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The Upgrade of Illinois State Water Survey Groundwater Quality Database project has six stated 

objectives: 

 

Task 1: Get most recent copy of IEPA ambient water quality database 

Task 2: Identify and correct errors in data 

Task 3: Link water quality database with the IWIP and well databases 

Task 4: Acquire scheduled updates of IEPA’s ambient data 

Task 5: Develop interface for online access of GWQDB 

Task 6: Reconcile GWQDB and IEPA ambient network data discrepancies. 

 

Database Merger 
 

The project began after the acquisition of the most recent copy of the IEPA ambient groundwater 

database as of August 7, 2013.  All samples were imported into the ISWS groundwater quality database 

structure. The combined database currently resides on a local machine, final import into the ISWS 

database pending. IEPA ambient groundwater samples already present in the ISWS database were 

filtered, leaving a combined total of 54,843 samples. Of these there are 15,551 samples unique to the 

ISWS database, though most of these fall outside the time period that the IEPA was actively sampling 

and represent inherited samples from other data sources (Figure 1). It is estimated that approximately 

2,000 of these missing samples are part of the IEPA’s sampling program. Furthermore, in the process of 

examining the original lab reports it became evident that there are a number of physical records in ISWS 

files that have not been entered into either database. 
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Figure 1. Sample discrepancies between ISWS groundwater quality database and IEPA ambient water 

quality database 

 

 

 

In the process of merging the databases, a number of other issues were identified that highlight 

additional data discrepancies that will need to be addressed in the next phase of the project. One such 

issue involves the non-uniqueness of lab numbers. Care must be taken when assigning new sample IDs 

that a “sample” is identified by the lab number, well number, and collection date. Even so, there remain 

1,436 samples in the ISWS database with duplicate records assigned to these samples, though 

sometimes the concentrations differ by a large margin. In a few cases this is due to a lab reporting 

multiple runs of the same sample, but in other cases it appears a different sample has been mistakenly 

entered or updated with the original sample’s information, rendering both unintelligible. Until the 

original lab reports are found and the records corrected in our database, these samples will remain 

unusable. 
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Well Identification 
 

 One of the problems encountered with IEPA legacy data stored in the ISWS database was the lack of 

unique well identifiers associated with some water quality samples. The ISWS Groundwater section has 

a database of approximately 425,000 wells in the state which are uniquely identified by their “p  

 number.” Additionally, for many PWS wells the IEPA well ID is also included along with other well 

metadata, such as PLSS coordinates, well depth, facility well numbers, municipal codes, and facility 

names. When the IEPA well ID is present in the groundwater quality database, the “p number” can be 

matched directly with the well database. However, for 11,805 samples, roughly half of the IEPA legacy 

data, the well ID is not known.  

  

 

As a result, the only efficient means to identify 

the unknown wells was a query-based match 

ranking comparing the aforementioned fields 

between the two ISWS databases. This was an 

imperfect process, as evidenced by a pilot test 

using samples where the wells were known. 

Comparing well metadata between the well 

database and the groundwater quality database 

yielded a match percentage of 52.2% (Table 1), 

meaning almost half of the samples’ location data 

no longer matched the well database in one or 

more fields. This can be traced back to data 

omissions and outdated well metadata present in 

the groundwater quality database. The first 

iteration of well matching had some obvious 

mismatches, largely because the facility has been 

shown to be incorrect for some samples. However, 

for the vast majority of samples the well matching 

appears to be accurate. Mismatches will become 

evident as the water chemistry is examined during 

the error checking process. 

 

Data Quality 
 

In order to assess the quality of the combined water quality database, a number of tests were 

performed at both the sample level and that of individual analytes. The first three tests, TDS error, 

conductivity error, and charge balance error, flagged any samples that did not fall within an acceptable 

margin of error, discussed later in this section. These tests required a minimum set of analytes to be 

present in the sample, which include Ca, Mg, Na, alkalinity, chloride, and sulfate. Additional analytes 

Criteria Match Percent 
Facility Name 86.0 
Fuzzy Facility Name 92.4 
  
FIPS 97.8 
Township 99.2 
Range 99.4 
Section 96.0 
Plot 77.9 
Complete PLSS Match 75.9 
  
Depth 77.4 
Depth Within 10% 93.5 
  
All Match 52.2 

Table 1: Percentage agreement for ISWS location 

data parameters between water quality database 

and well database 

 

Criteria Match Percent 
Facility Name 86.0 
Fuzzy Facility Name 92.4 
  
FIPS 97.8 
Township 99.2 
Range 99.4 
Section 96.0 
Plot 77.9 
Complete PLSS Match 75.9 
  
Depth 77.4 
Depth Within 10% 93.5 
  
All Match 52.2 
 Table 1: Percentage agreement for ISWS location 

data parameters between water quality database 

and well database 
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considered, if present, include K, nitrate, ammonia, Fe, and SiO2. Of the 54,843 samples, only 22,238 

met the minimum requirements. To help fill this gap, the tests for outliers required only three 

measurements, at minimum, for any single analyte within a well’s sampling history.  

 

Unlike the first three tests, the tests for outliers do not flag an entire sample, rather they group all 

samples by analyte and well, then identify individual measurements that deviate from others of the 

same group. As the outlier tests are limited by an assumption of normality, an outlier may be indicative 

of a natural change in water chemistry, a misidentified well, a transcription error, or a lab error. The 

outlier tests are only meant to draw attention to these issues, especially when multiple outliers are 

present in a single sample. 

 

The first outlier test was the Dixon’s Q test, a basic test for flagging a single outlier within a sample set. A 

discussion of this test and critical values can be found in Bohrer (2008).  The second test was a 

nonparametric test known as the modified Z-score, which is equivalent to the standard Z-score by 

means of an empirically derived constant, using the median and median absolute deviation to prevent 

extreme outliers from skewing the test statistic (NIST/SEMATECH, 2013).  A modified Z-score of 3.5 was 

chosen to flag potential outliers. In a normal distribution this would account for approximately 99.95% 

of the dataset. 

 

All solutions, including groundwater, are electrically neutral. This is the basis for calculating the charge 

balance error. For any samples that included the minimum analytes required, charge balance error was 

calculated by converting concentrations to milliequivalents, calculating the cation and anion sums and 

using equation 1: 

 

Equation 1:  100%
cat an

CBE
cat an

 
 
 

 

 

If a TDS measurement was included in the sample, TDS error was calculated from summing the 

aforementioned analytes in the sample and comparing it against measured TDS, following equation 2. 

 

Equation 2:  


 calc meas

meas

TDS TDS
TDSErr

TDS
 

 

Similarly, if a conductivity measurement was present in the sample, calculated conductivity (Equation 5) 

was determined following the calculation of ionic strength (Equation 3), activity coefficients using the 

Davies approximation (Equation 4), then finally the conductivity error was calculated (Equation 6). 

 

Equation 3: 

2

2

i i
i

C z

I 

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Equation 4:   0.5 0.3
1

I
Log I

I


 
   

 
 

 

Equation 5: 
2

calc i i
i

Cond C    

 

Equation 6: 


 calc meas

meas

Cond Cond
CondErr

Cond
 

 

Equation 5 is an empirical formula that has been used with some success in checking water analyses 

(Rossum 1975). 

 

Figure 3 highlights the error distributions for these three tests. After examining the data, it became 

apparent that charge balance is tightly clustered around zero error for the vast majority of samples, so 

samples were flagged if the absolute charge balance error fell above ten percent. The error distributions 

for TDS and conductivity are broader and have some large positive errors in excess of 100%, so a 

tolerance of 20% error was chosen to flag samples using these tests. 

 

Figure 3: Percentile distribution for TDS, Conductivity, and Charge Balance errors 

 
 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Fr
ac

ti
o

n
 o

f 
Te

st
e

d
 S

am
p

le
s 

Percent Error 

TDS Error

Conductivity Error

Charge Balance Error



Upgrade of Illinois State Water Survey Groundwater Quality Database 

6 
 

 

 

It is interesting that the extreme errors seen in TDS and conductivity are often correlated, suggesting 

some of these “measurements” may be calculated values. In the IEPA legacy data, conductivity 

measurements are listed as either “field” or “lab” with the greatest errors associated with field values.  

This can be observed in Figure 4. 

 

Figure 4: Correlation between TDS and Conductivity errors in IEPA legacy samples.  

 
 

With these data quality checks in place, an Excel spreadsheet was developed using conditional 

formatting to highlight potential sample errors (Figure 5). There were three tiers of confidence assigned 

to these samples, which will be used in the final output if the identified problems cannot be corrected. 

Samples with the lowest confidence are those where the errors with TDS, conductivity, or charge 

balance exceeded their respective tolerances. In this case the entire sample was highlighted in red and 

the offending parameter was formatted to red and bold text. This flag is meant for samples that have 

obvious problems and should be avoided if possible. The middle tier involves the outlier checks; any 

measurement flagged as an outlier by at least one of the outlier tests was highlighted in yellow and 

formatted to bold text. As outlier checks are not always accurate for ambient groundwater samples, it is 

left to the end user to decide if the sample is acceptable, but when outliers are present the sample 
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should be treated with caution. Samples with the highest confidence are those that have passed these 

checks, particularly those where all of the tests could be performed. Using these criteria, a pilot test was 

performed on two counties checking for error patterns and potential solutions. 

 

Figure 5. Example output for data quality checks. Each row represents a single sample. 

 
 

 

Case Study: Champaign County 
 

There are 544 records for Champaign County that contain the minimum analytes required for data 

quality tests in the combined database. There were a few missing values for TDS, nitrate, silica, Fe, and 

K. There were only 247 entries for conductivity and 288 for NH3-N. Measured and calculated values of 

TDS and conductivity agreed within 20% for over 90% of the samples. Over 98% of the records had 

charge balance errors less than 10% (Table 2).  

 

There were about half as many outliers for conductivity as for TDS (Table 2). However, there were also 

only about half as many values. Similarly, there were relatively few NH3-N outliers, but also relatively 

few NH3-N values. Silica concentrations varied over a narrow range, so it is not surprising that there are 

so few outliers. Nitrate had the most outliers, possibly because of many values below detection (Table 

3).  
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Table 2. Statistics for TDS, conductivity, and charge balance for Champaign County samples. 

 

Notes: aRelative percent difference 
bMeasured vs calculated values for TDS and conductivity. Anions vs cations for charge balance. 

 

Table 3. Statistics for chemical analyses for Champaign County samples. 

Measurement 
Records 

with Data 
Outliers Measurement 

Records 
with data 

Outliers 

Ca 544 18 Alkalinity 544 28 

Mg 544 33 Chloride 544 33 

Na 544 25 Sulfate 544 28 

K 533 30 Nitrate 542 45 

Fe 541 38 Silica 531 12 

NH3-N 288 7    

 

 

Many IEPA lab reports corresponding to database records were found in the Champaign County files. 

Nearly all reports had values for all measurements. Therefore, we will be able to correct some records 

for missing data. Several reports were found for which there are no records in the combined database. 

We will add these records to the database. 

 

Comparison of the database records with lab reports found remarkably few transcription errors. Some 

of these errors were found by inspecting the spreadsheet for charge balance errors and disagreement 

between measured and calculated TDS and conductivity values. For example, Figure 6 shows a screen 

shot of the records for Mahomet. The spreadsheet highlighted the questionable TDS value in red. The 

actual value on the lab report was 519 mg/L. Figure 1 also shows that several records are missing 

conductivity or NH3-N values. 

 

 

 

Measurement 
Records with 

Data 
Outliers 

Error Criteria 
(RPDa) 

Number of 
Records with 

Errorsb 

TDS 540 29 20 47 

Conductivity 247 16 20 50 

Charge Balance 
Error 

-- -- 10 11 
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Figure 6. Screen shot of database QA spreadsheet showing data for Mahomet (anions not shown). 

 

 

 

In some cases bad TDS or conductivity values were confirmed by inspection. For example, Figure 7 

shows a screen shot of the records for Young’s Hillcrest Mobile Home Park. Only the sample information 

and major cation concentrations are shown. For each metal, the concentrations cover a narrow range, 

whereas two of the TDS values are quite different from the others and were flagged by the spreadsheet. 

 

 

Figure 7. Screen shot of database QA spreadsheet showing data for Young’s Hillcrest Mobile Home Park 

(anions not shown). 

 
 

 

Figure 8 (Thomasboro) shows how a disagreement between measured and calculated TDS combined 

with a bad charge balance led to the discovery of a questionable Na concentration. The Na value for the 

highlighted records is probably 22.4 and not 224. 
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Figure 8. Screen shot of database QA spreadsheet showing data for Thomasboro (anions not shown). 

 
 

 

One of the records for Broadlands was flagged for a suspect TDS value (Figure 9). Inspection of the data 

and comparison with other Broadlands records confirmed that the suspect TDS value was probably in 

error. Further inspection of the Broadlands records revealed that two sub-groups of Broadlands records 

are chemically distinct. There are 13 records in the combined database, indicated in Table 4 by rows 

with entries in the P Number (ISWS well ID number) column. IEPA lab reports were found for five of the 

records and two more reports were found for which there are no entries in the database. These are 

indicated by rows with entries in the Well column and blank cells in the P Number column. The Mann-

Whitney U test was used to compare the median Ca, Mg, Na, K, alkalinity, chloride, and sulfate values 

for the known Broadlands records and the other records (those with blank cells in the Well column). The 

results are in the last row of Table 4. The median values for the two sub-groups were found to be 

significantly different with a confidence level better than 0.01 for 5 of the 7 measurements. The last 8 

records in Table 4 may be for another facility. We will try to find out which facility these records really 

belong to. 

 

Figure 9. Screen shot of database QA spreadsheet showing data for Broadlands (anions not shown). 
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Table 4. Major ion concentrations in Broadlands well water. 

P Num 

Sample 
ID 

Number Date Collected Well Ca Mg Na K Alk Cl SO4 

407137 B114517 5/6/1974 1 46.0 17.0 68.0 1.1 332.0 3.0 0.0 

407137 B051022 6/22/1976 1 47.0 18.0 68.0 1.1 336.0 4.3 4.2 

407148 B032120 1/6/1981 2 49.0 18.0 69.0 1.2 346.0 3.6 5.0 

 
B032845 3/12/1985 2 51.0 18.1 67.0 1.3 338.0 4.0 10.0 

407137 0104305 11/20/1972 1 52.0 25.5 67.0 1.3 348.0 3.0 10.0 

407148 B026775 2/24/1983 2 55.0 19.2 75.0 1.3 359.0 3.2 11.0 

 
B603675 3/15/1986 3 63.0 29.0 112.0 3.6 560.0 9.5 10.0 

406971 B050653 6/21/1976 
 

80.0 33.0 21.0 1.7 360.0 7.8 10.0 

407137 B051224 6/6/1978 
 

81.0 38.0 23.0 2.0 357.0 14.0 29.0 

406971 B051223 6/6/1978 
 

83.0 35.0 23.0 2.1 368.0 11.0 21.0 

407137 B002186 7/17/1972 
 

85.0 36.0 21.0 1.9 358.0 12.0 19.0 

407137 B033878 1/13/1981 
 

86.0 36.6 21.0 1.6 356.0 14.0 28.0 

407137 B050661 6/21/1976 
 

86.0 36.0 20.0 1.7 350.0 14.0 27.0 

407137 B100940 7/30/1973 
 

86.0 37.0 20.0 1.7 364.0 13.0 26.0 

406971 B032876 1/13/1981 
 

89.0 35.2 23.0 1.6 364.0 12.0 28.0 

  

Confidence level: 
 

0.0014 0.0014 0.0013 0.0228 0.0726 0.0020 0.0035 

 

 

Case Study: Kane County 

 

There were a total of 806 samples from public water supplies in Kane County, and samples with 

potential errors were flagged using techniques described above. The numbers of records flagged for 

each specific test are reported in Table 5. 
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Table 5. Numbers of records flagged for specific errors. 

Type of Error Number of Records 

Missing Facility Information 27 

Missing Date 8 

Ion Balance Error 25 

Calculated TDS Error 91 

TDS-Conductivity Error 77 

Calcium out of range 37 

Potential Outliers 

Magnesium 39 

Sodium 43 

Potassium 31 

Alkalinity 52 

Chloride 61 

Sulfate 34 

Nitrate 101 

Silica 54 

 

Paper records in the ISWS Groundwater Section Records Room were examined to determine if flagged 

samples could be corrected. We successfully corrected a number of errors (Table 6). Once again, 

examining the paper records revealed a significant number of water quality samples (97) that were not 

part of the electronic database. These will need to be entered into the database manually. Many of 

these missing records were from the 1960s and early 1970s, prior to IEPA’s existence, mainly collected 

by the Illinois Department of Public Health. A large number, however, were from 1989, which was 

surprising. The ISWS Records Room generally does not have paper copies for samples collected after 

1989. A duplicate lab number (B032676) was identified, with a sample from Aurora and North Aurora 

both having that number. Flagged records that could not be corrected were given a confidence ranking 

based on criteria discussed above. 

 

Table 6. Errors fixed using information from paper records at ISWS. 

Type of Error Number of Records 

Facility Identification 86 

Sample date 8 

Parameter concentration 38 

Sample identified as “finished” 5 

Incorrect Lab number 12 
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This kind of assessment needs to be done for the rest of the state. Most counties will have many fewer 

samples than Kane County, which is one of the largest users of groundwater in Illinois, though these 

case studies in Champaign and Kane counties reveal the types of problems we can expect to find with 

the remaining records. In particular, the discovery of samples that have not been entered into the water 

quality database will need to be rectified. A standard process is being developed for searching through 

the files, verifying the records are present in the database, making note of discrepancies, and correcting 

any errors with the sample. 

 

 

Error Frequency  

 

Plotting the flagged sample frequency over time using the selected criteria reveals some temporal 

trends. Though the number of samples meeting the minimum testing requirements has decreased 

sharply following the 1980s (Complete Test Samples in Figure 10), the error frequency has increased as a 

percentage of total samples tested (Figure 11).  

 

 

Figure 10: IEPA sample error frequency 
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Figure 11: IEPA Sample error percentage by year 

 

 

 

 

A few patterns emerge from this related to the labs during the periods in question. One of the more 

persistent problems is seen in samples with “D” lab numbers. Though these samples are predominantly 

composed of organics, when they do contain major inorganic analytes they are almost always flagged as 

outliers, as the sample appears drastically different from other samples from the same well. In contrast, 

TDS, conductivity, and charge balance are not often flagged. This problem is only seen in the IEPA legacy 

data as it appears recent copies of IEPA samples have already stripped “D” samples of these analytes. 

The same action will likely be taken with the legacy samples before the database is finalized. 

 

Another problem is seen in samples with “B” lab numbers. This is occurs over a specific period beginning 

approximately in 1993 and tapering off by the early 2000s, where either TDS is underreported  or the 

individual analytes are erroneously high, as evidenced by the large positive errors (Figure 12). 

Conductivity measurements have similar problems, though there are fewer of these in the database. 
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Figure 11: IEPA Sample error percentage by year 
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Figure 12: “B” lab sample TDS error frequency for the period of 1993-2003 

 
 

Directly at the tail end of this period follows frequent problems with the “C” lab samples from 2004-

2006, again primarily flagged by TDS errors. The pattern is less consistent for this period, though the 

distribution is nearly bimodal with the larger peak in the negative percent errors (Figure 13). 
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Figure 13: “C” lab sample TDS error frequency for the period of 2004-2006

  

 

 

In the most recent record there appears to be another uptick in sample errors, though this may be a 

dubious trend as there are fewer samples for this period, and the errors don’t appear to be isolated to 

TDS. As we do not have paper records beyond the early 1990s, the most recent samples will be more 

difficult to verify, but the fact that errors persist highlights the continuing need for data quality checks. 

 

Year 2 and Beyond 
 

By the end of the first year of this project, we successfully identified a number of issues with IEPA 

groundwater quality data. At the onset of this project it was believed that reported TDS would be a 

reliable parameter in assessing data quality, but after examining the data it would seem that these 

measurements are often in error. Reported conductivity appears to be even less reliable, though 

conductivity has not been reported for many samples. These measurements should be used with 

extreme care. Charge balance, in contrast, remains acceptable for the vast majority of samples. 

 

The process of error correction will proceed for the rest of the state and will require verifying samples 

with the paper records whenever possible. Additional data quality checks, primarily outlier tests, may be 

performed on minor analytes for both the original dataset and any future updates. When these 

corrections are finalized, all samples in the combined database will be returned to the IEPA including the 

confidence levels discussed earlier. We suspect most identified problems will be unresolvable, and other 
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problems may arise as the paper records are examined. In particular, we do not yet know the extent of 

records missing from our database. Once this phase of the project is completed, future updates should 

be scheduled on an annual basis. As the tools are already in place and there will be many fewer samples 

to examine, problems may be identified early in the process before they become systemic as we have 

seen in the past.  

The long term vision with regards to the Ambient Water Quality data is to integrate it within a larger 

PWS portal where users will have access to water quality, water level, and other water usage data from 

water facilities across the state.  Authorized users will have access to these data through multiple views 

and reporting tools. Researchers will have the ability to perform groundwater modeling and analysis 

using these data while stakeholders will have a central repository to easily monitor compliance and 

perform basic quality assurance functions. The general public will also be permitted to view these data 

on a reduced scale with sensitive or potentially risky data filtered out. Regular updates of the water 

quality data will be performed and made available on an annual basis to ensure the most current data 

are accessible. Additionally, a suite of web services will be provided to enable the dynamic exchange of 

data with other data systems, including SDWIS, the Federal Safe Drinking Water Information System. 
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