
DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal  liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service b y  trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, r a m -  
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

4 

56 

5 c 
?J 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



. W R -  95-2438 

- DATA MANAGEMENT AND STATISTICAL ANALYSIS 
FOR ENVIRONMENTAL ASSESSMENT 

Joanne R-Wendelberger and Thomas I. McVittie 
Los Alamos National Laboratory, MS-FGOO, Los Alamos, NM 87545 

1. INTRODUCTION 
Data management and statistical analysis for envi- 

ronmental assessment are important issues on the inter- 
face of computer science and statistics. Data collection 
for environmental decision making can generate large 
quantities of various types of data. This data may need 
to be shared by many different individuals including an- 
alysts, managers, regulators and interested members of 
the public. A database/GIS system developed at Los 
Alamos National Laboratory provides efficient data stor- 
age as well as visualization tools which may be integrated 
into the data analysis process. 

2. BACKGROUND 
The Environmental Restoration Program at Los 

Alamos National Laboratory has been charged with the 
mission of investigating over 2000 areas where contami- 
nation may have occurred from past activities associated 
with laboratory operations. The sites represent a large 
and varied group of contaminants of potential concern 
including organic and inorganic chemicals as well as ra- 
dionuclides. 

Many different types of questions are raised dur- 
ing the process of conducting environmental assessments. 
Does a site contain chemicals of potential concern? 
What is the spatial distribution of chemicals of poten- 
tial concern? Does a site pose a risk to human health 
or the environment? What type of remediation or site 
controls should be implemented? Has remediation been 
successful? In order to answer these questions, existing 
information on a site is compiled, and if further infor- 
mation is needed, a sampling plan is designed to collect 
additional data. The sample collection process generates 
many different types of information. In addition to labo- 
ratory measurements made on soil, air or water samples, 
data on sample locations, sample identifiers, regulatory 
values, field screening measurements, geological profiles, 
and other sample information must also be stored and 
maintained. 

3. DATABASE DESCRIPTION 
The data collected by the Los Alamos National Lab- 

oratory Environmental Restoration Program is stored in 
a database system known as the Facility for Information 
Management, Analysis and Display (FIMAD). 

As described by system documentation, “FIMAD pro- 
vides the expertise, visualization tools, database support 
and systems necessary to support the large quantities of 
spatial and tabular data collected and analyzed as part of 
the Environmental Restoration Program at Los Alamos 
National Laboratory.” 

FIMAD provides both a database and a graphical 
information system (GIs). FIMAD employs a relational 
database consisting of approximately 60 tables. As of 
May, 1995, the database contained information on over 
1.6 million analytical records, plus additional informa- 
tion collected during the sample collection and analysis 
process. The GIS system provides presentation tools and 
may be used to produce maps for viewing location infor- 
mation associated with the various sites and sampling ac- 
tivities. This geographic information may be augmented 
with additional quantitative information associated with 
samples taken at the site. 

Several different types of data associated with the 
environmental data collection process are collected. Ap- 
proximately 90% of the data currently stored in FIMAD 
consists of information pertaining to the results of lab- 
oratory chemical analyses. Variables containing analyt- 
ical information include the analytical value, the units, 
the type of analysis, the identifier for the sample, the 
sample matrix and comments. 

An increasingly important family of data is obtained 
directly from screening measurements made in the field. 
These quick and relatively inexpensive methods provide 
rapid turnaround and can be used to guide the sampling 
process as well as to supplement the final analytical val- 
ues for samples sent to the laboratories. 

Sample information includes information about the 
physical collection of the sample, such as sample location 
and depth, the technique used to collect the sample and 
how samples were combined in the case of composite 
samples. 

Another type of data stored in the system is regula- 
tory data. Regulatory values are used in conducting en- 
vironmental assessments. They include screening action 
levels which are used as reference values for screening as- 
sessments and preliminary remediation goals which are 
used in deciding whether a remediation should be imple- 
mented and what type of remediation techniques may he 



considered. 
Geological information is recorded and stored in the 

system. The geological record provides important site 
specific information about the geological features of the 
site. This information is useful in the interpretation of 
the analytical data, in the assessment of whether reme- 
diation is required, and in the selection of appropriate 
remediation measures. 

Data for the GIS system is stored as an identifier 
with an x and y coordinate. The GIS system uses this 
information to generate a variety of map features includ- 
ing site boundaries, buildings, utilities, sampling points, 
roads, fences and other features of interest. 

Photographic images may be stored in FIMAD to 
provide a visual record of sites and sampling activities. 
The photographs provide a historical record and also 
provide additional site information which can be help- 
ful for examining physical characteristics of the site and 
for selection and transport of appropriate equipment. 

4. DATA STORAGE ISSUES 

Data Organization 
With the diversity of data types used by the En- 

vironmental Restoration Program, careful organization 
of the data is essential. A relational database was de- 
signed to handle the large quantities of interrelated data 
in an efficient manner. All data is stored in tables with 
each entry in a given table having identifiers which can 
be used to relate the entries to data stored in other ta- 
bles. The relational database technology allows the user 
the ability to combine related tables as needed without 
having to repetitively store information which may be 
related to several different entries in a given table. For 
example, hundreds of analytical records may be associ- 
ated with a particular soil sample. Using a relational 
database, the sample location and other information 
associated with how the sample was collected may be 
stored as a single entry in the location table instead of 
repeating this information for every individual analysis 
in the analytical information table. Approximately sixty 
different tables are used in the database, with the bulk 
of the information stored in the table of analytical infor- 
mation. 

Data Entry 
In the early stages of the development of the FIMAD 

system, data entry was tedious and error prone. Al- 
though analytical information was channeled through a 
single group responsible for chemical analysis data, other 
types of data were generated and stored individually by 
the teams performing the sample collection activities. 
No standard format was used to store information. In 

some cases, information about the samples was simply 
written down by hand in logbooks and had to be en- 
tered manually at a later date if the information was 
deemed important. With all the different systems for 
data collection, different personnel working at different 
sites, changing personnel at specific sites and reorgani- 
zation of the environmental restoration program, a uni- 
form system for data entry became essential. Protocols 
were developed for automatic generation of barcode la- 
bels with identification numbers for samples. A system 
was developed for immediate electronic entry of on-site 
information. Information coming in from the sites is 
now uploaded electronically in specified formats to up- 
date the relational database. 

Data Verification 
Once the data is uploaded to the main system, ver- 

ification checks are performed to examine the integrity 
of the data being loaded into the system. Data with 
obvious problems such as duplicate records, values be- 
yond reasonable ranges, or values with unusual units are 
rejected and subjected to further scrutiny. This verifica- 
tion stage is intended to perform routine simple checks 
to eliminate common problems which were identified by 
users during the initial usage of the system. 

Data Validation 
Following verification, individual site teams are re- 

sponsible for performing data validation. Data valida- 
tion provides a check on whether the data that was re- 
quested is what came back and whether the values ob- 
tained make sense in light of site-specific information. 
Data validation also includes routine quality assurance 
checks performed by analytical chemists prior to the re- 
lease of analytical data into the database. The database 
is designed to track which data has been validated and 
may be released to individuals beyond the site investi- 
gation team. 

Data Updating 
The database must be updated as new information 

becomes available. Data comes from a variety of sources 
and may come in a few records a t  a time as chemical 
analysis results arrive from the analytical laboratories. 
New data is added to the system as it becomes available. 
In some cases, errors are detected or changes occur which 
require updating of individual records. In these cases, 
the original records are supplemented with a replace- 
ment record which provides an  identifier to reference the 
user back to the original record. This system allows the 
analyst to keep track of what data is available at different 
time points, allowing a return to earlier versions of the 
data even after updating has occurred. This updating 



feature is particularly important for regulatory values 
which may change over time. For example, Screening 
Action Levels are risk-based decision values which are 
calculated using toxicological information from an EPA 
database. As additional toxicological studies are con- 
ducted, the toxicology database is updated and screening 
action levels must be recalculated. 

Data Queries 
In order to access data from FIMAD, the database 

must be queried to obtain the desired information from 
one or more tables. Explicit queries may be given by 
the user using SQL data query commands. However, 
this method is rather cumbersome for the end user who 
will generally not be familiar with the contents of all 
of the data tables. Generic data views have been cre- 
ated which link information from different tables which 
are commonly needed by database users. These views 
significantly reduce the effort required to access typical 
information needed for environmental assessment by the 
site teams. A menu driven interface to the system was 
developed to provide some simple query capabilities and 
limited analysis. However, problems were encountered 
with network limitations and the heterogeneous hard- 
ware and software found in the user community. Cur- 
rent philosophy is to treat the database more as a repos- 
itory for data which can be accessed and downloaded to 
individual users’ workstations for analysis and display. 
Various commercial software packages are available to 
facilitate the browsing and export of data. 

5. STATISTICAL ANALYSIS 

Data Summary 
Sampling activities for a single site can result in 

chemical analyses for hundreds of different analytes in a 
single sample and thousands of analytical values for the 
overall site. Data summary is an important first step in 
the process of evaluating these large datasets. Tables of 
summary statistics are prepared which include the min- 
imum and maximum values and sample size for each an- 
alyte. Frequently values are below the detection limits 
for the chemical analysis methods. Values below detec- 
tion limits are entered in the database as the detection 
limits and are flagged as being less than the detection 
limits. Separate summary statistics are computed and 
tabulated for values above and below detection limits for 
each analyte. 

Screening Assessment 
The summary tables are used to perform a prelim- 

inary screening assessment. For each analyte, the max- 
imum values above and below the detection limits are 

compared to risk-based screening action levels. This 
process categorizes the analytes into different groups de- 
pending upon where the maximum values are relative 
to the screening action levels. In some cases, screening 
action levels may be unavailable due to a lack of toxico- 
logical data. In other cases, because of below detection 
limit data, it may be impossible to determine whether 
the screening action level is exceeded. These indeter- 
minate situations require additional study using other 
analysis protocols such as comparison to levels for re- 
lated chemicals, examination of the frequency of values 
above detection limits and incorporation of other exter- 
nal information. The screening assessment leads to a 
list of analytes which have values above screening ac- 
tion levels or which can not be removed from the list 
of contaminants of potential concern using other inves- 
tigative techniques. For some analytes, comparisons to 
appropriate background concentration distributions are 
required to account for naturally occurring levels. Addi- 
tional analyses are conducted to examine multiple con- 
stituents in cases where analyses have been conducted 
for several related chemicals or radionuclides. 

Risk Assessment 
For sites where screening assessment identifies the 

presence of contaminants of potential concern, risk as- 
sessment is performed to determine whether any further 
action is required. The complexity of the risk assessment 
varies widely and depends on specific site information. 
The risk assessment models require estimates of several 
different site specific parameters. Among the key inputs 
are the mean concentrations of the contaminants aver- 
aged over areas called exposure units which depend on 
the potential future land use of the site. Typically, a 
95maximum value in the risk calculations. Determin- 
ing appropriate estimates of the mean and 951imit can 
be a challenge in some cases, particularly when spatial 
correlation and colocated contaminants are present. 

Values Below Detection Limits 
As mentioned above, many of the analytical values 

are below detection limits. These values pose additional 
challenges for data storage, analysis and display. Two 
general approaches which may be followed are to replace 
the below detection limit values by appropriate proxy 
values or to use analysis methods which can handle cen- 
sored data. 

Spatial Analysis 
Spatial analysis techniques are useful for determin- 

ing the spatial distribution of chemicals of potential con- 
cern and for identifying regions for additional investiga- 
tion. Care must be taken to avoid overinterpretation of 



contours from these surfaces when data is sparse. These 
techniques are most useful when available data is dense 
and when auxiliary information about the site can be 
used to augment the analysis results. Figure 1 shows 
contours from a kriging model used to examine a site 
where residual contamination remained after a previous 
cleanup activity. The locations of the plumes identified 
by the model correspond to locations of discharges from 
former operations. 

6. VISUALIZATION TOOLS 
FIMAD’s database and GIS capabilities provide the 

opportunity for the use of visualization tools as an inte- 
gral part of the analysis process. 

Map Displays 
Extensive mapping data is available which includes 

laboratory technical areas as well as nearby townsite 
areas. Digital orthophotos and elevation data are also 
available. The GIS system can extract a desired re- 
gion and generate a variety of map displays. Site maps 
generated by FIMAD are widely use by the site teams 
throughout their investigations. Custom maps can be 
drawn which show site boundaries, current and for- 
mer building locations, discharge outfalls, disposal ar- 
eas, utilities, roads and other site features. These maps 
provide an important foundation for the planning and 
implementation of sample collection and analysis. 

Data Retrieval 
Once analytical results are obtained, these values 

may be accessed from the database and displayed along 
with the GIS data. Figure 2 illustrates the way data 
from the system can be used with commercial software, 
Arcview2, to view data at the desktop of the investigator. 
Data is retrieved from the database and symbolized. The 
investigator can select an area of investigation, pull up a 
table of sample values, and display the associated sample 
identification numbers on the map. Outputs are suitable 
for reports and may be exported in Adobe Illustrator 
format. 

Classification 
Figure 3 show a site map which has been augmented 

with colored dots to show gross alpha field screening val- 
ues categorized into different groups. Gross alpha field 
readings were retrieved from the database and displayed 
using user defined color coding of intervals. Clicking on 
any of the sample points on the screen will display un- 
derlying data such as sample number, location and the 
value of the reading obtained. The elevation contours 
show how the values change as the samples go down the 
’drainage and indicate higher values below the level of 

1 

clean fill which was used during an earler remediation. 
The figure also contains an aerial photograph of the area 
indicating where the site lies in relation to nearby town- 
site landmarks. 

Gridding and Classification of Counts 
Figure 4 displays frequency data after gridding 

and classification into ranges to show the areas where 
shrapnel fragments were found during a recent shrapnel 
cleanup operation. The intensity of the color shaded 
squares vary with the frequency of fragments found 
within the local region. 

Comparison to Reference Values 
Figure 5 shows a site map augmented with spikes to 

show sample values compared to reference values. The 
height of the spikes show the magnitude of the analytical 
values. Different colors are used to indicate portions 
of the spikes which are above and below the relevant 
screening action level. 

Isopleths 
Isopleths, such as those shown in Figure 6, can be 

used to generate lines of constant value using a simple 
routine for data retrieved from the database. Contours 
based on more complex models, such as kriging models, 
may be generated external to the system and fed back 
into the system for display. As noted earlier, care must 
be taken to discourage indiscriminate use of contouring 
routines for sparse data. 

Multivariate Display 
In some cases, physical aspects of the former oper- 

ations and contaminant dispersal processes lead to colo- 
cated contaminants. Multivariate pie displays of the 
type shown in Figure 7 provide a mechanism for view- 
ing the values of related contaminants on the same map 
figure. Data for the different contaminants is retrieved 
form the database and displayed on the map using pie 
shapes. Each slice position corresponds to a particular 
contaminant. Different colors are used to indicate the 
magnitude of the values. 

Draping of Orthophotos 
Figure 8 shows a 2 1/2 dimensional representation 

of a site which was generated using an aerial photograph 
obtained during a 1991 flyover of the laboratory. A dig- 
ital elevation model was generated for the entire labora- 
tory on a one foot grid. The photo was “draped” over 
the digital elevation model. Then other features were 
plotted on top. These views are useful for placing the 
data in the context of the land features and are helpful 
for planning equipment movement and sample collection 
activities. 



7. CONCLUDING REMARKS 
FIMAD is a living database and GIS system. The 

system has changed and developed over time to meet the 
needs of the Los Alamos National Laboratory Restora- 
tion Program. The system provides a repository for 
data which may be accessed by different individuals for 
different purposes. The database structure is driven 
by the large amount and varied types of data required 
for environmental assessment. The integration of the 
database with the GIS system provides the foundation 
for powerful visualization and analysis capabilities. Fur- 
ther information on FIMAD is available on the World- 
wide Web at the following URL address: http://ees- 
www .lanl.gov/EES5/fimad/fimad~nain.html. 

http://ees
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