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ABSTRACT 

Groundwater compliance and surveillance activities are conducted at the Oak Ridge National Laboratory (ORNL) 
to fulfill federal and state requirements for environmental monitoring. Information management is an 
important aspect of this and encompasses many activities which usually have specific timeframes and 
schedules associated with them. In addition to fulfilling these immediate requirements, the results for 
the monitoring activities are also used to determine the need for environmental remediation. 0RN1 performs 
this groundwater results data management and reporting utilizing a group of SAS® applications and tools 
which provide the ability to track samples, capture field measurements, verify and validate result data, 
manage data, and report results in a variety of ways and in a timely manner. This paper provides a 
comprehensive summary of these applications and tools. 
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INTRODUCTION 
Groundwater compliance and surveillance 
activities are conducted at the Oak Ridge 
National Laboratory (ORNL) to fulfill federal and 
state requirements for environmental monitoring. 
These requirements involve sampling activities 
and data reporting and usually have specific 
timeframes and schedules associated with them. 
In addition to fulfilling the immediate 
regulatory requirements, the results for the 
monitoring activities are also used to determine 
the need for environmental remediation. 
Information management is an important aspect of 
this and encompasses developing and maintaining 
sampling and analysis plans, conducting 
groundwater sampling and recording the associated 
data, performing laboratory analyses and 
recording the associated result data, verifying 
and validating data, and reporting data. The 
ORNL Groundwater Compliance and Surveillance 
Sampling Results Software System facilitates the 
management of the data associated with these 
activities. It is composed of a group of SAS® 
applications which provide the ability to track 
samples, capture field measurements, verify and 
validate result data, manage data, and report 
results in a variety of ways and in a timely 
manner. These applications have been developed 
over the course of several years and continue to 
be modified as new techniques become available 
and requirements change. 

FUNCTIONALITY 
When a groundwater well is sampled, field 
measurements are recorded and groundwater samples 
are collected. These data are verified and 
validated, managed, and reported utilizing SAS®. 
Data from different locations and sampling events 
are managed in different SAS® data sets and are 
kept secure utilizing the inherent features of 
the VAX VMS directory structure and associated 
system permissions. 

Field Measurements 
Field data are measurements taken in the field at 
the time and location of sampling. These 
measurements are recorded on field log sheets and 
are of two types: descriptive information, such 
as well number, date of sampling, and sampling 
technician's initials, and measurement 
information, which describes conditions at the 
well and the groundwater within. Examples are 
height of water column and various pH, 
temperature, and conductivity measurements. 

The information from the log sheets are double 
data entered and stored in SAS® data sets. This 
data entry application utilizes SAS®/AF, SAS/FSP, 
and screen control Language (SCL) for the menu 
and screen development and processing [Goldberg, 
1994] . The data entry system has screens which 
reflect the hardcopy log sheets on which field 
measurements are recorded. The application 
performs basic checks on the data as they are 
entered; for example, reasonableness of dates and 
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time, range checking of physical property 
measurements (temperature, pH, etc.), and 
completeness with respect to required data. The 
data are entered twice into two separate SAS® 
data sets and then a SAS® COMPARE procedure is 
executed to compare the two data sets. If there 
are differences, the data entry clerk determines 
the cause(s) of the differences, corrects them 
utilizing the data entry application, and 
reexecutes the SAS® COMPARE procedure. This 
process is repeated until the two data sets 
compare equally. 

At this point the field data have passed the 
first type of verification; that is, what was 
recorded on the field log sheet has been 
correctly transcribed electronically and that the 
values are reasonable values for the type of 
measurements they represent. The field data are 
then processed by a SAS® Base program which 
resolves measurements for wells which required 
more than one day to sample and calculates a 
water elevation measurement. The program also 
produces a finalized data set of field 
measurements, a finalized data set of water 
elevations, a data set of purge volumes, a report 
about well stability at the time of sampling, and 
a report about water volumes evacuated from the 
well. This program relies heavily on the SORT 
procedure, SUMMARY procedure, DATA STEP 
capabilities, and MACRO capabilities of SAS®; and 
a report generation capability unique to the 
organization (and described later in this paper). 

Field data are generally combined and reported 
with the groundwater samples results. This 
combining and reporting is described in the next 
section. 
Groundwater Sainples 
Groundwater samples are submitted to the (in-
house) analytical laboratory for chemical 
analysis. Each group of samples has a chain-of-
custody and analytical request form associated 
with it. These forms contain information which 
instructs the laboratory about what analyses are 
to be conducted and documents custodianship of 
the samples. This information, along with 
laboratory sample identifiers, is entered into 
the laboratory's computer database. This data 
base manages the data associated with samples. 
When the laboratory completes the analyses they 
release the result data in two forms: a signed 
hardcopy and an electronic file. Electronic data 
are transferred nightly from the laboratory's 
computer to the sampling results computer (VAXes 
which have communication links) [Horwedel, 1994]. 

The information which is transferred nightly is 
contained in three files representing three kinds 
of information about the samples: 
• information about samples submitted the day 

before for analysis and logged into the 
laboratory's computer (log file), 

• identification information about samples not 
completed (backlog file), and 
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• result information for completed analyses 
(results file). 

A VMS job is executed daily at 5 am. This job is 
mainly comprised of Base SAS® programs which 
convert the ASCII files into SAS® data sets, 
track the progress of samples through the 
analytical process, and alert data analysts when 
data are received or updated. 

The results file is read by a program which 
converts the ASCII file into a SAS® data set. 
Several broad checks are performed on the data to 
verify date and time formats. The data set is 
then subdivided into multiple data sets 
associated with different groundwater sampling 
locations. A COMPARE procedure is performed on 
each new or updated site-specific data set and 
its previous version (Fig. 1). The output of the 
COMPARE procedure is then parsed to produce files 
which are subsequently e-mailed to the 
appropriate data analyst notifying him of any new 
or changed data received that day (Fig. 2!. 

The log file is read by a program which converts 
the ASCII file into a SAS® data set of logged-in 
samples. As analyses are completed and results 
transferred, this data set is updated to reflect 
that information. The backlog file is read by a 
program which converts the ASCII file into a SAS® 
data set of samples not yet completed. The 
backlog is compared with the previous day's 
backlog; anything which is missing should have 
been completed and sent in the results file. A 
listing of what is missing from the backlog, 
results which were received for that day, and 
"missing" results is produced (Fig. 3) . This 
enables tracking of samples through the 
analytical process and helps prevent sample 
results from becoming "lost" or forgotten. 

This sample tracking application uses the SORT 
procedure, TABULATE procedure, PRINT procedure, 
FREQUENCY procedure, COMPARE procedure, DATA STEP 
capabilities, and MACRO and ASCII file processing 
capabilities of SAS®. (This sample tracking 
system does not apply to samples which are 
submitted to contracted laboratories.) 

Once the chemical result data have undergone this 
"transfer" process and associated verification, 
they are subject to more rigorous verification. 
The data are compared, using the DATA STEP merge 
capability, with a data set which contains what 
is expected from the laboratory (i.e., well 
number, sample type, compound name and analytical 
method, units of measurement, result qualifiers, 
etc.). This comparison ensures completeness and 
accuracy of the results; several summaries are 
generated to report discrepancies or corrections 
applied to the data (Fig. 4). The data are also 
reviewed as a whole to check for consistency of 
results reported at detection limits. Results 
are compared with drinking water standards and 
exceedences are listed. This is done to provide 
some basis for evaluating and comparing results. 
These completeness and accuracy checks rely 
heavily on the SORT procedure, FREQUENCY 
procedure, PRINT procedure, DATA STEP 
capabilities, and MACRO capabilities of SAS®. 

The groundwater program has a requirement for 
QA/QC samples which are used to assess the sample 
collection process. Three kinds of QA/QC samples 
are collected (duplicate, field blanks, and trip 
blank samples) and chemical analyses are 
performed. The results from these QA/QC samples 
are compared with the results from the well 
sampled on the same trip. A relative percent 
difference calculation1 is performed on the sample 

and duplicate results; the field blank and trip 
blank results are processed and the detected 
values are printed; and the trip blanks are 
compared with the sampling dates to determine if 
there were any days for which a trip blank was 
not submitted. The QA/QC checks rely on the SORT 
procedure, DATA STEP capabilities, and MACRO 
capabilities of SAS®; and the report generation 
capability previously mentioned. 

One of the ways to verify data is to compare 
results with historical values and examine values 
that don't "fit" historical patterns. Because of 
the large number of data associated with each 
well, plotting data to determine anomalies was 
determined to be unrealistic for every 
well/compound combination. An alternative 
approach is applied at a "gross" level and then 
any results which are questionable can then be 
subjected to data plotting. For each 
well/compound, the historical result data are 
processed and the minimum, maximum, and average 
and number detected/number samples for each 
well/compound are produced. These values are 
then compared to the current value and a report 
is produced. Data are flagged if the current 
value is outside of the historical 
minimum/maximum range by 10% or 20%. The data 
analyst then reviews the report to determine if 
further investigation is warranted. 

The comparison of current result values with 
historical result values relies heavily on the 
SORT procedure, SUMMARY procedure, DATA STEP 
capabilities, and MACRO capabilities of SAS®; and 
the report generation capability previously 
mentioned. 

UNIQUE FEATURES WHICH UTILIZE SAS* CAPABILITIES 
ORNL Groundwater data are reported in several 
mandatory reports and on a by-request basis. To 
ensure consistency of reporting style and 
content, and to facilitate the production of 
reports, mainly in table format, several tools 
have been developed. These range from the simple 
to the complex; several of which are described 
here. These standard tools are located in one 
VMS directory and are referenced in the SAS® 
CONFIG file and accessed at program 
compilation/execution time. 

Standard Compound Names 
The compound names associated with analytical 
results can be reported by the analytical 
laboratory utilizing a variety of conventions, 
styles, and aliases. To ensure that results are 
published in reports consistently, a SAS® FORMAT 
file was developed. It contains the names by 
which results may be received from the laboratory 
and the associated name for reporting purposes. 

To handle situations where the compound names in 
a data set require this transformation, a SAS® 
MACRO was written. The data set name is passed 
to the macro, the SAS® FORMAT file is applied to 
all of the compound names, and the data set is 
returned to the calling point with an additional 
variable that contains the preferred name. In 
the case that a compound name is not in the SAS® 
FORMAT file, the macro will convert the compound 
name to a preferred name by capitalizing the 
first alphabetic character and changing the 
remaining alphabetic characters to lower-case 
(Fig. 5). 

Comparison with Standards 
To provide a basis for the evaluation of 
analytical results and for assessing groundwater 
quality, result data are sometimes compared to 



different drinking water standards and water 
quality criteria. A SAS® data set contains these 
different standard values and a variable which 
indicates the type of standard. 

A SAS® MACRO was developed which compares a data 
set of result values to selected standards. The 
data set is passed to the macro along with a 
string which indicates which standards to apply, 
and a flag which indicates whether the most 
stringent criteria should be utilized or if the 
indicated order applies. The macro will compare 
each result value to the applicable standard 
value and generate a variable which flags whether 
the result value does/does not exceed the 
standard. 

This MACRO utilizes the SAS® SORT procedure, 
PRINT procedure, and DATA STEP capabilities. 
Sumnarization - Applied to Result Qualifiers 
Groundwater data are statistically summarized 
(specifically, minimum, maximum, and average) for 
a variety of purposes. When summarizing chemical 
result data, not just the numerical result values 
are summarized. An analytical result is composed 
of the (numerical) result and a (character) 
result qualifier which indicates something about 
the result. The numerical values are summarized 
using the SAS® SUMMARY procedure. A SAS® MACRO 
was written which takes the data set on which the 
SUMMARY procedure was performed, and determines 
the appropriate prefix to associate with the 
summary statistics. 

This was accomplished utilizing the SAS® FORMAT 
capability, DATA STEP capabilities, and SAS® 
SUMMARY procedure. Rules were determined which 
order the result qualifiers. A SAS® FORMAT 
associates each qualifier with a numerical value. 
When a minimum value is computed, all of the 
qualifiers associated with the values equal to 
the minimum are examined and the lowest ranked 
qualifier is selected as the qualifier to 
associated with the minimum result value. An 
analogous explanation applies to the maximum 
value. 

When an average is determined, if any of the 
values contributing to the calculation had an 
associated result qualifier that indicates that 
the result was estimated, then a '-' is selected 
to be the average value qualifier. This symbol 
is not founded on any environmental or analytical 
basis, but is an adopted convention which 
indicates that the average is an approximation. 

Two Significant Digits and Decimal Alignment 
Environmental data are typically reported to two 
significant digits and, in the case of table 
style reporting, it is desirable to have values 
in each column aligned on the decimal point. To 
achieve these, two tools were developed. A macro 
was written which rounds an individual value to 
two significant digits. A SAS® FORMAT file was 
developed which converts a numeric value to a 
character value of a standard size such that all 
such character variables in the data set align on 
the decimal point. Each of these tools can be 
used separately but many times are used together 
to produce a report (Fig. 6). 

Report Generation 
Although SAS® provides report generating 
capability through the PRINT procedure and REPORT 
procedure, the only way to achieve customized 
reports is by utilizing DATA STEPS and PUT 
statements. The disadvantage to this approach 
when producing table-style output is the need to 

count spaces especially when column sizes can 
vary dependent on column titles and column 
contents. A piece of SAS® code was developed 
which does all of that counting and builds table 
entries which optimize the width of each column. 

The data analyst builds a text file which 
describes, in a specified format, the table 
layout. This file includes the table title, the 
number of columns in the table, the number of 
spaces between each column, the column headings 
and how they are to appear, and the (character) 
variable name associated with the column and the 
variable's maximum size. The SAS® code squeezes 
each column entry to conform to the largest field 
width required by the column headings and data. 

There are some limitations on the number of lines 
in the table title, number of lines of column 
headings, and number of columns, but to date what 
is provided for has been adequate. 

Prior to execution of the report generating code, 
a filename is specified which contains the table 
layout description. The data set which contains 
the data to be printed is also prepared: sorted 
in the desired order, calculations performed, and 
any numeric entries converted to character. In 
order to have numeric variables aligned on the 
decimal, they have to be converted to character 
variables using the decimal alignment format 
described above. The report generator will build 
an additional variable to the data set - a 
variable that contains the line to be output in 
the printed table. 

This table is then printed to the output file 
using a DATA STEP operating on the data set 
containing the output line variable. Data can be 
grouped and separated as a result of the SORTing 
and FIRST, capability (Fig, 7). 
CONCLUSION 
Working with environmental data requires an 
attention to detail. Keeping track of samples 
through the analytical process ensures that 
samples do not become lost and that result data 
are available to the customer in a reasonable 
amount of time. Verifying result data must be 
done carefully to ensure that the results are of 
the best possible quality. Reporting result data 
needs to be done in a way which is flexible for a 
variety of needs and which presents the data in a 
straightforward format. 
SAS® has been utilized in these endeavors because 
of its ability to manage data and to perform 
basic statistical treatments reliably. Tools 
have been developed using basic SAS® techniques 
and features to meet the more specific needs of 
the ORNL Groundwater Compliance and Surveillance 
program. 
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FIGURE CAPTIONS 
Fig. 1. PROC COMPARE output to determine updated analytical results. 
Fig. 2. Example e-mail notifying data analyst of new/changed analytical results. 
Fig. 3. Daily report of backlog status. 
Fig. 4. Example of completeness checks. 
Fig. 5. Example of analytical preferred names. 
Fig. 6. Rounding and formatting of numeric values. 
Fig. 7. Sample report output file. 



SERIES=XWAG1 05:01 Friday, June 17, 1994 11 

COMPARE Procedure 
Comparison of WORK.XWAG1 with RESULTS.XWAG1 

(Method=EXACT) 

NOTE: Data set WORK.XWAG1 contains 82 observations not in RESULTS.XWAG1. 
NOTE: No matching observations were found. Comparisons of data values not performed. 

SERIES=XUAG2 05:01 Friday, June 17, 1994 12 

COMPARE Procedure 
Comparison of UORK.XUAG2 with RESULTS.XUAG2 

(Method=EXACT) 

NOTE: Data set RESULTS.XWAG2 contains 3728 observations not in WORK.XUAG2. 
NOTE: No unequal values were found. All values compared are exactly equal. 

SERIES=XWAG6 05:01 Friday, June 17, 1994 13 

COMPARE Procedure 
Comparison of WORK.XWAG6 with RESULTS.XWAG6 

(Method=EXACT) 

Comparison Results for Observations 

SITE=X10 SAMNUM=940225-073 ANALYSIS=C0-60: 
Variable Base Value Compare Diff. % Diff 

OATEC 12528 18APR1994 -2.000000 -0.015964 
METHOD EPA-901.1 EPA-900.0 

SITE=X10 SAMNUM=940225-073 ANALYSIS=CS-137: 
Variable Base Value Compare Diff. % Diff 

DATEC 12528 18APR1994 -2.000000 -0.015964 
METHOD EPA-901.1 EPA-900.0 

NOTE: Data set RESULTS.XWAG6 contains 2991 observations not in W0RK.XWAG6. 
NOTE: Values of the following 2 variables compare unequal: METHOD DATEC 
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********* SERIES=XWAG1 ALL NEW DATA June 17, 1994 
********* SERIES=XWAG2 ALL RESENDS WITH NO CHANGES June \7, 1994 
********* SERIES=XWAG6 ALL RESENOS WITH CHANGES June 17, 1994 
SITE=X10 SAMNUM=940225-073 ANALYSIS=CO-60: 
VARIABLE NEW OLD 
DATEC 20APR1994 18APR1994 
METHOD EPA-901.1 EPA-900.0 
SITE=X10 SAMNUM=940225-073 ANALYSIS=CS-137: 
VARIABLE NEW OLD 
DATEC 20APR1994 18APR1994 
METHOD EPA-901.1 EPA-900.0 

f\Qr* 2-^ 



REQUEST MISSING FROM THE BACKLOG YESTERDAY 1 
05:08 Friday, June 17, 1994 

OBS REQNO DATEMISS 

1 LSMO03185 07JUN94 
2 LSMO03185 08JUN94 
3 OSMO02902 20MAY94 

REQUEST THAT ARE MISSING FROM THE BACKLOG TODAY 2 
05:08 Friday, June 17, 1994 

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

REQNO 

LSMO02357 
LSMO03075 
LSMO03076 
LSHO03135 
LSMO03195 
LSMO03304 
OSM003293 
OSMO03303 
OSMO03311 

DATEMISS 

17JUN94 
17JUN94 
17JUN94 
17JUN94 
17JUN94 
17JUN94 
17JUN94 
17JUN94 
17JUN94 

I REQUESTS THAT HAVE TRANSFERRED TODAY 3 
05:08 F 

Cumulative 

riday, June 17, 

Cumulative 

1994 

REQNO Frequency Percent Frequency Percent 

CSMO02982 38 6.4 38 6.4 
CSMO03006 38 6.4 76 12.7 
CSMO03007 38 6.4 114 19.1 
CSMO03073 38 6.4 152 25.5 
LSMO02357 6 1.0 158 26.5 
LSMO03075 11 1.8 169 28.3 
LSMO03076 11 1.8 180 30.2 
LSMO03135 4 0.7 184 30.8 
LSMO03195 4 0.7 188 31.5 
LSMO03304 4 0.7 192 32.2 
OSMO03144 188 31.5 380 63.7 
OSMO03293 41 6.9 421 70.5 
OSMO03303 135 22.6 556 93.1 
OSMO03311 41 6.9 597 100.0 

REQUESTS NOT IN BACKLOG BUT NOT TRANSFERRED TODAY 4 
05:08 Friday, June 17, 1994 

OBS 

1 
2 
3 

REQNO 

LSHO03185 
LSMO03185 
OSMO02902 

DATEMISS 

07JUN94 
08JUN94 
20MAY94 

r ia - 3 I 



199* *** CPA *** Sampling Period 941 - Chemical Analyses ---> WAG 2 <--- 12:21 Friday. June 17', 1994 
*** Well and Analysis Completeness Check --- MISMATCHES *** 
(Miss=Not returned, Extra=Returned but not requested) 
Sampling Period=941 
MISS EXTRA WELL SAMPTYPE LAB WATERFU ACDCAT ANALYSIS UNITS METHCX 

E 1151 A CPA U MTL AR MG/L 6020 
M " ii It II MTL AS MG/L 6020 
*** Method and Lab Checks *** 
(RMethod=requested method, AMethod=alternate method, any, RLab=Requested Lab) 
Sampling Period=941 
ACDCAT RLAB LAB LOKAY RMETHCO AMETHOO METHOD MOKAY N 
ANION 
II 

MTL 
CPA 
II 

CPA 
CPA 
II 

CPA 

>->->-

300.0 
II 

6020 
353.2 
365.1 
6010 

N 
N 
N 

1 
1 
1 

Ci * 4 



CODE EXTRACT 
29 %macro pname (dset); 
30 %* input a dataset; 
31 %* return data set with preferred name; 
32 %* if no preferred name in the format file, then ; 
33 %* translate analysis name; 
34 %include 'zwgdsk:[zwg.utiIities.formats]prefer names.formats1; 
35 
36 data &dset; set &dset; 
37 attrib prefer length=$40 label='Preferred name'; 
38 drop tmp; 
39 
40 prefer=put(analysis,$analfmt.); 
41 if prefer=analysis then 
42 
43 do; put '***Note: No prefered name for analysis = ' analysis; 
44 prefer = %locase(analysis); 
45 tmp = indexc(prefer, 'abcdefghijklmnopqrstuvwxyz'); 
46 substr(prefer, tmp, 1) = upcase(substr(prefer, tmp, 1)); 
47 put +10 'Translated analysis name to prefer =' prefer; 
48 end; 
49 %mend pname; 
50 
51 
52 /* get preferred names */ 
53 %pname(chem); 
NOTE: The data set WORK.CHEM has 11 observations and 1 variables. 
WARNING: Apparent symbolic reference P not resolved. 
WARNING: Apparent symbolic reference P not resolved. 
NOTE: Format $ANALFMT has been output. 
***Note: No prefered name for analysis = MADE UP CHEMICAL 

Translated analysis name to prefer =Made up chemical 
NOTE: The data set WORIC.CHEM has 11 observations and 2 variables. 
294 proc print data=chem noobs uniform; 
295 var analysis prefer; 
296 title "Analyses and preferred names"; 
297 
298 
299 
NOTE: The PROCEDURE PRINT printed page 1. 
NOTE: SAS Institute Inc., SAS Campus Drive, Cary, NC USA 27513-2414 
Analyses and preferred names 13:30 Friday, June 17, 1994 1 
ANALYSIS PREFER 
1,1,1-TRICHLOROETHANE 1,1,1-Trichloroethane 
1,2-DICHLOROETHENE <CIS) cis-1,2-Dichloroethene 
1,2-DICHLOROETHENE (TOTAL) 1,2-Dichloroethene, total 
AG Silver 
AL Aluminum 
CR Chromium 
G-ALPHA Gross alpha 
G-BETA Gross beta 
HG Mercury C 
MADE UP CHEMICAL Made up chemical 
XYLENE (TOTAL) Xylene, total 

Ktv 5 



29 x=%twosig(value); 
30 cvalue=put(x,twodig.>; 
31 
32 /* or 
33 cvalue=put(%twosig( 
34 */ 
83 proc report data=test; 
84 columns value x cvalue; 
85 endsas; 
NOTE: The PROCEDURE REPORT printed page 1. 
NOTE: SAS Institute Inc., SAS Campus Drive, Cary, NC 
The SAS System 

Numeric 
value -

two 
signif Character value in 

Value digits twodigit format 
120 120 120 
121 120 120 
125 130 130 
129 130 130 
119 120 120 

0.119 0.12 0.12 
0.112 0.11 0.11 
0.11 0.11 0.11 

000311 0.00031 0.00031 
•000000 4000000 4,000,000 



Table ##4Sumr. ORNL WAG 4 groundwater summary statistics from 
December 2, 1993-January 7, 1994 

Concentration 
N det/ Standard 

Parameter N total Maxa Mina Avb errorc 

Anions (mg/L) -- Unfi Itered 
Bromide 7/15 1.2 < 0.10 " 0.29 0.083 
Chloride 15/15 140 1.8 34 13 
Fluoride 8/15 6.4 < 0.10 " 1.0 0.46 
Nitrate 7/15 0.64 < 0.10 " 0.26 0.051 
Phosphate 2/15 0.61 < 0.50 " 0.51 0.0084 
Sulfate, as S04 15/15 190 3.4 53 13 

Metals (mg/L) -- Unfi Itered 
Aluminum 8/15 0.29 < 0.050 " 0.11 0.020 
Barium 15/15 0.60 0.027 0.15 0.042 
Boron 4/15 0.61 < 0.080 ' 0.16 0.045 
Calcium 15/15 120 1.3 52 10 
Chromium 2/15 0.0056 < 0.0040 " 0.0041 0.00011 
Iron 14/15 19 < 0.050 " 2.9 1.3 
Magnesium 15/15 28 0.18 12 2.0 
Manganese 15/15 3.0 0.0032 0.75 0.26 
Nickel 4/15 0.14 < 0.010 _ 0.033 0.012 
Potassium 9/15 5.3 < 2.0 ~ 3.1 0.32 
Selenium 1/15 0.0074 < 0.0050 " 0.0052 0.00016 
Silicon 15/15 16 3.9 9.6 1.1 
Sodium 15/15 390 7.4 87 33 
Vanadium 7/15 0.0094 < 0.0020 " 0.0032 0.00060 
Zinc 1/15 0.013 < 0.0050 " 0.0055 0.00053 

Others -- Unfiltered 
Alkalinity (mg/L) 15/15 530 68 290 39 
Total organic carbon (mg/L) 9/15 7.7 < 0.50 ~ 1.3 0.47 
Total organic haI ides (ug/L) 6/15 1,900 < 5.0 " 140 130 
Total suspended sol' ids (mg/L) 5/15 27 < 5.0 " 6.9 1.5 

aPrefix "<" indicates the value for a parameter was not quantifiable at the analytical 
detection limit. 
bA tilde O indicates that undetected values were used in the calculation. 
cStandard error of the mean. 


