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NOTICE

The information in this document has been prepared for the U.S. Environmental Protection
Agency’s (EPA) Superfund Innovative Technology Evaluation (SITE) Program under Contract No.
68-C0-0048. This document has been subjected to EPA’s peer and administrative reviews and has
been approved for publication as an EPA document. Mention of trade names or commercial products

does not constitute an endorsement or recommendation for use.



FOREWORD

The Superfund Innovative Technology Evaluation (SITE) Program was authorized by the Super-
fund Amendments and Reauthorization Act (SARA) of 1986. The program is administered by the EPA
Office of Research and Development (ORD). The purpose of the SITE Program is to accelerate the devel-
opment and use of innovative cleanup technologies applicable to Superfund and other hazardous waste

sites. This purpose is accomplished through technology demonstrations designed to provide performance

and cost data on selected technologies.

This project consisted of an evaluation under the SITE Program of the GIS\Key™ Environmental
Data Management System developed by GIS\Solutions, Inc. The software evaluation was conducted on
data typical of a Superfund site. The evaluation provided information on the performance and cost of the
software. This Innovative Technology Evaluation Report provides an interpretation of the data and

discusses the potential applicability of the software.

A limited number of copies of this report will be available at no charge from EPA’s Center for
Environmental Research Information, 26 West Martin Luther King Drive, Cincinnati, Ohio, 45268. Re-
quests should include the EPA document number found on the report’s front cover. When the limited
supply is exhausted, additional copies can be purchased from the National Technical Information Service
(NTIS), Ravensworth Building, Springfield, Virginia, 22161, (703) 487-4600. Reference copies will be
available at EPA libraries in the Hazardous Waste Collection. You can also call the SITE Clearinghouse
hotline at (800) 424-9346 or (202) 382-3000 in Washington, D.C., to inquire about the availability of other

reports.

E. Timothy Oppelt, Director

Risk Reduction Engineering Laboratory



TABLE OF CONTENTS

Section Page
N1 1 o =S i
FOREWORD -+ttt iii
LIST OF TABLES ...ttt ittt vii
LIST OF FIGURES ..ottt e e e ettt e aenes vl
ABB REV I AT ION S .o e e e e X
ACKNOWLEDGMENTS ...ttt X
EXECUTIVE SUMMARY ettt ettt ettt ettt e e e e e et e e e e e enes Xii
U 120 L1 [0 o TR 1

1.1 BaCKQrOUNG - v 1
1.2 Brief Description of Program and REPOIS «...c...uoerrrivniriiiiiiiiieeciee e, 2
1.3 PUMPOSE OF the ITER +vvvneeeeiite e 4
1.4 Technology DESCrIPtION ... ...uiveiiii e 4
141 BOMING LOGS +vvvuernneiietii et 9

142 SHIUCIUIE MAPS «--rvvnriniiiiie et e e e e e e e 9

143 Geologic Cross SECLIONS «...cvvvvnnriiiiaeiiii e 9

(S 10T o] (=T Y oL 9

1.45  Chemistry and Hydrology Graphs ..., 10

146  Tabular REPOITS v 1
1.5 KBY  CONLACES ..vvvvvoerrreicieiseeieiei st s 1
2. Software Application Analysis and Effectiveness 13
2.1 BaCKGrOUNG ............ commmmmmmmmmsmmsss 13
2.1.1 Key Features of the GIS\KeyTM Environmental Data Management System . . ... 14

2.2 MEENOUOIOGY ..ovvvvvvvvvvvvvvsssesvessssssssssssssssssssssssssssssssssssssssssssssssssss s 16
221 TSt DA SE ..ot s —————— 17

2.3 Evaluation Results ............. 17
2.3.1  NEW ProjECt SELUD .vvrerervrisrsiinsissssiss st ssssssseans 17

232 DataENtry .o P 25

2.3.3  Data Checks, QA/QC Analysis, Updates, and Edits ............ccccccoveverrnrierreirens 38

234 DAtA PIOCESSING c.ooverereeuersresresseeesseessessssesssessssessses sttt ssssssssssssssssseees 44

235  GraphiCal PrOCEAUIES .....c.ovviviieiiriiiieieeisei et 50

2.3.6  PrOTUCES .ooooieeiiiiiicii bbb 7

2.3.7  Software Products vs. Reporting ReqUIremMents ..., 83

2.3.8  Hardware CONSIAErAtIONS weeeeererreerermrmmrersiressrsesssessssressssssssessssssssssessssssssessssssssssees 96

2.3.9  System Training and SUPPOIT .......ceveeiiimieriniieesessssises s 100

24 RETEIBICES ..o 106



TABLE OF CONTENTS (CONTINUED)

3. ECONOMIC ANALYSIS: - vv v
31 Conclusions of Economic ANalySiS. .........oovuiiiii

3.2 Basis of ECONOMIC ANAlySis =« vrr e

33 Issues and ASSUMPLIONS =« v rrrr s

3.4 Results of ECONOMIC ANAIYSIS ... v v

341 System and ACCESSOTIBS . ...ttt ettt

3.4.2  Hardware and Support SOftware. . ..o

343 LAON.

344  Training and MaintenanCe. .........ovviiirtiit

35 REfErENCES o

4. Other Technology REQUITEMENTS. ..ot
4.1 PErSONNEI ISSUBS - -« v v

B, SOFEWAIE STATUS . . ..ottt
Appendix . Developer's Claims for GIS\Key ™ Software .............ccooiviiiiiiiii,
11 Developer's Claims ... ...ooooi

1.1.1 INtrOdUCLION ... o

1.2 New Features of GIS\Key™ Software -« .ccoovveoiiiiiiiiy, TP

121 Custom Boring Logs and Geology Database Modifications................

1.2.2 Hydrology Database Modifications: =« -« overeeeeeeeeens

1.2.3 Chemistry Database Changes and ITIR Reporting .........................
1.2.4  GIS Utilities, Menus, and Dialog Boxes ........cooovviiiiiiiiiiiin,

1.2.5 Stand-Alone Database Modifications ...

1.26  AutoCAD IMProvements ...

1.2.7  Contouring Package Improvements ..............cooovvviiiiiiiiiiiiiiiinnn.

1.2.8  Third-Party Software Integration - «««««  ooveeree
1.2.9  Data SECUNILY ..o
1.3 GIS\Key™ Features Currently Under Development .....................ocoe,

Li3.1  Field Module. .. ..o

1.3.2 Support of Multiple Databases ...............cco i
133 AIr Module « v

134 RISKModUle - -

1.4 SUMIMIAIY Lttt
Appendix II. A Method for Determining Digitizing Accuracy GIS\KeyTM = cvvrveveeinnnn

110
111

112
112

116
117

117

119
121
121

121
121

122
123

124

125
125

125
125

126
126

127

127
127

127
128

131



LIST OF TABLES

Number Page
1 GISNKEYT™ PrOTUCES ...oovvuiiuiiciciii s 10
2 Items Evaluated for GISNKEY™ ... 15
3 HiIStOrical RANGES CRECK ..uveuiiiiiciiiceere s 39
4 HOIING TimMe CRECK ..vciiiiiicicii s 40
5 ACHION LEVEL CRECK vvvvvmiiiiiiiriisisist bbb 42
6 Comparison of Well Elevation vs. POSted ValUES .....c.couwveririiiiiiiiisiissisisssssssssinns 47
7 AutoCAD Supported Peripherals ..., 74
8 TYPES OF CONLOUN IMIAPS +-rvvvvrssrrsssssssrississssss sttt 80
9 TYPES OF GIAPINS +rrvrreerersserresseeresseres st 84
10 Reporting Elements and Associated GIS\Key™ Modules .o 97
11 Configurations and PEFIPNEIAIS ......cc.vvririiriereer e 98
12 Recommended and Minimum Hardware Configurations for GIS\Key™ Release 1.1.2 .......... 99
13 Selected ProCESSING TIIMES w.ucveureereeirisreiieiisseses st 99
14 Project Data Management COStS, [-YEAr BaSiS .. . 108
15 GIS\Key™ System and ACCESSOrY COSLS ..urivurirrirriiriinsinisissisisssisssssssss s sssssssssssssssssnas 111
16 GISNKEY™ SUPPOIT SOFIWAIE ...vcveeeerceeeiciieieeiseiessises st 113
17 Labor Requirements UsiNg GISNKEY™ i 113
18 Labor Requirements Using the ARErnative SYStEM ... 114
19 GISNKEY™ SUPPOIT SEIVICES ...ovvvvevereiiriireissiieesssiseeses et 115

Vii



LIST OF FIGURES

Number Page
1 GIS\Key™ Database MENU SEIUCLUE ....vverurveeureerrisssesssressesesssesssessssesessesssssssssessssssssessssssssesssons 6
2 GIS\Key™ Graphics MeNnU SLIUCIUIE  weeurrvverirsiisisssissssssssssssssssssssssssssssssssssssssssssssssssssssiess 8
3 GIS\Key™ DIireCtory SIUCIUIE  rvvveerumrriissiersiisssssisssssssssssssssssssssssssssss s sssssssssssssssssssssssans 18
4 Example Map (Valdosta, GA Quadrangle) Provided by ADC in AutoCAD Drawing Format ...... 20
5 GIS\KeyTM View Showing the Valdosta Airport and Geodetic Control Points ..............c.......... 22
6 Map Showing the Four Intermediate-zone Wells in the Intwells Symbol List.....cc.ccovoviivnnnnnn 46
7 Posted Elevation (ft) Values for the Wells Selected to Build the Formation Structure Map.... 53
8 Geologic Structure Map Showing Grid and CONtOUr LINES e 54
9 Example Geologic Formation Structure Map ... 56
10 Example Geologic Formation Structure Map Showing the Results of Editing a Posted Value 57
11 Generation of a New Grid and Contour Lines Based on the Addition of Four Contour Control

POINMES ..vvvovvvvessvaesssesssseesss s eees s8££ 58
12 Structure Map Reflecting New Contour Lines Generated from Original Data Points

Plus FOUr CONtOUr CONEIOL POINTS -.cvveeeeeiiirieiritisieisi ettt ssseees 59
13 Contour Map of Benzene Concentration (mg/l) Using Log QUIiCkSUTT ... 60
14 Contour Map of Benzene Concentration (mg/l) Created Without Running Log QuickSurf...... 61
15 Contour Map Produced with Log QuickSurf When a Well (MW-06A) Has a Concentration

VAU OF 0. 63
16 Creating a Section Line B and B’ ACr0SS the SIte i 65
17 Geologic Section (B-B’) Displaying StICK DAt .....ooverererrrnrenririninssnsenessssssssssssessssssssssssssessessessnenns 66
18 Geologic Section (B-B’) Displaying Hatch Data «.....ooeveveireiiiieisssssss s 67
19 GIS\Key™-provided SOil HAtCh PALEEINS .....cvvuuererrrirririrrieesiessisssiesssesessesssssessesssssessesssssssens 68
20 Geologic Section (B-B’) Showing the Results of Changing the Hatch Scale Factor ................... 70
21 Soil Isopleth Cross-Section with Benzene Concentration Contours (Mg/l) «ocoovvviiriininiiinninn, 71
22 3-Dimensional Orthographic Display of the Grid and Contour Lines Generated by

QUICKSUIT vt 76



LIST OF FIGURES (CONTINUED)

Number Page
23 GISNKEYTM MaP SYMDOIS ovvvervvriiiriiiiisiiisiissi s 78
24 Plot of Concentration vs. Time for Benzene, Toluene, and Xylene (Well MW-07A).................... 85
25 Plot of Benzene vs. Toluene for Monitoring Well MW-0BA ........ccooueiiiiniiis 86
26 Plot of Toluene Concentration at Wells MW-06A and MW-07A ... 87
27 Plot of Benzene, Toluene, and Xylene Concentration Along a User-Defined Profile.. .............. 88
28 Plot Showing Toluene Concentration vs. Time and Statistical Summary Results ...................... 89
29 Plot of Concentration vs. Depth for Benzene, Toluene, and XyIENe ..o, 90
30 Trilinear Piper Diagram for Well MW-06A ......cccccoviiiiiiniiiiisisssssssssssssssssssisnies 91
31 Hydrograph for Site MW-03A ... 92
32 PIOW RAE TOr SItE IMW-02A  ootereeiiitetiie sttt sttt sttt s bbb b b e bbb s sb bt e s sa bt enese b ebene s 93
33 Cumulative Plow for Site IMW-02A .....coiririeieisnsssesssisisss sttt st essssssens 94
34 Flux for Xylene at Site MW-02A e 95
35 Project Cost With and Without GISNKEYTM ... 108



ADC
ADS
ARARs
ATTIC
CAS
'CERCLA
"CERI
'CD ROM
DBF
DEM
DLG
DOS
DWG
'DXF
"ESRI
FIPS
GIS
“GMS
“ GRITS/STATS
ITER
ITIR
7 mg/|
NBS

NPDES
ORD
OosSscC

ABBREVIATIONS

“American Digital Cartography

AutoCAD Develop System

“Applicable Relevant and Appropriate Requirements

Alternative Treatment Technology Information Center

“Chemical Abstracts Service

“Comprehensive Environmental Response, Compensation and Liability Act

Center for Environmental Research Information

“Compact Disc Read Only Memory

dBASE Database File

‘Digital Elevation Model

Digital Line Graph
Disk Operating System
AutoCAD Drawing File

~ AutoCAD Drawing Exchange File

Environmental System Research Institute, Inc.

Federal Information Processing Standard

“ Geographic Information Systems
" Geographic Names Information System

“Ground Water Information Tracking System/Statistics

Innovative Technology Evaluation Report

Informal Technical Information Report

~Milligrams per liter
~ National Bureau of Standards (now NIST - National Institutes of Standards and

" Technology)

National Pollutant Discharge Elimination System.

~ Office of Research and Development

~ Onsite Coordinator



OSWER

QA/QC
RCL
RCRA
RD/RA
RI/FS
RMS
RPM
SITE
SARA
SQL
TCL
TCLP

TPM
TSCA
TSD

USGS
UT™M
VGA
VISIT-|

ABBREVIATIONS (CONTINUED)
Office of Solid Waste and Emergency Response
Personal Computer
Quality Assurance/Quality Control
Reporting Constituent List
Resource Conservation and Recovery Act
Remedial Design/Remedial Action
Remedial Investigation/Feasibility Study
Root Mean Square
Remedial Project Manager
Superfund Innovative Technology Evaluation
Superfund Amendments and Reauthorization Act
Structured English Query Language
Template Constituent List
Toxicity Characteristic Leaching Procedure
Triangulated Irregular Network
Technical Project Manager
Toxic Substances Control Act
Treatment, Storage, and Disposal
U.S. Environmental Protection Agency
U.S. Geological Survey
Universal Transverse Mercator
Variable Graphics Array

Vendor Information System for Innovative Treatment Technologies

Xi



ACKNOWLEDGMENTS

This report was prepared under the direction and coordination of Mr. Richard Eilers, Environ-
mental Protection Agency (EPA) Superfund Innovative Technology Evaluation (SITE) Program Manager
in the Risk Reduction Engineering Laboratory (RREL), Cincinnati, Ohio. EPA-RREL contributors and
reviewers for this report were Dr. Ronald F. Lewis, Mr. Randy A. Parker, Mr. Gordon M. Evans, and Mr.
Robert L. Stenburg. Other contributors and reviewers were Mr. Gary W. Reid and Mr. Charles Tupitza of

GIS\Solutions, Inc

This report was prepared for EPA’s SITE Program by the Technology Evaluation Division of
Science Applications International Corporation (SAIC) in Cincinnati, Ohio under Contract No. 68-C0-
0048. The evaluation of GIS\Key™ was performed by Dr. William B. Samuels and Mr. David
Abercombie. Mr. Neal Panken served as the QA/QC Officer. Ms. Evelyn Meagher-Hartzell wrote the
report with assistance from the individuals listed above. The Work Assignment Manager for the project

was Mr. Clyde Dial.

Xii



EXECUTIVE SUMMARY

The GIS\Key™ Environmental Data Management System was selected for SITE Program testing
to assess its ability to provide useful and effective information to aid in site investigations and remedial
activities. GIS\Key™ is an integrated system for the management of chemical, geologic, and hydrologic
data developed by GIS\Solutions, Inc. of Concord, California. During the evaluation, emphasis was
placed on evaluating the system’s performance with respect to ease of use, system requirements, person-
nel requirements, data entry and database creating procedures, data integrity procedures, and electronic
data exchange capabilities.

This SITE project is a departure from the normal type of evaluation in that it involves a data
management system, not a hardware system. Two Visitor's Days were held: in San Francisco and in
Washington DC. During each Visitor’'s Day the software was demonstrated and third-party vendors
explained and demonstrated how their software related to GIS\Key™.

This environmental data management system has been used a a number of sites including

NASA’s Moffett Field and King Samosa AFB, Alaska.

The evaluation found that GIS\Key™ is an effective way to prepare the wide variety of maps,
graphs, tables, sections, and logs required at a typical hazardous waste site. These products were gener-
ated with relative ease. Because of the open architecture of GIS\Key™ and its use of commercia off-the-
shelf products (i.e., AutoCAD graphics and FoxBASE database), numerous third-party database tools are
available to perform queries and to create report formats not included with GIS\Key™. The system can
be a cost-effective, time-saving method for managing large volumes of environmental data. A number of
issues relating to the general usability of GIS\Key™ were addressed during the generation of the various
GISKey™ products. The following functions and capabilities were assessed:

New Project Setup: It was relatively easy to set up a new project, a project
directory structure, and a project basemap during the evaluation. However,
since all the project directories must be on the same drive as the GIS\Key™
directory, mass storage difficulties can arise as project files grow.

Xiii



Map Management: Standard AutoCAD drawing files are used for all GIS\Key™
basemaps. The utilities provided for the addition and editing of map symbols
were tested and no problems were encountered. During the generation of the
project basemap, the basemap and symbols were digitized using two methods.
Satisfactory accuracy of the coordinates of map symbols was obtained.

Data Entrv Screens: Data entry screens are available for geological, chemical, and
hydrogeological data processed by GIS\Key™., These screens provide several
time-saving features, including dynamic look-up lists and quick return to the
most recent item accessed. Defaults are provided by GIS\Key™ for several
fields, simplifying the entry of sequential data. Online help is not available
during data entry.

Data Import Routines: Electronic import routines allow the input of data in a
wide range of formats. A utility routine called GIS\Build allows laboratory data
to be downloaded into GIS\Key™., An instruction set to guide the labs in
preparing the import file for GIS\Build is available from GIS\Solutions. The
utility routine and instruction set were not evaluated.

Data Integrity Checks: GIS\Key™ performs some data quality checks for
consistency and reasonableness as part of the data entry screens and data import
routines on all key fields and selected attribute fields. Third-party data manage-
ment tools are needed to prepare data files for GIS\Key™ import routines and
for data integrity checks beyond those included with GIS\Key™. The system
tracks the significant figures of all chemical concentrations and reporting limits.

Data Validation: GIS\Key™ can be used to compare QA/QC laboratory results
to user-defined QC objectives. Reports are automatically generated outlining
exceptions to project data quality objectives. Built-in routines are available to:
identify chemical concentrations that fall outside historical ranges; identify
concentrations in excess of action levels; check ionic balances, and compare QC
results against QC objectives for method and field blanks, duplicates, splits,
matrix spikes, control samples, surrogates, and holding times. Seven data
validation fields are available to store data qualifiers reported by the lab or
assigned by the user.

Data Queries: The ability of GIS\Key™ to query data is one of the most power-
ful and often-used tools available to the user. Data queries are prompt-driven;
therefore knowledge of a data query language is not required. The software
conducts queries in such a manner that product quality and accuracy are main-
tained. GIS\Key™ is capable of performing both spatial and non-spatial queries,
GIS\Key™ spatial data retrieval capabilities are provided by AutoCAD.
GIS\Key™ supplements AutoCAD spatial data selection using “symbol lists,”
which are user-defined subsets of frequently used sample locations that can be
grouped together and retrieved by name.

Contouring: Contouring geology, hydrology, and chemistry data is carried out
by QuickSurf, a third-party software package that is integrated with GIS\Key™
Version 2.91 of QuickSurf was evaluated as part of this demonstration. This
version works well for surfaces that are continuous with respect to slope and
curvature (first and second derivatives), but it cannot accurately represent
surfaces which contain breaks or faults. A number of structure maps were
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successfully constructed to test the effect of editing posted values and adding
contour control points.

Cadlculations. During the entry of flow rate, fluid level, and QC data, GIS\KeyTM
automatically performs specific calculations (average flow rate, cumulative flow,
spike percent recoveries, and matrix spike duplicate relative percent differences).
GIS\KeyTM calculates areas, perimeters, and lengths using standard AutoCAD
commands. Volume calculations are supported through QuickSurf. Advanced
gtatistical functions are also available by exporting data to the EPA Groundwater
Information Tracking System/Statistics (GRITS/STAT) program. This capability
of GISKeyTM was not evaluated as part of the demonstration.

Products. GIS\KeyTM provides an effective way to produce contour maps,
tabular chemistry reports, geology tables, hydrogeologic tables, geologic logs,
and chemistry and hydrogeology graphs. Standard formats are available from
the software; however, it can be custom tailored by GIS\Solutions staff or by the
user through third-party software. The products produced by the system are of
high quality.

Hardware Configurations: GIS\KeyTM performs its functions on standard PC
class systems in the DOS environment. When using the recommended hardware
proposed by GlS\Solutions, the system works more effectively. Separate
GIS\KeyTM modules for data entry only may be used to optimize the capital costs
for large projects.

Project Planning: One rea challenge at any site is associated with determining
how to manage the data being generated. Through proper project planning,
GIS\KeyTM can be used to define codes and lists to categorize project data
(sampling events, preparation fractions, program types) for storage and retrieval.
GIS\KeyTM uses this information to organize or group related data and to
simplify data entry. With a good data management perspective and the use of
third-party software, these codes can be managed to avoid update and query
anomalies.

Training: Users can obtain basic and advanced training. Training covers
AutoCAD and a detailed walk-through of GIS\Key™ capabilities. Users are
guided through the creation of GIS\Key™ outputs. The training is well pre-
sented but needs additional emphasis on project planning and setup.

Documentation and Support Services. The User Guide is well-prepared and
covers the system’s modules and activities. It does not represent in al cases the
changes that occured as new versions of software were incorporated into
GIS\Key™. The call-in support offered was readily available and of great help in
understanding issues.

The benefits and limitations that were determined during the evaluation of the software are:

GIS\Key™ does not require specialized computer skills to use its powerful and comprehensive
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data management capabilities. GIS\Key™ includes menu-driven routines that simplify complex tasks
such as generating contours, adding title blocks to maps, and reviewing QC results. Advanced database
and AutoCAD skills are not needed for routine use of GIS\Key ™. Geologists and engineers can analyze
data and produce reports directly; these individuas are typically more knowledgeable about site condi-
tions than staff computer programmers. GIS\Key™ encourages interactive data analysis. Since contours
and cross sections are easy to generate, users are able to refine their analyses. Assumptions, views, and
queries can be modified, and alternative views of the data are produced in little time. GIS\Key™ en-

hances the ability to perform a thorough exploration of site information,

The open, nonproprietary nature of GIS\Key™ and use of industry standard DBF files greatly

simplify and encourage the use of third-party tools to query data and produce custom-made reporting
formats.

GIS\Key™ has a comprehensive scope: it includes chemistry, geology, and hydrology modules.
The chemistry module includes review of QC parameters and checks against historical ranges. The
geology module includes lithology, user-defined formations, and blow counts. The hydrology module
includes derived aquifer parameters such as vertical and horizontal permeability. GIS\Key™ is a turnkey

environmental data management system.

GIS\Key™ stores information in a unified database that provides several vaidity and consis-
tency checks. To use the system, users must manage and improve project data quality. For example,
sample results must be associated with a sample location before they can be entered into GIS\Key™,

Also, each sample location must have a single location in X-Y-Z space. GIS\Key™ enforces many data

integrity rules, so its use can improve overall project data quality.
GIS\Key™ relates data across data categories, improving report and map consistency. For

example, monitoring well measuring point elevation is entered once for each well during well construc-

tion data entry. This single value will be used for al groundwater contour maps, well logs, cross sections,
and tables,

GIS\Key™ reviews chemical laboratory QC data and generates exception reports. Also, sample
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locations that provided samples which fail to meet QC objectives are indicated visualy to the user (i.e.,
they flash red). This feature helps the user to avoid using suspect data in maps and reports.

GIS\Key™ provides a predefined database design that can be used in other contexts. This could

be very beneficial to users that currently do not have a comprehensive environmental database design.

GIS\Key™ provides severa reference lists, including a list of regulatory thresholds (with refer-
ences) and a list of chemical names, adiases, CAS registry numbers, and test methods. These tables are
used internally by GIS\Key™, but they can be used independently. For example, the registry numbers
supplied by the chemical laboratory can be compared to the GIS\Key™ list to verify their accuracy.

GIS\Key™ produces presentation quality graphics. The tables generated by GIS\Key™ are
designed to be included directly into reports. The maps, sections and well logs require little editing
before submittal. GIS\Key™ provides a wide variety of output formats, and menu selections automate

output production.

GIS\Solutions, the developers of GIS\Key™, provide excellent technical support, and they
operate a bulletin board to facilitate exchange of files. Callers are typically put through to the system

programmers, so detailed and responsive help is available to solve any problem.

GIS\Key™ uses industry standard file formats for data storage (DXF, DWG and DBF). Knowl-
edgeable users can readily exchange GIS\KKey™ data with other applications. Third party graphics tools
can be used to modify or enhance GIS\Key™ graphic output.

GIS\Key™ uses AutoCAD for its graphic capabilities. AutoCAD provides very powerful and
complete graphic editing capabilities. AutoCAD graphics are well suited to the scientific and engineering
environment in which GIS\Key™ is typically used. Many potential users of GIS\Key™ are already

familiar with AutoCAD, thus reducing training costs.

Overdl, GIS\KKey™ is very efficient. Many predefined routines and queries are included. For

example, awell log can be produced from the GIS\Key™ database with selection of a few menu options:
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GIS\Key™ automaticaly performs the tedious data retrieval and standard log preparation steps.
GIS\Key™ diminates much duplication of effort. For example, borehole lithology must be entered only
once; these data will be reused for subsequent borehole logs, cross sections, and structure maps. An

attribute of the system is the speed at which queries and postings can be made.

GIS\Key™ runs on standard DOS PCs and on local area networks. More expensive workstations
and operating system software is not required. Many potential users of GIS\Key™ already own the
necessary hardware.

Data management costs can be reduced using the GIS\Key™ software, especially by using it on
multiple projects.

GIS\Key™ has a modular design. Stand-alone data entry modules can be purchased separately.

Limitations
Some specialized AutoCAD and database management system skills, beyond those required to

use GIS\Key™ itsdlf, are needed to make full use of GIS\Key™. Additional expertise is needed to

manage electronic data transfer or to correct major system crashes.

GIS\Key™ enforcement of database integrity could be improved. It is relatively easy to enter
invalid or inconsistent data. For example, GIS\Key™ allows the user to enter a sample depth greater
than the total borehole depth. It is also possible to enter or edit data that will cause query anomalies. It is
possible to enter sampling results for a date outside existing “sampling events;” such results cannot be

posted on the site map using the predefined query.

GIS\Key™ enforcement of basemap integrity is limited. Improper use of certain AutoCAD
commands can cause a major problem. For example, the “handles off” command will destroy the links
between the map and the database. Also, sample locations can be deleted using the AutoCAD “erase”

command, creating inconsistencies between the map and the database.

Third party tools are needed for ad hoc queries. For example, after sample locations have been
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selected, a predefined GIS\Key™ query is available to display the concentrations of a specific chemical
measured within a specific time interval. However, it is not possible to query for the maximum concen-

tration of a specific chemical ever measured at the site.

The GIS\Key™ database structure is incompletely documented. The developer will supply a
listing of the physical schema, but relationships, key rules, domain rules, and triggering operations are

not documented. This lack of documentation limits usefulness of electronic data transfer.

Flexibility of printed report format and appearance is limited under GIS\Key™. The user can
select the subset of chemicals that will be printed, but cannot choose the location of the date on the
printed page. No general report-writing capabilities are provided. However, ASCII option outputs are
offered for all tables, allowing the user to custom design tables using a familiar spreadsheet program such

as Lotus, Excel, or Quattro.

GIS\Key™ has three spatial entity selection techniques. AutoCAD individual entity selection,
AutoCAD rectangular selection windows, and manually created GIS\Key™ “symbol lists." Circles,
irregular shapes, and spatial operators cannot be used for sample location selection. For example,
GIS\Key™ cannot automatically select all wells within 1,000 feet of a stream, nor automatically select all
soil borings within a 500-foot radius of a given well. Sample locations meeting these criteria would need
to be selected manually. GIS\Key™ does not support general GIS spatial analysis operators. Although
polygons can be created using the AutoCAD graphics capabilities, polygon operations are not available.

For example, GIS\Key™ cannot determine which wells are located within the intersection of two arbi-

trary polygons,

The GIS\Key™ database has certain inherent limits. Only a limited amount of location informa-
tion (i.e., SITE-ID, symbol lists only) can be stored. Work-arounds may be needed if a site is divided into
several areas and subareas. GIS\Key™ imposes certain limits on well construction and log information
that can be stored (e.g., maximum of five screen intervals). Certain QA/QC data cannot be stored in the
GIS\Key™ database; these include 2nd column confirmations and QC data pertaining to other QC data

(e.g., surrogate results of blanks).
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GIS\Key™ is limited to post-project data analysis only; no planning capabilities are provided.

No tools or forms are provided that would allow data gathering in a manner that would optimize input
into GIS\Key™ at a later date.

GIS\Key™ does not include audit or transaction logging capabilities. If an error occurs, it is not
possible to roll back the database to a previous known and verified state. Also, it is not possible to store
rationales nor dates of changes to the database or map. GIS\Key™ does provide a very limited “audit
trail” command for contouring data. However, this information is stored in plain ASCII text files, so use

of this feature requires the user to develop additional auditing techniques outside of GIS\Key™ to
maintain and track these files.

The ease of use of the data entry screens is limited. Users accustomed to modern graphical,

"Windows'-like dialog boxes may feel uncomfortable with the GIS\Key™ text-based screens.
GIS\Key™ has certain limitations related to DOS. For example, the user can individualy exam-

ine the map (in AutoCAD) or the database (in FoxBASE), but cannot view both simultaneously. Also,

DOS filename limitations may require use of valid DOS filenames for sample locations that have textual
lithology data.

GIS\Key™ stores only limited meta-data. For example, it is not possible to store sample location
data source information.

Site data related to ecological assessments and air emissions is not managed by this software.
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SECTION 1
INTRODUCTION

This section provides background information regarding the U.S. Environmental Protection
Agency (EPA) Superfund Innovative Technology Evauation (SITE) Program, discusses the purpose of
this Innovative Technology Evaluation Report, and describes the GISKey™ Environmental Data Man-
agement System developed by GIS\Solutions, Inc. (GIS\Solutions). Additional information about the
SITE Program, this software, and the evaluation process can be obtained from the contacts listed at the

end of this section.

1.1 Background

The GISKey™ Environmental Data Management System was selected for SITE testing to assess
its ability to provide useful and effective information to aid in site investigations, remediation activities,
and reporting on those activities. This system, which is compatible with 386 and 486 personal computers
(PCs) using Disk Operating System (DOS), facilitates the collection, reporting, and analysis of site man-
agement data. The GIS\Key™ Software System can produce geologic cross sections, boring logs, poten-
tiomehic maps, isopleth maps, structure maps, summary tables, hydrographs, chemica time series
graphs, tables, and other maps and line graphs meeting Resource Conservation and Recovery Act
(RCRA) and Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
reporting requirements. According to the developer, built in checks are provided to ensure the quality of

the data. Checks include comprehensive quality assurance/quality control (QA/QC) praotocols.

Any AutoCAD compatible digital basemaps can be imported into GIS\Key™. There are a
number of vendors who can provide general basemap data, usually based on the U.S. Geologic Survey
(USGS) 7.5-minute quadrangle maps. Additionally, users usually import specific project map data (i.e.,
RCRA facility and CERCLA sites), which provide greater detail and resolution necessary for comprehen-
sive studies. With GIS\Key™, users add graphic points representing wells, borings, and sampling
locations on to this basemap. GIS\Key™ provides the ahility for one-time entry and verification of the
chemical, geologic, or hydrologic information. GIS\Key ™ “ties” this information to specific wells placed

on the basemap.



1.2 Brief Description of Program and Reports

In 1986, EPA’s Office of Solid Waste and Emergency Response (OSWER) and Office of Research
and Development (ORD) established the SITE Program to promote the development and use of innova-
tive technologies to clean up Superfund sites across the country. Now in its eighth year, the SITE Pro-
gram is helping to provide the treatment technologies necessary to implement new Federal and state
cleanup standards aimed at permanent remedies rather than quick fixes. The SITE Program is composed
of four major elements : the Demonstration Program, the Emerging Technologies Program, the Measure-
ment and Monitoring Technologies Program, and the Technology Transfer Program. These programs are

briefly discussed below.

The major focus has been on the Demonstration Program, which is designed to provide engineer-
ing and cost data for selected treatment technologies. To date, the Demonstration Program projects have
not involved funding for technology developers. EPA and developers participating in the program share
the cost of the demonstration. During treatment technology demonstrations, developers are responsible
for demonstrating their innovative systems at chosen sites, usually Superfund sites. EPA is responsible
for sampling, analyzing, and evaluating all test results. The final product of each demonstration is an
assessment of the treatment technology’s performance, reliability, and cost. This information is used in

conjunction with other data to select the most appropriate treatment technologies for the cleanup of

Superfund sites

Recently, however, the Demonstration Program expanded its scope to include the evaluation of
innovative technologies or systems used to support remedial activities. These “support” systems may be
used to help Remedial Project Managers (RPMs) evaluate treatment alternatives during the Remedial
Investigation/Feasibility Study (RI/FS) and Remedial Design/Remedial Actio n(RD/RA) phases. The
GIS\Key ™ software falls within this program category. Like remedial technology demonstrations, the
final product of a support system evaluation is an assessment of the system’s performance, reliability, and

cost.

Developers of both treatment technologies and support systems apply to the Demonstration
Program by responding to EPA’s annual solicitation. EPA also accepts proposals for treatment technology

demonstrations any time a developer has a Superfund waste treatment project scheduled. To qualify for



the program, a new technology must be available as a pilot- or full-scale system and offer some advan-

tage over existing technologies. Mobile treatment technologies are of particular interest to EPA.

Once EPA has accepted a proposal, EPA and the developer work with the EPA regional offices
and state agencies to identify a site containing waste suitable for testing the capabilities of the technology.
However, since GIS\Key ™ is used to manage and analyze site data, EPA and developer efforts were

instead directed toward generating a data set that could be used to test the unit’s effectiveness.

During the demonstration of a treatment technology, EPA prepares a detailed sampling and
analysis plan designed to evaluate the technology thoroughly and to ensure that the resulting data are
reliable. The duration of a demonstration varies from a few days to several years, depending on the type
of technology and the quantity of waste needed to assess the technology. A similar process and time-
frame applies to the evaluation of a support system. However, durin the GIS\Key ™ evaluation, instead
of developing a detailed sampling and analysis plan, emphasis was placed on developing evaluation

criteria that would thoroughly test the software’s performance.

Results of the SITE Demonstration evaluations are published in two documents: the ITER and
the SITE Technology Capsule. The ITER provides a comprehensive description of the evaluation and its
results. The SITE Technology Capsule is a concise summary of the ITER. Both the SITE Technology
Capsule and the ITER are intended for us by RPMs and others who are making a detailed evaluation of
the technology for a specific site and waste. The GIS\Key™ ITER includes information on cost, perfor-
mance, implementation problems/limitations, and an evaluation of the software in relation to RCRA and
CERCLA reporting requirements during the RI/FSand RD/RA processes. The ITER also describes the
evaluation, the developer’s experience prior to the evaluation and the flexibility of the software. The

purpose of this ITER is described in greater detail in the following subsection.

The second component of the SITE Program is the Emerging Technologies Program, which fosters
the investigation and development of treatment technologies that are still at the laboratory scale. Success-
ful validation of these technologies can lead to the development of a system ready for field demonstration
and participation in the Demonstration Program. The Measurement and Monitoring Technologies
Program, the third component of the SITE Program, provides assistance in the development and demon-

stration of innovative techniques that better characterize Superfund sites. The fourth component of the



SITE Program is the Technology Transfer Program, which reports and distributes the results of both
Demonstration Program and Emerging Technology studies through ITERs and SITE Technology Capsule

reports. Abbreviated bulletins are issued to inform the public of SITE project completion.

1.3 Purpose of the ITER

This ITER provides information on the GIS\Key ™ Environmental Data Management System,
including a comprehensive description of the evaluation and its results. The ITER is intended for use by
EPA RPMs, on-scene coordinators (OSCs), contractors, and others involved in the remediation decision-
making process and in the implementation of specific remedial actions. The ITER is designed to aid
decision makers in determining whether this specific software warrants further consideration as an aid in
data management during investigation and cleanup operations. To encourage the general use of evalu-
ated software, EPA provides information regarding applicability of the software to a generalized set of
site data and the type of reporting products and data management techniques provided by the software.
The ITER includes information on cost and application of the software. It also discusses advantages,
disadvantages, and limitations of the software. This report is a critical step in the development and

commercialization of the GIS\Key™ Environmental Data Management System.

This software evaluation examines the performance of the software in managing data typical of a
Superfund site. The data reporting requirements of other sites may differ from the generalized require-
ments evaluated in this project. Successful evaluation of the software for one set of data does not neces-
sarily ensure applicability at other sites. Only general conclusions relating to data reporting can be
drawn from this GIS\Key ™ Environmental Data Management System evaluation. Site- and project-

specific conditions restrict the conclusions drawn from the SITE evaluation of a support system such as

GIS\Key™,

14  Technology Description

GIS\Key™ is a comprehensive environmental database management system designed to meet
the needs of industry and to satisfy RCRA and CERCLA reporting requirements. GIS\Key™ is a custom
developed software system that uses several commercial off-the-shelf products (e.g., AutoCAD, FOXBASE,
and QuickSurf) to produce a variety of site-specific tables, graphs, and maps, thereby facilitating the

collection, reporting, and analysis of site management data. GIS\Key™ and its associated third-party



software components can be installed and used on 386 and 486 personal computers (DOS).

Environmental data for a project — chemical, geological, and hydrological — is stored in the
GIS\Key™ Database, which is a relational data management application implemented in FoxBASE. The
database is tied to the graphical component, GIS\Key™ Graphics, which is built into AutoCAD. The
GIS\Key™ graphical interface depicts wells and boreholes on a map of the site. The user chooses a
report from a menu, picks a location from the map, and then follows the prompts to create a variety of
output. GIS\Key™ can prepare geologic cross sections, boring logs, potentiometric maps, isopleth maps,
structure maps, summary tables, hyrodrographs, chemical time series graphs, and numerous other maps
and line graphs. QuickSurf (Version 2.91), a third-party contouring program developed by Schrieber
Instruments, is used to contour geology, hydrology, and chemistry data stored in GIS\Key™ Database.
The GIS\Key™ Database Menu Structure is shown in Figure 1. The GIS\Key™ Graphic Menu Structure
is shown in Figure 2. These figures provide an overview of the types of procedures used and products

available through GIS\Key™ Software.

Digitized regional basemaps, typically USGS 7.5-minute quadrangle maps, provide the back-
ground basemap for the GIS\Key™ data management system. Project maps (i.e., RCRA facilities and
CERCLA sites) are stored inside the regional basemaps and act as the visual starting points from which
users can obtain specific chemical, geologic, and hydrologic data for each well location. During the
generation of a project map, GIS\Key™ symbols representing wells, borings, and other sampling loca-
tions are placed on the basemap. The data for each map point is related by location, media, sample
number, date, and depth. The geographic organization of information allows data to be displayed as

discrete points on the map.

Data can be entered into the GIS\Key™ Database either manually or electronically. Existing
databases can be converted into GIS\Key™ format, and laboratory reports on magnetic media can be
directly imported. Pull-down menus, data entry forms, and look-up lists for frequently used values aid
manual data entry. The lists store such information as EPA test methods, practical quantification limits,
Chemical Abstract Service (CAS) numbers, chemical aliases, and regulatory threshold values for over

3,500 chemicals.
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Figure 1. GIS\Key™ database menu structure {continued).
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GIS\Key™ includes features that help the user identify erroneous or questionable data. Data
validation routines include graphical display of summary statistics and user alerts when QA/QC results
fall outside data quality objectives, sample results fall outside historical ranges, sample results exceed

applicable regulatory standards, and ionic balances fall outside data quality objectives.

The following is a brief description of the types of products that are available through the
GIS\Key™ software. A list of GIS\Key ™ chemical, geologic, and hydrologic products that GIS\Key™

provides is shown in Table 1.

1.4.1 Boring Logs

GIS\Key™ generates well logs and boring logs that use graphical patterns to depict soil types
and details of well construction. The log reproduces the field geologist’s written description of soils

encountered during drilling. Graphic log formats can be designed to customer specifications.

1.4.2 Structure Maps

GIS\Key™ can create contour maps for structural interfaces based on soil unit, geologic forma-
tion, blow counts, or user-defined flags. Structural elevation is stored in the GIS\Key™ Database. These
elevations are used to generate contour lines, and the result is stored as a three-dimensional grid. A

feature of GIS\Key™ is that any type of contoured structural information, such as top and bottom water-
bearing units or equilibrium water levels, can be stored as a three-dimensional grid. GIS\Key™ inte-
grates this grid information into geologic cross section routines, allowing the user to visualize the struc-

tural interfaces along any cross section line.

143 Geologic Cross Sections

Cross sections show selected wells and borings along with the soil units encountered in each.
Sections can include structural information such as the ground surface layer, water-bearing zones, or any

other surface that has been contoured and saved as a three-dimensional grid.

1.4.4 lIsopleth Maps

Isopleth maps depict areas of equal chemical concentrations in soil or water samples. GIS\Key™
can generate isopleths in plan view and section view. lIsopleths are represented as contours drawn on
either a linear or a logarithmic scale. An isopleth map is based on the media, sample locations,

chemical(s), and time period.



Table 1. GIS\Key™ Products

Chemistry

Geology

Hydrology

Isopleth maps of soil or water
quality-plan section view

Boring logs with company logos

Density-corrected water level contour
maps

“Chemical concentration time
series graphs

Geologic cross section maps

"Floating product contour maps

" Chemical versus chemical
graphs, inter- and intra-well

Isopach maps

Hydraulic conductivity contour maps

Trilinear Piper diagrams

Structure maps

Water elevation versus time graphs

“Chemical concentration versus
distance graphs

Presentation-quality data tables

Floating product thickness versus
time graphs

Presentation-quality data tables

Extraction well graphs
.flow versus time
*concentration versus time
o chemical flux versus time

Presentation-quality data tables

1.45 Chemistry and Hydrology Graphs

GIS\Key™ makes available a number of different types of graphs for displaying chemical

constituents and hydrologic properties. The GIS\Chem Menu displays the concentrations of one or more

constituents over time, correlating the concentrations of two chemicals at the same sampling station,

comparing concentrations at two different sites, showing variation in concentration at different distances

from a sampling site, generating trilinear Piper diagrams, and displaying a variety of statistical param-

eters.

Under the GIS\Hydro Menu, hydrographs or flux graphs can be plotted. To create a graph, the

type of graph is chosen, and then GIS\Key™ guides the user through a series of well selections and

prompts. For example, to prepare a chemical time series graph, the user selects the time period, chemi-

cals of interest, and default values for concentrations less than the detection limit (zero, one-half, or full

10




detection limit). Either individual or total chemical concentrations are displayed on the graph.

1.4.6 Tabular Reports

Over 100 tabular reporting formats for chemical test results are available within GIS\Key™,

Format options include landscape or portrait views, display of chemicals across the top or side, presenta

tion of data validation qualifiers, and listing of only those chemicals with detectable levels in one or more

sample sites. Tabular data displays are of presentation quality.

1.5 Key Contacts

For more information on the demonstration of the GIS\Key™ Environmental Data Management

System technology, please contact:

1.

EPA Project Manager for the SITE software evaluation:

Mr. Richard Eilers

U.S. Environmental Protection Agency
Risk Reduction Engineering Laboratory
26 West Martin Luther King Drive
Cincinnati, Ohio 45268

(513) 569-7809

Software Vendor:

Mr. Garry Reid
GIS\Solutions, Inc.

1800 Sutter Street, Suite 830
Concord, CA 94520

(510) 827-5400, Ext. 208

Information on the SITE Program is also available through the following online information

clearinghouses:

The Alternative Treatment Technology Information Center (ATTIC) is a compre-
hensive, automated information retrieval system that integrates data on hazard-
ous waste treatment technologies into a centralized, searchable source. This
database provides summarized information on innovative treatment technolo-
gies. The system operator can be reached at 301-670-6294.

The Vendor Information System for Innovative Treatment Technologies

(Hotline: 800-245-4505) database contains information on 154 technologies
offered by 97 developers.

11



o The OSWER CLU-IN €éectronic bulletin board contains information on the status
of SITE technology demonstrations. The system operator can be reached at 301-
585-8368.

Technical reports can be obtained by contacting the Center for Environmental Research Informa

tion (CERI), 26 West Martin Luther King Drive, Cincinnati, Ohio 45268 at 513-569-7562.
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SECTION 2
SOFTWARE APPLICATION ANALYSIS AND EFFECTIVENESS

2.1 Background

GIS\Key™ is an environmental data management system that consists of custom developed
software that integrates several commercial-off-the-shelf products: AutoCAD, FoxBASE, and QuickSurf.
This system, which is compatible with 386 and 486 personal computers (DOS), facilitates the collection,
reporting, and analysis of site management data. Digital map data is imported into GIS\Key™. This
data can be made up of USGS 7.5-minute quadrangle digital data and site-specific (i.e., RCRA facilities
and CERCLA site) digital data. With GIS\Key™, users add graphic points representing wells, borings,
and sampling locations on to the basemap along with the pertinent chemical, geologic or hydrologic
information. Geologic cross sections, boring logs, potentiometric maps, isopleth maps, structure maps,
summary tables, hydrographs, chemical time series graphs, tables, and other maps and line graphs

meeting RCRA and CERCLA reporting requirements can be produced using GIS\Key™.

The GIS\Key™ Environmental Data Management System was selected for SITE testing to assess
its ability to provide useful and effective information to aid in site investigations and remediation activi-

ties. The specific objectives of the evaluation were to;

. Determine if the software performs the functions that are claimed by
GIS\Solutions.

Assess the accuracy of the GIS\Key™ output, including figures and tables, and
review GIS\Key™ procedures used to ensure the data integrity.

Review the general usability of GIS\Key™ including ease of use, system re-
quirements, personnel requirements, data entry or database creation procedures,
and electronic data exchange capabilities.

Compare GIS\Key™ features to user requirements. Requirements were based on

both user interviews and a review of general software evaluation guidelines
developed by the USGS and other government agencies.

The steps used to evaluate GIS\Key™ mirrored, in some respects, the guidance developed by the

USGS for evaluating geographic information systems (GIS) products. Many of the evaluation criteria
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were compiled from relevant Federa Information Processing Standard (FIPS) and National Institutes of
Standards and Technology (NIST) publications; some were obtained from standard software testing and
evaduation guidance (USGS, 1988 and Modsey, 1993). Emphasis was placed on analyzing several proce-
dures and capabilities common to GIS\KKey ™ chemistry, geology, and hydrology modules. Ultimately,
the evaluation sought to determine how well the various procedures and capabilities associated with
GIS\Key™ performed during collection, reporting, and analysis of a set of site management data. Table 2
is a listing of items evauated. The specific elements examined during evaluation were agreed upon by

the EPA Technical Project Manager (TPM) and GIS\Solutions prior to the evaluation.

Because GIS\Key™ Software is an environmental database management system, it can be used at
any Superfund site. The system handles both soil and groundwater contaminants but does not provide a

means for managing ecological assessments or air pollutant data.

The GIS\Key™ Environmental Data Management System is presently being used commercialy
a a number of hazardous waste and Superfund sites. The software can be obtained through direct
purchase from GIS\Solutions. The computer hardware required to operate the system efficiently is
standard “off-the-shelf” equipment.

The vendor’s claims are provided in Appendix 1.

2.1.1 Key Features of the GIS\Key™ Environmental Data Management System

GIS\Key™ Environmental Data Management System fulfills a set of needs that are often per-
formed by multiple independently run pieces of software. GIS\Key™ has taken these proven pieces of
software and has put them under one shell. The results of this integration allow for enhanced database

management activities that would otherwise be more difficult or costly to perform.

GIS\Key™ forces a level of integrity and data consistency upon entry of the information to the
database. Since environmental data of various classes and categories are collected and maintained by
GIS\Key™ in one database management system, analysis of the interaction and relationships of the data

is more apparent.

Reporting of information is streamlined and cuts across the data categories. Evaluations can be



Table 2. Items Evaluated for GIS\Key™

Mew Project Setup
Systern/Database Management
User Interface
Databage Creation
Database Development

Data Enfry

Electronic Data Transfer (Input/Output)

Updates and Edits

Definition and Modification of Lists and Codes

Work Flow

Cuery Capabilities and Procedures
Manipulation and Analysis of Spatial Data
Retrieval,
Restructuring,
Transformation, and
Statistics
Menu-Prompted Database Queries
Sampling Period,
Program Type,
Chemical Constituent(s), and
Preparation Fraction
Display and Product Generation
Map and Map Feature Annotation

Contouring General Procedures

ross Section General Procedures

Ancillary Graphics Procedures

Documentation and Bupport

Hardware Considerations

Systern Training
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performed in different reporting formats. Repetitive reporting requirements often become simpler

exercises

In general, GIS\Key™ reduces most of the mechanical drudgery associated with database
import/export, management, maintenance and report generation, and facilitates engineering and scien-

tific interpretation, thereby allowing the user to focus on analysis and site management,

2.2 Methodology

Two analysts experienced in GIS and environmental database management performed the
evaluation. One analyst had previous experience with GIS\Key T™: the other did not. This alowed for
two differing perspectives. a new user versus an experienced user. A third analyst, with an environmen-
tal database background and previous GIS experience served as the QA/QC officer, reviewing both the
evaluation protocol and the results. The evaluators were provided with a condensed version of the
GISKey™ basic training course. The full course (3-1/2 days) was completed in 2-1/2 days and covered
the following topics. AutoCAD essentials;, new project setup; geology, hydrology, and chemistry modules;
and GIS\Key™ utilities. A detailed discussion of the GIS\Key™ training course is addressed in Subsec-
tion 2.3.9. The evaluation included obtaining information on performance from a limited number of

current users through telephone interviews.

The GIS\Key™ software runs on DOS-based personal computers. For this evaluation, which
occurred between April and December 1993, GIS\KKey™ was installed on three separate computer
platforms (both 386 and 486 MHZz) located at SAIC's McLean, Virginia; Cincinnati, Ohio; and San Fran-
cisco, Californiaoffices. GIS\Key™ Release 1.1.2, AutoCAD Release 12, and QuickSurf Release 2.91 were
installed and used during the evaluation. A description of the hardware configurations used by the three
SAIC offices during the evaluation can be found in Subsection 2.3.8.

The GIS\Key™ software is evolving and being changed periodically as is typical of such systems.

As a consequence, some of the findings from this evaluation would be modified by an evalution of a later

release or version,
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2.2.1 Test Data Set

The test data set used in this evaluation was derived from three sources;

1 Sample data supplied by GIS\Solutions that consisted of:

abasemap in AutoCAD drawing format provided by American Digital
Cartography (ADC), which was derived from USGS 1:24,000 scale Digita Line
Graph (DLG) data and the Geographic Names Information System (GNIS)

site map symbols and attribute data (i.e., DBF files) for 12 onsite monitor
ing wells, 4 offsite monitoring wells, 5 onsite soil borings and 6 offsite
control borings This data set consisted of 339 files organized into 8
directories and totaled over 5 Mb.

2. An ADC supplied AutoCAD drawing for the Valdosta, GA 7.5-minute quadrangle. This
data was derived from USGS DLG and GNIS. Thisfile was 1.5 Mb.

3. Six QuickSurf test files supplied by Schrieber Instruments:

strshale.gs = the structure of the Opeche shale in NE Wyoming

isodolo.gs = the thickness of a dolomite layer overlying buried sand dunes
isosand.gs = the thickness of a set of buried sand dunes

topo.gs = the topography overlying the above described geology

hpv.gs = pore volume of a fluid

hpvbig.gs = same as hpv.gs but with more control points

2.3 Evaluation Results

The criteria listed in Table 2 were organized under the following major categories to conduct the

evaluation:
. New Project Setup
- Data Entry
Data Checks, Updates, and Edits
Data Processing
Graphical Procedures
Products

Software Products Versus Reporting Requirements
Hardware Considerations
System Training and Support

2.3.1  New Project Setup

Setting up a new project involves a database creation step that includes generation of (1) the

project directory tree structure on the hard drive and (2) the project basemap, i.e., an AutoCAD DWG file.
These two steps are discussed below.
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Creating Project Directories
GIS\Key™ facilitates the creation of the project directory tree structure by providing a NEW

PROJECT DISKETTE with an INSTALL program. This program prompts the user for a project name and
then creates the appropriate subdirectories, data structures, and data files under that project name. The
end result of the install program is a directory structure similar to the one shown in Figure 3. According
to the User Guide “all project directories must be on the same drive as the GISKEY directory”; this may

pose limitations as project files grow and if the hard drive is formatted into relatively small partitions.

ROOT —— DEMO —4— DATABASE
— CHEM GRAPHS
— MAPS
— REPORTS
— GEO GRAPHS
— MAPS
— REPORTS
— HYDRO — GRAPHS
— MAPS
— MODFLOW INPUT
E OUTPUT
7 TERTIARY
_ REPORTS
— GROUPS
— BLOCKS
— EXCHANGE
— PROFINFO
— SURFACE
— GISKEY T BLOCKS
DATABASE
LISP
FORMS
MENU
UTILITY

Figure 3. GIS\Key™ directory structure.



Creating a Basemap
After successful instalation of the new project data files and directories, the project map is

created. Any map in DWG format is an acceptable basemap; many users insert their site map into a
digitized USGS quadrangle map. These maps, in DWG format, can be obtained from American Digita
Cartography, a vendor that can supply USGS DLG, GNIS, Digita Elevation Model (DEM) and other
spatia data products in DWG format.

To test the incorporation of a basemap into GIS\Key™, a DWG file was obtained from ADC for

the USGS 7.5minute quadrangle for Valdosta, Georgia. This file was 1.5 Mb, consisting of 47 layers of
DLG and GNIS data and 20 geodetic control points in the Georgia West state plane coordinate system (see

Figure 4). This dataset was successfully loaded with no problems.

Adding Well Locations
Wl locations and other features (buildings, tanks, etc.) can be added to the basemap. Adding a

well location to the map is a two-step process: (1) the map symbol is added using the GIS\Key™ utilities
menu, and (2) the environmental information is filled in using the GIS\Key™ database menu. This
subsection of the report discusses methods for accomplishing the first step. The procedures required for
the second step are discussed in detail in the data entry subsection (Subsection 2.3.2).

Two dternate methods of digitizing (inserting well locations on the map) were evauated. In
Method 1, it was assumed that the x,y,z coordinates of the well were known and in the same coordinate
system as the basemap. In Method 2, it was assumed that wells were marked on a map and their coordi-

nates needed to be determined.

Method 1
This method follows the UTILITIES - SITE MAP SYMBOL menu selection. The user selects one

of the predefined well symbols. To add the well to the map, the user can physically place it with the
mouse or enter the x,y coordinates at the keyboard. Severad sample wells were inserted using this

method; no problems were encountered.

Method 2
A user faced with determining coordinates for well locations or other features for inclusion in a

GISKey™ map must rely strictly on AutoCAD and software external to GIS\Key™ to digitize their
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Figure 4. Example map (Valdosta, GA Quadrangle) provided by ADC in AutoCAD drawing format.



locations. For this exercise, it was assumed that point locations (i.e., wells, geodetic control points)
needed to be digitized and inserted on the Vadosta, Georgia basemap previously described. A view was
created in GIS\Key™ corresponding to a region in the vicinity of the Valdosta airport (see Figure 5).
Steps were performed to evaluate this process and to address such issues as coordinate transformation,
accuracy and resolution (see Appendix 11). From this exercise it was found that additional software
resources (map transformation software) were needed to transform geographic coordinates to Georgia
West gtate plane coordinates. Sufficient accuracy (+ 3 feet) was obtained when using the AutoCAD
digitizing and ARC/INFO map transformation software to add ground control points. Given the limita-
tions of the hardware, software, and map scale of the hard copy basemap, it is aso important to know
the level of accuracy associated with the digitizing process; specific accuracy objectives may be explicitly
required for the project results to be considered useful and valid.

Lists and Codes
GIS\Key™ uses many user-defined codes and lists to categorize project data for storage and

retrieval. Several codes or lists that can be modified are provided with GIS\Key™:; others must be
defined by the user. Some codes are shared among all projects managed by a single installation of
GIS\Key™: others are specific to individua projects. In genera, correct definition and maintenance of
these codes are essential to proper functioning of GIS\Key ™. Each list or code is discussed separately

below. The various lists and codes may be specific to each project.

Chemica Names and Aliases
GIS\Key™ stores chemical information according to Chemical Abstracts Service (CAS) Registry

Numbers. CAS numbers are used in many menu-prompted database queries, and a look-up list is
available to obtain the needed CAS numbers by typing the beginning of the chemical name. GIS\Key™
allows the user to add new chemicals and aternative chemical names at any time. Chemicals or materials
that do not have CAS numbers can also be added to the list, provided that an artificial CAS number is
used. GIS\Key™ documentation provides useful guidance on the use and generation of artificial CAS
numbers. Severa users report that a common use for these numbers is to store the “tentatively identified
compounds’ sometimes reported by laboratories. Chemical name identifications and CAS numbers are

shared by al projects managed by a single installation of GIS\Key™,

Action Level Codes, Source References, and User Alerts
GIS\Key™ supplies many lists of regulatory thresholds, primarily based on Federal and California
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standards. GIS\Key™ includes a disclaimer in the documentation warning the user to verify the appro-
priateness of these action levels prior to use. GIS\Key™ allows users to modify existing action levels and
add new ones to make them specific to their project. New action levels are added using three database
menu options. To do this, the user must understand several GIS\Key™ concepts including “action level

codes,” “source reference codes,” “source reference levels,” “user aerts,” and “action levels.” The
GISKey™ documentation for this process could be improved. For example, the GIS\Key™ User Guide
discusses how to enter “action level codes’ before it describes how to enter new “source reference codes.”
A brief note in the margin of the documentation indicates that this order is incorrect, that is, the “source
reference codes’ must actually be entered before entering “action level codes.” Testing showed that if the
user attempts to use a nonexistent “source reference code” while entering a new “action level code,” then
GIS\Key™ will warn the user that the “source reference code” is invalid, but it will accept it if the user

insists.

Geologic Formation and Soil Classifications
GIS\Key™ supplies USGS soil classification codes that can be used (via alook-up list) for data

entry of borehole soil material descriptions. The user can also add additional soil material descriptions to
the look-up list. The user may define a list of formations and formation codes. For example, the user
could define the top of the “A” aquitard to be associated with the code "AQTA". These codes are easy to
define and edit.

Laboratories
Laboratory identifications and associated code letters are required for chemical data entry.

Laboratory codes are easy to define and edit, and can be specific to each project. Laboratory codes cannot

be used in the menu-prompted database queries.

Preparation Fractions and Program Codes
These project-specific codes refer to the sample preparation procedure used by the laboratory

prior to analysis. For example, soil samples are often analyzed for total metal content as well as meta
concentrations in the water-extract of the sample. One use of the “preparation fraction” code is to distin-
guish these two types of results. User-defined program codes allow the user to distinguish data obtained
for different purposes. For example, they can be used to distinguish routine water level measurements
from aquifer pump test water level measurements. The user may define up to 26 “preparation fraction”

and “program” codes. Both codes are very easy to add or modify; they are available for editing in a
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single menu option. Proper use of these codes is essential for obtaining accurate results from the menu-
prompted database queries. These codes are aimost too easy to modify; it is possible for the user to
redefine these codes so that query results are incorrect or misleading (see Subsection 2.3.3). GIS\Key™
includes default codes for al projects for the following preparation fractions. total, dissolved, TCLP,
California wet extraction procedure (STLC), acid rain extract, EPTox, and water extract. GIS\Key™ users

indicate that these categories are suitable and rarely need to be modified

Sampling Events

GIS\Key™ yses the term “sampling event” to refer to date intervals that encompass field sam-
pling activities. For example, the user can define a sampling event caled “93-FALL” to refer the date
interval between September 1,1993 through September 14, 1993. The user may define an unlimited
number of “sampling events’ using a single menu option. Overlaps or gaps between “sampling events’
can exist, and sampling events can be easily redefined at any time. This flexibility may benefit certain
project situations, but if not handled carefully can cause incorrect results when using menu-prompted

database queries

Test Methods
GIS\Key™ uses “test methods’ to indicate which chemicals and units of measure are associated

with which laboratory methods. GIS\Key™ supplies a lengthy list of test methods, and the user can
easily add to this list at any time

Template Constituent Lists
GISKey™ uses a concept called “template constituent list” (TCL) to simplify laboratory data

entry and reporting of quality control data. A TCL actually consists of severa associated lists. a target
congtituent list and lists of matrix spikes, control samples, and surrogates. TCLs are unique for each
combination of matrix, lab, and test method. A TCL is first selected by the user to initiate data entry; the
data entry screens then have the proper lists of chemicals with their detection limits displayed. The user
needs to enter less data, since most defaults are set by the TCL. The process of setting up TCLs involves
naming the TCL, identifying the lab and test method, and then selecting individual chemicals and
detection limits associated with the TCL. The User Guide provides clear step-by-step instructions on this
essential task. The documentation warns against modifying TCL lists since they provide a record of

useful laboratory information such as detection limits,
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Reporting  Compounds

Reporting constituent lists (RCLs) are used by GIS\Key™ for hard copy report production. They
provide the user with the flexibility to prepare a report showing results from more than one TCL, and
specific chemicals can be included in or suppressed from any RCL. The process of creating RCLsis well

described in the documentation, and is very similar to the process used for creating template constituent
lists.

Review Codes
GISKey™ allows the user to store laboratory QA/QC data validation qualifiers with the chemi-
cal results. Two categories of these codes can be used: standard EPA Contract Laboratory Program codes

and user defined “expert codes." The “expert codes’ can be easily modified.

Milliequivalents

GIS\Key™ supplies a table of ionic milliequivaents that are used for checking ionic balances.
The user may edit and add to this list at any time. Thislist is shared by all projects managed by a single
GISKey™ installation. No users contacted indicated that they used GIS\Key™ to check ionic balances

2.3.2 Data Entry

GIS\Key™ provides data entry screens to assist input of user data. These screens are available

under the GIS\Key™ Database Menu option in the AutoCAD graphica environment, or by entering the
database directly from DOS

Separate modules for data entry only are available. The user therefore has the flexibility to have
severa data entry modules in use, which could all provide data files to a full, graphical GIS\Key™
installation. For larger projects these modules can be used to optimize capital costs. No direct support is
provided for double-key entry. The data entry modules require fewer computer resources for operation,

and they will run on machines that cannot support the full GIS\Key™ product.

User Interface - Menus, Graphic Displays

Overdl, the user interface is well organized and easy to operate. It is necessary to frequently
switch between GIS\Key™ and AutoCAD menus. A mouse-driven menu “toggle” switch made this
relatively easy. Within the GIS\Key™ graphics environment (as well as AutoCAD), functions were

executed by selecting menu items with the mouse. In the GIS\Key™ database environment, the mouse is
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not active, and as a result users must navigate the menus with letter keys, arrow keys, tabs, and carriage

returns. Specific user interface dements included in the evaluation are briefly described below.

The mgjority of the GIS\Key™ spatial and database module functions are invoked by selecting
items from pull-down or pop-up menus; the user then responds to prompts that usually display default
answers. In AutoCAD most commands can either be invoked through the command line or through
menu selection. The following user interface elements are not provided by GIS\Key™ but are available

in AutoCAD.

Interactive command language interface
Ability to use command abbreviations
Online help screens

Online user manual and tutorial

GIS\Key™ does not provide the capability for building macros, shell scripts, or batch files to
execute complex functions automatically from an aggregate of simpler individual functions, but does
alow the user to add custom AutoLISP applications to the existing GIS\Key™ functions. AutoCAD
provides the ability to change menus, program dialog boxes, and use scripts through AutoLISP, Struc-
tured English Query Language (SQL), and the AutoCAD development system (ADS) programming

languages. GIS\Key™ uses the AutoCAD undo command to retract previous entries. In GIS\Key™,

pressing the Enter key or space bar at the AutoCAD command prompt restores the previous command

Error messages are not always clear. For example, when attempting to process a QuickSurf file
for gridding and contouring, a filename with the .gs extension was entered in response to a GIS\Key™
prompt. The QuickSurf software processed the data but failed to display the grid and contour layers. An
error message was displayed with no indication on how to solve the problem. Through trial and error it

was determined that the filename had to be specified without the “.gs’ extension.

In the example error message described above, a soft error recovery was possible. The program
did not fatally terminate but allowed the user to respecify the filename. In several instances during the
evaluation process, GIS\Key™ terminated prematurely and fatally in the middle of a database query or
in the generation of a contour map; the error messages usually indicated a memory or page fault problem

had occurred (probably related to the fact that a 386 PC with only 4 Mb of RAM was being used).
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GISKey™ had to be restarted; however the drawing file could not be opened until it was “unlocked”
using an AutoCAD utility function. To alleviate memory problems, GIS\Solutions recommends a mini-

mum of 8 Mb of RAM.

User Interface - Data Entry
GIS\Key™ data entry screens are text-based (rather than graphical), and no mouse support is

available. User input must usually be provided in a specific order. This is in contrast to the graphical
“dialog boxes’ found in AutoCAD. Online help is not available during data entry.

Look-up lists are available for many user responses. The look-up lists are often dynamic, so that
when the user enters new data into a field, GIS\Key™ will prompt the user to confirm that the new data
is actually desired and is not a typing error. The new data entered will be added to the look-up list and
will be available for subsequent data entry. For example, while entering data about a new well, the user
is prompted to enter the “well type.” The user may press a key to be shown a list of al “well types’
previously entered, and may select one of the previoudly entered types or choose to type in a new type of
well. If anew well type is entered, GIS\Key™ will ask for confirmation that a new well type was in-
tended (i.e, that it was not an entry error). If the user confirms that a new well type was intended, then it

is entered for that particular well and is also added to the look-up list for subsequent use.

GIS\Key™ provides a time-saving function related to look-up lists. The user can very easily
return to the last item that was edited or entered by pressing the <F4> key. This feature is especialy
useful when entering borehole or well construction data. The user can enter borehole information,

bypass the initial site location look-up list, and go directly to the well construction data entry screens.

GIS\Key™ usually requires the user to input data in a certain order. Once the essential data
fields are completed, the remaining optional fields can be skipped with a single keystroke (i.e., the <F3>
key). The distinction between essentia fields and optional fields is not always consistent. For example,
the first well construction data entry screen has a field for the well “tailpipe’ material of construction.
This field can be skipped over and left blank by using the <F3> key to skip to the second data entry
screen. However, if the cursor arrow keys are used instead to move past the “tailpipe” material of
construction field, then GIS\Key™ will display a look-up list and will require completion of this field

before data entry can proceed. In this example, “tailpipe” material of construction is required, even
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though no tailpipe was used. Selection of the choice [unknown/NA] is the equivaent of a null entry.

The documentation does not clearly indicate which fields are optional and which are required.

If the user notices that a mistake has been made, the cursor keys can usually be used to return to
the entry and correct the error before it has been committed to the database. It is not aways possible to
correct a minor error by returning to a field using the cursor keys. For example, assume that the user
notices a minor error on the first well construction data entry screen. |If the user presses the back-arrow
cursor key too many times (i.e., accidentally attempting to move before the first entry), then GIS\Key™
will display the second well construction screen. The user can no longer see nor edit the first data entry

screen.

Data that had been previoudly entered is displayed as appropriate on subsegquent screens. It is
displayed in a contrasting color and cannot be edited. For example, borehole and well names, x-y loca-
tions, and elevations are shown in this fashion on the database data entry screens (this information is

entered in the graphica AutoCAD environment when adding or modifying well locations),

GIS\Key™ function key use is fairly consistent. For example, the <F2> key provides a look-up
list, and the <F3> key skips over any optional data entry fields. Pressing undefined function keys some-

times results in an error beep, sometimes is ignored, and sometimes simulates pressing the <Enter> key.

GIS\Key™ uses the <Escape> key inconsistently. For example, after entering “program code”
definitions, the <Escape> key will cancel any changes; after entering primary chemical data, the <Escape>

key is used to save changes and exit.

Default menu options are presented in the database differently than the way they are presented
in the graphica environment. In the graphica environment, a default choice on the AutoCAD command
line is displayed surrounded by brackets; pressing the <Enter> key will select the bracketed default.
However, in the database, the first letter of every option is surrounded by brackets; pressing the <Enter>

key generaly selects the first item in the list.

In summary, GIS\Key™ data entry screens are functional and provide severa time-saving

features. These include look-up lists and quick return to the most recent item accessed. Data entry screen
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functionality and user interface is fairly consistent throughout the database, but is quite different from the
graphical AutoCAD GISKey™ environment. These screens are fairly typical for text-based screens, but
have some idiosyncrasies that need to be learned. Users accustomed to graphical user interface methods
of data entry (e.g., dialog boxes, pop-up menus, radio buttons, check boxes, etc.) may need additional
time to feel comfortable with GIS\Key™ data entry screens.

Geologic Data Entry
Geologic data tracked by GIS\Key™ includes information about boreholes, well construction,

material description (i.e., lithology), sample retrieval and formation. Geological information needs to be
entered before chemica or hydrogeologica information, since samples and water level measurements can

only be taken from existing boreholes or wells.

Borehole Data
The primary data that is entered using this screen is borehole type, total depth, and completion

depth. Optional fields include free-form textual descriptions of borehole location, names of companies
and individuals responsible for the borehole, drilling start dates, and drilling method. GIS\Key™ will
check to make sure that entered drilling dates are valid and that the completion depth is less than the
total depth. Error messages are generated if these constraints are not met. GIS\Key™ stores sample

descriptions and blow counts obtained during soil borings.

Well Congtruction Data
WEell construction information is entered into the database using two data entry screens. The first

screen is used to enter genera information such as depths, dates, and names; the second screen is used

for detailed screened interval information.

The first data entry screen has fields to describe blank casing, tail pipe, conductor casing, and sea
material. Look-up lists are available for well cover type, casing material, and sea materia. GIS\Key™
will prompt the user for information for al of these fields. During data entry, GIS\Key™ does not check
for conflicts or inconsistencies with the lengths, depths, and diameters of blank casing, tail pipe, or
conductor casing. It is possible to enter invaid data using these screens. For example, it is possible to
enter a conductor casing depth that is greater than the depth of the borehole. The “completion depth,”
which the GIS\Key™ manual defines as “total depth of well, as applicable,” does not appear on the well

completion data entry screens, and it does not appear to be used for consistency checks.
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The second data entry screen is used to enter detailed information on screened intervals and
seds. GIS\Key™ has a limit of five screens and four seals. If more intervals are needed, specia “pro-
gram code” definitions can be used to work around this limitation. GIS\Key™ does not check for
overlap of the screen and seal intervals. GIS\Key™ provides fields for both bentonite seal and grout
seals, regardless of the type of sea material selected. Non-zero thicknesses must be entered for the
thicknesses of each sea or ese the well log production routine will not function properly. However,

GISKey™ does not check this condition during data entry.

Lithological Material Description
GIS\Key™ stores lithological material descriptions in two ways. For each borehole, the depth to

the top of USGS soil unit classifications and the depth to the top of user-definable formation codes may be
entered into a database using data entry screens. For each borehole, a free-form textual description of the
lithology may be entered. This free-form textual information is stored in an ASCI| text file, which may be
edited or produced using third-party tools. The use of data entry screens for the USGS soil unit classifica

tions and user-definable formation codes is very similar to other GIS\Key™ screens.

There are some important limitations to the method GIS\Key™ uses for entry and storage of free-
form textua description of the lithology. By default, GIS\Key™ uses the minimal text editor that is a part
of FoXBASE for entry of this information. The GIS\Key™ manual recommends that a familiar word
processor be used instead, since unlike the FoxBASE editor, they support line numbering and spell
checking. Line numbering is especially important, since the line number determines the depth interval at
which the free-form text appears on the well logs. For example, a soil description entered on the third
line will be displayed on the well log three foot depth interval. It is not possible to enter the USGS soil

unit classifications and the free-form textual descriptions at the same time.

The free-form textual descriptions are kept in a DOS file that has the same name as the sample
location ID with afile extension of “MAT". For example, the text for well MW-06B will be stored in a
DOS file named "MW-06B.MAT" A major implication of this design is that wells and boreholes should
have names where the first eight characters are unique and conform to DOS naming limitations. Well
names are entered in the graphical AutoCAD environment, but no warning is issued if invalid DOS

names are used for well names. GIS\Key ™ will use only the first eight characters of a well name to
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“create a text file. For example, if two wells are named “LF-MW-06A” and “LF-MW-06B” (nine-character
“names), then GIS\Key™ will create only a single DOS name “LF-MW-06.MAT” to store the textual
“material descriptions for both wells. Separate text files cannot be created for these example wells. Ac-

“ceptable well-naming conditions are discussed in the User Guide.

Chemical Data Entry
GIS\Key™ provides data entry screens for several categories of chemical information. These

categories include the following:

Primarv Results: Laboratory results from the analysis of field samples. Primary results
are used to characterize site conditions.

QC Results: Laboratory results from the analysis of blanks, control standards, duplicates,
spikes, and surrogates. QC results are used to assess the performance of the laboratory
and field procedures.

Field Measurements: Results from the field measurements of parameters such as tem-
perature, pH, turbidity, and purge volume. Field measurements provide supplemental
characterization of site conditions.

Several codes, which were discussed previously in Subsection 2.3.1, must be defined by the user
before chemical data can be entered. GIS\Key™ uses these codes to organize or group related data and

" to simplify data entry.

GIS\Key™ enforces database integrity for the entry of certain data elements by accepting only
valid or predefined values. However, GIS\Key™ does not check the validity of all data input. Details

regarding input data validity checks are provided below for each category of chemical information.

Primary Results
Two preliminary data entry screens must be completed before the user is able to enter actual

chemical data. These preliminary screens require entry of sample description information, including
sampling locations and dates. Data entry and input validation findings for these initial screens are

described below.

GIS\Key™ enforces the requirement that primary results can be entered for only
existing sample locations. However, it does not require that sample type corre-
spond to sample location type. For example, GIS\Key™ will not allow the user
to enter primary water sample results for a well that does not exist, but has the
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ability to alow entry of primary water sample results for a borehole should this
be appropriate.

® GIS\Key™ requires a sampling date for all primary results, but does not require
that the date fall within one of the predefined “sampling event” intervals. For
example, GIS\Key™ will not allow the user to enter an impossible date of
February 31,1993, but it will alow entry of sampling data from outside the
predefined sampling event ranges.

® Valid “program type’ code letters are required for GIS\Key™ data entry.
GIS\Key™ alows the user to set a default code which saves time if most of the
data belongs to the same “program type.” GIS\Key™ also provides a look-up
list for this field, which appears if the user attempts to enter an invalid code.

@ GIS\Key™ alows entry of sample “case” and “sample delivery group” informa-
tion. This information is optional, since it is required only of QC data validation.
Look-up lists are available for these fields. GIS\Key™ does not check to deter-
mine whether valid “case” and “sample delivery group” information has been
entered by the user but does check for duplication between sampling events.

GIS\Key™ uses “template constituent lists’ (TCLs) to simplify entry of laboratory data. ATCL is
essentially a set of user-defined defaults for a laboratory method (or group of methods). As described in
Subsection 2.3. a user defines a list of related chemicals, methods, and detection limits during project
setup. These lists can be defined specific to each project and provide limited ability to customize data
entry. For example, a user working on a fuel tank project may ask the laboratory to report concentrations
of benzene, toluene, xylenes, diesdl, and total petroleum. These fuel components are typically measured
using different lab methods. The user could request that the laboratory report results for all methods on
the same printed report page, and also set up a GIS\KKey™ TCL including these constituents with their
laboratory-specific detection limits. These lists are only a data entry aid; menu-prompted database
gueries cannot use “template constituent lists’ as selection criteria. Findings related to data entry using

“template constituent lists’ are shown below.

GIS\Key™ requires a valid TCL prior to chemical data entry. A look-up list is
available.

The default list of chemicals and detection limits is displayed on the data entry
screen after the user selects a “template constituent list.” Often, the hard copy
laboratory results show a magjority of “non-detects,” and only a few compounds
are detected. The user needs only to enter these few detection compounds using
the data entry screen. Detection limits for non-detects will be automatically
determined by GIS\Key™ through reference to the TCL defaults. Reported
detection limits can be changed by the user if necessary.
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The user may enter data for chemicas not included on the “template constituent
list.” A look-up list is available for this purpose. This ability is useful, for
example, in entering tentatively identified compounds.

QC Results
Entry of QC data is optional. GIS\Key™ requires separate entry of QC laboratory data; this data

cannot be entered along with the primary data. For analysis of the QC data, GIS\Key™ requires that the

user initially specify control limits as described in Subsection 2.3.1, Codes and Lists.

GIS\KeyTM allows entry of the following types of QC results:
Method, Rinsate, Travel, and Field Blanks

. Duplicates
. Splits
. Matrix Spikes (Lab and Field)
. Control Samples (Known and Blind)
: Surrogates
Holding Times

Second column confirmation results cannot be stored and analyzed. Also, certain QC data cannot
be stored and analyzed. For example, an individua result can be either a surrogate or a duplicate, but

not both.

Different screens are used to enter each type of QC result. These screens require different data
fields, depending on the type of QC information. For example, since laboratory control samples are not
associated with any particular sample location, the data entry screen does not have a field for sample
location. However, laboratory control samples have other attributes that are used to associate them with
the primary samples. GIS\Key™ requires that the user provide sufficient information to link QC results

to the primary samples.

GIS\Key™ performs certain QC calculations at data entry. For example, spike percent recoveries
are caculated automatically from spike concentrations. Matrix spike duplicate relative percent differ-

ences are also calculated upon entry of concentration information.

Field Measurements
A standard GIS\Key™ data entry screen is used for input of field measurements. For soil and

water, possible entries are pH, temperature, organic vapor, and specific conductance. In addition, dis-

solved oxygen, turbidity, well purging information, and water removal and disposal methods (with look-
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up lists) can be added for water.

Hydrogeologic Data Entry
GIS\Key™ provides data entry screens for severa categories of hydrogeologic information: flow

rate information, fluid level information, and well attributes,

GIS\Key™ calculates flow rate values upon data entry. For example, the average flow rate and
cumulative flow is caculated from input time internal and meter reading information. Defaults are
provided by GIS\Key™ for severa fields, simplifying the entry of sequential data. GIS\Key™ also
performs validity and consistency checks for the time interval data. However, GIS\Key™ does not

prevent the user from entering flow measurements or fluid level information for a borehole.

GIS\Key™ provides data entry screens containing severa defaults to simplify entry of fluid level
information. GIS\Key™ stores the current measuring point elevation with each depth of water measure-
ment and calculates water level elevation reative to the current measuring point elevation entered in the
well construction data entry screens. If the elevation measuring point changes (due to settling or heave),
then future measurements reflect this change, while past measurements remain unchanged. Accordingly,
if historical water elevation contour maps need to be produced, no change in the measuring point eleva

tion is required

GIS\Key™ does not perform data validity or consistency checks on depth or thickness input. For
example, the user may mistakenly enter a water depth greater than the well depth. Errors of this type

would normally be obvious on contour maps.

GIS\Key™ provides a screen for entry of aquifer attributes including hydraulic conductivity,

vertical conductivity, specific storage, and yield. GISKey™ has a limit of five water-bearing zones.

Upon first entry to the well attribute screen, the depth to the top and bottom of the water-bearing
zone(s) is derived from the minimum and maximum depths of the well screened intervals. These vaues
can be changed by the user, but GIS\Key ™ does not verify whether user input values are consistent with

well construction information (e.g., water-bearing zone depths greater than total well depth may be
entered).
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Data entry fields for aquifer characteristics are displayed for the five user-defined water-bearing
zones. However, the documentation does not explain how to enter top to bottom-depth information for

more than one water-bearing zone.

Electronic Data Transfer
The GIS\Key™ database menu provides commands for electronic import and export. These

menu commands are straightforward and well-documented in the User G