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INTRODUCTION

Environmental investigation and remediation projects are inherently complex. At the same time
expectations for data management are growing rapidly, while budget pressures require you to do more with
less. Tools to better gather and manage environmental data are now affordable and have a high return on
investment. We will look at examples of using this technology on environmental projects.

An environmental management system (EMS) is a key part of a company’s environmental stewardship.
Procedures and practices to continually improve environmental performance can provide great benefits in
operating the company. Managing site environmental quality data is a key component of this. An
environmental data management system (EDMS) is an important element of the EMS for environmental
projects, providing project staff with the information that they need to make decisions that can have a
significant impact on public health.

Improvements in computers, data communications, and transfer formats have made it much easier to
implement an integrated EDMS program for gathering, managing, selecting, and displaying data from the
field and the lab. Software now lets users define sampling plans, create files for field data entry, and print
chains of custody and bottle labels. Laptop and handheld computers facilitate field data entry and may
provide automated communication back to the office. Most labs can now create usable electronic data
deliverables (EDDs). QC checks and limit comparisons can be largely automated. The result is organized
data that can be efficiently used for reporting, graphing, and mapping, to better understand project issues.



The process of gathering and managing environmental data is shown in Figure 1. This process is broken
into four parts: 1) planning your events; 2) field and lab activities; 3) managing data; and 4) analyzing and
displaying data. These parts will be described, along with several other data management issues.
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Figure 1 - Overview of environmental data gathering and management

An example of a display from a modern integrated environmental data management system (EDMS) is
shown in Figure 2. This technology puts high quality, organized data in the hands of the project staff.
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Figure 2 - Example screen from an integrated data management system



PLANNING SAMPLE EVENTS

The process of gathering and managing quality environmental data should start in the office (or trailer) with
creating a sample plan, and then generating individual sample events. An example of data management
software being used to set up and track a sample event is shown in Figure 3.

SETTING UP THE EVENT

On this form the user is selecting the stations (locations such as monitoring wells, soil borings, etc.) to be
added to the Event. If the stations are already in the database, such as for an ongoing program, they can
select them from the list. If the stations will be newly created by the event, such as one-time soil samples,
they will need to enter the station information, at least as much as they have, such as a name, prior to adding
it to the event. For stations that will have multiple samples, such as by depth, this needs to be entered.
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Figure 3 - Entering stations for a sample event

Next, the user will enter the methods and parameters to be used as shown in Figure 4. Each event may need
to have analytic methods, parameters, or both. Also, many events will contain both field and laboratory
methods and parameters. The field methods/parameters will need to be exported to the field file as
discussed below, while the lab methods/parameters will need to go on one or more chains of custody. Some
projects may require different methods and parameters to be applied to different stations, and this must be
accommodated. The user may also want to add field QC samples as shown in Figure 5.



Stations | Methods - Parameters | Station QC | Field Samples | COCs |
Export to Field File | Station | Methodd | Parameter_Mame | DisplayMatme: Motes:

|| [l Lead (Ph) Ph
|| Field pH pH
|| Depth ta Water Diepth to Water
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Record: EEI 7k @}* of 7

Figure 4 - Entering methods and parameters for a sample event

Stations | Methods - Parameters| Station QC | Field Samples | COCs |

Station [ Qi Type
L WA-G 0 Rad Industries Field duplicates
| M50 Rad Industries Matrix spike

| M50 Rad Industries Matrix spike duplicate

Recaord: E 4 I 1 E]@ of 3

Figure 5 - Entering station QC for a sample event

After entering the station and QC information, the field samples can be generated as shown in Figure 6.

| Stations | Station QT | Methads - Parameters | Field Samples | COCs || Logged Samples | Logged Analyses|
Selected | Field Sample ID |  ccSamplecode | Samp.Date | SampleNumber: [ Select Al ] [ Unselect Al ] [ Generate ]
[ »] M M1_2009-05-01_0-0 Unknorn 412009 129190 — ® Use Event Depths
|| Il Wivy-3_2009-08-01_DUP_0-0 Field duplicates 142009 129188 [ ceS ]
|| O |mw3_20090801_M5_00 Matrix =pike &M1/2000 129192 [ r—— ] © Use Plan Depths
] O MW-3_2009-08-01_MSD_0-0 | Matrix spike duplicate 8412009 129193 () Mo Depths
] O W3 _2009-05-01_0-0 Unknown 8412009 129191 Er—T—
| O SB-2_2009-03-01_0-2 Unknown 312009 129195 [ 04 elecied =amples ]
] O SB-2_2009-05-01 _2-4 Unknown 8412009 129197 T
] O SB-2_2009-05-01_4-6 Unknown 8412009 129199 -
N O SB-2_2009-08-01_F-8 Unknown #1/2009 129201 Print Labels | -
O SB-2_2009-08-01_F-10 Unknown B4 12009 129203
[
Print work List | Sample Team
Record: [14] ¢ ] 1 k] of 10 =] 3 Frint Purge Record

Figure 6 - Generating field samples for a sample event

CREATING CONTAINER LABELS

The information entered in the planning tool can then be used to create container labels. The user should
select the samples for labels, and the lab, and then the labels can be created as shown in Figure 7. These can
be printed on standard Avery labels. Note that some containers have multiple fractions.
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Figure 7 - Generating sample containers for a sample event

CREATING THE CHAIN OF CUSTODY

The samples and methods/parameters can then be assigned to one or more chains of custody, as shown in
Figure 8. They might also have the software generate a field file as discussed in the next section.
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Figure 8 - Chain of Custody form generated by the Sample Planning tool



FIELD AND LAB ACTIVITIES

Management of the groundwater, soil, and related data next moves to the field, both with taking physical
samples to send to the laboratory, and with gathering field data such as fluid levels, temperature, pH, and
other field parameters. Recent improvements in field equipment have made it easier to gather data directly

in the field, either using portable measuring tools, or through manual entry at the site.

FILLING OUT THE FIELD FILE

Figure 9 shows an example of gathering field data using a spreadsheet file on a computer or on paper, while
Figure 10 shows an example of data entry in the field using a Windows Mobile PDA phone. The data has
been entered into an Excel spreadsheet, which can be emailed to the office, or synched to the desktop upon
return. The field data is then imported into the database, and associated with the analytical data when it
arrives from the laboratory. The data management system should help with all phases of this process.

Microsoft Excel - FieldFile.xls

E_] File Edit Yiew Insert Format Tools Data Window Help ‘WebEx  Adobe PDF Type aquestion for help = o @ X
: N = T . - Al Z ¢
NEHRSSRITE SRR F -85S -aff
_J " s B ] '.al 3 | 21 3 @J| "¢ Reply with Changes,.. End Review... !
{ i -85 -|B L U|ESE=S[8 % 0 W% E
2 - i3
A | B [CTDJTETF] 6 [ H W] & [K] L [MJ[NTOIF
1 |Field 1D Site Station |Date  |Top  Bottom QC Type | FParameter Value  Units Super. COC Num. Sampler | Descrip. Result
2 |sE@1MAi O Refining Inc. -1 Original  Field pH I .Is.u. 0 03-33507
3 |se@ MO Refining Inc. | b1 Original  |Field pH S, 1 08-33507
4 |8EQIMAA O Refining Inc. -1 Original  Field pH S 2 03-33507
5 [BE@IMAA O Refining Inc. -1 Original  Field Cond. umhosicm 0 03-33507
B |56 M1 O Refining Ine. M- Orig———or - - = = 0 Spe— T= TResut |
——1 [Fieid ID Site Station |Date T Bettom |QC T arameter [Value [Units Super. |COC Nurn. [Sampler [Descrip. |Resuilt
7 |8E@IMAAD  Refining Inc. hWA-1 D - up_r_ e - - o
G |s6@IMM D Refining Inc. -1 Dur/B8G1MW10 [Refining Inc. |MW-1 q-fn = | = |onginal |FiedpH |5 | |su. olos-33507 | fuwk | Ceeid
| 9 |8EQIMAID | Refining Inc. hhw-1 DuplesaimMwio [Refining Ine. |Mw-1 | 4 | — | ~  |original _|FieldpH | 7.9 |su. 1|os-a3s07 | Ol |ceael
10 [86E1 MWS0 | Refining Inc. M-S Cri 4{.11 — o |Feon 79 oo Dot o
880 1MW10 |Refining Ine. [MW-1 - 5.u 33507 CLdi]
W 4 » W}Sheetl  sheet2 { Sheet3 / ning ne Lok 2 =
Ready s5a1Mw10 |Refning inc. [Mw-1 | 02| — - |original |Field Cond. | 473 0j0s-33507 | Dl |ceasnt
8501MW10 |Refining Inc. |MW-1 "?’D - = |Original |Temp. 17 |pegc ofos-sasor | Dwl |Ceenh
8601MW1D |Refining Inc. |MW-1 4}‘11 - - |Duphcate [FieldpH | 7.2 |su olos-a3sor [0 joeatd
860 1MW1D |Refining inc. [MW-1 ‘h’n - ~ | Duplicate |Fiskd Gond. | 44 0j08-33507 | Ll [Ceaat
8601 MW1D |Refining Inc. |MW-1 ‘?{';_g - ~ | Duplicate |Temp. 17 |oege 0[08-33507 | D |Cea
8601MW30 |Refining Inc. |MW-3 4/).) — |— |original [RisldpH— lemte— o|es-aasaz_| [vf Cr.¥
BEG ing-ine—{iY Original  [Field Cond. umhosfom 0|08-33507
| BEEr gy T [WOV=3 Original  [Temp. Deg C 0|08-33507

Figure 9 - Example of data gathering using a spreadsheet file on a computer or on paper

PEG
H [ 1] 3 _@#é)ﬁ*‘b&o"

Field [0 Station Date  Parameber Valie Units

S6CIMWIO M-l /1508 Field pH 215w |= § 4 el

S6CIMWIO M-l 41508 Field pH 7.9 /s, ; '\°° » 46’ *°
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Figure 10 - Example of data gathering using a Windows Mobile PDA phone
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SUBMITTING SAMPLES TO THE LAB

After the field measurements are taken, the samples are taken and sent to the lab along with the chain of
custody.

MANAGING DATA

There are many different aspects of quality control that apply to managing environmental data, many of
which can be made more efficient through effective use of data management software. The first step is to
have a comprehensive data management plan, either as part of quality control planning, or as a separate
document. The next step is to obtain the data in a suitable format. The data elements in the selected format
must then be mapped to the data elements in the receiving application.

IMPORT FORMATS

A significant problem over the years has been coming to agreement on one or more common formats for
data providers and data consumers to use for transferring data, especially laboratory data. Traditionally,
each data consumer, either an agency or software program, has defined a data transfer format to satisfy its
particular needs. This has resulted in laboratories and data management professionals often needing to deal
with dozens or even hundreds of different formats in their daily work. Recently the USEPA, Army Corps of
Engineers, and others have worked to develop a standard data transfer format for environmental data. This
format, called SEDD (Staged Electronic Data Deliverable) is based on an industry standard, self-
documenting format called XML (eXtensible Markup Language.) This format is capable of handling the
hierarchical relationships inherent to environmental data. While this format is not as easy to work with as
simpler flat-file formats, tools are increasingly becoming available to create and accept data in this format.
While having a standard format like SEDD can help significantly with expediting data transfer, other data
quality issues, such as consistency and reasonableness, must still be addressed. Several of these formats are
shown in Figure 11.

JRI=TEY
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Fle El FEmE WED REY |2 |Refining In'MW-14 | B/15/1993 0:00 z Water C
refining Inc. Mw—14 6,/16,/93 0:00 123 anthracense 740 a 3 |Refining In Myy-14 B416/1999 0:00 z Wifater
Refining Inc. Mw-14 6,/16,/9% 0:00 123 Benzene &2 mgy 1 | 3
Refining Inc. Mw-14  6/16/99 0:00 123 Field pH 7.1 %EE?”!"QJ” mwﬁ gﬂgﬂgggggg z waier
Refining Inc.  Mw-14  6/16/99 0:00 123 Fiald pH 7 | = belining n z Ater
Refining Inc.  Mw-14  6/16/99 0:00 123 Field pH 7.3 | 6 |Refining In MW-14 | B/16/1999 0:00 z Water
refining Inc.  mw-14  6/16,/09 0:00 123 Fiald pH 7.3 | 7 |Refining In MW-14 | B/16/1999 0:00 Water
refining Inc. Mw—-15 6/15,/99 0:00 123 Anthracens 57 & |Refining In MW-15 £/15/1999 0.00 z
refining Inc. Mw-15 6/15,/99 0:00 123 Benzene 75 mi/'ﬂ [« 4[> [»i]\Sheet1 Sheetz { sheeta / 14l
2| | » 4| ready =] i |

P GENERAL 2a_1.d1d - Matepad |i8]i=] 5]

21 G

¥ Gua
<!-= RPD Relative Percent Difference --»
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EDOInp] emeritat {onIo|
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=l o
<! ELEMENT AN
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Figure 11 - Example data formats: ASCII, Excel, multi-file (GeoTracker) and SEDD XML
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All data must be checked for consistency in order to fit into an effective relational data management system,
and consistency problems must be resolved accurately and efficiently. Unfortunately this is usually a
manual process, since the common errors such as variations in spelling and punctuation in location and
parameter names generally require human judgment to resolve. An example of this problem resolution
process is shown in Figure 12.

CHECKING DURING IMPORT

Import Wizard - Match Station Names

This screen will help you match station names inthe import file -
with thase inthe databasze. Add Station

Site in Import File Station in Import File Change To
B [[Refining Inc. it 4 14 v
CLoz Refining Inc. ~
Ch0g Refining Inc.
ChMoa Refining Inc.
DL14 Refining Inc.
LahQCEtation Refining Inc.
Refining Inc.
fufy-15 Refining Inc.
fuf-16 Refining Inc. b
Record: E 1 @ of 1 < >

EETE

Figure 12 - Data management software being used to enforce data consistency during import

DATA VALIDATION ASSISTANCE

Beyond consistency checking, the amount of quality control effort may vary from project to project,
depending on the expected use of the data. The software can help with simple statistical tests such as outlier
and charge balance calculations. For more rigorous checking, the software can check holding times, spike
recoveries, QC sample frequencies, and other more traditional “validation” activities before the validator
makes the final determination of suitability for use. Figure 13 shows an example of a form for setting up a
software assisted data validation task. Figure 14 shows a statistical outlier report comparing recent data with
historical data.
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Figure 13 - Software being used to assist with data validation using EPA CLP-type procedures

Data Comparis on and Evalnation Report Date: December 5, 2001

SAMPLE NO: LA N | | STATICNMYY-A
142188 COMPARISON o £ OF #OF DS

PARAME TER RESULT PERIODOFDATA  poge W DET MIM WM& MEAM MEDIAM  SD FROM MEAN
Caleium (TAT) (mgd) 160 OF2681-05/1804 o] 53 53 105.0 0.0 145.3 131 334 0.4
Fan (Femrous)( TOT (mgd 23 DE2641-05M15394 o 52 &2 0o 55 1.4 15 18 07
Potazsium (T OT) (mgA) 66 02,2608 1-05/18./94 [a] 53 53 1.1 480 5.3 52 6.3 0.z
Sodium (TOT) (mad) 410 02/26:81-05/18.94 [a] 53 53 a6.6 500 9.z 280 1643 1.0
Chloride (mgAi i) 02,2608 1-05/18./94 [a] 53 53 120.0 3800 181.7 190 606G 06
Mitrate (mgd) g O2i26031-0851893 [a] S0 53 120.0 3800 181.7 190 I 06
Sulfate (mgA) azn 02/26081-05/12./94 [a] 53 53 190.0 14000 G033 670 41089 1.0
Field pH (=) 71 02/26081-05/12./94 (s} 53 53 7.0 80 7.4 7.4 0.3 11
Total Diszalwed Solidz (mgd) 207 02/26081-05/18./94 s} 53 53 9500 130 1505 2 1630 7147 o0e

Figure 14 - Example statistical report for analyzing data quality

It can also be useful to run a "completeness report” at the end of each data gathering event to confirm that
all the expected data was received, or missing data explained. Figure 15 shows an example of one of these
reports.



@ Enviro Datald COCE  DWR Q1 Completeness Repor't L KYZ Labg Page 1of 1

Lah Contact Lah Phore
Client W.0. TAT 0 Days
Site Mame Rad Industies Contact Harne 1
Contart Phone -
Bill To: Resulis To: B2 > o
Fhone Fhote j? = o =
Fax Fax
Address bddres
City City Container o z z 2
State Zip Siate Zip Preservative HCL u}k‘::ﬂ:n m Hore @
Wl Date-Time Hurher
Sample I Matrix Vol QC Code Collected Filtered  Containers
LIW-1_2009-08-01_0 0-0 [a] 2i1r2009 2 a7 B3 1 1
WW-3_2009-08-01_DUP_0-0 LUP 21172009 2 97 B3 1 1
WW-3_2009-08-01_M5_0-0 ik} 21172009 2 97 B3 0 0
WW-3_2009-08-01_WED_0-0 WD 2172009 2 97 B3 0 0
WMW-3_2009-08-01_C 0-0 o] 21/2009 2 97 B3 1 1
5B-2_2009-03-01 C 0-2 o] 21/2009 2 97 B3 1 1
3B-2_ 20090301 _C 2-4 o] 21/2009 2 a7 63 1 1
SB-2_ 20090301 O 44 o] 3172009 2 97 B3 1 1
SB-2 20000801 _0 6% o] 2i152009 2 g7 B3 1 1
5B-2_2000.08-01_O_8-10 [a] 2i152009 2 g7 B3 1 1

Figure 15 - Example completeness report for analyzing data quality

ANALYZING AND DISPLAYING DATA

Once the data has undergone the appropriate level of review, it is stored in a central repository, usually in a
normalized relational data model. The user interface of the data management system should provide
selection and display tools that provide a good level of flexibility, while still being easy to use. This can be
a difficult balance to achieve. As data management systems move from use by experts to project personnel,
ease of learning and use become increasingly important.

There are three parts to outputting data. These are: 1) data selection; 2) display options; and 3) output
format. Once the selection and display options have been determined, the data can be displayed in the
database, a geographic information system (GIS), other graphics and analysis programs, or some
combination. For some projects, display (or even management) of data via the Internet could be important.
Also for some projects, management and display of geological and engineering data can be important.
Some examples will be shown in later sections.

DATA SELECTION

The first step in working with data is to select the data to be retrieved. There are a number of ways to do
this. In a database management program like Microsoft Access, it can be done using query tools such as
SQL and the query grid to specify and retrieve data as shown in Figure 16.
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WHERE Stations.[Stationflame] = "Mw-1" And ([Parameters].[Longhlame]
"Iron {Ferrous)" OR [Parameters].[LongMame] = "Field pH" OR [Parameters],[LongMame]
"Potassium" OR. [Parameters].[Longiame] = "Sodium" ) And Samples.[Duplicatesample] = 0 And [Analyses].[Superseded] = 0 < >False;

[Parameters].[LongMame]
[Farameters].[Longhlame]

'Sulfate" OR [Parameters].[LongMame] =

"Chloride” OR. [Parameters].[Longhlame]
"Mitrate" OR [Parameters].[Longhlame] = "Calcium” OR.

SELECT DISTINCTROW Sites,SiteMumber, Sites,State, Sites.SiteMame, Sites,SiteType, Sites.Sitecity, Sikes,Owner, Stations,StationMumber, Stations, StationMame, Stations,ShortMame AS
StationShortMame, Stations.RegulatoryID, Stations.StationDate D, Stations.LocationCode, Stations, StationTypeCode, Stations.StationTypeCodeZ, Stations.StaGeolnitCade,
Stations. CurrentStatusCode, Stations, QCStationCode, Stations,Location_C¥, Stations,Location_CY, Stations,Location_LL_L¥, Stations.Location_LL_LY, Stations,GroundElevation,
Skations, DatumElevation, Stations,Depth, Stations,ScreenTop, Stations,ScreenBase, Samples, SampleMumber, Samples, SampleDate_D, Samples.SampleTop, Samples,SampleBottom,
Samples, SampleMethodCode, Samples,SampleTypeCode, Samples,SamplePurposeCode, Samples. SampleMatrixCode, Samples, FilteredSampleCode, Samples. GeologicUnitCode,
Samples.LithologyCode, Samples,DuplicateSample, Samples.FieldSampleID, Samples, QCSampleCode, Samples,Description, Samples.ExtDescription, Samples,Sampler, Samples, AltSamplelD,
Samples.SampleEventID, Samples. CoolerID, Analyses.DeliveryGroup, Samples. QCSequencelD, Samples.DepthUnitsCode, Samples. COCNumber, Samples, TaskMumber, Samples.PrimarySample,
Samples.SampleResult, Analyses,Analysishiumber, Analyses,ParameterMumber, Parameters. Longhame, Parameters, CASNumber, Parameters, AlkParamiumber, Parameters, SumCategoryCode,
| |Parameters,Parameter TypeCode, Parameters. PrintOrder, Analyses, Superseded, Analyses.Yalue, Analyses.FlagCode, Analyses. ReportUnitsCode, Analyses.Detect, Analyses. LimitType,
Analyses.Error, Analyses,DataReviewCode, Analyses,DataReviewHistory, Analyses.ProblemCode, Analyses ValidationCode, Analyses, AnalDate_D, Analyses.ExtractDate_D, Analyses.Lab,
Analyses,LabComments, Analyses, AnalysisLabID, Analyses,AnalyticalBatch, Analyses.DilutionFactor, Analyses.Convertedvalue, Analyses, AnalyticLevel“ode, Analyses, DetectedResult,
Analyses. ReportableResult, Analyses.Detect?, Analyses.LimitTypez, Analyses.LeachMethodCode, Analyses.PrepMethod, Analyses.ValueCode, Analvses Basis, Analyses.LabReportDate_D,

Analyses, aliasMumber, Analyses, MumberDecimals, Analyses FikeredanalCode, Analyses. RunCode, Analyses Extracted, Analyses.QCAnalysisCode, Analyses.Detect3, Analyses,LimitType3,
Analyses. analytickethod, Analyses.PreparationLot, Analyses.LabSampleID
FR.OM (Sites INMER. JOIM Stations ON Sites, SiteMumber=3Stations, SiteMumber) INMER. JOIN (Samples INMER, JOIN ([Parameters] INNER JOIN Analyses OM

Parameters,Parametertumber=Analyses, ParameterMumber) ON Samples, SampleMumber=Analyses, SampleMumber ) ON Stations , StationMumber=Samples, StationMumber

"Tatal Dissolved Solids" OR

|£

StationMame
SitemMurnber
ShortMame %

SiteRegulatar %

Stationkiurmbe
SampleDate_[
SampleEndDa %

|| Samplefumbe
‘: Pararmeterhur
Superseded ¥

|- [0]x]

b
Field: |SiteMurnber * |Stake SiteMarne SiteType SitaCity Cner StationMurnber Stationtan ©
Table: |Sites Sites Sites Sites Sites Sites Stations Stations
Sork:
Show: [
Criteria: 1"
or! | v
= Query1 : Select Query Il
Site # S Site Mame Site Type Site City Cryner Stad Station Mame Sta. Short Mame Regulatory ID Sta. Dat
b Jco  Radindustries Fad s 450 WAL WA 421—
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
L 1CO Rad Industries Fiad 5 450 -1 hafifhi-1 4i21
|| 1Co Rad Industries Rad 5 430/ -1 hafii-1 4121
1.0 Rar Inch i=tries Rarl 5 450 kil hihAL1 aim ™
record: (14 « ([T 1 (> J(r1]P¥] of 472 < | >

Figure 16 - Microsoft Access query in SQL, grid and datasheet views

Commercial tools for managing environmental data provide an easier and more intuitive way to select data

as shown in Figure 16.
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- Select Data

] Enviro Data Viewer

Select Data

(it ] (Fehiditetisa] (i ) (o ]
O Sites © Samples © Analyses
Mame Fad Industries b v;E Sample Groug W |E' Z Parameter Group| bl
State v v;; Sammple Evert ¥ | %] [=]| [Parameter Sulfate ||
Type v | v [5]| [bete 01701 11985 1263171959 [=|| [#4 Param © v
Cravner v | |[=]|[Top Depth [=]| [Param Type ||
— || Ba=ze Depth — || | Lak I
Type | “alue
O Stations Furpose || Flags v
[Station Group v IC\l|E Matrix | ;roblemsd i : !
Naime M3 SAES oot z =] V:Tue;ieo;e N
Lo — r_‘f!.; Qeologlv L 1 Fittered ha
Type | [ =] thqlogy w El' ~h
Type2 w |v!; Duplicate 0 [ . asis )
Gealogic Unit <~ | [D)|[Fewet i v Methad 5
Status = |L7| =y | foe || Leach hith W
A Type - L"l = Detected? b
— Reportakle? w
Revigwy Cd b
Walidation Cd b
Qi ¥
|:| Use Station Parameters (Advanced) Batch v
Sum Category v
Lab Sample ID hd .
Delivery Grp e
Extracted? w =
Use Groups (Advanced) [ Stations [] Samples [ Parameters | Murnber of &nalyzes: 19 | [Jautallpdate ] Dynamic Fitering
Output | Save/load M adify Other Options
List l [ Graph l ’ Report l l Map l l Subset l l Export l

Figure 17 - Screen for selecting data

With this tool the user picks items to be used in the selection from drop-down lists. It handles complex
relationships between the tables, including one-to-many and many-to-many relationships while hiding the

complexity from the user.

DISPLAY OPTIONS

Environmental data has a number of subtleties that complicate the storage, retrieval, and display of the data.
A number of these are described in a later section. Also, each project has its own way of displaying the
data. In order to satisfy as many of these needs as possible, the software should let the user specify a variety
of display options to fine-tune the output. Examples of these options include how to handle flagged data
(including non-detects), whether to convert to consistent units, how to handle regulatory limits, whether to
display only "hits" (either detections or exceedences), how to handle large numbers, and whether to display
calculated parameters. An example of a screen to specify these options is shown in Figure 18.
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E= Display/Graphing Options

Q Enviro Data Viewer Display Optio.“s Version 2008 Q

Display Options Graphing Options Report Graph Options

Display Set: Standard

Value Options: T Walue Only % Value and Analytic Flag (Factor & Basis  © Value and Validation Flag ¢ Value and Validation Flag (Factor & Basis)

Edit Analytic Flags | Edit Validation Flags |

Non-detect Options: ™ Use Analytic Flag Factor ¢ Display Detection Limit ~ © Display ¥4 Detection Limit € Display value  © Display 0

Display Options: ¥ Al Dilutions in Same Report Column ™ Use Scientific Matation Values = 10 [ Display Exceeds & Detects Only
™ Add commas to large numbers Yalues = 1 ™ Display Exceedences Only
™ Un-Alias Parameters ™ Display Detected Yalues Only
Number of Decimals: * Exactvalue ¢ auto ™ Highlight Mon-Detects that Excesd
Unit Conversion: € Yes Mo & pck Date Options: & Date T Date & Time
Regulatory Limits: Display Limits? T Yes T Ma * pgl Field Data Options: ™ Columns Rows

Sefected Limit |Standard Feport Group v

Calculated Parameters: [~ Calculate Parameters

Record: E L[ e r#] of 2
<< Back

Figure 18 - Screen for specifying display options

DISPLAYING DATA IN THE DATABASE

In the past, the primary deliverable for project data has been the tabular report. This type of display remains
important, and software features such as flexible and automated formatting of results, and automatic
comparison to target levels, can make this process much more efficient. With the data stored in a
comprehensive data management system, other displays such as maps and time-sequence graphs, also with
comparison to limits, are easy to generate, and can tell you quite a bit about the site.

In some cases the data retrieval needs are very simple, such as looking up one or a handful of results. The
TreeView display shown in Figure 19 is an example of this.

[z} Farest Products Co

B MwD-23 - Monioring wel
[l Fiw-1 - Monitoring well
[#- A2 - Monitoring well
[~ T1 - Sediment paint
[#
£

£
i T2 - Whater well
e T3 - Sediment point
T3 - Monitoring well
[#--WRD-7 - Monitoring well
: #¥3 - Sediment point
- ---Rad Industries
=] Refining Ine.
b My-14. - Monitaring well
+--fater - Date: 1241441998
ter - Date: 3/16/1933
- Anthracene: 740 mg/l- Flag: v - Dilution: 1
i enzene: 29 mgdl - Flag: =
foFighd pH: 7.5 5.0, - Flag: v
[H--w/ater - Date: 64171333
[+~ w/ater - Date: 9/8/1933
[~ Mw-15 - Monitaring well
[l---water - Date: 12141998
Date: 3/15/1939
nthracene: 57 ugdl - Flag u - Dilutior: 1
enzene: 0 mg/l - Flag: z - Dilution: 1
ield pH: 7.1 zu. - Flag: v
[#---wiater - Date: 6/17/1993
[H--w/ater - Date: 9/7/1933
[ bw-1E - Monitaring well

Figure 19 - TreeView display for individual results
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Sometimes it is necessary to compare results to multiple target levels. Figure 20 is an example of a report
comparing each result to four target levels, color-coding which level the result exceeds. This aspect of
environmental data management is becoming increasingly complex. For example, some permits for
discharge of water have different maximum contaminant levels for different times of the year, such as
irrigation versus non-irrigation season. And some cleanup projects need to compare to different levels to
determine potential use of remediated properties.

Validated Results (Test Site)
Site: AA
Cluster = k=l F7 i P
Sample 1D = AR AABBO0S AA-BE-00G AA-BR-O0G
Date = 102001 V2S00 1040772000 111472002
Dicph =
. Bawe WIAG Sediment | Inibustrial Hesidiniaal
i | Uity \M‘ e BB | Seddimont BB
[Pesticides
1A BOD g g [E] [ NA A FITTED) 0 CTEE]
H.4-DDE g k| 1] 21 NA WA v/ o L/ il v /718
] gy 154 155 NA NA 1D [ TEUITS
ALDRIN ki NA N, 340 W WU 2910129 370137
ALPHARHC gk NA NA, NA NA [EID 2% 1) 29
ALFHA-CHLOR DANE wpkg| 5 KA NA WA [T FLEE]
BET A-BH( s kg NA NA NA NA [EIE 291729
13ELT A-RHC kg NA NA NA NA WL 250129
DIFLDRIN iy WA ) 360 a0 000 EIUED
ENDOSULFANT g ki NA NA NA NA [ 250729
ENDOSULFAN 1T g kg WA N NA A EE] 00 60
ENDOSLULFAN SULFATE ug | NA K NA WA P L] GO L 60
ENDRIN gyl NA LY 610000 230040 U L] :
ENDRIN ALDEHYDE g k| NA NA NA NA XU/ N 01/ 60 T5U/75
ENDRIN KETONE ke NA N NA NA 0020 &0 U/ 60 5075
pame-HHC (Landane ) kg 314 Na NA WA LLRTEN L) LT aTusar
AAMMA-CHLORIDANE g kg NA NA NA NA [ETIEETD 290129 3TUIAT
HEFTACHLOR g kg 114 NA 1300 140 [ FEITED LX)
HEFTACHLOR EPOXIDE 1 k] NA NA 6300 ] [T 29129 IRLEY]
METHONYCHLOR gk NA NA TE-0T U000 100 U 100 250 1 100 FEET
TOXAPHENE g g NA b A2000 80 200 1/ 2 E T T4 T4
ARDCLOR-1016 g k| NA 227 R2000 3500 ] U T 3T
ARDCLOR-1221 gyl NA 23 2900 L] Ui Ui 3T 3T
AROCLOR-1232 ug k| NA 27 20 L] U X U3 3TUSRT
AROCLOR-1242 wpky NA 27 2600 10 ] 29 U129 ITUN AT

Figure 20 - Regulatory report comparing to multiple limits at once

Being able to make time-sequence graphs is one of the big benefits of a centralized data management
system relative to storing data from each event in a separate file. An example of a graph with comparison to
a target level is shown in Figure 21. The user has selected a point to display additional information.

& Graph Display

Units: moyl Sulfate Federal MCL: 725 mg/!
1600

B
1000 \N\"\
. \k\ 7./'\-4\. :Rﬁ:imit

~ s

N

Station: Mw-1 &l
Samp.Date: 5/13/1955
Walue: 670 mg)l

200 .JN " A‘%% -

L]
)
5 8 2 8 g 8 2 s g g
= H = = [ > [
il 2 o = = il
w = = < E = r?; w E

Figure 21 - Time-sequence graph showing relationship to a regulatory limit
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A graph display with multiple graphs on a page is shown in Figure 22.

CALEILM [TAT] fngd] IRAN{FERROUSI[TAT] (rog] POTASSILM [TOT] frag | SOURCE: M- 1
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Figure 22 - Formatted report with multiple graphs on a page

For situations such as remediating fuel spills it is often useful to display a dissolved constituent (such as
benzene) as a function of water and non-aqueous phase liquid (NAPL) levels, as shown in Figure 23.

Water and Product Level Observations

SamplsDiete  Depth to¥Water Camscted Depeh Cortacted Water LINAFL Graundwatsr Benzens  Depth lo LNAFL Site:
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5201957 %35 1924 7214 2406 90 7.93‘ 23 Station:
QE 957 33.26 2278 TRRTE 2845 I 00 228 48 M43
TI81997 2885 202 27 2535 TO7 a0 1206 26 Notes:
141955 2205 1604 73024 2005 714.20 5 2 et leve) sxanple wih Bsnzene
3195 30.55 2260 2530 2835 TS 70 25 23
Q495 34.05 P THIE 006 i1 40 124 4
13141 %E 2915 A 72526 2645 0710 5.2 7
g9 0
221195 17.35 1180 THT0 1475 TI1B50 108 6
G959 25.35 1764 T 20me Tngn 98 232
181950 30.25 2o T 00 A P 00 &7 4
11161939 26.95 1872 TR0z 2465 0030 48 23
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750 50
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) 735 »
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Figure 23 - Graph displaying a dissolved constituent (benzene) as a function of water and NAPL levels
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The spatial component of data distribution is key to understanding the project. While sophisticated data
displays are generally created in a GIS, it can be convenient to view the data in the database, as shown in
Figure 24, if the software provides that capability.

 Map Display [ | ¥ View Station Data
Farameter P .

Station [ SB-719

Ra-226 - =il (Max.)

SitalF\adIndustrias v‘ S.NamelSB?‘IS |

Base Map: 0Old Hame | |

CUEnviroeData2008 Radind . dhwy Requlatory ID | |
Image: . ——

CAEnviroeData2 00 enydata bimp Lacation ‘Unknown v| Type |So|l baring v |

B | 323” 10?3|

Scae Clear | [Refresh

Lat-Lon | | | |

—1l Full Extent Ground Elev. 758.400  Datum Eley. 758.40
—10 Drawal Stations Screen TopBase | 0000 | 0.000|
?100 Craw Image 2 st StGenlnt[Unkrown v

PrUp.Desc.| |

— 150
) Clear Image

Shiow: VYalues [ ] Station Mames

Sample Start | | Endl |

Sample Top 736.4| Sample Base 736.4

Field D[z |

Sample Matrix |Sail

Curr, X 3154012
Curr, Y 106241985

Minx  -338 Parameter ‘ “alug | Uniitz: | Flag | oL | T\fpe|
Max X 3938 _ 5 i B | Other Gamma 09/ pCilg v

M 299 Ra-226 - soil 02 pCilg  |vw

Max Y 2876 Th-232 - soil 07 pcig  |v

To zaom, shift-drag across Total Radium-zoi 09pCiiy v

Ta pan, control-drag across U-235 2 pcilg v

To view more data, double-click on point

Record: E 4 1 E][E of 12

Figure 24 - Map within the database showing additional data for the selected station

The more of these analyses and displays that can be done automatically by the software the less the
opportunity for error. For example, if the data management system does the regulatory limit comparisons,
which are then used for reporting and mapping, then if a result is red on the report, it will also be red on the
map.

DISPLAYING DATA IN GIS

The spatial component of contaminant distribution can be a critical factor in understanding and addressing
site issues. This spatial component is very difficult to visualize from tables and graphs, but often can be
easily understood with one or more maps. Tight integration between the data management system and the
GIS is the key to efficiently generating good maps, and ensuring that the quality of the data is not degraded
in the process. GIS software such as ArcGIS from ESRI provide a number of features for displaying
environmental data in useful ways, as shown in Figure 25 and Figure 26. Note that in Figure 26 one of the
locations has a red dot indicating a high value, but the label indicates that it was not a detected value, with
the exceedence caused by an elevated detection limit for one reason or another.
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Figure 25 - Configuring the display of environmental data using features in ArcGIS

¥ RadInd.mxd - ArcMap - Arc¥iew 18] x|

DEEG+=BX |0 | J&r|[@anao@eas E
x ‘LUV

|l

File Edit Wiew Insert Selection Tools Window Help

B £F Layers
[ radind.dwg Annatation
= SelectedData Events

value

Qo-07 i
Q0F-08
o 08-09
®09-012
®012-02

= O Rradind.dwg Paint
*

= RadInd.dwg Polyline

= O RadInd.dwa Polygon \I\S/
O

)
0.08
<018

Note non-detect

exceed erﬁe_/ﬂ—’
096 -

Display Jao| a4 | I
Drawing k@‘[" A~ E“Aria\ ﬂlm ﬂ B I H|£' & i' - | J
[ Fia6.24 232117 Unknown Unit. | [

A1

Figure 26 - Displaying environmental data using features in ArcGIS
Graphically rich displays such as callouts (data tables on the map, Figure 27 and Figure 28), graphs on the

map (Figure 29), and Stiff water quality diagrams (Figure 30), can aid greatly in understanding site
conditions and making project decisions, however they require a GIS plug-in to automate their display.
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Figure 27 - GIS map with automatically generated callout boxes
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Figure 28 - Advanced callouts with crosstabs and highlighted exceedences

18



55719 sg-203T 1355%\\
- P /\
cpans 5558 d
*

Sulfate, O, HCOS History

Station Ml

%@\[:‘:s 1 ?iLl :;.Lln
r \" 1

w ] =

Sg334 | SBE3 An M3
+ 2830 02 yze 14
op-aad SB1Teenar o o o

1 ET%

" E= mer me me mwm D @e
[

3. —

1 ht;
— S04 Max. HCOZ Max, —

Sufate, CI, HCO2 History
Station MW

I\

i
il

T T Pt Fea. Lin.
00 ]

e 200
FENREES
=

-
s e
=3

T = =
@81 @mEs mes me mEs @l

1 hifax
— 504 Max. HCOZ Max, —

Figure 29 - Time-sequence graphs drawn automatically on a GIS map
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Figure 30 - GIS map with automatically generated Stiff water quality diagrams

As GIS tools become more sophisticated, the software can perform a greater role in making project
decisions. For example, in Figure 31 the GIS has been used to create “Radar Plots”, which are specialized
graphs that can show constituent concentrations as the points of a polygon, similar to wind roses, with the
distance out from the center to each point of the polygon representing concentration. By drawing these plots
at the corresponding locations of the samples on the map, it is possible to see the distribution of
concentrations across the site. In this case, the user has drawn the concentration of the several metals of
concern at several locations. This can be useful in analyzing the spatial distribution of the constituents to
help with decisions about potential remediation options. Other ways that this can be used include
investigation of degradation of BTEX organics across a site, or tracking radioactive decay.
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Figure 31 - Radar plots showing the distribution of metals at different locations

DISPLAYING DATA IN OTHER GRAPHICS PROGRAMS

Some software can create specialized displays, such as 2-D contour maps and 3-D plume displays that
exceed what can be done easily in the GIS. Examples of this include Surfer and Voxler from Golden
Software (Figure 32 and Figure 33,) EVS from C Tech and Enviro Insite

¥ Surfer - [Plot] B = B3|l % 5 witer - [Plot1] - O] x|
.h File  Edt “iew Draw Arange  Grd Map ﬁ Fil=  Edit View Draw  Amange Grd Map
‘Window  Help —|#]%|| ‘window Help 18] =l
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Figure 32 - 2-D contour maps from Surfer using data from the database
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Figure 33 - 3-D view by Voxler of contaminant plume and geology with data from the database

Flume ot 73.000 ppm

Figure 34 - 3-D view by EVS of contaminant plume and geology with data from the database
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Figure 35 - Multiple displays created with Enviro Insite with data from the database

In all cases, the database plays a key role in preparing the data for the graphics, merging laboratory data
with location coordinates, enforcing consistent units, managing flagged data, and so on.

DISPLAYING DATA VIA THE INTERNET

For some projects it is important to provide data access to people at multiple locations. This can be done via
a direct connection to the data tables over a wide area network, which provides good security, or via the
Internet, which could provide better performance. Internet data access can be set up as a host-based system
for delivering the complete database interface across the Internet, for internal and external users. This
option, which can be implemented a number of ways, is good where identified users need the full software
functionality. Another option is to provide the data interface as a native browser application. This can be
easily customized to suit project needs. This option is good where you need to provide simple selection and

display capabilities to a large number of users. Two screens for a browser-based system are shown in Figure
36 and Figure 37.
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ANALYZING DATA IN OTHER PROGRAMS

Some environmental projects require using the data in more advanced ways, such as groundwater, surface
water, and air modeling. Free tools to do this are available from various government agencies, and
commercial vendors such as Aquaveo provide nice graphical interfaces to make the models easier to use.
The database plays an important role in this, helping organize the data and exporting it in the necessary
formats.

MANAGING BULK DATA

While much environmental data fits well in the model of stations, samples, and analyses, sometimes it is
necessary to handle bulk data of various kinds. The goal is to provide a repository and tools for handling
data that is inappropriate for storage in the sample/analysis table structure, but that could have connections
to the rest of the database as necessary. Examples of the data that could be handled by this system include
water level and other physical data from loggers, two- and three-dimensional soil surveys, air quality data
such as stack or similar data, equipment operating data, and so on. It should also be able to handle surface
and downhole direct sensing, geophysical and similar data. Note that, given the large amount of data
anticipated, this feature will work best with data storage in Microsoft SQL Server or Oracle, rather than
Access. A screen should be provided to select data for further processing. It could look something like this:

Use this form to select the Bulk Data that vou want.
Survey ’7\, Station ]7\'
Date ,m Parameter W
Elervation ,7 alue ,7
* Coordinate ,7 Matrix [ =
Y Coordinate ,7 Instrurment liv

Then specifiy what you want to do with the data.

’ Agaregate [nto Samples and Analyses ‘ @ Colurnnar
Aggregate by (D ®YZ ASCI
() Howr O Day () wieek (D) %2 ASCI

() Manth (3 Year
(O Minimum () Maximum (&) Average
Parameter after agareq. |Average Water Elevatio v Graph Data
Delete from Bulk Data after aggregation

Figure 38 - BULK DATA form

This example can aggregate by date in a variety of ways, but the capability to aggregate by depth or over a
volume can also be useful.

MANAGING AND DISPLAYING SITE GEOLOGY

Management of site geology, either by itself or in conjunction with field and lab analytic results, can be a
challenge for investigation and remediation projects. Geology can be stored in several ways. One is to
assign a geologic unit and lithology code (along with other data) to each physical sample. In this way
analytical results can be easily associated with the geology. Another way is to have the formation “tops”,
also known as stratigraphy or a site conceptual model, stored by location, but separately from the samples.
This often better represents actual site conditions, since formation boundaries rarely coincide with two foot
sample intervals. A diagram of these two options is shown in Figure 39.
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Figure 39 - Model of stratigraphy (left) and sample-based geology (right), and lab results
The geological data can be displayed in a variety of ways, either by itself or with analytical data. Figure 40,
for example, shows a lithology log drawn by the database software for one boring. Figure 41 shows a
display of stick logs showing lithologies and concentrations drawn on a GIS map.
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Figure 40 - Lithology log created by a database system
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Figure 41 - Stick log display in the GIS showing geology and analytic results

Having the ability to create these types of output easily integrated with the database and GIS make it much
easier to create displays as necessary to make project decisions.

IMPLEMENTATION CHALLENGES

Managing the technical data for investigation, remediation, and monitoring of mining projects has
traditionally been done on an event-by-event basis. Moving all of the data for a project into a centralized
data management system provides many technical and financial benefits over the older approach. With
desktop data management systems easily able to handle all of the data for one or more projects, and server
systems with the capacity to store data for a whole enterprise, these benefits are now available to any
organization. All of the data for soil, groundwater, surface water, and other matrices for a project can easily
be stored in one database. This makes it easy to use a consistent set of tools for selecting data, creating
reports, generating graphs, and making geographic information system (GIS) maps of various types. Easily
creating this consistent output can result in better decision making, more efficient project performance, and
significant cost savings.

However, this process does have a set of challenges to successful implementation, some of which are
technical and some of which involve business issues.

TECHNICAL CHALLENGES

Environmental projects face several technical challenges that significantly complicate managing project
technical data. It is important that the design of the database provide ways of handling these issues by
storing the data in multiple data fields, and by providing tools for the user to choose the display options at
retrieval time. These are in addition to the usual data management technical challenges of gathering and
transferring lab and field data, quality control, storage and retrieval, report and map creation, and GIS map
display. Some of the technical challenges include:

Non-detects - Often the display of non-detected results needs to vary based on the output requirements. For
example, for reporting it might be necessary to show the result as “ND” for not detected, or “<0.01”
showing “less than” and the detection limit. In other cases, the result might need to be reported as a zero to
force a zero line on a contour map, or ¥ the detection limit for statistical calculations.
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Other flagged data - Often data is flagged by the lab or the validator, impacting the use of the data on
reports. Flagged results, especially rejected and estimated data, require special display capabilities, and
often special numerical handling for statistical and other outputs.

Multiple results for one analyte - Handling of multiple results due to dilutions, reanalyses, and so on also
require adequate design and functionality support.

Radiological data - Handling of this data requires special features for converting activities to
concentrations, and for storing counting error data.

Complicated regulatory limits - Many projects often compare to multiple, and often complex, regulatory
limits and target levels.

The system for storing, retrieving, and displaying the data must be able to handle these and many other data
issues. As with so many other things, the devil is in the details.

BUSINESS CHALLENGES

Implementing an EDMS or a GIS is a business decision that will provide both tangible financial benefits as
well as intangible technical and subjective benefits. This document highlights some of the benefits that
users have seen from implementing an environmental database and GIS system such as Geotech's Enviro
Data and Enviro Spase. We will first report specific cost savings that have been reported by clients, and
apply these financial benefits to several scenarios. We will then discuss the intangible benefits, both
technical and subjective, of installing an EDMS or GIS system. Finally, we will help you calculate the
specific financial benefits for your company, and provide thoughts about recovering the cost.

Cost Savings for an EDMS Imp.

One EDMS user at a large industrial company reported that their time to process electronic deliverables
from laboratories decreased from 30 minutes to 5 minutes per file after they implemented and enforced a
data transfer standard and a closed-loop reference file system so that the laboratories delivered clean data.
Since the data administrator was handling about 300 files a year, this translates to 125 hours per year saved,
for cost savings of almost $6,000 per year just for that one task. Additional savings were realized in
increased efficiency in selecting and reporting data. Another client told Geotech that using the software for
his reporting saves him 4-6 hours per day. He spends about half of his time doing data reporting, and bills at
the rate of $80 per hour, so the software is saving him 650 hours per year, or $52,000 of project cost.

A second type of cost saving occurs when the data management work can be transferred to a less expensive
employee after implementation of an easy-to-use data management system. For example, one client was
able to transfer much of the data management work for a complex project from a high priced project
manager to more economic tech and clerical staff members. This resulted in average savings of $25 per
hour on about 40 hours per month, resulting in savings of $12,000 per year on a lump-sum project.

A third type of cost saving, and one that can provide the greatest value, is in using the database to justify
cost savings on the project beyond the database system. One client routinely uses the EDMS to review their
groundwater monitoring wells to identify ones where concentrations are consistently below regulatory
limits. With a database of several hundred wells, they are able to identify about two wells per quarter that
can safely be monitored less often. Each well that can be sampled annually instead of quarterly saves them
about $3,000, and the database provides the documentation to take their case to the regulators. If they are
successful on half of their requests, they can save $12,000 per year for the four wells, and these savings are
cumulative from year to year.

Financial Benefits, Small Project

This example is based on feedback from several clients. Assuming 10 wells, quarterly monitoring, and 25
analytes, the time estimate for data management with spreadsheets and similar tools is likely to be about
three days per monitoring event for data importing and reporting, or a cost of $7,680. As discussed above,
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using an EDMS has been shown to reduce the time to import an electronic data deliverable from 30 minutes
to 5 minutes, a factor of 6. The time savings for reporting data has been reported to be as high as 50 to 75%.
Using estimated overall project time savings of 50% of the data management time, this results in a dollar
savings of $3,840 per year. If the cost to purchase the software and maintenance over a three year period is
$6,400 ($4000 for software and $2400 for maintenance), the payback would be a factor of 1.8:1, and the
investment would be paid back in the second year.

Another client at a top 20 consulting company who purchased an EDMS for large projects reported extreme
timesavings on her small projects as well. For each data deliverable she needs to import the data, do basic
data checking (verification but not a full CLP-like validation), and generate a regulatory report with
comparison to multiple limits. Prior to the EDMS it took her about a day to do each deliverable at a project
cost of $680. With the EDMS, once the database is set up for each project, each sample event now takes her
one hour, at a cost of $85, a savings of $595 per event. She does about 10 of these per month, which saves
more than the cost of one EDMS license per month. As they do a lot of lump sum projects, these savings go
right to the bottom line.

Financial benefits, Large Project

A recent study performed by a Geotech client documented data management cost savings for a typical large
Department of Defense project. They compared their estimated budget, based on their prior projects using
previous methods, against actual costs after implementing the EDMS and field data module. The project
had two staff members sampling 60 surface water sample locations, two samples per location, and 187
analytes, for a total of 22,400 results. Tasks for the project included pre-field sample preparation, field
sample collection, post-field sample tracking and completeness check, incorporation of data validation
flags, and database import and table formatting. Their estimated budget for the whole project was $56,520,
and their actual cost was $25,728, a savings of $30,792 or 54%. The savings on one task, the database
import and table formatting, was even more dramatic, with a decrease from $15,926 to $2,632, a savings of
83%. Including the $5,000 cost for software, this task still resulted in a savings of 46%.

Financial benefits, Corp. Solution

The calculation for a large corporate solution is based on a 40-office client company with about 100 large
database projects. As discussed above, the data management cost for a large project is about $31,000 per
year, of which $5,812 per year can be saved through data management. This results in an annual savings of
$518,000 per year for 100 projects. The cost to implement a corporate system for 40 offices can be
estimated based on the following cost items: software ($400,000, one time), maintenance ($80,000 per
year), training ($40,000 one time), data conversion ($60,000 one time), and customization ($50,000 one
time) for a total of $950,000 over five years. This comes to $190,000 per year, which is $4,750 per office or
$1,900 per project. The cost saving results in a payback of 2.72:1. This result should scale linearly to
smaller or larger implementations, as both the cost and the return vary directly with the number of offices
and projects.

Cost Savings, GIS Implementation

A client reported the following results from implementing an EDMS and GIS solution. Once all analytical
results had been received, it was necessary to post all detections and exceedences spatially in order to meet
state agency and project requirements. Due to the size of the project site, the number of samples (almost
300), and the more than 5,000 detections needing to be shown spatially, a total of 16 E-sized maps were
created. Typically, a single map can take as long as two days using traditional CAD drafting methods, due
to the level of calculations and the amount of QA required. Using older internally-written GIS tools in the
older version of ArcView 3, each map would have taken approximately 4 hours when all of the setup time
is factored in. With updated tools, since the setup time and final QA needed is significantly less, each map
took approximately 1 hour to complete. The savings of 16 maps and 15 hours per map totals 240 hours
saved on that one project, easily enough to justify the cost of the software and learning curve.
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Evaluating Your Benefits

What really matters is the cost savings for your company. Here is an example of how you might calculate
your savings:

Example Your
company
Cost items
Software $5,000
Support (3 years) $3,000
Total cost $8,000

Cost savings
Data loading — save 50% of 10 days per $9,600
year at $80 per hour, for 3 years
Analysis — save 50% of 4 days per year $9,600
at $80 per hour, for 3 years
Reporting — save 50% of 4 days per year $9,600
at $80 per hour, for 3 years

Total savings $28,800
Payback — $28,800 + 8,000 3.6:1
Plus intangibles Work quality

Client satisfaction
Staff morale

Recovering Your Investment

Consulting companies have several options for recovering their investment in EDMS and GIS tools. The
money saved by projects could be kept, contributing directly to your bottom line. Or, some or all of the
savings could be passed on to clients, making your company more competitive. For industrial companies or
government agencies, all of the cost savings go to your bottom line. A challenge in many companies is how
to pay for software that will be used on projects. The software can be purchased either with project dollars
or overhead dollars. Using project dollars is usually easy to justify based on the numbers above, but
requires implementation on a project-by-project basis.

Intangible Technical Benefits

While the dollars usually drive the purchase decision, the technical benefits are often the greatest
contributors to the success of an EDMS or GIS implementation project. Building a comprehensive,
centralized open database, and automating report and map display, can generate improved technical results
in a variety of ways. The biggest technical benefit is the improved quality that results from removal of
database fragmentation and excessive data handling. With an integrated system, people are always using the
best data available, not an outdated piece of data, or data that was thrown together to answer a different
guestion than the one they are currently answering. Related to this is improved communication on the
project, because everyone is looking at the same data. This results in increased confidence in the data and in
the decision making process for the project.

Another technical benefit is the ability to analyze the project better. Having a comprehensive database
integrated with your GIS opens the door for better visualization and analysis, which can lead to a better
understanding of the project, and a better ability to anticipate and remove problems before they become
critical. This results in a process where projects are managed by the team, rather than the project managing
the team with a series of crises and fire drills. The impact of these technical benefits on those outside the
project, such as clients, upper management, and especially regulators, can be significant. If others develop
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confidence that the project team is staying on top of issues at the site, the result can be less scrutiny, and
consequently less aggravation, for the project team. If they are finding and reliably dealing with issues as
they come up, the project goes more smoothly for everyone.

Implementing a standardized corporate solution has benefits beyond a single project. All offices are using
the same tool, minimizing training time, reducing software costs, and allowing sharing of work between
offices.

Intangible Subjective Benefits

Some benefits derived from improved data management and display are subjective, but still contribute
significantly to the overall success of the project. Data management and display can be the most tedious
component of a project. Implementing an efficient system such as Enviro Data and Enviro Spase can
significantly improve morale, which results in improved quality of output, less staff dissatisfaction and
turnover, and in general a happier and more productive project team and client. There can also be expanded
business development opportunities resulting from offering the best technology.

The Billable Hours Problem

A philosophy in many companies is that they make their money by billing hours, and buying and
implementing new technology that decreases billed hours is perceived as decreasing revenue, which is a bad
thing. So a new database implementation faces two obstacles: it costs money to implement the system, and
then billed hours go down because of the increased efficiency provided by the software. The usual
conclusion is that implementing this new system is a bad business decision.

Let’s look at this technology model from a revenue-generating point-of-view for a consulting company.
First, if your cost to deliver services to your client is higher than your competitor’s cost (some of whom are
already using Enviro Data and Enviro Spase, and cutting client costs), your client will use your competitor
instead of you. Second, many of your clients are going to a unit cost basis for many types of work, such as
routine monitoring tasks, so decreasing your internal cost goes directly to increasing your bottom line.
Either way, increasing your efficiency improves revenue, client satisfaction, and employee performance,
rather than hurting it. So if your company responds to suggestions of improving technology with the
“billable hours” philosophy, it should be suggested to them that if they don’t stay current with database
technology and cut client costs, their competitors will, and revenue, clients, and employees may all be lost.

Buy vs. Build

Another issue that sometimes comes up is the decision of whether to buy a database system off the shelf, or
build one internally. At first it may seem attractive to try to find a client to pay to build a system that you
can then use on all your projects. You get the billable hours for doing the work, and don’t have to pay
license fees on the software. And you have control over the functionality that is developed. The
attractiveness of this solution falls apart when you try to use the software for an extended period of time, or
on other projects. Features developed specifically for one project may need to be rewritten for other
projects, or as the needs of the original project evolve. And it is often difficult to find the time and money to
find and fix bugs after the initial development has been done. This problem is compounded if the person or
team that developed the software is no longer available.

Commercial software like Enviro Data, on the other hand, has been developed from the ground up to
support a wide variety of project requirements. Capabilities have been added over years of use by hundreds
of clients so the software satisfies a much broader suite of needs than any in-house product could ever
handle. Once you have purchased the software, a modest annual maintenance fee covers bug fixes and
enhancements much more cheaply than you could do it with in-house staff. With concurrent use licensing,
the software can be made available to many users at a surprisingly low cost. And with extensive support
from laboratories around the country and a full set of exports for various purposes, project data will flow
smoothly from start to finish.
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When it comes to buy vs. build, a commercial system like Enviro Data and Enviro Spase is the best of both
worlds. You get the extensive and tested functionality of an off-the-shelf product, but, because the programs
are open source, you get the configurability of a custom program. You also get a staff of seasoned
developers and support technicians to help you make sure the software performs smoothly on your projects.
The combination of Enviro Data and Enviro Spase is the low-risk solution to your data management needs.

Looking at the numbers confirms this. Geotech has about 25 programmer years in writing the software
code, and over 15 years learning about and satisfying project needs. At an estimated overhead-loaded
programmer cost of $60,000 per year, this comes to $1.5 million of programming time. The software has
over 600 named features, counting imports, exports, reports, editing forms, map wizards, and so on. A
typical client will use maybe a quarter of these, so your cost to create a program with the functionality your
projects need would be about $375,000, assuming you can find a programmer with the industry experience
necessary to do the development efficiently, and it will take you over six years to do it. For a lot less money
you can have a fully workable, tested, industry-accepted solution now.

CONCLUSION

Each company’s situation is different, but the time and cost savings from implementing an efficient EDMS
and GIS system will, in most cases, provide a monetary payback in a short period of time, along with the
many intangible benefits from using the best tools available. An important component of the approach
suggested here is that manual handling of data is kept to a minimum. Using agreed-upon standard formats,
as long as they are supported by software on both ends, makes it easy to obtain data from the field and the
lab. Then, by implementing a full-featured data management and GIS system, users can receive the
maximum benefit from their investment in sampling and analysis. The end result is more efficient and cost-
effective projects, which is to everyone’s benefit.
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