnetic,and electromagneticinduction (EMl) data. Where the

volume of data precludesstorageof the entire data set in the database,

interpretedresultscan be digitizedand stored in the database as follows.

• Seismicdata will be representedby the trace of the seismicline on theh

map. The seismictrace could also representthe location of interpreted
data which would be comprisedof a number of lines representinggeologic
layers.6

• Gravity data will be a grid of profileswith points 3 m to 400 m apart.
This data is based on a common plane and can be contoured.

• GPR data stored in the HEIS database are the end points of the line on
which the measurementswere taken, and a referenceto where the data are
located. The interpretedresultscan also be stored as outlines.

• Magnetic data--thex, y, and z values are stored in the HEIS database.

• EMl data--thex, y, and z values are stored in the HEIS database.

Graphics. Graphicaldisplays, such as skyscraperplots or bar graphs,

may be superimposedon area maps or in separate screen windows. Graphics

displays may be used to depict data variationand trends in space and time.

3.2 HAP ACCURACY

Most of the HEISGISmaps are receivedfrom WHC EngineeringServices.

The EngineeringServicesmaps are made accordingto the NationalMap Accuracy

Standard (Ref. 2). Map accuracyfor the HEISGIS has been defined as follows:

1.0 m or scale of I/2,000for active waste sites within the site

5.0 m or scale of 1/10,000along the river and in all aggregateareas

10.0 m o_ scale of 1/20,000for everythingelse.

Let the distance betweentwo well-definedpoints A and B, measured on the map,

be ABm. The true distance betweenthe same two points,measured on the

earth's surfaceusing surveyinginstrumentsand techniquesof adequate

" accuracy,is ABt. If ABt - 1,00m < ABm < ABt + 1.00m, then AB is represented

on the map with an accuracyof 1.00 m.

The digital elevationdata will have contoursevery 0.5 m.



The HEISGIS maps will meet the NationalMap Accuracy Standards. All map

data provided in the HEISGIS will be characterizedby statementsof accuracy

and pedigree. Where pedigree informationis extensive,the user will be

referred to the user'smanual or supplementalscreenwindows.

, lt is likely that the accuracy of some maps will be unknown or below

standardbecause the maps are derived from older maps. If accuracy is

unknown, this will also be stated. When two or more map layers are combined, ._!

the resultantmap will assume the accuracyof the least accurate of the

originalmaps. HEIS data associatedwith the HEISGIS maps will retain the

accuracywith which the data are stored in the HEIS database.
,i

The map data display will be comensurate with the map accuracy. Maps

displayedon the screen are based on originalmaps drawn on Mylar. When the

distance between two points on the screen is bigger than the distance between

the same points on the originalMylar, the map objectsmay appear distorted.

A warning statementwill be issued notifyingthe user that the map enlargement

on the screen is larger than the map original.

3.3 SUBSET DATA BY ATIRIBUTES

This is C_fined as the abilityto view and/ormanipulate only a portion

of the data. The needed subset will be derivedthrough some user-supplied

criteria. The subsettingcriteriamay relate to the data attributevalues or

to their associated locationon the map. For example, subsettingcriteriamay

be the constituentrange of values, environmentalcharacteristic,sampling

date, distributionarea, or specificwell location. The subsettingcriteria

may be appliedone at a time or in combinationsof severalcriteria related

through Booleanoperatorssuch as AND, OR, XOR, and NOT. The selecteddata

can be saved for future reference.

The subsettingquerieswill be mostly menu driven. For specialcases

where the HEISGIS subsettingprocess is inadequateto identifyspecificdatab

sets, the user will be allowedto exit the HEISGISenvironmenttemporarilyand

access the HEIS database directly. The user will thus create temporarydata

sets that will subsequentlybe accessedby the HEISGIS.

There are three categoriesof resultsfrom subsettingthe data: I) data

I0



appeared because it met the selection criteria; 2) data did not appear because

it did not meet the selection criteria; and 3) data did not appear because

there was insufficient data in the database. HEISGIS will only show the

results that satisfied the selection criteria (category 1). The user will

have to examine the data to determine whether the data did not appear because

they did not meet the subsetting criteria or because they have not been

entered in the database.
I

3 4 COMPAREAND COMBINE DAT.8

The Compare and Combine Data functionalityis defined as taking

differentdata sets and puttingthem together in some useful fashion to create

new data sets. The followingfunctionswill be providedto the user.

• Unions-..theunion of two data sets is the set containingall the data
from the original data sets.

• Intersections--theintersectionof two data sets is the set containing
the data that are includedin the area common to both of the original
data sets.

• Combine/comparedistributionsin space and time--theuser may be able to
combinethe spatialdistributionsof two constituentsand identifya
combinedarea of interestby overlaying constituentcontour maps. For
example given the areas c_ntamlnatedwith hazardousmaterial A and the
areas contaminatedwith material B, it may be decidedthat, due to the
possible interactivenature of A and B, the areas contaminatedwith both
A ned B should be restored using a differenttechnologythan the
technologyused for the restorationof either A or B.

The same selectionprocessmay be applied to constituentsamples taken
at differenttimes. Thus, for example, the rate of contaminationof an
area with a specificcontaminantmay be identified.

• Thiessenpolygons--Thiessenpolygons are used in proximityanalysis.
Given a set of regionalcenters, the Thiessen polygonof each center is
the loci of the points that are closest to the center.@

• Subtraction--whencombiningor comparingdata sets, additional
subsettingwill be allowed. An examplewould be to simply view all theP

wells in a certain area and then view them again only without certain
wells such as those with a minimum level of a constituent.

11



3.5 GI_NERATI_THREE-DIMENSIONALDISPLAYS

Surfacemodels using three-dimensionalviews and drapingwill be

displayed. The inherentlimitationsof the ARC/INFO softwarethat is used in

the developmentof HEISGIS allows a limitedmanipulationof three-dimensional

. surfaces. The ARC/INFO capabilitiesare referred to as 2-I/2 dimensional.

They allow the representationof convex surfaceswhose bottom side is flat.

• Concavitiesare not allowed. Representationof the cross sectionalsurfaces

of solids are also not possiblewithin ARC/INFO.

The abilityto profile attributedata on user-definedmap cross sections

will be supplied. The profilewill be a chart depictingthe surfacez values

on the absiscaand the length of the user-definedcross sectionon the

ordinate.

3.6 CONTOUR

Contouringmay be defined as a two-dimensionalrepresentationof three,

dimensionaldata. The third dimension,the z value, is not limitedto

elevation, lt will representvalues from database attributessuch as ground-

water, geologic,biota, atmospheric,or soil gas data. The contourswill be

used to interpolatebetween the points and estimate the distributionof the

attributedata.

lt is expected that contourswill be widely used by the HEISGIS users.

Therefore, it is importantthat the contourdefinitionuser interfacebe

complete,flexible,and robust.

The followingsubfunctionsof contouringwill be supplied.

• Slope--theslope of a surfacecan be found ariddisplayed.

• • Aspect--slopedirection of selecteddata can be found and displayed.

• Boundaryconditions--theHEISGISwill provide the boundary condition
specificationcapabilitiesprovidedby ARC/INFO.

• Labeling--labelingand coloringof the contour lines will be supplied.
The type of z value displays and the color of the lines may vary with
the z value to depict the z value changes. For example, as the
vegetationconcentration(z value) increases,the line color may change
from light green to darker green to dark brown.

12



• Dead areas--deadareas are geographicareas that exhibitunusual
behavior and possibly a discontinuitywith respect to the contoured
attribute. For example,when the contouredattribute is elevation, a
lake in the middle of mountainsis a dead area. HEISGISwill handle the
representationofdead areas. At a minimum, dead areas will be ignored
by the contouringalgorithm. However, it is recognizedthat contouring
algorithmsthat are appropriatefor depictionof elevationvariations

, may not be appropriateto representother constituentdata. For
example, geologic faults may be best representedby two sets of data on
lines very close together,but on the opposite sides of the fault. The
treatmentand identificationof dead areas, boundary conditions,and
smoothingtechniqueswill be establishedthrough further interactions
with the users and will be restrictedby the capabilitiesof ARC/INFO.
Identifyingdead areas and boundaryconditionsis expected to be an on-
going effort.

• Furtherlanalysis--theHEISGISwill provide for the conversionof
contoureddata into polygondata so that additionalanalysismay be
performedsuch as:

- contouroverlays with other spatialdata distributions

- editingof the contoursto remove outliers and known modeling
defects

- comparisorof the contours of differentconstituentsor of the
same constituentat differentsamplingtimes

' - combinationof contoursof differentsets of point data

- identificationof areas with similar slope and aspect

- combinationof contourswith skyscraperor bar graph data
displays.

• User prompts--ata minimum, the user will be prompted to select the data
to be contoured;the minimum,maximum, or intervalvalues; and the
interpolationalgorithm.

• Units conversion--allmap data will have to be convertedto metric
before entering the HEISGIS system.

. • Accuracy--thepossibilityof generatingcontours commensuratewith the
constituentand map data accuracywill be investigated.

3.7 BUFFERING

The HEISGISwill provide bufferingcapabilitiesfor point data,

polygonaldata, and arc data. The user will be prompted to enter the width of

the buffer zone once the data to be buffered has been selected.
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3•8 DIMENSIONALCALCULATIONS

The user will select the type of analysis and the specificfeatures for

analysis. The user will also have the option of storing the resultsof the

calculations.

. The followingtypes of calculationswill be supported:

• length

• area

• volume--thiswill only be estimatedwhere 2-I/2 dimensional

representationis adequate. True three-dimensionalvolume calculations

may be done through interfacingwith third party software. The

restrictionto 2-I/2 dimensionalrepresentationis a generic limitation

of the ARC/INFO softwarepackage.

. perimeter

• depth

• percent area of certainfeatures

• count--a count of the number of features

• minimum, maximum, and average length and width for regular and irregular

features.

3•9 IN__PUT,EDIT, AND OUTPUT USER DATA

Two kinds of data are addressedin this functionality" map data and the

HEIS database attributedata. The latter has well-establishedand well-

documented (WHC 1990) proceduresfor entering,editing,and accessingdata.

HEISGISwill establishsimilar proceduresfor the manipulationof the map and

map attributedata.

lt is recognizedthat data security issues are very importantto the

. HEISGIS users• Therefore, each HEISGIS user or group of users will have a

privatelyowned user space with strictly controlledaccess privileges. Proper

data securitymeasures will ensure that the user and system-controlleddata

are not corrupted intentionallyor inadvertentlyby unauthorizedusers.

Input. The user will be able to enter new map digitaldata in one of

the followingways:
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• througha digitizer

• using the HEISGIS interfaceto AutoCad and readingdata in DXF format

• using the generic interfaceand readingdigital data in ASCII format

• by copyingdata from the HEISGISsystem file to the individualuser
space for furtherediting and manipulation.

Copyingthe system files allows the user to create new maps without

having to start from scratch. Whatever the mode of data entry, the user will

have to determine and declare the map accuracy. As soon as a HEISGIS set of

map data is edited, its originalaccuracy is invalidated.

Edit. There will be two levels of data editing: the regular user level

and the superuserlevel. The regular user level will allow only a limitedset

of menu-drivenediting capabilities,but it will be easy to learn and do. The

superuserlevel will provide substantiallymore editing functions,but it wil'l

demand more commitment in training,more responsibilityin safeguardingthe

user-developeddata, and it will be less forgivingof the user's mistakes.

The user will have a captureoption to record all steps taken while the

capture option is on. This recordcan then be saved or printed.

For map data, the followingfunctionalitieswill be supported:

• turningdata off or on--this allows only selecteddata to be viewed or
manipulated(see SubsettingData)

• changing layer display characteristics--e.g.,the color, line type, fill
type, font, etc.

• creating or deleting new map data layers through digitizingor on-line
editing

• editing contours,e.g., changingor deleting contourlines or simply
moving them.

Outout. As implied in the aforementioneddata entry functionalities,

HEISGISwill establishdata transfer (both input and output)capabilities

within DXF format for AutoCad and in a genericASCII format to interfacewith
g

other softwarepackages. The possibilityof establishingbinary format

interfaceswith the StatisticalAnalysis System (SAS) and Dynamic Graphics

softwarewill be investigated.
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The primary output device of HEISGIS is the terminaldisplay screen.

HEISGISwill also be able to producehigh quality paper maps on a pen plotter

or a thermal printer and transparenciesfor presentations. The quality of the

output capabilitiesis determinedprimarilyby the availabilityof high

qualityoutput devices.

!
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4.0 DESIGN CONSTRAINTSAND ASSUMPTIONS

Design constraintsare physical restrictionswhich restrict analysts,

designers,and programmersfrom producingthe desirableproduct• Product

quality is constrainedby limitationsregardinghardware and software,funds,

" delivery dates, data, and personnelavailable• Design constraintsand

assumptionsfor the HEISGIS are as follows.

Hardware/Softwareconstraintsand Assqmptions.

• ARC/INFO Beta Version6.0 will be used as the HEISGIS softwareplatform.
lt is assumed that ARC/INFO Version 6.0_ at least in the beta release
form, will be availableto WHC by October I, 1991.

• The HEISGISwill be developedon a Sun 4/330 and Sun Sparc Stations
using ARC/INFO,X-Windows,and the UNIX operating system•

• The HEISGISwill access HEIS data stored in Oracle on the Sequent
computer•

Dates/DeliverablesConstraintsand Assumptions.

• An operationalHEISGISwill be deliveredfor user acceptanceand testing
on September30, 1991. Furtherdevelopment_s anticipatedin the
followingyears•

• The final maps will be incorporatedin the HEISGIS system as they become
availableand at a pace agreed to by PNL and WHC. HEISGIS can be tested
using the sample data from the 200 Areas.

Data Constraintsand Assumptions•

• Any data not provided from EngineeringServices (WHC) by May I, 1991,
will not be incorporatedin the deliveredproduct. The HEISGIS system
will be deliveredfor testingwith an agreed set of sample data.

• All map data will have to be suppliedwith an accuracy reference•

• Pedigreesof maps will be provided in a HEISGIS referencemanual.

FunctionalityConstraintsand Assumptions•

• A working system with fewer functionsis preferableto an incomplete J

• system with more functions.
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5.0 DATA REQUIREMENTS
i

The HEISGIS uses two types of data. The first data type is base mcQ

data that identifythe locationof general map features: area perimeter,

roads, buildings,elevationcontours,major water bodies,etc. The second

data type refers to map data of specialuser interest,e.g., water level

contours,ground-water,geologicboundaries,biota, vegetation/habitat,etc.

HEISGIS is responsiblefor providingthe base map data to the HEIS user. The

special interestdata will be determinedby the HEISGISusers using the

functionalitiesoutlined in Section3.

The existing base map data for the entire Hanford Site is of uncertain

quality and unknown accuracy. An effort will be made to clean up the data so

that it can be used for user orientationand to locate the individualwaste

sites within the Hanford Site boundaries. A copy of a rasterized SPOT image

may be obtained to be used as a backdrop for the entire site and to help the

aforementionedsite data cleanup.

The present HanfordSite map is too general and inaccurateto be used in

most of the expectedHEISGIS applications,but will serve as a referencefor

the individualaggregateareas. Whenever specific informationis requested,

it will be provided by more detailedmaps for the area of interest. These

maps are made availableto HEISGISby the SIMS projectof WHC's Engineering

Services. Data from the 100, 200E, 200W, 300, 400, 600, and 1100 Areas will

be supplied to the user as soon as they are verified and entered in HEISGIS.

The 600 Area is generallyconsideredto be the entire site except for the

areas numbered 100 through 3000.

The existing data for the aforementionedarea maps are in different

stages of completion. The processthey go through is as follows.

I. Kaiser Hanford EngineersCompany (KEH) contractsout the aerial fly-

. overs of each area.

2. KEH verifies the photogrametricmaps and then sends them in AutoCad
format to WHC EngineeringServices.

3. EngineeringServices processesthe maps in these steps:
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a. add annotationsto the map
b. break the map into disciplines
c. break rh@ data geographicallyinto large map sheets
d. add attribute identifications.

, , i

EngineeringServices sends the maps to the HEIS developmentteam in
AutoCad format. The HEIS developmentteam then translatesthem to

• ARC/INFO format.

Base map data availabilityfor the major areas are as follows.

• 100 Area--KEHhas deliveredraw data to EngineeringServices

• 200 Area--the200E, 200W, and the area directly betweenthem have been
deliveredto WHC EngineeringServices.

• 300 Area--EngineeringServicescurrentlyhas raw data.

• 400 Area--EngineeringServicescurrentlyhas raw data.

• 600 Area--the site base map discussedabove will be used.

• 1100 Area--HEISGISis using an older map for the 1100 Area which was
used in the FYgO prototype. The aerial survey was done in NAD83 feet,
its contours are in feet, and there are not as many layers as in later
surveys. The map accuracy is unknown• This data has already been
convertedto ARC/INFO format and will be used if newer data is not
available.

There are many old maps currentlyat WHC that are in Hanford

coordinates. Most of these maps will never be used in the HEISGIS. However,

if and when they are needed, they will need to be convertedto the HEISGIS

standardcoordinatesand suppliedtO the GIS team on an as-neededbasis and as

a result of a user's request. They will be labeledaccordingtowhatever

accuracycan be determined.
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6.0 IMPLEMENTATIONISSUES

6.1 IMPLEMENTATIONAPPROACH

This sectiondescribesthe approachto be taken for implementationof

the design requirements. The types of data structuresto be used and the

programmingtechniqueto be followed are also described.

The HEISGISwill be developed using the ARC/INFO software on the UNIX

platform, lt will utilizea menuing user interface. The design will be

modular. The user interfacewill controlthe calls to each function and

supply it with the necessaryparameters. The modules describedbelow form

three implementationgroups. These module groups will be implementedin the

sequencelisted. As the design progresses,the users will be updated and

invitedto comment on it. As the variousmodules are implemented,

demonstrationswill be given to the user community. As appropriate,the

modules will be modified to incorporatethe user's feedback.

The first module to be developedwill be the user interface(UI). The

UI will be implementedwith references("stubs")to the other moduleswhich

may not yet exist. The UI will be more of a "l:ving"module than the others

becauseof its interactionswith other modules. The completedUI will not be

availableuntil all other modules are finished. The stubs in the UI will be

replacedwith the correspondingmodules as the modules are developed.

Figure I shows the overall structureof the HEISGIS system. The user

interactswith the system throughthe user interface,which drives the rest of

the modulesdependingupon the user input. This figure does not depict the

interactionsbetweenthe modules. The interactionsbetweenthe modules and

more detail about the modules are depictea in Figures 2, 3, and 4.
J

As shown in Figure I, the UI will be the driving module, lt will accept

all input from the user and will supply output to the user. The other modules

to be designed and implementedwill be done in three groups as follows.
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Group 1. The modules tn this group correspond to the following
functionalities.

• Dtsplay sparta1 and attribute data--this PrOCeSSdtsplays all
information to the screen.

. • Determinemap accuracy--thisprocess acquires accuracy informationfrom
the map attributedatabaseor determines the accuracyof data
combinationsfrom the accuraciesof the componentdata sets. The ,

pertinentaccuracy statementsare then provided to the Data Display
module.

• Subset data by some attributes--thismodule takes the data to be
subsettedfrom the user interface,selects the data accordingto the
parametersgiven, and then sends the data to the Data Display module or
to Temporary Storage.

Figure 2 depicts the interactionsamong the modulesof Group I. The

modules interactwith each other throughdata that passes between them. Most

modules allow for output of their products either to a printeror plotteror

to a file for electronicstorageor manipulation.

There are three data stores: HEIS DATA, GIS DATA, and Temporary

Storage. HEIS DATA is the data containedin the HEIS database. GIS DATA is

the map data stored in the ARC data structuresand map attributedata stored

in INFO.b TemporaryStorage is where user-selectedinterimdata is stored.

This data can be used by other modules, printed,or saved for future access.

Group I will be finished first because of its impactto the rest of the

system. Everythinggeneratedby the system must be displayed. Map accuracy

statementsmust be provided to validate the map displays. Subsettingdata is

the first step in data analysis.

Group 2. The modules in this group provide the followinganalysis

capabilities"

• compare and combinedata

• displaythree-dimensionalviews

' • generate contours

• performdimensionalcalculations

• performbuffering and modeling.

bINFO is the database portionof thz ARC/INFO software.
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This group is implemented next because it depends on previous functions

to be completed. For example, dimensional calculation should follow data

subsetting, and buffering would require a data set selected to be buffered
around.

Figure 3 shows the modules in Group 2 and their interactions. The user

interactionwith the user interfaceis implied,but not explicitly shown on

. the diagram. For details on each process, see the functionalities

descriptionsin Section 3.

There are still two data stores,HEIS DATA and GIS DATA, but they were

combined and shown as "HEIS/GISDATA" to make the diagram easier to read.

As shown in Figure 3_ all the processescan send their output files to

the Data Display module, or to temporaryor permanentdisk storage, or to

other modules for furtheranalysisor hard-copyoutput.

Group 3. This group containsonly one module as follows:

• to perform input, editing,and output operations.

Figure 4 shows Group 3 and its details. This diagram shows the

interactionof the user interfaceand the editingmodule. Once again, the

interactionbetween the user interfaceand the user is implied. The editing

module can accept data from other modules or directly from the user; the data

may be edited and then sent back to other modules or to output devices.

Each of the aforementionedgroups will go through a preliminaryand then

a final design stage. Implementationwill follow. The implementerswill be

in constantcontactwith selectedusers throughoutthe module developmentand

testing. A design workshop at the start of the implementationphase will

familiarizethe selectedusers with the HEISGIS design and offer an initial

opportunityfor feedback. Each group of moduleswill be tested internallyby

the implementersfollowinga formal test procedureaccordingto the PNL QA

requirements. The softwarewill then be provided to the users for acceptance

testing accordingto the WHC QA procedures.

Most users will access the system throughthe provided user interface.

However, "EnhancedCapabilitiesUsers" (ECU) will be able to also access

ARC/INFO through the ARC/INFO shell. Since no user trainingwill be provided
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by the HEIS project, it will be the responsibilityof each ECU to understand

the ARC/INFO environment.

6.2 IMPLEMENTATION.RISKSAND CRITICAL ISSUES

. 6.2.1 Dead Areas and Boundary Conditions

Dead areas and boundary conditionsare currently an ongoing research

• topic for the GIS community. Dead areas and forced boundariescause certain

analyses to be inaccurate. For example, a lake may cause a break in the

elevationcontoursof the surroundingmountains. If the lake boundary is not

recognizedexplicitly,the contouringalgorithmwill ignore it and show

elevationcontourspassing through the lake. An example of a forced boundary

would be if the user is looking only at the 300 Area and does some contouring.

The contour lines may be skewed accordingto the boundary. Both of these

problems are difficultto deal with in a GIS. A new release of ARC/INFO

(Version6.0) is supposedto allow the assignmentof a constantvalue to dead

areas. This approachmay not satisfythe needs of some users. The HEISGIS

developmentteam has taken an iterativeapproachto find the best solutionto

these problems. The user's needs, implementability,time and cost, and

project scope will be considered beforemaking final decisionson how to

handle complex spatialrepresentationproblems.

6.2.2 Data Security

Data security is a critical issue in many softwarepackagesu More

security impliesmore access restrictionsand more training requirements.

Increasedsecuritymay satisfythe users with high security needs, but may

displeasethe users that value access conveniencemore than security.

Therefore,the design decisionson the level of security and how it is applied

among the varioususers is of critical importance. The data securitystrategy

will be to ensure the integrityof the base maps through system-levelsecurity

and requiringthat user data be protectedby each user.

6.2.3 System Response

The system responsedepends on the hardware used, the number of

simultaneoususers, and the data volume processedby the requestedGIS

operations. Some GIS operations take more than a few minutes to be completed,
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maktng them unsuitable for interactive use. Therefore, somebatch processing

will be a design requirement for HEISGIS_

6.2.4 Contoqrs

Elevation contours wtll be stored as part of the base maps because they

" are verified as such. An alternative approach would be to store only the

elevationpoints and then generate the contours. Although this latter

" alternativereducesdisk storagerequirements,it will not be used because it

may decrease the verifiedcontour accuracy. Users need to be aware that

storingthe contours explicitlymeans that their large data size may create

disk storage space problems and cause time delays in screen updates. Some

users may choose not to store contourson their system.

6.2.5

The quality of the HEISGIS and its acceptanceby the user community is

directlydependenton the qualityof the data it contains. As stated in

Section3.0, the data must be in WashingtonState Coordinates (NAD 83 meters

with contours in meters). Any data that is not in this coordinatesystem will

have to be translated into it.

The spatialattributedata containedin the HEIS database, in particular

most of the well locations,are not all in WSC. Those well locationsnot in

WSC must be translated intoWSC. lt is noted that the location accuracyof

the wells in the non-WSC systems is highly questionable. Therefore, even if

the translationprocess introducesno error, the resultantwell location

accuracywill be questionable. Limitedre-surveyingproceduresmay be

required in order to increasethe well location accuracy,but it is outside

the scope of the HEISGISdevelopment.

28



7.0 REFERENCES.,

1, Westinghouse HanFord Company. 1990. "Hanford Environmental Information
System (HEIS) User's Manual," October 1990, WHC-EP-0372, Richland,
Washington.

2. American Congress on Survey!ng &Mapptng and the American Society of
Ctvtl Engineering. 1978. Definitions of surveyinq and Associated
Terms, Appendix B.

I

29



APPENDIXA

USER/ANALYSISTEAM IDENTIFICATION



APPENDIXA !

USER/ANALYSISTEAM IDENTIFICATION

The user or user group name, organizationalaffiliation,and expected

interactionwith the HEISGIS is providedbelow.

SystemsAnalysis Team:

Robert Burnett,PNL, Developer, (509) 375-2313

Paula Cowley, PNL, ProjectManager, (509) 375-2282

Betty Evans, PNL, Developer, (509) 375-2394

Heidi Harty, PNL, Developer, (509) 375-2137

Elena Overton, PNL, Systems Analyst, (509) 375-2112

Spyros Tzemos, PNL, HEISGIS Task Leader, (509) 375-3683

Susan White, PNL, Developer, (509) 375-2171

Users:

HEIS TechnicalAdvisory Committee-- GIS subconlmittee:

Rick Bates, PNL, Data Accuracy

George Evans, WHO, Buffering

Jack Fassett,WHC, Display 3D models, Contouring

Byron Gessel, KEH,Editing, DimensionalCalculations

Bob Henckel, WHC, Display, Contouring

Tim Haggett, WHC, Base Map Data

Al Lewis, KEH, Data Accuracy

Bob Raidl,WHC, Networking

Mike Schwab, WHC, ProjectManager, (509) 376-4836

John Serkowski,WHC, Comparing/CombiningData, Cross
Sectioning

Randy Small, DOE, Base Map Data

Jim States, PNL, Comparing/CombiningData, Display 3D
Models,Contouring

. Jim Young, PNL, EditingData

Other Aqencies

The HEIS HEISGISwill be used by a variety of people from the

Departmentof Energy (DOE), the EnvironmentalProtectionAgency (EPA),

and the WashingtonDepartmentof Ecology (WDOE).
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APPENDIX B

ACRONYMS

Term
Abbrev.

. Acronym Description

ARC/INFO The GIS platformpurchasedfrom ESRI to develop and
deliver the HEISGIS4'

ASCII American StandardCode for InformationInterchange
(text files)

DBMS Database ManagementSystem ._.

_DOE Departmentof Energy

DXF Data ExchangeFormat (used by AutoCad to convert to
ASCII)

EPA EnvironmentalProtectionAgency

ESRI EnvironmentalSciences Research Institute

GIS GeographicInformationSystem

HEIS Hanford EnvironmentalInformationSystem

HTAC HEIS TechnicalAdvisory Committee

KEH Kaiser EngineersHanford

PNL PacificNorthwestLaboratory

RDBIO ARC/INFO'sRelationalDatabase Interface

SIMS Spatial InformationManagementSystem

TPA The HanfordFederal FacilityAgreementand Consent
Order, also known as the Tri-PartyAgreement

USGS United States GeologicalSurvey

WDOE WashingtonDepartmentof Ecology

WHC WestinghouseHanfordCompany
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APPENDIX C

FUTURE CONSIDERATIONS

Functionalitieslisted here have been identifiedas desirable but,,

becausethese applicationsare likely to be too time consuming and costly,

they are currentlyconsideredto be out of the scope of HEISGIS.

I. Modeling. The applicationof network flow theory to undergroundwater

flow will facilitateground-watermodeling. Interfacesbetween the

existing ground-watermodels and HEISGISwill also enhance the modeling

capabilities.

2. Animation. Time seriesdata may be expressedin a series of screen

displays using a compressedor expanded time scale in an animationmode.

Real time computer animationis a very effectivecommunication

technique,useful in the understandingof physical phenomena,and its

incorporationin HEISGIScould be investigated.

lt is expected that additionalimprovementswill be identifiedduring

the user testing period. A GIS enhancementsoftwareprogram is planned for

FYg2 to accommodatethese user-derivedoptimizations.
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