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CHAPTER 1 

INTRODUCTION 

1.1 Objectives 

The primary objective of this research is to evaluate the use of the 

computer program DUMPStat as an alternative or supplement to the use of 

indicator preventive action limits (PAL) for determining whether a landfill is in | 

compliance with groundwater quality standards. | 

1.2 Background 

Careful monitoring of the impact of landfills on groundwater quality is a 

critical component of Wisconsin’s groundwater protection program. Currently, 

the Wisconsin Department of Natural Resources (WDNR) administrates the 

monitoring programs in accordance with Chapter NR 140 of the Wisconsin | 

Administrative Code. This regulation sets two types of groundwater quality 

standards: preventive action limits (PAL’s) and enforcement standards (ES). 

| The lower PAL serves two purposes. First, the PAL is used in design codes so 

that contamination is prevented through use of stringent designs. Second, the 

PAL is used as a “trigger” for remedial actions. PAL’s are used to prevent 

contamination but the ES defines when a violation has occurred. If an ES is 
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violated, the landfill is subject to immediate enforcement action. If substances 

detected in groundwater exceed either the ES or PAL for a health or welfare 

parameter, the WDNR may set an alternative concentration limit (ACL). The 

WDNR also sets PAL’s for indicator parameters which occur naturally and may 

indicate contamination. These indicator parameters provide an early warning for 

possible contamination. 

The focus of this research is on PAL’s for indicator parameters. NR 140 

specifies the PAL for indicator parameters as the mean plus three standard 

deviations or a minimum increase, based on at least eight background samples. 

NR 140 does not specify how ACL’s are set. However, the WDNR Waste 

Management Program policy is to use the sample mean plus two sample 

standard deviations. Consequently, both the indicator PAL and ACL are 

determined statistically. Also, the indicator PAL and the ACL are both 

determined on a well specific basis (intrawell) when possible. The health and 

welfare PAL and ES are uniform across the landfill as well as across the state. 

The PAL procedure is set by law and rule while the ACL procedure is set 

by rule only. The rule can be changed by changing policy and operating 

procedures but the law can be changed only by an act of the legislature. Since 

changing the PAL procedure would require a substantial legislative change, this 

was our focus. Also, the nature of the current statistical procedures is intrawell, 

so the focus of this research is intrawell. 

Gibbons(1994) has developed statistical procedures for analyzing 

groundwater quality data at landfills. These procedures are included in the 
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statistical package DUMPStat (Downgradient, Upgradient Monitoring Program 

Statistics), developed by Gibbons and Discerning Systems, Inc. DUMPStat has 

two intrawell methods which could potentially replace the indicator PAL, 

prediction limits (PL’s) and the combined Shewhart-CUSUM control charts 

(CC’s). The objective of this research focuses on statistical issues, although 

operational issues are also considered. This report is intended to provide 

information which the WDNR can use to determine whether or not DUMPStat 

should be adopted in whole or in part as a tool for assessing groundwater 

impacts at landfills. Again, we focused on the well specific indicator PAL, since 

the use of DUMPStat would require a legislative change. 

1.3. Project Summary and Organization 

In order to evaluate the intrawell DUMPStat algorithms, we proceeded in 

three steps. First, we applied DUMPStat to indicator parameter data from the 

Portage County Landfill. From this analysis, we found that the DUMPStat 

algorithms are far more conservative than the PAL. For indicator parameters, 

| the use of DUMPStat would result in more violations than would the use of 

PAL’s. This would be true for both upgradient and downgradient wells. 

Our second step was to test the underlying assumptions of the DUMPStat 

calculations: independence, stationarity, and normality. These assumptions are 

not critical to the use of PAL’s, as they are not based on statistical significance. 
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In order to evaluate these assumptions, we tested three indicator parameters for 

26 upgradient wells at ten landfills. Normality was rejected at 12 of 26 wells and 

the assumptions of independence was rejected at 15 of 26 wells. In addition to 

these assumptions, we tested each well and parameter for trend. For this test, 

at least 50 percent of the wells and parameters exhibited an upward or 

downward trend. 

The third step in this study was to evaluate how violations of assumptions 

and presence of trend affects DUMPStat and the use of the indicator PAL. 

| DUMPStat was applied to indicator parameters for the 26 wells at the ten 

landfills. Next, we determined whether or not each violation was in a data set - 

that rejected normality, rejected independence or exhibited trend. For all 

parameters combined, we found that over 60 percent of the violations for 

DUMPStat and PAL were in these data sets. 

This report is intended to provide an in depth analysis of the results 

reported above as well as additional background information. The report is 

organized in the following manner: 

e Chapter one is a simple introduction. 

e Chapter two reviews Wisconsin’s groundwater monitoring regulations. 

e Chapter three reviews all the options available in DUMPStat. Our focus is on 

intrawell prediction limits and combined Shewhart-CUSUM control charts, 

however, we discuss in brief the other DUMPStat options. 
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e Chapter four is the Portage County Landfill case study. In this case study we 

evaluate all wells using PL’s, CC’s and PAL’s using both eight and 25 

background samples. 

e Chapter five evaluates the assumptions of parametric tests for 26 upgradient 

wells at ten landfills. Then we evaluated these wells using PL’s, CC’s and 

PAL’s. Lastly, we considered how violations of the assumptions affect each 

statistical test. 

e Chapter six is the conclusion and recommendation section. 
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CHAPTER 2 

MONITORING AT WISCONSIN LANDFILLS 

2.1 Wisconsin Regulations 

As stated in Chapter 1, the primary legislation regulating Wisconsin 

landfills is NR 140. The purpose of the legislation is: 

“..to establish groundwater quality standards for substances detected in 

or having a reasonable probability of entering the groundwater resources 

of the state; to specify scientifically valid procedures for determining if a 

numerical standard has been attained or exceeded; to specify procedures 

for establishing points of standards application, and for evaluating 

groundwater monitoring data; to establish ranges of responses the 

department may require if a groundwater standard is attained or 

exceeded; and to provide for exemptions for facilities, practices and 
activities regulated by the department.” 

The purpose of Chapter 2 of this report is to outline the regulations of the state, 

to outline the monitoring requirements, to review the calculations required for 

PAL, and to show how these requirements relate to intrawell and interwell 

analysis. 

Subchapter III of NR 140 applies only to the DNR while subchapters | and 

Il apply to the DNR as well as the following Wisconsin government agencies: 

e Department of Agriculture, Trade and Consumer Protection (DATCP), 

e Department of Industry, Labor and Human Relations (DILHR), 

e Department of Natural Resources (DNR), and 

e Department of Transportation (DOT). 
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Also, NR 140 applies to facilities and practices which may affect groundwater 

quality but are regulated by other agencies. However, the regulation does not 

apply to mining or prospecting activities, wnich are covered by other regulations. 

2.2 Preventive Action Limits and Enforcement Standards 

Wisconsin has two water quality standards for each parameter. The 

preventive action limit (PAL) is the lower of the two; exceedance of this value 

raises a red flag. The enforcement standard (ES) is the maximum allowable 

level. NR 140.10 specifies PAL’s and ES’s for 101 public heaith related 

standards. The PAL is ten percent of the ES for parameters with carcinogenic 

effects. For example, the ES for benzene is 5 micrograms per liter while the PAL 

for is 0.5 micrograms per liter. For other parameters with mutagenic, teratogenic 

or interactive effects the PAL is twenty percent of the ES. For example, for 

cyanide the ES is 200 micrograms per liter and the PAL is 40 micrograms per 

liter. Similarly, NR 140.12 specifies PAL and ES for parameters having aesthetic 

or other public welfare concerns. The PAL for these are 50 percent of the ES. 

For example the ES and PAL for chloride are 250 mg/l and 125 mg/| 

respectively. 
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PAL’s are calculated for indicator parameters on a well specific basis. 

These are the parameters that are measured regularly but do not directly affect 

public health or welfare. For these parameters the PAL is calculated as: 

PAL = x+ max|3s, M] (2.1) 

where x is the sample mean, s is the sample standard deviation and M is the 

minimum increase. s and x are estimated from a minimum of eight background 

samples for the particular constituent. Table 2-1 lists the minimum increase, M, 

for indicator parameters. 

[Parameter Cid Minimum Increase, mg/i 
Alkalinit 
Biochemical Oxygen Demand (BOD 

Chemical Oxygen Demand (COD 

Total Nitrogen 

Specific Conductance 200 umhos/cm 

Total Dissolved Solids (TDS 

Total Organic Carbon (TOC 
Total Organic Halogen (TOX 

Table 2-1 Minimum Increase for Indicator Parameters 
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2.3 Monitoring Requirements 

NR 140 covers many of the important factors necessary for environmental 

protection. However it does not provide specific information regarding the 

requirements for environmental monitoring for landfills. NR 507 defines the 

monitoring requirements. The purpose of this rule is: 

“... to help insure that efficient, nuisance-free and environmentally 

acceptable solid waste management procedures are practiced in this 

state, to outline environmental monitoring requirements at solid waste 

facilities and to implement groundwater standards according to NR 140 
and ch. 160 stats.” 

This rule governs all environmental monitoring for solid waste disposal facilities 

except hazardous waste facilities and mining operations. 

Prior to accepting waste, a landfill must have a WDNR approved sampling 

plan. This plan must include the number and location of all monitoring wells. 

The number of required monitoring wells is based on the facility size, waste type, 

design and hydrogeologic or geologic properties. However, each new municipal 

solid waste landfill (MSW) must have a minimum of four Subtitle D wells. 

The baseline monitoring requirements vary depending on the type of 

waste accepted. For example, the groundwater monitoring requirements for a 

municipal solid waste landfill are different from a landfill that accepts foundry 

waste. Table 2-2 lists the detection parameters and sampling frequencies 

currently required for routine sampling at municipal solid waste landfills. Table 

2-3 lists the detection parameters and sampling frequency requirements for 
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other waste types. All proposed landfills must take four samples for all the 

detection parameters listed in Table 2-2 or 2-3 plus any public health and 

welfare parameters not included as detection monitoring parameters prior to 

submittal of the feasibility report. If exemptions to the groundwater standards for 

public health and welfare are granted in the feasibility determination, four more 

rounds of sampling for those parameters are required so that an ACL can be 

calculated and approved as a part of the plan of operation. For detection 

parameters, the next four samples must be taken before submittal of the plan of 

operation in order to accumulate a total of eight background samples. Each 

sample must have a minimum of 30 days between sampling rounds. 

|_Detection Parameters _||__ Frequency for All Wells _[|__Frequency forSub D. Wells _ 
Alkalinity Semi-annual Semi-annual 

Chloride Semi-annual Semi-annual 
COD Semi-annual Semi-annual 

Field Conductivity Semi-annual Semi-annual 

Field pH Semi-annual Semi-annual 

Field Temperature Semi-annual Semi-annual 

Groundwater Elev. Semi-annual Semi-annual 
Hardness semi-annual Semi-annual 

Table 2-2 Monitoring Requirements for Municipal Solid Waste Landfills 

* A list of VOC parameters for detection monitoring is in Appendix III of NR 507 

2-5



[| __——sWaste Types |_—Detection Parameters _—‘|_—~Frequency for All Wells 
Municipal Solid Waste Alkalinity Semi-annual 
Combustor Residue Boron Semi-annual 

Cadmium Semi-annual 

Chloride Semi-annual 

COD Semi-annual 

Field Conductivity Semi-annual 
Field pH Semi-annual 

Field Temperature Semi-annual 

Groundwater Elevation Semi-annual 

Hardness Semi-annual 

Lead Semi-annual 

Selenium Semi-annual 

Sulfate Semi-annual 

Paper Mill Sludge Ammonia Nitrogen Semi-annual 
Alkalinity Semi-annual 

Chloride Semi-annual 

COD Semi-annual 

Field Conductivity Semi-annual 
Field pH Semi-annual 

Field Temperature Semi-annual 

Groundwater Elevation Semi-annual 
Hardness Semi-annual 

Nitrate + Nitrate as N Semi-annual 

Sulfate Semi-annual 

Fly or Bottom Ash Alkalinity Semi-annual 
Boron Semi-annual 

COD Semi-annual 

Field Conductivity Semi-annual 

Field pH Semi-annual 
Field Temperature Semi-annual 

Groundwater Elevation Semi-annual 

Hardness Semi-annual 

Sulfate Semi-annual 
Semi-annual | 
Semi-annual 

Semi-annual 

Foundry Waste Alkalinity Semi-annual 
COD Semi-annual 

Field Conductivity Semi-annual 

Field pH Semi-annual 

Field Temperature Semi-annual 
Fluoride Semi-annual 

Groundwater Elevation Semi-annual 

Hardness Semi-annual 

Sodium Semi-annual 

Table 2-3 Monitoring Requirements for Other Solid Waste Landfills 
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2.4 Responses When a Groundwater Standard is Attained or Exceeded 

Wisconsin’s rules differ slightly from the U.S. EPA Subtitle D. Subtitle D 

requires analysis of groundwater samples from designated wells for indicator 

parameters. These parameters include fifteen metals and VOC's. Wisconsin's 

approved plan allows for routine monitoring of detection parameters as listed in 

Table 2-2 and 2-3. Wisconsin’s detection monitoring does not include routine 

metals monitoring. Also, the VOC monitoring is as specified in Table 2-2. Ifa 

PAL is exceeded for an indicator parameter, assessment monitoring in 

accordance with Wisconsin's approved plan may be required. 

lf the concentration of a substance, including indicator parameters, in 

groundwater attains or exceeds a PAL this does not automatically lead to 

assessment monitoring. Sections NR 140.24, NR 140.26 and Chapter NR 508 

outline the appropriate responses for exceedances. First, the landfill owner 

must notify the WDNR in writing of the exceedance. Second, the owner must 

provide a preliminary analysis of the cause and significance of the 

concentration. In response the WDNR evaluates the notice and preliminary 

analysis. The WDNR may require the owner to further assess the cause and 

significance of the increased concentration and prepare a report evaluating the 

degree and extent of the problem. 
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The owner may demonstrate that a reported value represents a false 

exceedance of the groundwater standard. While reviewing this information the 

WDNR may look at a number of different items to determine the cause and 

significance of the exceedance. They may consider: 

e the location of the monitoring well: 

e the specific characteristics of the site; 

e the nature of the substances involved and the likelinood of migration; 

e background water quality; 

e reliability of sampling data; 

e public health, welfare and environmental effects; 

e probability that a PAL or ES may be attained or exceeded outside the 

design management zone (DMZ) of the landfill: 

e performance of the facility; 

e other known or suspected sources of the substance in the area; 

e hydrogeologic conditions; 

e extent of groundwater contamination; 

e alternate responses. 

Within 30 days, if the WDNR does not agree that the exceedance is a false 

positive, the owner must begin assessment monitoring. If the exceedance is for 

one of the inorganic compounds listed in Table 2-2 then the WDNR may allow 

an alternative assessment monitoring plan. Also, an alternate monitoring plan 

may be approved to include only the parameters that are present in the leachate 

collection system. If the full assessment monitoring proceeds, all the parameters 
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in Appendix I! of NR 507 must be included in the monitoring program. This 

includes but is not limited to the following: 

Public Welfare Parameters | Public Health Parameters 

Copper Arsenic 
Manganese Barium 

Sulfate Cadmium 
Zinc Chromium 

Fluoride 

Lead 

Mercury 

Nitrate + Nitrite (as N) 
Selenium 

Silver 
Antimony 

Beryllium 

Nickel 

Thallium 

Table 2-4 Assessment Monitoring Parameters 

Assessment monitoring is only one of the options available to the WDNR 

if a well exceeds a PAL, ES or ACL. The range of responses which the WDNR 

may take are: 

e no action (only for PAL’s at NR 140 wells): 

e sample wells or require sampling of wells; 

e require a change in the monitoring program, including increased 

monitoring; 

e require an investigation of the extent of groundwater contamination; 
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e require a revision of the operational procedures at the facility, practice 

or activity; 

e require an alternate method of waste treatment of disposal; 

e require prohibition or closure and abandonment of a facility, practice 

or activity; 

e require remedial action to renovate or restore groundwater quality; 

e revise rules or criteria on facility design, location or management 

| practices. 
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CHAPTER 3 

DUMPStat ALGORITHMS 

3.1. Introduction 

In the previous chapter we introduced the current groundwater monitoring 

regulations as enforced by the Wisconsin Department of Natural Resources 

(WDNR). In this chapter we consider the potential use of DUMPStat as an 

approach for evaluating groundwater monitoring data at landfill sites. DUMPStat 

(Downgradient, Upgradient Monitoring Program Statistics) is a statistical 

package developed by Gibbons. It has five analysis options: 

e upgradient versus downgradient (interwell) prediction limits; 

e intrawell prediction limits (PL’s) and combined Shewhart-CUSUM; 

control charts (CC’s) 

e time series plots; 

e VOC detection; 

e assessment monitoring. 

The two intrawell options could potentially replace the indicator PAL. The 

objective of this research is to evaluate DUMPStat as an alternative to the 

current methods for calculating the PAL for indicator parameters. The objective 

of this chapter is to discuss operational issues, to introduce all the options 

available in DUMPStat, and to take a closer look at the two intrawell options. 
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3.2 DUMPStat Operation 

We found the DUMPStat program easy to use. The program runs well 

both in Windows 3.11 and Windows 95. We had no installation problems. In 

addition, the menus are easy to understand and use. The program, in its current 

form, would be difficult to misuse because all important statistical parameters 

cannot be changed. For example, the user cannot select the significance level 

for the prediction limit. Also, the statistical parameters for the combined 

Shewhart -CUSUM control chart are set and cannot be changed. 

The WDNR data was easily merged into the DUMPStat database, with 

only a few problems. The problems we experienced were with nondetect heavy 

metals. DUMPStat requires that the nondetect data include detection limits. 

Some data did not include the detection limit and could not be merged. Most 

indicator parameter data are above the detection limit. So for our study, merging 

indicator parameters was not a problem. However, merging large data sets 

| (over 10 Mb) can take over an hour. Merging smaller data sets takes only 

minutes. In order to shorten merging times, we used a database program to 

isolate the wells and parameters of interest. 

After the data have been merged into the database a few more steps 

need to be taken to run the DUMPStat options. First, the time window for the 

background data needs to be defined. Second, the minimum number of 

background samples needs to be selected (typically eight for indicator 
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parameters). Third, a rare event statistic needs to be selected, either Poisson 

prediction limits or nonparametric prediction limits. We did not examine 

parameters that would require use of rare event statistics. Fourth, we decided to 

identify historical trends, an optional step. Fifth, we isolated the wells and 

constituents of interest. If these steps are followed most DUMPStat options can 

be performed. 

3.3 DUMPStat Options 

DUMPStat has five options for analysis. After merging the data and 

performing the five steps listed in the previous section these options can be 

used. The first option is the upgradient versus downgradient prediction limits. 

The second option includes the intrawell prediction limits (PL’s) and combined 

Shewhart-CUSUM control charts (CC’s). This option is the main focus of this 

study and is discussed below. The third option is the time series plots. This 

option can be used to plot the concentration versus time for the selected 

parameters. The fourth option, VOC detection, lists all the selected volatile 

organic compounds (VOC) above the detection limit. The fifth option is 

assessment monitoring. For each parameter for which a health or welfare 

standard is set (by the user), DUMPStat makes a time series plot, determines if 

any trends exist, and performs a t-test for the last four independent samples. 

Section NR 140.14 allows the t-test or another valid statistical analysis for the 

data being considered for health and welfare standards. 
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3.4  Intrawell Methods 

As mentioned previously, the intrawell methods in DUMPStat could 

potentially replace the use of PAL’s for detecting changes in values for indicator 

parameters. DUMPStat has two methods for intrawell testing: prediction limits 

(PL’s) and the combined Shewhart-CUSUM control charts (CC’s). 

3.4.1 Prediction Limits 

When the prediction limit is used, DUMPStat first removes outliers from 

the background data using Dixon’s test. Next, DUMPStat tests for increasing 

trend in the background data using Sen’s test. Then the prediction limit is 

calculated as: 

_ | 1 
PL=x+s-t -/1+— (3.1) 

| 4-a,n-1| Nn 

where xX is the sample mean, s is the sample standard deviation, n is the 

number of background samples, and t 4] is the t-statistic based on the 1-a 

confidence level (or a significance level) and n-1 degrees of freedom. 

The significance level, a, is the minimum of: 0.01 or 

a = V1- 0.95% . (3.2) 
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where k is the number of future comparisons. From equation 3.2 we can 

determine that when k is 100, « is the minimum of 0.01 and 0.0226. k will 

always be less than 100; consequently a will always be 0.01 for intrawell 

analysis. Further, equation 3.2 is based on one verification resample. We were 

not able to verify historical results for our analysis. Consequently, DUMPStat 

only indicated a violation after two consecutive exceedances. 

The PL is a logical alternative to the PAL because a limit is set based on 

the background mean and standard deviation. Similar to the indicator PAL, the 

PL is compared to future data points. Also, prediction limits and indicator PAL’s 

are better suited for detecting sudden increases in concentration. Unlike the 

indicator PAL, DUMPStat does not indicate a violation unless the resample or 

the next sampling round (depending on the verification resampling plan) also 

violates the PL. The PL procedure outlined here as well as the tests for 

historical trend and outliers are illustrated in detail with examples in appendix A. 

A comparison can be made between the indicator PAL and PL without 

calculating either. Most of the time, the PL as implemented by DUMPStat will be 

more conservative and will produce more violations than the indicator PAL. This 

is true for two reasons. First, the PL does not allow for a minimum increase like 

the indicator PAL. This minimum increase allows an additional benefit to the 

landfill owner for indicator parameters with a low variance. Second, the number 

of standard deviations used to compute the PAL will generally be greater than 

that used to compute the PL. Consider the second point. The PAL is always 
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three standard deviations above the mean. However, for the PL the number of 

standard deviations is t can jut . The dependence on n, the number of 

background samples, is illustrated in Figure 3-1 for a 99 percent confidence 

level. From this figure, we can see with eight background samples the PL is 

3.18 standard deviations above the mean which is almost the same as the 

indicator PAL. Further, with ten background samples the PL is 2.96 standard 

deviations above the mean which is essentially the same as the indicator PAL. 

Looking at Figure 3-1 we can conclude that the PL is more conservative than the 

PAL for ten or more background samples. From eight to ten background 

samples the PL is essentially the same as the indicator PAL. Since eight is the 

minimum number of background samples for indicator parameters the PL will at 

worst be 0.18 standard deviations above the PAL. 

All in all, the PL, as implemented by DUMPStat, is more conservative 

than the indicator PAL. The PL will cause more violations than the indicator 

PAL. This could result in additional monitoring or possibly remedial action. 
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3.4.2 Combined Shewhart-CUSUM Control Charts | 

The second intrawell method that could replace the indicator PAL is the oe | 

combined Shewhart-CUSUM control chart (CC). As its name suggests, the | a | 

| combined Shewhart-CUSUM control chart combines the Shewhart control chart 

| with the CUSUM control chart. The CC can pick up sudden changes as well as — | 

long term upward trends in water quality. | a 
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The Shewhart control chart is often used in industrial practice. Consider 

a bolt manufactured with a specified diameter. The diameter of the bolt Is 

assumed to be a random variable. A mean and standard deviation for the bolt 

diameter can be calculated. The original Shewhart control chart is “out of 

control” if the bolt diameter is three standard deviations above or below the 

mean. If the control chart is “out of control” then the problem is considered 

deterministic. Theoretically, a deterministic problem can be fixed by changing 

the machinery or the operator. This is very similar to the current indicator PAL. 

In fact, the WDNR is currently using a one sided Shewhart control chart since 

the indicator PAL is set three standard deviations above the mean. 

The Shewhart test used in DUMPStat is a variation of the original 

Shewhart control chart. It is a one sided test and the control chart is “out of 

control” if the sample exceeds the mean by 4.5 standard deviations for eleven or | 

fewer background samples or by 4.0 standard deviations for twelve or more 

background samples. 

The cumulative sum (CUSUM) portion of the control chart is much 

different. While the Shewhart portion of the control chart detects sudden 

increases in concentration the CUSUM portion detects steady or slow increases 

in concentration. The CUSUM, §; is calculated as 

S, = max{0,(z,-k)+S,,] (3.3) 
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where z; is defined as 

z = xa* (3.4) 
Ss 

X is the sample mean, s is the sample standard deviation, and x; is the 

concentration of interest. Also, k is a parameter related to the displacement 

which should be detected quickly (one for eleven or fewer background samples 

and 0.75 for twelve or more background samples) and So=0. The CUSUM 

portion of the control chart is considered “out of control” if S; is greater than 4.5 

for eleven or fewer samples and 4.0 for twelve or more samples. 

Like the prediction limits, the DUMPStat CC does not indicate a violation 

unless it is confirmed by a resample or the next round of sampling. If a resample 

is taken it should replace the original value in order to provide an unbiased 

confirmation of the exceedance for the CC. A complete explanation of the CC is 

included in Appendix A with a sample calculation. 

3.6 Chapter Summary 

All in all we found the DUMPStat program easy to install and use. The 

program has several simple and useful options including: assessment 

monitoring, time series plotting and VOC detection. DUMPStat also has 

interwell prediction limits which do not fit well into the WDNR system since 
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intrawell analysis is the preferred method. DUMPStat has two intrawell options: 

prediction limits and the combined Shewhart-CUSUM control charts. Of these 

two, the prediction limits are more conservative than the indicator PAL for ten or 

more background samples. Further, they are essentially the same as the PAL 

for eight or nine background samples. The combined Shewhart-CUSUM control 

chart on the other hand is more difficult to evaluate since a limit can only be set 

for the next sampling round while the prediction limit sets a limit for the next k 

sampling rounds. In the next chapter we apply these intrawell methods to data 

from a Wisconsin landfill. 
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CHAPTER 4 

PORTAGE COUNTY CASE STUDY 

4.1 Introduction 

As previously mentioned, the indicator PAL could potentially be replaced 

by either of the two DUMPStat intrawell options: prediction limits (PL’s) or the 

combined Shewhart-CUSUM control charts (CC’s). In order to examine and 

compare the effectiveness of the PAL’s, PL’s and CC’s we applied all three 

methods to the Portage County landfill (license number 2966), a landfill which is 

not apparently affecting groundwater quality. 

We examined both upgradient and downgradient wells using the indicator 

parameters: alkalinity, hardness and specific conductance. Using box plots, 

time series plots and a site map we classified each well into one of four 

categories: up/sidegradient unimpacted; downgradient impact possible; 

downgradient impact suspected; and downgradient unimpacted. Next for each 

parameter and each well, we applied the indicator PAL, PL and CC methods. 

The effectiveness of each method was evaluated using the downgradient 

impacted wells, while the false positive rate was estimated based on the 

unimpacted upgradient and sidegradient wells. 

Based on this case study we found that the CC’s were more conservative 

than the PL’s, and both methods were more conservative than the indicator PAL. 

That is, the CC and PL would put the landfill in violation much more often than | 

the indicator PAL. This result confirms the arguments made in the third chapter. 
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In addition, we found an unexpected number of violations at upgradient wells. 

We used these violations to estimate the false positive rate and we found it to be 

very high for some unimpacted wells. The high number of violations and high 

false positive rates led us to question the assumptions of these statistical tests. 

This issue is considered in Chapter 5. 

4.2 Portage County Landfill Characteristics 

The Portage County landfill is located approximately in the center of the 

state of Wisconsin. As stated previously, the landfill has a number of upgradient 

and sidegradient wells which are not likely to have been impacted by the landfill. 

The landfill also has a number of downgradient wells. The location of all wells 

and the direction of groundwater flow are shown on Figure 4-1. 

Fifteen of the wells have continuous data from 1983 to the present. Each 

well has approximately 51 data points for each indicator parameter. Of these 

fifteen wells, three can be clearly classified as upgradient (W-10, W-11 and W- 

12). Two of the wells are sidegradient but appear to be beyond the influence of 

the landfill (W-9 and W-9p). The site has ten clearly downgradient wells (W-17, 

W-18, W-20, W-20p, W-21, W-21p, W-22, W-22p, W-23 and W-23p). The “p’” 

designates a deep well (piezometer), screened below the water table. These 

wells are screened in sandy glacial till (in a sand fraction that is coarser than 

above). The wells without the “p” designation are screened at (or near) the 

water table which is in fine to very fine sandy glacial till. 
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4.3. Box Plots and Time Series Plots 

As a preliminary step in the evaluation of the landfill, we prepared box 

plots and time series plots for all wells. These plots were discussed and 

recommended in the two previous WDNR studies (Goodman, 1987 and Fisher, 

1989). These studies suggested that a high median or interquartile range (IQR) 

may indicate contamination. Similarly, multiple outliers or extreme values may 

indicate contamination. Box plots for all the wells for a single parameter should 

be plotted simultaneously. Aside from the box plots, time series plots can be 

visually inspected for increasing trends. Multiple time series can be plotted on 

one graph; however, this should be limited to five or fewer wells and one 

parameter per graph. In addition, at least one upgradient or sidegradient well 

should be plotted on each graph for comparison. 

Figure 4-2, 4-3 and 4-4 show the box plots from the fifteen wells for 

alkalinity, hardness and specific conductance respectively. The box plots were 

created by Statistica (1997) and the box plot construction is indicated in Figure 

4-5. Time series plots for alkalinity (Figures 4-6, 4-7 and 4-8), hardness 

(Figures 4-9, 4-10 and 4-11) and specific conductance (Figures 4-12, 4-13 and 

4-14) also are given. These box plots and time series plots are based on 

quarterly samples for each constituent at each well (approximately 51 samples 

for each parameter). By visually inspecting the box plots, time series plots and 

well location map, we made some preliminary classifications. Based on these 
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classifications we will compare the effectiveness of the indicator PAL to the PL | 

and CC. The preliminary classifications are: 

1. Up/sidegradient unimpacted: W-10, W-11, W-12, W-9 and W-9p 

2. Downgradient impact possible: W-17, W-20p, W-21p, W-22 and W- | 

| 22p 

3. Downgradient impact suspected: W-20, W-21 and W-23p 

4. Downgradient impacted: W-18 and W-23 
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4.4 Intrawell Analysis All Wells 

Box plots and time series plots, as discussed in the previous section, can 

be an important tool for groundwater monitoring. In fact, the use of these visual 

aids may be better than the use of any statistic. However, these visual aids must 

be used with appropriate statistics governed by law. Currently, the appropriate 

statistic for alkalinity, hardness and specific conductance is the indicator PAL. 

The DUMPStat alternatives to the indicator PAL are the PL and CC. 

First let us compare the PL to the indicator PAL. Figures 4-15, 4-16 and 

4-17 show the indicator PAL and PL for alkalinity, hardness and specific 

conductance, respectively, based on eight background samples. From these 

figures we can see the PL is lower for all but a few of wells for each parameter. 

The PL is higher than the indicator PAL for W-23 for all parameters and for W- 

20p for alkalinity, because the standard deviation for each is greater than M/3 

where M is the minimum increase. Recall (figure 2-1) that the minimum increase 

for alkalinity, hardness and specific conductance is 100 mg/I, 100 mg/I and 200 

uhmos/cm, respectively. So if the variance is above 33.3 mg/l, 33.3 mg/l or 66.7 

uhmos/cm for alkalinity, hardness and specific conductance, respectively, the PL 

will be 3.18 standard deviations above the mean while the indicator PAL will be 

3.00 standard 
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deviations above the mean for eight background samples. Otherwise the 

minimum increase above the mean is set as the indicator PAL which is well 

above the PL. 

We also calculated the PL and indicator PAL based on 25 background 

samples. As expected, the PL is always less than the indicator PAL. The 

indicator PAL and PL for 25 background samples are given in Figures 4-18, 4-19 

and 4-20 for alkalinity, hardness and specific conductance. For 25 background 

samples, the PL for parameters with a high variance (over M/3) will be close to 

the indicator PAL while those with a low variance tend to be much lower than the 

indicator PAL. Using 25 background samples also produced lower PL than 

using eight background samples. This result is expected and explained in the 

last chapter. 
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Figure 4-20 PAL and PL for Specific Conductance 
(25 Background Samples) 

To compare the CC to the indicator PAL, we calculated the number of 

data points in violation for alkalinity, hardness and specific conductance for each 

well. This procedure was conducted using both eight and 25 background 

samples. This analysis was also performed for the PL for comparison. The 

results from this analysis are listed in Table 4-1 and Table 4-2 for eight and 25 

background samples. Figures 4-21 and 4-22 present the total number of 

violations for each of the parameters for all the wells combined. 

From this analysis, we found that the greatest number of violations 

sitewide (for alkalinity, hardness and specific conductance) was 89 for the PAL 
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with eight background samples and 27 for 25 background samples. The 

greatest number of violations sitewide for the PL was 308 for eight background 

samples and 172 violations for 25 background samples. The CC had the 

highest number violations sitewide with 390 violations for eight background 

samples and 198 violations for 25 background samples. In other words on a 

sitewide basis, the PL produced over three times as many violations as the 

indicator PAL for eight background samples and over six times as many 

violations based on 25 background samples. Similarly, the CC produced four 

and seven times as many violations as the indicator PAL for eight and 25 

background samples respectively. 

See 
PAL | PL | cc | PAL | PL | cc | PAL | PL | cc 

W-io | o | 9 {| 12 {[ Oo [| 17 | 2 | oO {| O | 0 
Wit | Oo | 3 | 12 | oO | 4 | oO | Oo | 41 | 2 | 
Wiz | Oo | 3 | 2 | o | 9 {| 2@ | oO | Oo | 0 | 
wei7 {| o | o | o { o | o { o | Oo {| oO | 0 

wW-2opP | 1 | 1 | 17 | Oo [| 2 { 4 | oO | 6 | 21 | 
wot | 7 | a | 2 | s | 2 | 3 | 9 | 2 | 27 
W-21P | oO | 23 | 24 | oO {| 27 {| 27 | oO | 12 | 2 
W-22 | 0 | 22 | 2 | Oo | 2 {| 27 | o | 14 | 20 | 
we22P | 2 {| 12 | 11 | 2 | 16 | 17 *| O | 8 | 15 | 

W-23P_ | 5 | 38 | 39 | 7 | 36 | 35 | 5 | 27 | 30 | 
ws | o | i | 2 {| o | 2 | 4 {[o [| 2 | 0 
weep | Oo | 1 | 2 {| of; 7] oe ttt ft 

Table 4-1 Number of Data Points in Violation 
(Based on Eight Background Samples) 
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Table 4-2 Number of Data Points in Violation 

(Based on 25 Background Samples) 
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Figure 4-21 Number of Data Points in Violation Sitewide 
(Based on Eight Background Samples) 
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Figure 4-22 Number of Data Points in Violation Sitewide 
(Based on Approximately 25 Background Samples) 
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4.5 Upgradient Wells 

As discussed in the previous section, the PL and CC are more 

conservative than the indicator PAL. Therefore, DUMPStat will produce more 

violations when compared to the indicator PAL. Because of the increased 

number of violations, DUMPStat will pick up an impact sooner than the indicator 

PAL. However, some of these violations are false. In order to evaluate this 

effect, five wells were considered. All were either upgradient or sidegradient 

and beyond the influence of the landfill. We estimated the false positive rate by 

dividing the number of violations by the total number of data points for each 

parameter for these wells. We performed this analysis based on both eight and 

25 background samples. 

The results of this analysis are given in Figures 4-23 and 4-24 for 

alkalinity, hardness and specific conductance. From these plots, one can see 

that hardness and alkalinity have a higher false positive rate than specific 

conductance for both eight and 25 background samples. Specifically for the two 

DUMPStat algorithms, specific conductance had less than a five percent false 

positive rate for both eight and 25 background samples, while alkalinity and 

hardness had over a five percent false rate. The worst case was a 40 percent 

false positive rate for hardness using eight background samples and CC. 

Both of the DUMPStat algorithms had higher false positive rates than the 

indicator PAL. However, CC had the highest false positive rate. With eight 
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background samples, the overall false positive rate was 0.1, 12 and 21 percent 

for the PAL, PL and CC, respectively. Similarly with approximately 25 

background samples, the overall false positive rates improved to 0.1, 6, and 9 

percent. We would expect the false positive rates to decrease with more 

background samples since the mean and standard deviation can be better 

estimated for upgradient wells. This result is not true for downgradient wells 

because they may be impacted by the landfill. Hence, the background data for 

downgradient wells should be selected with care. 

Comparison of PALs, PL & CC [teres 
sn, Portage County Landfill (2966) ‘oa 

4 

40% 

Pe 2 25% 

& 20% 

i... oa © 15% 

oa fens Gag 
pie e La i a 

Z a 8 

Figure 4-23 False Positive Rate Based on Five Upgradient Wells 
(Based on Eight Background Samples) 
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Figure 4-24 False Positive Rate Based on Five Upgradient Wells 

(Based on 25 Background Samples) 

4.6 Downgradient Wells 

The false positive rates for the upgradient wells appear to be high. In 

addition to determining the false positive rate, we are interested in evaluating the 

effectiveness of the test. We did this evaluation by examining two downgradient 

wells which were preliminarily determined to be impacted. 

Consider W-18 and W-23 which we determined to be impacted based on 

box plots and time series plots for alkalinity, hardness and specific conductance. 
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As noted in Table 4-1, one can see, regardless of the method, that W-23 and W- 

18 have high numbers of violations based on eight background samples. W-23 

has approximately 40 violations (see Table 4-1) for alkalinity, hardness and 

specific conductance regardless of the test, based on eight background 

samples. Each method is equally effective for detecting the impact on W-23 

since each method indicates 4/5 of the data points are in violation. For W-18 (8 

background samples) the PAL, PL and CC have approximately 21, 29, and 37 

violations for each parameter. Although the number of violations are different, 

| each test is effective for determining impact. 

Based on eight background samples each test was effective for 

determining impact. However, the same cannot be said for using 25 background 

samples. Based on 25 background samples, the PL and indicator PAL do not 

indicate impact for these wells and parameters. Alternatively, the CC indicates a 

substantial impact for W-18 but not for W-23. This result indicates that 

background data should be selected with great care. The 25 background 

samples likely include impacted data which increases the mean and standard 

deviation and decreases the likelihood of impact detection for all tests. 
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4.7 Chapter Summary 

We have shown that the intrawell DUMPStat algorithms are more 

conservative than the indicator PAL. In addition, it is clear that the CC will 

produce more violations than the PL. Each of these methods is effective for 

determining impact. Of the violations, we noticed some upgradient wells with a 

substantial number of violations. Consequently, we estimated the false positive 

rate for the each parameter and statistical test. The false positive rate at these 

wells for the PL and CC was very high for alkalinity and hardness when 

compared to the indicator PAL. The number of violations at upgradient wells 

leads us to question the underlying assumptions of these statistical tests, which 

will be examined in the next chapter. Regardless of the statistical test or 

parameter, the selection of background data appears to a very important factor. 

lf too much data is included in the background, all the statistical tests will fail to 

detect an impact. In the next chapter, we will review the underlying assumptions 

of these statistical tests. 
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CHAPTER 5 

ASSUMPTIONS FOR INTRAWELL ANALYSIS 

5.1 =‘ Introduction 

In the previous chapters we examined three statistical tests used for 

intrawell analysis of indicator parameters including: indicator preventive action 

limits (PAL), prediction limits (PL) and combined Shewhart-CUSUM control 

charts (CC). Currently, the PAL is the statistical test mandated by the Wisconsin 

Administrative Code and enforced by the Wisconsin Department of Natural 

Resources (WDNR) for indicator parameters. Prediction limits and combined 

Shewhart-CUSUM control charts are intrawell tests used in the computer 

program DUMPStat. These tests are potential replacements for the indicator 

PAL. 

In the last chapter we applied the prediction limits and combined 

Shewhart-CUSUM control charts on data from a Wisconsin landfill and found a 

large number of false positives. For example, using 25 background samples we 

found the false positive rate to be over fifteen percent for alkalinity at the 

Portage County Landfill. In this chapter we investigate when this high incidence 

of false positives is due to violations of the assumptions; in particular, we 

explore distributional assumptions and the assumptions of stationarity and 

independence. These assumptions are investigated using alkalinity, hardness 
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and specific conductance data from 26 upgradient wells at ten Wisconsin 

landfills. 

5.2 Landfill Selection 

The locations of the landfills we considered are indicated in Figure 5-1. 

These landfills cover a majority of the state and are located in a variety of 

geologic formations. Table 5-1 gives information on each landfill. Most of the 

landfills accept municipal solid waste (MSW), and three of the landfills accept 

- industrial waste including papermill sludge and foundry waste. The size of these 

landfills varies from the small Lincoln Landfill (license number 1779), which has 

a capacity of 0.05 million cubic yards, to the large Troy area landfill (license 

number 3090), which has a capacity of 3.9 million cubic yards. 

Based on site maps provided by the WDNR, we identified 26 wells that 

were unlikely to have been impacted by these ten landfills. Most of the wells are 

clearly upgradient. A few are sidegradient wells but are clearly beyond the 

influence of the landfill. Each of the wells had at least fifteen data points for 

each of the indicator parameters of interest. The selected wells are listed in 

Table 5-2. 
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ee 

1779 @ 

@ 2805 

3141 @ 

2695 » 

@ 2966 

@ 3070 

e 2978 

3065 @ 5974 | 

3090 » 

pices | Landfill License Landfill 
Number Name Number Name 

1779 2978 Sauk Count 
2695 Pope & Talbot 3065 | City of Richland Center 

2805 Oneida Count 3070 
2966 Portage Count 3090 
2974 Grede Foundries 3141 Lincoln Count 

Figure 5-1 Name and Location of Landfills Studied 
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Table 5-1 Landfill Characteristics for Sites Studied 

a eee ee ee (License) Received (Millions of (Acres) Life Sampling Upgradient Wells 

Cubic Yards Began Analyzed 

1779 Attenuation 1990 

Pope & Talbot Partial Clay Lined | Papermill 1.2 19 1976- 1976 3 
(2695) Leachate Sludge present 

Collection 

(2805) Leachate Papermill present 

Collection Sludge 

Portage County Clay Lined MSW 1.37 18.6 1984- 1983 5 
(2966) Leachate Present 

Collection 
Grede Foundries Partial Clay Lined | Foundry 0.966 19.5 1981- 1981 2 
(2974) Leachate Waste present 

Collection 

(2978) Leachate Present 

Collection 
City of Richland Clay Lined MSW 0.34 7.3 1986- 1986 3 
Center Leachate 1993 
3065 Collection 
Juneau County Clay Lined MSW 0.42 1987- 1987 1 
(8070) Leachate present 

Collection 

3090 1996 
Lincoln County Clay Lined MSW 0.825 14.6 1987- 1987 2 
(3141) Leachate present 

Collection 
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[License#] Landfill __[| Common Well # | DNR Well # | Location 

|_-3141_ | _LincolnCounty | M9 | 710 __| Up/Side| 

Table 5-2 Selected Wells 
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5.3 Stationarity, Independence and Trend 

Most statistical tests, such as those based on the combined Shewhart- 

CUSUM control charts or predictions limits are predicated on the assumption 

that the data are taken from a random sample. Herein random means that the 

data are independent and identically distributed. In this section, we will 

determine whether the upgradient alkalinity, hardness and specific conductance 

data represent random samples. In particular, we will test for two kinds of 

nonrandomness: nonstationarity; and serial correlation. 

For data collected in time, nonstationarity means that the distribution 

changes in time. Nonstationarity can be due to seasonality of the mean and/or 

variance or to long-term drift of the mean and/or variance. Figure 5-2 is an 

example of nonstationarity due to periodic variation in the mean. Figure 5-3 is 

an example of nonstationarity in variance. Figure 5-4 shows data for which both 

the mean and variance change in time. 
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Changing Mean and Variance 
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Figure 5-4 Nonstationary Process: Changing Mean and Variance 

Figures 5-2 through 5-4 are hypothetical examples of nonstationarity; . 

Figure 5-5 shows an example of apparent nonstationarity of alkalinity data from 

two wells at the Portage County landfill. These data show apparent variation in | | 

| the mean and variance. For example, for W-9 the variance for data prior to June | 

| 1990 is 38.5 mg/l and after is 374.6 mg/l. The variance of the data from W-9p 

also appears to increase, although not as significantly as W-9. These wells are 

clearly beyond the influence of the landfill: hence the apparent nonstationary 

: behavior is not due to contamination by the landfill. Determining the cause of 

this apparent nonstationarity was beyond the scope of this study. One - 

possibility is consistent measurement error, due to changes in sampling and 
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| measurement protocols. Another possibility is that the apparent nonstationarity 

| is due to variation in the flow field at the site. 

—_ | —x— W-9 
. Portage County Landfill (2966) 
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_ Figure 5-5 Nonstationary Process: Changing Variance : 

| Inspection of all of the time series plots of the water quality data from 26 

upgradient wells did not reveal any obvious seasonal behavior. Goodman 

(1987) and Montgomery et. al. (1987) also found little significant seasonality in 

| groundwater quality data. Consequently, we did not conduct any formal | | 

statistical tests for seasonality. Instead, we conducted statistical tests for serial — 

os correlation and for linear trends, both of which are causes of nonrandomness. In 

| short datasets, such as those analyzed here. correlation and trend can be 

confounding. Strictly speaking, serial correlation should only be estimated from | 
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stationary data, as the presence of a trend can falsely indicate serial correlation. 

Similarly, serial correlation can indicate a trend which does not exist. We chose 

to use tests of both serial correlation and trend to detect nonrandomness. We 

also tested the data for normality and lognormality, since both prediction limits 

and combined Shewhart-CUSUM control charts are typically predicated on the 

assumption of normality or lognormality. 

Serial correlation was evaluated using the lag-k autocorrelation 

coefficient, the correlation coefficient for data points separated by k sampling 

intervals. This coefficient varies from -1 to +1. For the lag-1 autocorrelation, a 

positive coefficient indicates high values tend to be followed by high values and 

low values tend to be followed by low values in the time series. For a negative 

lag-1 autocorrelation coefficient, the opposite is true. 

For our study, we calculated the autocorrelation function coefficient for up 

to fifteen lags (k=15) depending on the length of the data sets. This analysis 

was performed for 26 upgradient wells for alkalinity, hardness and specific 

conductance at ten landfills. We used a five percent significance level for the 

two sided test. It should be noted that the test procedure offered in Statistica 

(1997) is slightly different from the procedure used by Goodman (1987). 

Appendix C outlines the procedure for calculating any lag-k autocorrelation 

coefficient and it includes a sample calculation. 
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Before reviewing our results, it is interesting to look at graphical 

representation of the data. Specifically, a plot for the concentration, C.., versus 

the next concentration, C;, provides a visual indication of the strength of the 

lag-1 Autocorrelation coefficient. For perfect positive correlation the plot would 

be linear with a positive slope. For strong correlation, the plot would show a 

clustering of the data points with a positive slope. Figures 5-6 and 5-/ show the 

results for specific conductance for two wells. These two wells show no 

clustering and no clear slope. The lag-1 autocorrelation coefficient for the data 

are 0.005 and -0.053 respectively; neither is significant at the 5% level. In 

contrast, strong lag-1 autocorrelations are shown in Figures 5-8 and 5-9. The 

positive slopes are clear as well as the clustering of both high values and low 

values. Lastly, figures 5-10 and 5-11 show strong lag-1 autocorrelations but the 

high values are more disperse than the low values. 
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Figure 5-6 No Significant Serial Correlation 
. (r;=0.005, p=0.97) 
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| Hardness, W-9, Portage County (2966) os 
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| Figure 5-8 Significant Positive Serial Correlation | 

| | | (r;=0.716, p=0.000) 
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| Figure 5-9 Significant Positive Serial Correlation | 

_ (r;=0.676, p=0.000) 
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| | é | Hardness, W-6, Pope & Talbot (2695) | 
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Figure 5-10 Clustering of Lower Values and Dispersion of High Values | 
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| Figure 5-11 Clustering of Lower Values and Dispersion of High Values — | 
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| _ Autocorrelations were displayed in the form of correlograms, plots of the 

estimated lag-k autocorrelation coefficient as a function of k. Figures 5-12 and | 

5-13 show an example for which the autocorrelation was insignificant for all | ek 

| fifteen lags calculated. Figures 5-14 and 5-15 show correlograms for which . 

— significant correlation persists for a number of lags. It is not surprising that these 

| two correlograms are almost the same. Figure 5-14 is hardness and Figure 5-15 

is the alkalinity for the same well. Since this is a carbonate aquifer, we can . 

expect hardness and alkalinity to be similar. Figure 5-16 and 5-17 are also | 

correlograms for the alkalinity and hardness. Here, the correlations decay to | i 

zero after eight lags and then become negative (although not significantly). All 

| the correlograms are included in appendix C. * 

- _ Autocorrelation Function: Portage County Landfill (2966) | 
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oo Autocorrelation Function: Portage County Landfill (2966) | | 
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Figure 5-14 Corellogram with Autocorrelation Showing Longer Term 

Persistence 
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Autocorrelation Function: Pope & Talbot Landfill (2695) 
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Figure 5-15 Corellogram with Autocorrelation Showing Longer Term 
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Goodman (1987) and Montgomery et. al. (1987) also evaluated serial 

correlation coefficients of groundwater quality data. Goodman tested for serial 

correlation using two methods: lag-1 autocorrelation function; and the 

nonparametric runs test. The results were similar for both tests. For the 

parameters examined in this study, Goodman (1987) found a smaller proportion 

of significant lag-1 autocorrelation coefficients: 23, 26 and 24 percent compared 

to the 62, 65 and 58 percent found in this study for alkalinity, hardness and 

specific conductance, respectively. Much of the difference may be attributed to 

differences in record lengths. The average record length in Goodman (1987) 

was less than three years; in this study the average record length is about 

thirteen years. Montgomery et. al. (1987) estimated lag-1 autocorrelation 

coefficients for hardness and specific conductance at two and eight wells, 

respectively. Of these, only 50% of the hardness data and 25% of the specific 

conductance data showed significant autocorrelation. The average record 

length was only about seven years. 
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Figure 5-18 Results for Independence Tests 

Our study indicates the data for upgradient wells are not random. One or 

more correlation coefficients for over 50 percent of the data sets are significantly 

different from zero. In the next section we will test the data for trend. 

A number of parametric and nonparametric tests for trend are available. 

Stoline et. al. (1993) used parametric regression to detect both linear and 

quadratic downward trends for a superfund site. Frapporti et. al. (1994) used the 

Spearman rho test to evaluate changing geochemical processes. DUMPStat 

uses Sen’s test to evaluate background data for upward historical trends or the 

entire data set for upward or downward trends for assessment monitoring. We 
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chose the gamma test, which is a slight variation of the Kendall tau test. The 

Gamma test and Sen’s test procedures are outlined in appendix A. 

The results of the gamma test are shown in Figure 5-19, for a significance 

level of five percent. Overall, at least 50 percent of the wells had a significant 

trend for alkalinity, hardness and specific conductance. Slightly fewer wells 

showed trend than autocorrelation for hardness and specific conductance. 

Slightly more wells exhibited autocorrelation than trend for alkalinity. Further, 

the breakdown of the gamma trends were 53 percent positive and 47 negative. 

Figure 5-20 shows the totals for autocorrelation and trend on the same graph. 
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Figure 5-19 Overall Results for Trend Tests 
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Figure 5-20 Overall Results for Trend and Autocorrelation 

5.4 Normality 

Prediction limits and combined Shewhart-CUSUM control charts, as used 

in DUMPStat, are generally predicated on the assumption of normality. A 

number of tests for normality are suggested in the literature. Gibbons (1994) 

lists several including: 

e Normal Probability Plots 

e Shapiro-Wilk Test 

e Shapiro-Francia Test 

e D’Agostino’s Test 
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e Skewness 

e Kolmogorov-Smirnov (mean and variance known) Goodness-of 

Fit Test 

e Kolmogorov-Smirnov with Lilliefors Generalization (uses sample 

mean and sample standard deviation) 

Montgomery et. al. (1987) and Gilbert (1987) suggest: 

e Histograms 

e Normal Probability Plots 

e Chi-Squared Goodness-of-Fit Test 

e Skewness 

Before applying a test for normality, it is useful to examine histograms of 

the data. Histograms give qualitative information about data normality. For 

example, the alkalinity data shown in Figure 5-21 approximately exhibit normal 

behavior. Other data give a different picture. Figure 5-22 shows sampling data 

clearly skewed to the right while Figure 5-23 shows data clearly skewed to the 

left. Although the skewness coefficient would detect non-normal behavior for 

Figure 5-22 and 5-23 it would not detect the bimodality evident in Figure 5-24. 
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For a quantitative look at normality we performed two numerical tests: the 

Shapiro-Wilk (SW) test and the Kolmogorov-Smirnov test (KS). The Lilliefors 

test procedure was used for the KS test since the mean and variance were not 

known a priori. For these tests, we analyzed 26 upgradient wells at ten landfills 

in Wisconsin for normality. For each well we used alkalinity, hardness and 

specific conductance. 

Using a five percent significance level, we found that the KS and SW 

provided similar results for alkalinity and specific conductance and identical 

results for hardness. For the SW test, 54, 73 and 54 percent of the wells were 

rejected for normality for alkalinity, hardness and specific conductance 

respectively. Similarly for the KS test, 50, 73 and 46 percent of the wells were 

rejected for normality for alkalinity, hardness and specific conductance. Overall, 

normality was rejected 60 percent of the time for the SW test and 56 percent of 

the time for the KS test. 

The results from our tests are summarized in Figure 5-25. In addition, 

this figure compares our results with the results from Montgomery et. al. (1987), 

Goodman (1987), and Fisher (1989). Note that Montgomery et. al. (1987) did 

not use alkalinity in any of the tests and only tested three wells for hardness. 

From Figure 5-25, one can see from all three studies that normality is rejected 

more often for hardness than for alkalinity and specific conductance. Basically, 

our study shows that the assumption of normality is frequently violated. 
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Figure 5-25 Results for Tests of Normality 

We also applied the SW test to the log transform of the data. Table 5-3 

gives the results of these tests. For the parameters alkalinity, hardness and 

specific conductance 58, 46 and 61 percent of the wells were rejected for 

lognormality. This is comparable to the rejection rate of 54, 73 and 54 percent 

for normality. Also, 46, 46 and 42 percent of the wells were rejected for both 

normality and lognormality. Alternately, 35, 27 and 27 percent of the wells were 

not rejected for both normality and lognormality. These results are not 

encouraging for the use of prediction limits or control charts based on normality 
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or lognormality. In about 50 percent of the cases considered neither assumption 

appears to be warranted. 

eat] | “oe ee Normality || Lognormalit Both Both 

Alkalinity 14/26 15/26 12/26 9/26 
Hardness 19/26 12/26 12/26 1/26 

Specific Conductance 14/26 16/26 11/26 1/26 

Table 5-3 Results for Shapiro-Wilk Test for Normality and Lognormality 

5.5 How do Violations of Assumptions Affect Parametric Tests? 

In previous sections, we found that over 50 percent of the upgradient 

wells had a significant trend, non-normal distribution or serial correlation. In 

fact, 93, 100 and 88 percent of the wells were significant for at least one of the 

three for alkalinity, hardness and specific conductance, respectively. In the case 

study discussed in the previous chapter, we found that a number of upgradient 

wells had violations. Further, we found the false positive rate to be higher than 

expected. In this section, we will use DUMPStat and the indicator PAL to 

evaluate the same 26 upgradient wells at ten landfills. Again, the parameters 

alkalinity, hardness and specific conductance will be used. This analysis was 
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performed using eight background samples. After the analysis, we tabulated the 

number of data points out of compliance. Next, we estimated the false positive 

rate. Lastly, we determined if the data points that were out of compliance were 

in data sets exhibiting nonormality, serial correlation, and trend. 

Figure 5-26 shows the number of violations for each parameter for all the 

upgradient wells. Figure 5-27 shows the estimates of the false positive rate 

based on the same wells. Clearly, the PL and CC indicate a large number of 

violations in the upgradient data. For all cases, the CC had more violations than 

the PL and the PL had more violations than the PAL. For instance, alkalinity had 

2 ,151 and 202 violations for the PAL, PL and CC, respectively. Since all the 

data is upgradient, these violations are all false positive results. Overall the 

false positive rate estimate is 0.7, 10.9, and 21.4 percent for the PAL, PL and 

CC, respectively. 
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How do these false positive results relate to violation of the assumptions 

of normality and randomness in the indicator PAL, PL and CC. Figure 5-28 

shows the percent of PAL exceedances which occur in datasets which exhibit 

serial correlation, nonormality, or trend. Figures 5-29 and 5-30 show the 

corresponding plots for PL and CC respectively. Of the PAL violations, 83, 78 

and 74 percent of the violations were in data sets showing nonormality, serial 

correlation or trend respectively. (Note however, that they were close for PAL 

exceedances for alkalinity and hardness data.) For the PL, at least 65 percent 

of the violations are in data sets showing nonormality, serial correlation, or trend. 

For the CC, at least 57 percent of the violations are in data sets violating 

assumptions. From this, we can conclude data that violates the assumptions is 

more likely to be out of compliance than in compliance. 
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5.6 Chapter Summary 

The tests used in DUMPStat assume that the data are random and are 

normally distributed (or can be normally distributed with a log transformation). 

Analysis of alkalinity, hardness and specific conductance data for 26 upgradient 

wells indicated that these assumptions are commonly violated. Over 50 percent 

of these wells, for each parameter, had a significant autocorrelation coefficient 
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or trend which indicates the data are not random. Also, over 50 percent of the 

upgradient wells, for each parameter, rejected normality and over 50 percent 

rejected lognormality. 
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CHAPTER 6 

RECOMMENDATIONS AND CONCLUSIONS 

We cannot recommend the use of DUMPStat as a supplement or 

alternative to the indicator PAL. Use of DUMPStat’s methods for intrawell 

comparison, prediction limits and combined Shewhart-CUSUM control charts, 

will result in many false indications of contamination. This is true for two 

reasons. First, DUMPStat’s intrawell tests are inherently more conservative than 

the indicator PAL, except at small sample sizes. Second, the assumptions on 

which these tests are based, that the data are random samples from normal 

distributions, are often violated by upgradient landfill monitoring data. 

Nonrandomness in particular can trigger false indication of contamination. 
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A1.0 Sen’s Test 

Reference: 

Gibbons, Robert D. Statistical Methods For Groundwater Monitoring. New York: 

John Wiley & Sons, Inc., 1994. | 

Sen developed this nonparametric trend test. DUMPStat uses it to identify 
historical trends if the option is selected in the setup menu. The test estimates : 

the slope of the concentration versus time regression line. According to Gibbons 

this method is robust to outliers, missing data and nondetects. The required 
data includes the sample values and the order of the samples in time for a well 

and constituent. 

| The one sided hypothesis test is: | 

Null hypothesis Ho: The data has no upward trend 

| Alternate hypothesis H,: The data has an upward trend 

A1.1 Test Procedure | 

First, compute N estimates of the slope Q where 

n= 29D 94 4) 
2 

xX —X | 
and Q= ae (A1.2) 

for all combinations of j greater than i where j=(i+1),....9 and i=1,....(n-1). 

n is the total number of sample points, x; is the ith sample concentration and X+1 
is the jth sample concentration. 

' Second, rank the N values of Q from smallest to largest. Compute the median 
slope S, where | 

| S = Quivya) if N is odd | (A1.3) 

S = Qi + Qin.zya) HEN Is even (A1.4) 
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Third, estimate the variance of S, V[S]. For n>10 the V[S] can be estimated by 

n-(n-1)-(2n+5)- St, -p-(p—1)-(2:p+5) 
VS] = (A1.5) 

18 

where t, is the number of ties with extent p. For example for ts=2 there are two 
ties of extent 4. There are two measurements repeated four times each. 

Fourth, compute the approximate lower confidence limit which is the Mth 
smallest value of Q where 

N-Z-V{sl" 
M= N-Z,. VS] (A1.6) 

2 . 

Z;-c. is the lower one sided (1-a)100 percent confidence Z statistic for the normal 
distribution, where « is the significance level of the test. 

Lastly, locate the Mth smallest value of Q. Typically, M is not an integer so 

interpolate to approximate the Mth largest Q. If this interpolated value is greater 

than zero reject the null hypothesis. 
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A1.2 Sample Calculation | 

Compute the number of slope estimates, N 

n= 10:9 _ 45 
2 . 

Compute slope estimates, Q | 

aes Period|| Concentration 

10.00 
12.50 | 15.00 

(4 {| 210 | 3.33 | 0.00 |-15.00 
: 15.00 | 16.67 | 17.50 | 50.00 

| 6 | 260  |12.00] 12.50] 11.67] 25.00] 0.00 | | 
| 15.00 | 16.00 | 16.25 | 26.67 | 15.00 | 30.00 

8 | 250 | 7.14 | 6.67 | 5.00 | 10.00] -3.33 | -5.00 |-40.00 | 
9 | 260 | 7.50 | 7.14 | 5.83 | 10.00] 0.00 | 0.00 |-15.00] 10.00 

| 40 | 300 ~~‘ | 11.11] 11.25] 10.71| 15.00] 8.00 | 10.00] 3.33 | 25.00] 40.00 

| Table A1.1 Individual Slope Estimates : 

Now rank the Q values from smallest to largest. | 

| Rank | Q {| Rank | Q_ | Rank | Q | Rank | Q | 
5.833 10.71 a 
6.667 11.11 
7.143 11.25 16.25 
7.143 11.67 16.67 

5 | -3.33 | 17 | 75 |) 28 | 12, | 89 | 175 
| 6 {| o | 18 [| 8 | 29 | 125 [| 40 | 25 
7 {[ o | 19 [| 10 | 30 {[ 125 | 44 | 25 

| 8 | oOo {| 20 | 10 | 31 [ 15 | 42 | 2667 |. 
9 | o f 21 | 10 | 32 | 15 | 43 | 30 | 

3.333 

Table A1.2 Ranked Slope Estimates 

A-3 | |



Compute The Median Slope 

: S = Qa = 10.00 

Estimate the variance of S. 

_on-(n=1)-(2n+5)- St, -p-(P-1)-(20+5)  49.9.25-4.3.2.11-4-2-1. vis]- » (2P+5) 10.9.25-1.3.2-11-1.219 . 00, 
18 18 

where n=10 is the number of sample points. Also, the data contains two ties. | 

The first is a two way tie with a concentration of 210. Consequently t=1. The | 

second is a three way tie with a concentration of 260. Similarly ts=1. 

For the 99 percent one sided test Zo 90=2.33. | 

Determine the Mth smallest slope estimate Q. 

M - N-Z. -V[S} _ 45 —- 2.33-120.33 _ 972 

2 2 | 

So select the ninth and tenth smallest values for the slope estimate, Q. Then 
interpolate to get the Mth smallest Q value. 

Q =0 

Q19=3.33 

Q972=2.40 

| Qg72>0 so the reject null hypothesis that trend is zero (the data may have an 

upward trend). | 
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. A2.0 Dixon’s Test | 

Reference: 

Gibbons, Robert D. Statistical Methods For Groundwater Monitoring. New York: | 
John Wiley & Sons, Inc., 1994. 

Dixon developed this test for possible outliers. According to Gibbons (1994), 

Dixon’s Test can be used where a small number of outliers are suspected. 

DUMPStat searches for outliers in the background data. If outliers are included 
in the background data, the control limit could be set too high or too low. This 

| influences the false positive and false negative rate. 

The two sided hypothesis test is: 

Null hypothesis Ho: The data set contains no outliers 

Alternate hypothesis H,: The data set contains outliers | 

A2.1 Test Procedure | | a 

To perform the test, first rank the data from smallest to largest. Second, 

calculate the Dixon statistic for the highest and lowest values in the data set. 

Table A.2.1 shows the Dixon statistics based on the number of sample values, n. 

fon |) Highest Value |} ~~ Lowest Value 

3-/ XK, ~ Xaa1 xX, —%, 

| xX, —X, XxX, —X, 

8-10 X,—X_, X, —X, 

X, —X, X41 % 

11-13 X,-X,, X, —X, 

X, —X, X41 —%, 

14-25 X,-X_, xX, —X, 

X, — X | X,2 — %, 

Table A2.1 Dixon’s Test Statistic Equations 

| 
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Lastly compare these statistics with the critical Dixon’s statistics provided in 

| Table A2.2. The test may be repeated if additional outliers are suspected. 

However, this may increase the probability that a data point is removed 

unnecessarily. The probabilities in Table A2.2 are for a single test for outliers. 

Pon | 5% tH hE 

| 6 | o560 | o698 | 17 | 0490 | 0577 

| | 8 | 60554 | (o6s3 | 19 | 0462 | S47 
| 9 =| 60512, | 0635 | 20, || 0450 | 0.535 

Table A2.2 Critical Values for Dixon’s Statistic 
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A2.2 Sample Calculation | 

Tose Concentration 

| 
) 

| 6 | 260 | 

8 | 260 | | 
9 | 290 

| 

| Table A2.3 Sample Data for Dixon’s Test 

xX —X xX, — X . . 
n=10 therefore use —-——+. and —*——~ for the high value and low value Dixon 

X, — X, X41 —%, 

statistic. The corresponding results are 

Xn-1=2.90 Xn=3000 

x2=210 | x1=2.00 

The Dixon statistic for the upper value is 

X, 7X1 _ 3000-290 _ G97, | 
x -x, 3000-210 

The Dixon statistic for the lower value is | 

GX 210-2.00 _ 0722 

x,-X, 290-200 , 

The critical Dixon Statistic with a one percent false positive rate is 0.597. Since 
both Dixon statistics calculated above the critical Dixon statistic, reject the null 

} hypothesis. Consequently, the highest and lowest value in the data set should — 

| be removed prior to calculating the mean, standard deviation, PAL, prediction 

limit or control chart. 

| | A-7



A3.0 Intrawell Shewart-CUSUM Control Charts 

Reference: | 

Gibbons, Robert D. Statistical Methods For Groundwater Monitoring. New York: 

John Wiley & Sons, Inc., 1994. 7 

The Shewart-CUSUM control chart is one intrawell option available in 
DUMPStat. This method combines the Shewart control chart which can detect 

) immediate releases, and the CUSUM control chart which can detect gradual 
releases. The data in order of measurement are required for this analysis. | 

DUMPStat notifies the user of historical trends using Sen’s test and removes 
outliers using Dixon’s test. Procedures and examples of these tests are included 

in A1.0 and A2.0. | 

The one sided hypothesis test is: | 

Null hypothesis | Ho: The well is not in violation | 

| Alternate hypothesis H,: The well is in violation | 

| A3.1 Test Procedure 

DUMPStat selects three Shewart-CUSUM control chart parameters. 

PU KS 

~ Table A3.1 Shewart-CUSUM Control Chart Parameters 

n is the number of background samples. The user may set the minimum number 

of n to 4, however, Gibbons and the WDNR recommend a minimum of 8 

| background samples. k is a parameter related to the displacement that should 

be quickly detected. h is value which the CUSUM will be compared. SCL is the 
number of standard deviations the Shewart will be compared. These values are 

slightly more conservative than the EPA recommendations. 
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First, compute the mean, x, based on the background data where 

ox 
X=— (A3.1) 

| n 

Second, calculate the standard deviation, s, based on the background data 

where | 

x -X 
S$ = 4j/=-—_ (A3.2) 

n-1 

Third, calculate the z score for all i=1,2....N where 

z-r—* (A3.3) 
S 

and N is the total number of samples both background and beyond. 

Fourth, calculate the CUSUM, §S, for all i=1,2....N where 

S, = max(0,(z,—k)+ S, ,| (A3.4) 

and 

So=0 

The Shewart-CUSUM control chart is out of control if during a sampling period 
S,2horz>SCL. This must be verified by the next round of sampling before 

action is required. a 
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A3.2 Sample Calculation 

For the data listed below use the first 8 samples for the background. Compute 

the Shewart-CUSUM control chart based on the entire sample. 

Time Sample Time | - Sample 
Period Concentration Period Concentration 

| 2 {| 210 | 8 | 250 | 
| 3 [| 225 | 9 | 260, | 

6 | 20 #| 12 | 260 

Table A3.2 Sample Data for Shewart-CUSUM Control Chart 

Calculate the mean and standard deviation based on the eight background 

samples. The results are listed in Table A3.3. Also, the three Shewart-CUSUM 
control chart parameters are listed. 

: 231.875 | 
| Standard Deviation, s 23.895 | | 

h=SCL 
Number of Background,n| 8 | , 
Total Samples, N | 12 | 

Table A3.3 Mean, Standard Deviation and Shewart-CUSUM Control Chart 

| Parameters 

| | A-10



Calculate z; and S; based on equations A3.3 and A3.4. Displays of the control : | 
chart in graphical and tabular form are included in table A3.4 and figure A3.1. 

Time Sample Shewart | CUSUM Control Chart 
Period, i | Concentration, x; Zi Sj Status 

pt | 200] 4.33 | 0.00 | InControl 

| 3 | 225 | 0.29 | 0.00 |  InControl 
4 | 210  ~| -092 | 000 | ~~ InControl |] 

| 6 | 260] 118 | 035 |  InControl 
| 7 | 240s] 0384 | 0.00 | InControh 
| 8 | 250 | 076 | 0.00 | ~~ InControl 
9 | 20 | 118 | 0148 | ~~ InControl 

Out of Control (Hit) 

Table A3.4 Tabular Shewart-CUSUM Control Chart 

—m— Samples 

Sample Control Chart 

400 | | | TTT TTT {[{Tf[ {iy 
=o} | | | | | | | | | 
Bol | | pe a NN 
£ nla) tt 
Fiol | | | | | | | | | 

9 
ol | | | | | | | | fp ty 

ot tT | TE 
1 2 3 4 5 6 7 8 9 10 11 12 

Time Period 

Figure A3.1 Graphical Shewart-CUSUM Control Chart | 

Note the eleventh concentration is out of control for the CUSUM portion of the 
control chart. This is verified on the twelfth sample. Therefor action should be | 

taken. 
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_ A4.0 Intrawell Prediction Limits 

Reference: | | 

Gibbons, Robert D. Statistical Methods For Groundwater Monitoring. New York: 

John Wiley & Sons, Inc., 1994. 

The prediction limit is one intrawell option available in DUMPStat. This method 
is detects immediate releases faster than the Shewart-CUSUM control charts but 
cannot detect slow or gradual releases. The data in order of measurement are 

required for this analysis. | 

DUMPStat notifies the user of historical trends using Sen’s test and removes 
outliers using Dixon’s test. Procedures and examples of these tests are included 

in A1.0 and A2.0. | | 

The one sided hypothesis test is: 

Null hypothesis Ho: The well not in violation 

Alternate hypothesis H,: The well is in violation 

A4.1 Test Procedure | 

First, select « as the minimum of 0.01 or a@=V1- 0.95: for one verification 
resample. For this study pass 1 of 1 resamples was selected from the setup 

menu for the verification resampling plan. Other verification resampling plans 

can be selected in the DUMPStat setup menu. k is the number of future 

comparisons to be made. 

Second, compute the intrawell prediction limit, PL, as: 

PL=x+s-t yytts (A4.1) 

where x is the mean and s is the standard deviation of the background data 

(see equations A3.1 and A3.2). nis the number of background data points. 

tn S the student's upper one sided t statistic based on n-1 degrees of 

freedom and a 1-a confidence level (see table A4.1 on the next page). 
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pnt | tos of} et tos 
| 

| 

| 6 | 3.142664 | 22 | 2.508326 _ 

| 8 | 2896457 | 24 | 2.492159 | 
| 9 | 2821438 | 25 | 2.485111 

| 

, 

Table A4.1 Student’s t Statistics Based on n-1 Degrees of Freedom and a 

99 Percent Confidence Level 

Third compare the prediction limit to the data of interest. If the data exceeds the 

prediction limit two consecutive times the well is in violation. 
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A4.2 Sample Calculation 

Compute the prediction limit based on the first eight background samples (n=8). 

See if samples nine through twelve exceed the prediction limit. 

Time Sample Time Sample | 
Period Concentration Period Concentration 

| . 
2 | 210 #Xx,| 8 | 250 | 

| 3 | 225 | 9 | 260, 
4 | 210 | 10 | 300, 

6 | 260 12822 

| Table 4.2 Sample Data for Prediction Limit 7 

There are four future samples therefor k=4. Consequently, « is the minimum of 

0.01 and a@ = ¥1-0.95* = ¥1-0.95' = 0.113. 

Select tjo.99,7;=2.997957 from Table 4.2. . 

_ For the background data the mean, x, is 231.875 and the standard deviation, s, 

is 23.895. 

PL = X+S-t 4] jie = 2319+ 239.2.998.,/1+— = 307.9 

The eleventh and twelfth samples exceed the prediction limit. The well may not 

be in compliance and action should be taken. | 
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A5.0 Gamma Test 

References: | 

Kendall, M.G, and Jean Dickenson Gibbons. Rank Order Correlation. New York: 

Oxford University Press, 1990. 

Statsoft, Inc. Statistica for Windows [Computer Program and Manual]. Tulsa, 
Oklahoma: Statsoft, Inc., 1997. 

The Gamma test is a nonparametric trend test. It is equivalent to the Kendall 
tau, except that ties are explicitly taken into account. The Gamma test yields 

exactly the same results as the Kendall tau type b, except the calculation of the 

gamma statistic removes the ties from the denominator of the statistic. Like | 

Sen’s test the Gamma test is robust to outliers missing data and nondetects. The | 

required data includes the sample values and the order of the samples in time 

for a well and constituent. 

Null hypothesis Ho: The data has no upward trend | 

Alternate hypothesis H,: The data has an upward or downward trend 

A5.1 Test Procedure | 

First, compute N values of the sgn(x-xi) where 

yen (n-1) | (A5.1) | 
2 

+1 if x,-x >0 

and sgn(x,-x)= ,0 if x-x =0 (AS.2) 

—-1 if x-x <0O 

for all combinations of j greater than i where j=(i+1),....9 and i=1,....(n-1). nis 

the total number of sample points, x; is the ith sample concentration and Xj; is 
the jth sample concentration. | 
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Second, calculate the Mann-Kendall statistic, S as | 

S = Sy sgn(x -x) | (A5.3) 

Basically, this is the sum of the +1 and -1 values calculated in equation A5.2. If 

S is zero, no trends exist. | 

Third, calculate the gamma statistic as, | | 

y = Ss (A5.4) 
N-st,-&.(p-1) 

p=1 2 

where t, is the number of ties with extent p. For example for t,=2 there are two | 
ties of extent four. There are two measurements repeated four times. 

Fourth, estimate the variance of S, V[S]. For n>10 the V[S] can be estimated by 

n-(n—1)-(2n+5)— St, -p-(p-1)-(2-p+5) 
| v/s] a (A5.3) 

18 

| Fifth, for n>10 the z statistic can be estimated for the two sided normal test by 

Sat if S>0 , | 
| V[S}? | 

Z= 0 if S>O (A5.4) 
S41, | 
— if S <O 

‘(MSP 

Sixth, compare z value with two sided z value with a 95 percent confidence level. 

Therefor if |z| > 196 then reject the null hypothesis. The data may have a trend. 
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A5.2 Sample Calculation | 

Compute the number of sgn(x,-x;) values, N 

n=10'9 _ 45 
2 

Compute sgn(x-xi) 

i a Period] Concentration 

: 
| 

(4 / 20 | 1407 -1 | | 
ee ee 

pe | 20 {1/1 ]/1/%14[{ 0 | 
(7 | 20 {[1][1]1/%4]14]1 | 
ps | 20 {1/1 ]14]4 ] 4 {| 1] 1 
po | 20 {[1{[i1;r1]fa1}of}ol+1fi1 | , 

Table A5.1 Individual sgn(x;-x;) for Gamma Test 

Calculate the Mann-Kendall statistic, S by adding all the 1’s, 0’s and -1’s in 

Table A1.1. | 

S =¥.y sgn(x,-x) = 36-1+4-0+5--1= 31 

Calculate the gamma statistic, y 

N-|st.-£-(p-1)| 45-|1-£(2-1)4+1-=(3-1 362-0 ) 45 )+1-5( ) 

| Estimate the variance of S, | 

n-(n-1)-(2n+5)— >t, -p-(p-1)-(2p+5)  49.9.95-4.3.2.11-1-2-1. vs]- » (2P+5) 40.9-25-1-3-2-11-1-2-1-9 44, a0 
18 , 18 
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S>0 so calculate z, based on equation 5.4. 

z- S-1_ 3101 _5735>1.96 
V[S)P 120.33? 

Reject the null hypothesis. The data may have an upward trend. 
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A6.0 Autocorrelation Function 

References: 

Box, E. P. and G. M. Jenkins. Time Series Analyis Forecasting and Control. 

San Francisco: Holden Day, 1976. 

Kendall, M.G. and Ord, J. K. Time Series. New York: Oxford University Press, 

1990. | 

Statsoft, Inc. Statistica for Windows [Computer Program and Manual]. Tulsa, 
Oklahoma: Statsoft, Inc., 1997. 

The autocorrelation or serial correlation coefficient relates a series of data with 

itself shifted by a lag of k observations. This is a test of independence. The 

required data includes the sample values and the order of the samples in time 
for a well and constituent. 

Null hypothesis Ho: The data does not have autocorrelation 

Alternate hypothesis H,: the data has autocorrelation 

A6.1 Test Procedure 

The autocorrelation function, r;, may be estimated as 

r = c, (A6.1) 
C, 

where 

C, = ~ (x -x)(x,, -X) (A6.2) 

is the estimate of the autocovariance and x is the mean of the data. k is the 

number of the lag. In this study ak is one was used. Also, i=1,2....(N-k). 
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Assuming the series is a white noise process (all the autocorrelations are zero), 

the standard error of the autocorrelation function, SE[r,] can be estimated by: 

1 N-k 
SE[r. ] = ,/—-——— A6.3 [ri] y N Na (AG.3) 

Lastly, calculate the normal z statistic and compare it to the two sided tabulated 

value at the 95 percent confidence level (1.96). If z>1.96 then reject the null 

hypothesis. 

r 
Z=—+*— (A6.4) 

: SEf[r, ] 
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A6.2 Sample Calculation 

Calculate the autocorrelation function for the following data. 

pees Period} Concentration 

| 6 | 260 

| 8 | 300 
| 9 | 320, 

Table A6.1 Sample Data for Autocorrelation Function 

Calculate the autocovariance functions, Cc, and C;. 

Cc, = - y (x, — X)(X,, — x) = “ [(222 — 255.2)(21 O- 255.2) + (21 O- 255.2)(200 — 255.2) + 

,..(320 - 255.2)(340 — 255.2)| = 1343.7 

Similarly, 

Cc, = 1651.4 

From these calculate the lag-1 autocorrelation function, r;. 

r = GL 1943.7 _9 g44 
Cc, 16514 

Now, estimate the standard error of the autocorrelation function 

SE[r. ] = A Nok = JA 10-1 — 0.075 
N N+2 10 10+2 
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Next, compute the standard normal variate, z 

z=—__ 9814 _ 1085. 196 
SE[r.]} 0.075 

This z value is greater than 1.96 so reject the null hypothesis. The data may 

have serial correlation and the assumption of independence is in question. 

A-22



APPENDIX B 
GAMMA TEST RESULTS |



APPENDIX B 
GAMMA TEST RESULTS 

Table of Contents : Oo 

B1.1 Lincoln Landfill (1779) B-1 

B1.2 Pope & Talbot Landfill (2695) B-2 

B1.3 Oneida County Landfill (2805) | B-3 

B1.4 Portage County Landfill (2966) B-4 

B1.5 Grede Foundries Landfill (2974) | B-5 

B1.6 Sauk County Landfill (2978) B-6 

B1.7 City of Richland Center Landfill (3065) B-7 

| B1.8 Juneau County Landfill (8070)  ~—«iB-8 

B1.9 Troy Area Landfill (3090) — B-Y 

B1.10 Lincoln County Landfill (3141) a B-10



B1.1 Lincoln Landfill (1779) 

Alkalinity | a 

| Valid | 

N_[Gamma] Z| p-level_ 
0.065 
7E-06 

Hardness | 

Valid 

N_[Gamma[ Z| plevel 
0082 
2E05 | 

Specific Conductance _ | 

Valid 

N__[Gamma[ Z| plever 
O11 | 1248 | 0212 

2E-06 
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| B1.2 Pope & Talbot Landfill (2695) 

| Alkalinity | | 

Valid 

N [Gamma] Z| p-level 
wis S*~«wCCi «88 | 7-526 | SEA 

0.206 [2.609 | 0.009 

Hardness 

| Valid | 

| n [Gamma[ Zz [prev] 
wis SS~*~SCi CSC 0.003 

0.449 | 4.634 | 46-06 

Specific Conductance 

Valid 

N [Gamma] Z| p-level_ 
fas 600864 | 4.098 | 4-05 

0.365 | 3.564 | 4E-04 
0.235 | 2.896 | 0.004 
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| B1.3 Oneida County Landfill (2805) 

Alkalinity | 

Valid a | 

N__[Gamma]_Z__[p-lever 
0086 | 0497 | 0619 

MW-126 0.702 

Hardness | 

| Valid | 

N [Gamma] Z| plevel 
Mwai S”S™~*~<—~SSCSS «YC |S | OT 
MW-126 

Specific Conductance | | | 

Valid | 

N__[Gamma] Z| plevel 
Mwai SS™S*~YCiSCS:C a | 9B | BOT 
MW-126 0.011 
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B1.4 Portage County Landfill (2966) 

Alkalinity 

Valid 

N__[Gamma] _Z__[p-level_ 
0.555 | 5.659 | 2E-08 
0378 | 3.797 | 1E-04 

0.018 
0.452 | 4.542 | 6E-06 

0.247 | 

Hardness | 

Valid 

N [Gamma] _Z [p-level 
0.367 | 3.629 | 36-04 
0.132 | 1335 | 0.182 

0.399 
0.435 | 4.426 | 1E-05 

0.395 

| ‘Specific Conductance | 

Valid | 

N [Gamma] Z| p-evel_ 
0.059 | 0.608 | 0.543 

0.456 
0.005 | 

0.059 | 0.595 | 0.552 
0.421 
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B1.5 Grede Foundries Landfill (2974) 

Alkalinity | | 

Valid 

N_ [Gamma] 2] plevel - 
0-001 

BS _i| st | 06 | 618 | 9-10 

Hardness | 

Valid | 

N |Gamma] Z__ | p-level | 
0.221 | 2.389 | 0.017 
0237 | 2.441 | 0.016 

Specific Conductance 

Valid 

Oo N_[Gamma] Z| p-evel 
0.081 | 0882 | 0378 
0.058 | 0.599 | 0.549 
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B1.6 Sauk County Landfill (2978) 

Alkalinity 

| Valid 

N [Gamma] Z| plever 
0-004 

W-30A 48 | 0.45 | 4.45 | 96-06 
0.003 

Hardness | 

Valid 

N_[Gamma[ Z| p-level_ 
0,046 

W-30A 0.003 
0.004 

Specific Conductance | | 

: Valid 

N__[Gamma]__Z _[p-level 

W30A 0.036 
0.072 
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B1.7 City of Richland Center Landfill (3065) 

Alkalinity | 

Valid 

N__[Gamma[ Z| p-level_ 
0.339 | 3.152 | 0.002 

0.189 
MW-7P 0.278 | 2.558 | 0.011 

Hardness 

| Valid 

N__[Gamma] 2 __| p-level_ 
0.915 

0.289 [2717 | 0.007 
MW-7P 0.059 0.582 

Specific Conductance 

Valid 

N__[Gamma[ Z| p-level_ 
0.117 | 1.069 | 0.285 
0.249 | 2312 | 0.021 

MW-7P 0.249 0.022 | 
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B1.8 Juneau County Landfill (3070) 

Alkalinity | | 

Valid 

N_[Gamma] Z| pievel_ 
0.435 | 2777 | 0.008 

Hardness 

| Valid 

N_[Gamma[ Zz [pievel 
0-681 7E-06 

Specific Conductance 

Valid 

N__[Gamma] Z| puevel_ 
0.454 | 2931 | 0.006 
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B1.9 Troy Area Landfill (3090) 

Alkalinity 

Valid ) 

__ N [Gamma] Z| p-level 
0.005 

oo77 | 0485 | 0627) 
0497 | 1624 | 0.128 

Hardness | | 

Valid | | 

N_ [Gamma] Z| pHevel 
0.087 

0.043 | 0.272 | 0.785 
B2SS~dC ‘| 2a | 1.882 | 0.06 

Specific Conductance 

| Valid | 

N__[Gamma[Z_[plevel_ 
7E-06 

o2i4 | 1388 | 0.165 
0.437 | 1.078 | 0.281 
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~ B1.10 Lincoln County Landfill (3141) 

Alkalinity 

Valid | 

N [Gamma] Z| p-level 
0218 | 1737 | 0.082 

Mo _+'i| 30 | 05 | -383 | 46-04 

Hardness | 

| Valid 

N [Gamma] 2 _[p-evel 
0309 | 2.457 | 0.014 

Moo—i“‘“‘“R OT Ol Ot 

Specific Conductance 

Valid | 

N__[Gamma]__Z [| plevel 
oa | 1513 

Me ———~+i|~30_~| 007 | -052 | 0608 

| B-10
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APPENDIX C 

| AUTOCORRELATION TEST RESULTS 

Table of Contents 

C1.1_ Lincoln Landfill (1779) C-1 

C1.2 Pope & Talbot Landfill (2695) C-4 

C1.3 Oneida County Landfill (2805) C-7 

C1.4 Portage County Landfill (2966) | | C-10 | 

C1.5 Grede Foundries Landfill (2974) C-16 

C1.6 Sauk County Landfill (2978) C-19 

C1.7 City of Richland Center Landfill (3065) C-22 

C1.8 Juneau County Landfill (3070) C-25 

C1.9 Troy Area Landfill (3090) C-26 

C1.10 Lincoln County Landfill (3141) C-29 |



Autocorrelation Function: Lincoln Landfill (1779) 

MW-1 Alkalinity 

| | (Standard errors are white-noise estimates) 

- Lag Corr. S.B. | r rc Q p . 

L #6173 £2078 breeerereececrectceeebengeeeeenersneere YY) ovncrrvrreprgerrnrecncnnnd 69,4045 | 
2 = 6259 62023 brrvrrrererrerseeeeeeeneeebeeerben YY onnn--v-vevvsvvvvvvfrrrrirsrnreceererrerrrerreened 2434 £3110 
3 -1325 1966 feed | YYYYYY oo ccccccrrvrregereejerrnnerneennned 5,08 1662 | 

GC $.10L 1784 fereesssssseeeeeeeetttseefesseitcbesseeeeeeeett Yh cccceesrorberreredernrernrenennnd 7,31 2928 

LL $2271 614.30 freeeeeeeseeerereneeerferreeenetieenenen YY wonrcrrperrerrnrrrvrrrvneed 17,01 1077 

13 -.318 .1261 [oseeeseeeteseeennerenfeennn YOY aecceveviercveevscestencernneerneeerneee | 24.28 .0287 

15 4.029 1066 frrressseeeerssereeeettdecreittncceettensseeeee Pfectttmndieetttnsetttbeneeetnseceeenned 25,45 0443 | 

| -1.0 0.5 0.0 0.5 1.0 

Autocorrelation Function: Lincoln Landfill (1779) 

| MW-4 Alkalinity 
(Standard errors are white-noise estimates) 

Lag Corr. S.B. 1 Q p 

1 +.389 2078 Possssssssssscscneceneeeeedsnnpennneeseeesetesesss YY YY on ecseovveevvvvvevvvvrernnnn | 3.50 .0614 

24.486 62023 Prenreeeerirberbennen YYYYYYY fp ccrncerernnred 9.26  .0098 | 
3 $437 1966 prcrecrceereinbebeneeeeenn YY YY ivcceeesvvvrrvvrrrend 14.20.0027 | 

| 6 4.252 1784 fereessesseeeeeeettteeeeefeeeeeebeeseeeeeeere YY ooorberreedecverrrrerrrernnnneed 20.28  .0025 | 

10-2215 1508 beccececeeeeendnteett YY ovccderrndennnend 23,45 £0092 
11 -.297 1430 Josesessecenseeenneeenteensee YY ov evevvcve frrrerrensprcrierennnersnsere 27.77 0035 

14-6233 1168 beer eeseceeneeeenttneeenn }Y'’YYY oercorjorrsevcrerienrernernnred 43,88  .0001 
| 15 -.244 .1066 foveeneeeeneeenneeeneefnerenn GY ovocesiacvscvessrrenserrierrincerrnerenete 49.14  .0000 

| -1.0 -0.5 | 0.0 0.5 1.0 | | | 
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Autocorrelation Function: Lincoln Landfill (1779) . 

MW-1 Hardness 

(Standard errors are white-noise estimates) | 

Lag Corr. S.E. ¢-— = ——— Q p 

Z $6168 62023 preeeererrerreeereseeetbeeedieceeesneee YY vnnreerrsferrrirnnnnnnd 498 6118 
BZ #LOTL 1966 prveerreereerrencttrbenedceceennensepecnncenernaducetprcenenemeeneed L411. 7737 

10 -.089 61508 fevssccesseeeeeeseertstttbeceeeeseedbeetsnsee YJforrecereerferrsseneedisnnneed 6,25  .7939 

13-2128 61261 prvesrersseeesseereseecfsereneeete YY ovvcvcrsvrferrnrrsndberrerrnnernnneed 7,49 .8751 
TA = .025 1168 frerseeeseeereeerneeebeeeneereetlpeeneetealf nccenetefiscemnetenettunensenneeeeeed 7,54 9121 | 
15 +.016 .1066 fessssssssseeceecesttetsafeceeencenssnedecceeeettaffecceeececdisesssseeteeedpernsseneececcsesnnten 7.56 .9403 

-1.0 -0.5 0.0 0.5 1.0 

~ Autocorrelation Function: Lincoln Landfill (1779) . 

MW-4 Hardness 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. | Q p 

1 +.574 . 2078 povsssseeeeesteeessneeeeedernpeeeeereeseeeee YOY YY ac aeevveveevvvveen | 7.63 .0057 

2 $e4BB 2023 prvsrrreersrsreeeeensseeheeedieneeneeeeeeeee YYYYYHY 9. -evncveeevvrveeerveneed 13.46 0012 | 
B+.397 1966 breerreerreeeeecnbebceenenn YYYYYYp oortvrervrveenerend 17,52 .0006 | 
A 4.269 21907 fevreessssseeeeeeeettetebeseetdheeesnseteeees YY nrvjorceebevverrrrrerenevd 19.51 0006 

| | © FL163 11784 feceereesssssseeeceeeeeefensccerbeeeeeeseeeeeeee yp oveccgerrverdecceenneeneeeeend 21421 0017 

| 10-2221 61508 frees YY nccccccderrcberrnneneneend 25.01 £0053 | 
1D H6310 1430 freee neereeeeeetent YY oecoervrvecbererrvrrrperreverrnrvernd 29,71 .0018 

| 12 =.304 61348 beeen YY oneeorerjorvrrrvrrrperrrerrrerrrarrnerd 34.79 0005 | 

, 14 =.332. 61168 freee YY oo oovejorrvrrrervriivrrrirnrnrnrnrrind 49.85  .0000 

-1.0 -0.5 0.0 0.5 1.0 
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| Autocorrelation Function: Lincoln Landfill (1779) 

| MW-1 Specific Conductance 

: (Standard errors are white-noise estimates) 

Lag Corr. S.B. | ) p 

Lo<.121 1413 freed yp ornrrerrnnperrnnrrrnducrimnnnnnd 73 3916 

3 =.048 £1382 brrreeeeerrerreeseeeteerrernee bern crenseeeeenecrttteeberneennnned 86 8354 

5 L037 61350 peeessssseeeeeeeetettsseebesseittneebesseestten ff oneessetenndieeeseeenfenseeecnsed 1215 £9500 

15-6194 61179 freeride YYYY) orreercrdorrrrverccrrirvnnreerenrnrend 10,69 7745 

“1.0 -0.5 0.0 0.5 1.0 | 

| Autocorrelation Function: Lincoln Landfill (1779) | 

MW-4 Specific Conductance ' | 

(Standard errors are white-noise estimates) 

Lag Corr. S.B. | — ——t Q p 

1 +.552 .1956 Pevssssssseeeeeeeseereenaferetegreeanseseseesss YYHYY Vp ovovvneeevevvnnnnn | 7.97 .0048 , | 

9.017 61560 beeeseeteeeeceeeeetttebereneteeereneeerenfceenentnfesepeceed 19,71 0198 

12-1139 11383 percceceeserereessneseetebecneeeebe YY cncccrcrcebecrecnbornnnnnnd 22,84 0291 

15 -.286 .1180 Psssssssssssccneeeneeeeeecee sone YY) wocceceeeedevvvvvsecvrerhoccreecesressssnnsensee 136.10 .0017 

-1.0 -0.5 0.0 0.5. 1.0 a : | 
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| Autocorrelation Function: Pope & Talbot Landfill (2695) 

W-6 Alkalinity . 

| (Standard errors are white-noise estimates) 

Lag Corr. S.B. | , Q Pp | 

| 1+.802 .1104 povesseesreentenntenthoneanennene-- YYW YY 52.79  .0000 
2 $6626 1097 frrrreeeesrrtettesstteefectieineente YYYYWYY YY evvn---------1 85.634 60000 | 

| 3 $2389 £1090 Prvrrrrreeteebenne ie YYYYY severed 9B11—— 0000 

5 4.187 1075 frvesssssscceeeeeeeeettafeceeseeeesseedieeeeeee YY i vrererrrerederrnrerereerenend 106.7 0000 | 

TTA LOG T prsssseesseesseeesetteberncerneerndieneee YY) ovcrvrrrerrnrrreerrnenrnnererrd 11243-0000 | 
Bo $.229 1053 fevereeeeeenseeenserenfeeserennernberenee YY vrceevrvesperrvrverenereeerr4 117.0 £0000 

10 +.236 1038 fessecessseeensetetnseetnserteeternafeeeesee YY wovveveervrtersssernssnrennsern | 127.8 .0000 

| -1.0 05 0.0 0.5 1.0 

Autocorrelation Function: Pope & Talbot Landfill (2695) | 

: W-13 Alkalinity 
| (Standard errors are white-noise estimates) 

Lag Corr. S.E. | — — , 2 p 

1+.797  .1186 nr: ;*»«,:-a«——7;©€ 7 —_— 45.15.0000 
24.6430 1178 peveecbent YYYYWYYYH fff enn} 75.01 0000 | 
3 +.569 .1169 seers tee YY WYYYYYoooocoee---------- 198.76 .0000 

. 4 +.502 1160 seerecesseeeeerttesessetbeceecnseceeed oeeeeeeee CW WYY oovvvvvsvvvvvessesove 117.5 -0000 | 

5 +.499 .1150 nnn, _ a—/ =, 136.3 .0000 

6 $2406 114 D prerereeecreeeeteeeteedeseeeenbeeee YY. oon reerccevvveevvrrrreeeeed 149.0  .0000 

, | BHLALA 1128 frvrrreerrseceereeeereeeeebesttsnsned ones YY) eoriecrsrereeeveeereeeeeeeed 175.1 0.000 
| 94.404 1113 peers creneeeererttrefereneerneebenn YYYYY) oonieccveversvrvreeee-d 188.3 0.000 | 

12 $6369 1085 presseensceetrenetnbeeenerneennbennn YY YY coriccrecrrvnerrverrrnerd 227.2 0.000 
134.329 01075 bres teeeeeettnb sensed YYYYYY ooeerierrrvrrrrrrnrrerrnd 236.6 0.000 
14 +.253 .1065 foseesseeesseeeeeetneefnetnnereneedeneeen YY) ooccsceveteccersceericcrscetsed 242.3 0.000 
15 +.152 -1055 Pecsseessssssssseeneeceeectessasseseneecbeceee YY ocieveevssssvsrerhecseeeeesesestsscessen 244.4 0.000 

: 1.0 0.5 0.0 0.5 1.0 | 

Autocorrelation Function: Pope & Talbot Landfill (2695) . | 

- W-18 Alkalinity | 
(Standard errors are white-noise estimates) | 

Lag Corr. S.E. ——— , , 0 p 

ZA L02T BZD prceensceeeessseeeencedeecceeeeeeeneteteeeffnceeemscerfiseeeennsetfemneetmnnetttmmenttnd 27 9651 
4 +.293  .1307 josseeeessseeeensseetenfecenenerenfecsnsenee YO ecoeesseresscceesransrssrnce | 5.28 2594 

5 = .022 1294 prrrsssssccceeceeceeeeeetfereesesseesebecertssssndffeceeseeeesenberessssssseefeseeenmmneetsssseeeeeeed 5431 63790 

Bo $LO19 1252 feececseeeseseeseettesseeebeeeeceeeecenbeneeeeseeeeff cocesessnnfumnnneececbecseeensstneed 5,81 6682 

12-2078 1194 peeeeeseeeesseeetesebeeesetensnebeneYponrrernnbemrnrfcnnnnnd 6.60 «8828 

| -1.0 0.5 0.0 0.5 1.0 
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Autocorrelation Function: Pope & Talbot Landfill (2695) 

| W-6 Hardness 

oe (Standard errors are white-noise estimates) | : 

Lag Corr. S.E. 7 ' Q p . 

Lo #.611 21104 bevetbnne YY YY eccree- 30.65 0000 | _ 
| 2 +.470 .1097 ceeeneeeeeernneneetennefeeennsenseedueseseen YY YY Yh ooeevcveeesvererecsvn 49.01 .0000 

3 4.405 .1090 scseternsseetnnntetnafessseeessneteeeeeee YY vcjevevvervvccessccesse 62.80 .0000 

T $6152 LOGL prvresseeeensseessteeeferreeeneerenterenee YY a iecvcorevreeserrrnerrrnnrrnerenned 81474 0000 | 

10 +.092 1038 Leessssseeceeeetsnssseeefesnscsnesereafoceeeeste p ccrudessssseesisensbeceesesnnsoseseeneente 188.90 .0000 

13 $6138 £1016 frsrerrrserreesseenerefereecennnen bere YY ecteorrrrernrtiurrrmnernnecrnncrnd 94,48 .0000 7 

. | -1.0 -0.5 0.0 0.5 1.0 . 

Autocorrelation Function: Pope & Talbot Landfill (2695) 

| W-13 Hardness 

(Standard errors are white-noise estimates) 

| Lag Corr. S.E. -— rr , p 

| 2 $2104 11178 brveeeeeeeeee teeter Ypnrrrbnnrerrnerrtenerrnnerrnnneend 9,88  .0072 

, 5 007 L150 feeveeeessssseeeeeetesssefesetsssesseebansssessteecseseesedbnssseseetnfosssteemnnsseeeeeeenned 12,88 60245 

T$T13 1132 prereeereerttensttbeenrerntennbeeneen Jp ocnbrccernnturened 14,03 £0508 

. 10 4.167 1104 fevsseeceecceecceettetttedessssssseeceeebieeeese fp etrrrererrererrtennnd 17,02  .0739 
LL $2213 1094 fessseesseeenseeenseeteeeranernnee beeen YY oocvrcrrerterrrrnerrrnennd 20.83  .0352 
12 +.074 .1085 Lesssssssececceseeetntssnfeceesetnnsnnegieceesesse Ybassesfvcsssseeeetetbessseeeeetterenanseetee 121.29 .0464 

13 $1023 1075 feceseesseeenseeeeneetefnsrnneeenedieneeseenffecsssenbersnnnenedbeerneeaerned 21433  . 0666 

15 +.217 -1055 cessetssssneeeeeseetnnsnfecerasseee YY) sevrceresbevscsscseeeeespecnseeessernnesenetese 25.63 0422 

| | -1.0. -0.5 0.0 0.5 1.0 | 

| Autocorrelation Function: Pope & Talbot Landfill (2695) 

W-18 Hardness | 

, (Standard errors are white-noise estimates) : 

Lag Corr. S.EB. | ——y Q p 

1 +.585 61348 tmumomnnn!s: ////// 18.87  .0000. 
2 +.455 1334 fesseeeeeeeeeeeeeeeecttettieeeeeseeenteesr YYWYYYHYY i vvevevvnereeenneen | 30.48 ~0000 

4 +.228 .1307 Looseeeeeesseeeeeenseeedeneereeneenfenenseesee YY) jevceevsccrrisrrnerersrnrcersrnnnes 43.83 .0000 

G $2188 1280 fevereeseeeeeeeeeeeeeebeeseeeceebeenneeee YY) loooreeeevdoorrrrrnnennrned 48.99  .0000 

12-2100 61194 persesesesseeererenstebereneeneenee YY ncrrnerrderrnerrnrpurreereeerd 54,54 ,0000 

-1.0 -0.5 0.0 0.5 1.0 

| C-5



, : . Autocorrelation Function: Pope & Talbot Landfill (2695) 

' W-6 Specific Conductance 

(Standard errors are white-noise estimates) 

. ; Lag Corr. SB. | | —y Q p | . 

1+.436 .1147 creecesssseeeeetteetscneferesonceeeeee nesses YY YY) ori covnv-vrvvvvenevvvveen 14.44  .0001 

A $.285 1123 preesrrerrreeteentteebenceneeneebce YYYY HY) orevcrvinervvernorenrenrrd 43,07 0000 

| T $4239 61098 fevseessesessecenseetbereeeeensterbneenee YY ovccererrsprcrrverrrnerrrnnrrin] 59.84  .0000 | 

LL FLV 7L 1064 frreeereesseeeeseeeeeeeereentennenpennene YY ivrrrncrrrnnrisnrernneernnerrerrend 70.13.0000 
12 $6190 1056 prrersseesssessececseedenreennreneedesetten YY invvcvvrerevertenrernerrnneereersd 73.37 0000 

15 -.072 .1029 ceecesssssneeeesertnsneeferesanseentertanneee J nnceecsedasssceeeeeseafoceertennseeneeesseene 74.22 ~0000 . 

-1.0 -0.5 0.0 0.5 1.0 

. . Autocorrelation Function: Pope & Talbot Landfill (2695) | 

W-13 Specific Conductance 2 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. | QO p 

A $6321 61209 frrvrrsseersseseeeeeseefinereemeenebernenee YY) oervevvieererrerrvcvvvrrsvred 12.67 60130 

: Bo +.078 61167 foveresseeenseeeeseererbeceserenenedecreneeer Jp oceredernnnrsnnendessrnnersnnenssennseed 23,49 .0028 
9 +.088 .1156 foveesseensernettneetferneerneerepenesenee  ocsosbseesteeeteeaneenesnneeaentte 124.07 0042 

10 +.053 1145 fesssssssssesecsserasersseedeersesssenssepeceseessee pocesesanbeseessaeesseeabecestssssnensnennaeensess | 24.28 .0069 

LL #2031 61134 prcsessseceeeseseeennsebeneeeeesenntaneeeesse fsostenefecessseesfersmenermneerreneeeed 24,36 «0113 | 
- 12 $2040 1123 frveessseseseresssseeeeeensseseeeetnafeeeeeesten feceessedbeseesttssscsebesemensneeeeeeeeeeeeeed 24,48 0175 : 

14. =.091 1100 fevers bsesssceneebieee Jpernncberrsesssrrnedereenerd 25435 0313 

-1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: Pope & Talbot Landfill (2695) | 

W-18 Specific Conductance 

| (Standard errors are white-noise estimates) | 

Lag Corr. S.E. | ;} - p 

| L $2200 1428 fosesseeeerecceeeseeeeedeseeietneepeeneee::'}YY wnseerrrovrerternerrnccnnnd 1,96 1613 

A $6135 1379 beeeeeessseeeeetttnbeectnneedesennie YYpporderrerrrnbeerennnd A52 3399 

12-2028 1241 becceeceeeeeeeesssssseeceberesennecenbestetssee ff tsssssseefessetteeesbeeeternnoneeeeeeed 11,32 5021 

| -1.0 -0.5 0.0 0.5 1.0 | | 

| C-6



Autocorrelation Function: Oneida County Landfill (2805) | | 

MW-1 Alkalinity 

(Standard errors are white-noise estimates) 

Lag Corr. O.B. —t Q p 

1+.422 .2226 my QW) 3 3.59 0581 

2-.155  .2155 mi Wa vod 4.11  .1284 
:f Gy it 3 -.241 .2082 renee lla 5.44  .1420 

it Yy i 

: oO 5 -.071 .1927 seecnennnrnnenneedpnnneren G parcreinrctcneennnaeneeteenet 6.03 .3032 | 

6 +.001 .1845 pvnnnececeeeenteefntearntnnentn entntcecneictcdeneenentetetee | 6.03 .4197 

7 4.063 .1760 povnvseeenenentnseenactnereetceYpoorenctenedencntatnteiestneneen | 6.16 5212 | 

| | 94.095 .1574| ioe GZ poe 6.60 .6782 

| -1.0 -0.5 0.0 0.5 1.0 . 

| Autocorrelation Function: Oneida County Landfill (2805) 

MW-126 Alkalinity 

(Standard errors are white-noise estimates) : 

Lag Corr. S.E. rf ——— — 1 OQ p . 

3-060 «2125 | Y, ro a 14.9871 

4 -.105 .2041 bo ae la rerio soy 40.9824 | 

5 .-.076  .1954 | io , pee | -55 «9901 | 

| 7 +.001 1768 feenecscesterntntshcterecrereenesetecneicenencnedesenefertaectneseneee | .60  .9990 

| -1.0 0.5 0.0 05 1.0 
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| Autocorrelation Function: Oneida County Landfill (2805) 

MW-1 Hardness . 

(Standard errors are white-noise estimates) | 

Lag Corr. S.E. 4] : 2 Q p 

1+.340 .2226 eninge YY ounce 2.33 .1271 

| 2-.264 .2155 perenne GY cnn nennvjeronosnnene 3.83 .1476 

4 -.262 .2006 penn GY een 8.03  .0905 

| 6 +.046 .1845 joceernrnnnent nfl menage 8.61 .1969 

8 +.194 .1669 penne YJ restorers 11.51.1746 | 

10 -.057.  .1472 nnennnnninnnennnatinrned enn benefits 11.74  .3030 | 

1.0 0.5 00 Os 1.0 | | : 

Autocorrelation Function: Oneida County Landfill (2805) 

MW-126 Hardness © | 

| _ (Standard errors are white-noise estimates) : 

Lag Corr. S.E. | : : Q p 

6 -~.101 .1863 Jorn cf enenenosenfensanininineneseee 5.49  .4830 

9 4.032 .1559 ennninnnnnatinsnunnnnlfnndnnnfenntnnnt 6.04. .7357 

| 1.0 Ta 0.0 | 05 10 
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| | Autocorrelation Function: Oneida County Landfill (2805) 

MW-1 Specific Conductance 

. (Standard errors are white-noise estimates) 

; Lag Corr e S . BE . J t 2 q : Q p 

1 +.291 .1170 csseceeeeeeeeeeeeeetetetetteenncnnesseeeeeeeeeee YYYY ovvovonvrcherrcrerrrrrsrsserverrre 6.21 .0127 

2 +.145 L162 beceessseeeseeeeeetteneebeeeeeeeceneeb eee YY, oovterrnsnrrrrrreperrrrrrerrerrrrscnrsrcrred 7 76 0206 

OBS L1G] fececcceeeeeeececsesseeecbeescteccecceeeb enteereee Gf ccsettebeseeescsssneedeccescessssstensesecsseed 8440 0780 : 

C$ .089 L127 frveeesceessseeeecsessenebessssssseeennafereseee ph ecrrerberreeecernnberrcsssncercrend 9,35 1551 

8 +.087 .1109 fessssseeseeeeseeeseececeeebeceescccenecenbeceesssnee YY coosicecesscssscccesbeseseennnnnnsssscssscsee 10.75  .2165 

10 +.001 1091 fosssseeceessseneecrtnnnfecetanstentebneeeetcnafecetennnediesennseceseafeseneesneneeeszsnantny | 10.91 3644 | 

TA $.085 11054 pevesssccecssssssesecsesnebeeeneetsertethessere Yh eocorrderrerrrccrsronberrrrrerrrrcsserrserereeed 11,69 6314 | | 

-1.0 0.5 0.0 0.5 1.0 

Autocorrelation Function: Oneida County Landfill (2805) 

: MW/-126 Specific Conductance : 

(Standard errors are white-noise estimates) 

Lag Corr. SE. 7 — — 1 Q p 

«14.476 £2226 my WMA 4.58  .0323 | 

2+.091 .2155 4 , Y Pos 4.76  .0925 

3 -.031 .2082 sresrntcnenrettnefnegemntntnntnte fenrcecnenene edocs 4.78  .1885 

4.-.082  .2006 | ae Uy po | 4.95 .2925 

5 +.010 1927 pence cenrnrnrnrnnfenedpctnaceearntepeneneinnntntefesedetnterenenenen | 4.95 ~4217 

7 -.061 -1760 | pod Y a : | 5.09 .6493 | 

8 -.062 .1669] ot —Y, po 5.23 .7332 

9 -.071  .1574] : Y : | 9-43 .7952 | 

| ‘ GY : : ; 

-1.0 -0.5 0.0 0.5 1.0 

| C-9



Autocorrelation Function: Portage County Landfill (2966) 

a W-9 Alkalinity | | 
| (Standard errors are white-noise estimates) 

Lag Corr. S.E. | Q p 
1 +.610 .1360 nin, a——€-£ 20.11 .0000 | 

| 242598 61346 prrrrrrtreeetienndoon YYYYYYp .cocerennenn- 39.56  .0000 
3 +.505 1333 prcrrscsttnntnnbereeerneebemennte YYYY YY ocvcceeveeresree 153.90 -0000 | 
44.385 11319 fevered YY YY evcverrernevneenerned 62.43 0000 
5 +.466 .1305 nn cea, a 7 75.22  .0000 

15 = 2210 1154 freee eben YY) soccrrerdoorrcrerrnprrrnnrnnnneed 96,69  .0000 

| -1.0 -0.5 0.0 0.5 1.0 | | 

- Autocorrelation Function: Portage County Landfill (2966) | 

_ _W-9P Alkalinity 
(Standard errors are white-noise estimates) . 

Lag Corr. S.E. | Q p 
1 +.537 .1360 preteen YYYYY YY .occcevvervrsere 145.61 .0001 
2 +.577 .1346 a aa 7/7 33.99 .0000 

34.533 .1333 prvcceserectntntbeeeneedee een YY YG rccreeevsernee 50.00  .0000 

10-6186 1232 frvrrsrerecnccberneneenn YYYY cvrrerrhercrnereeecnernnennned 65.37 0000 
| | TL 618501216 frevrenresreeneesteehecrnneett|§ }W}Hy over cvecdeereirersprcrnernernereerened 67.67 0000 

13-6388 61186 prvi YYYWYVY oeevvevdecrrreervrrgerirerrinrersnenrend 82.82.0000 | 

| -1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: Portage County Landfill (2966) 

W-10 Alkalinity 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. . Q p 
L572 61360 prvrrerecrrnredberenn ge YWYYYYY. evrcceveveernee| 17.70.0000 
2 +.535 1346 ieee 7 33.48 ~0000 

363TH 61338 frrrrrrenndberreneendes nen YYYYYY vrrecverrereneneed 41.37 0000 | 

13 +.032 (61186 proves erecrtninbenenintnrnnn pf emeinduccnsmpucnnnened 85.50  .0000 

. -1.0 -0.5 0.0 0.5 1.0 | 
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Autocorrelation Function: Portage County Landfill (2966) 

| | W-11 Alkalinity 
| (Standard errors are white-noise estimates) | 

Lag Corr. S.E. : Q p , 

L $2238 1360 beveeesreeeercteeecrnefeceeeeee gener YY wrcrrvrreeurrrnrrrrenend 3,07  .0797 | 

. 3 +, 095 . 1 333 veeeeeennnetneessnneefncensaneebeceesense  acaeernfecenceetnebetnntinettnnetineet 3 . 81 . 2825 

A $6209 61319 frrvesssseesseeeeeeeseeebensseenneebeseeeeeee YYY wvvrrcrrvvnrierrrnrrrrncrrrnnd 6,32 1766 | 
| 5 $6224 1305 prrrersssssseeeeeeeeeeettefeeeceesteeebeeeteeeee YY ivrvrrerererberrerreernrnrend 9426 £0990 | 

6 +.104 1290 Lesessssssseeeeeeseresteafeceesttmeanfeeseeesttes YY vevsrdhacesereereedennssceeeseneeesnnnnsen | 9.91 1285 

15.043 1154 frreeessseeeeeeseeeeeteafacrestnceeed neste ceeeeressbecsrsnsseeertbennseeermnserseereeered 23415 0810 

-1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: Portage County Landfill (2966) 

W-12 Alkalinity . 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p | 

L 4.582 61360 frrreerreeerenbencenng nn WHY YY) ooevvrrvvrrd 18.29.0000 
2 +.493 .1346 fessseestcsssssssssssssenfesseeeeneendeseetessss YY YY YY vv nvervvrrrvvee 31.70 .0000 . 

7 +.122 1276 fosessssseesseeeenseeafereserenenteserenset YY ccncdevrccresensprnescneeseseneesn | 35.46 0000 

B$L1B0 1261 pevrerereeeccceeeceeceeceebeceeiteetenesnssesses Yh veebesrsndecrnrcenneneeereeeed 36.53.0000 . 
9 +.168 1247 Jossessseteseereseensefreeeneennstereeeesee YY) wcinsreescrrajersinrsnersnetintt 1 38.33 0000 

LL $2046 11216 evsseeseeceeeeesssssseeebessssssceneebecsssssse fesssssedbeceessmnnnnaboseeeermneeeeeeeeeeeed 38,94  .0001 

14-2135. 1170 fevers bene YY onrncvrrferrrereerpurrnenened 41,57 0001 
15 -.204 1154 sessereesssnseseeeceeeteennccecereeeet YY) wovvreerecbavvsccrcreresbessvensceneceesseeeene }44.71 -0001 

| -1.0 -0.5 0.0 0.5 1.0 
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Autocorrelation Function: Portage County Landfill (2966) 
| | W-9 Hardness | : 

(Standard errors are white-noise estimates) 

lag Corr. S.B. | Q p 
| L$6T16 £1360 frvrrrernrncrnrenheeeneeen YY YG. eecveesd 27.70.0000 

; 2 $640 61346 prvi WH YY YY eccvcenrene-| 50.28 0000 
3 $4652 61333 Porrrrnnnndeenenden YYHY YY cccerenend 14.20 0000 7 
4 ATE 61319 prerennnndbernntnendeenn GY YY Gi evccvecnreerenneed 87.13.0000 | 

(5 #6337 61805 preeereetrnntdectnden YYW .cccrcbecccrvrereree] 93.80 0000 

7 960381 1247 ferererecnctnneiccnnnnbiannn ff cctstthnsnnenpencnennned 97.88 0000 

13-6235 61186 prvvrnrnrnrrnnrcrhcrnnen YY) occrrchcrrveerirsprrneenceneeneeed 11064  ,0000 

sO 15 -.206 1154 Prvssreneerrcerseetscr nner YY) sercccrocivaccsssccsnbernernneesneteeeste 1117.5 -0000 

-1.0 -0.5 0.0 0.5 1.0 . 

| Autocorrelation Function: Portage County Landfill (2966) 
| W-9P Hardness | 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. | Q p 
1+.495 ~ .1360 srsetertseersenseredeccrnenreeesteeeeen YY YY a ccccsccevverceerven | 13.24 .0003 . 

| | 2 +.553 1346 prscrncnerreenteetnbueeeeeetecee GO YG acsrerorsescrn 130.09 -0000 7 
3+.496 .1333 proceed YY GY Yh occccreescrcee 43.94.0000 | | 

5 +.358 .1305 Preeeerrennnbencnnenedeenen YY ocicererevvcvvectsesce 164.89 .0000 | 

LO 2016 £1232 forsreesreeescitcesedectenneenfesesstieifecnsettnefesieecsiidinneeeed 81498 .0000 | 

. 15 -.341 .1154 pov YYY ocr cvicacrrrcvsrnjerereierseeessce | 99.68  .0000 | 

-1.0 — -0.5 0.0 0.5 1.0 

Autocorrelation Function: Portage County Landfill (2966) | 
: W-10 Hardness | 

(Standard errors are white-noise estimates) : 
Lag Corr. S.E. Q p 

1 +.676 1360 mi: cea 7/7 24.73 -0000 

2 61D 61346 rere YYYY YY ovccvceneene-| 45.32 0000 

4046279 1319 pererrernnnnnrbenrententeeenetne YY ccrcrnviivrerrnrnennnerneed 59.03 0000 

| 6 $6055 612.90 fovrererreerrensteethntnernenienctini I nnmnndeeeneinenfermenneend 60.75.0000 

: Qo eVET 1247 prvnreeercresstecreentbecreseende YY) nrrerrrbermreenernferrennnnmnend 61480 0000 

13 -= 1208 1186 forerenrenrnrenrerhntnnn et YY) ocecrrdecrrverridurnrenerneenreened 75.00.0000 

| 15 -.139 1.1154 preceeded YY) ccrcrocdocrrercrnrderireneineineeneed 77.45 .0000 | 

10 | -0.5 0.0 0.5 1.0 
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| Autocorrelation Function: Portage County Landfill (2966) | 
/ W-11 Hardness | | co 

| (Standard errors are white-noise estimates) : 

Lag Corr. S.E. Q p 

36016 1333 Prrrrrernrrcendderesnendesterneeffemernettiecctndiatneneed 5423  ,1560 | 
4-122 011319 presented YY nrrenernpucrsnreeiurned 6,08  .1930 

| 5 = 1192 61305 prvrreeesceeentndeeenenee hh YY vccrveerircerrinrreepenrerinnnnned 8,25  .1428 | 
C= 1073 1290 frvesrereesrerteeereeebeccectecenbeeneeee Ypanceesesrsedecceenseetfesetesceseneceneeee | 8.57 1991 

11 -.111 .1216 osesesereeneeennetrafeencerneeebecte | acesrereeteccseeeennspnneeneennreeneetnee 10.09 .5222 

-1.0 -0.5 0.0 0.5 1.0 

| Autocorrelation Function: Portage County Landfill (2966) | 
W-12 Hardness 

(Standard errors are white-noise estimates) | 
Lag Corr. S.E. ! Q p 

1 +.308 .1360 vrnenteeneeeresneessebecreneecepeeseeeseess YH, csssshecveessvnnseneeeeesee 5.11 .0237 

: 5 +.327 1305 foseseeernsseeetsnsseeeessecetneeebeseseteee YY. eccecpevevvessecvereseenenees 124.07 -0002 

, | LO = .083 1282 freer reeerrrnnetbeeerernnenine YY vorrrerrferrnernbecrnened 25.83 0040 | 

: -1.0 -0.5 0.0 0.5 1.0 
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Autocorrelation Function: Portage County Landfill (2966) 

W-9 Specific Conductance 

(Standard errors are white-noise estimates) 

. Lag Corr. S.E. | Q p 

L $2005 61360 feerrrsssseeeeeessseeebesseeenngeretnnsseeefneeeeesnageettmnnenddesnnpennd 00 9691 | 

5 L078 1305 feces eeeessseebesseeeeetdisssees Jp ceesersrrberreereninfennsneend 2,89  . 7176 

LO #.071 1232 fescescecseeeeeeeeeeeeeeeebertresssccnebeseeeeeeeee Iporssdeceesssbened 9,12  .5207 

13-2108 1186 peveeeeesteeetereesedecreeneend YY ornrrcrndeernrsrrnnrperrenend 11,81 5432 
14-2085 1170 feveeeeeesceeesceeneredeereeernnnedinYy ocreccrndocrrnrrnrerpunnrinnnnnrnened 12.34 5791 

| | -1.0 -0.5 0.0 0.5 1.0 | 

: Autocorrelation Function: Portage County Landfill (2966) | . 

| W-9P Specific Conductance. 

(Standard errors are white-noise estimates) 

Lag Corr. S.B. | Q p 
1 -~.053 ~-1360 fevsssssssseeceeeeessssnnfereessssnnarecceeeste J ovceeeeerenagnececeeettifesnsssteeectssnenseetee | ~15 : 6947 

LO $2106 11232 frecsreeceseecseeereeersebeseressnneeebesrsneeet YY ocrcesberreccrerbercnenned 7,00 £7250 

15 +.120 1154 psssstesessneeeesssnesafarssasseeenstarensense YY rovecirnnssssrssespsssssnnsnescnnenseen | 9.71 8375 

, -1.0 -0.5 0.0 0.5 1.0 

| Autocorrelation Function: Portage County Landfill (2966) 

W-10 Specific Conductance 

| (Standard errors are white-noise estimates) 

Lag Corr. S.E. ro Q p 

1 #2323. £1360 fervsceerereerreeeeeterenefeneereneeegeeneeeee YYYYYY) ee pevecevvrvvvrrvvd 5.64 0175 . 

246214 1346 frreresssscssseneeeeeeeecbeeeneterdbeeneer YY vinvvrrvrderrrrrrrnnnd 8,17 0168 
| ZB $L168 11333 bere eeeederceneeteneeeee YY oicrerrcrrertevererrnnrcrrreneeed 9,77 0207 | | 

4 +.242 -1319 Leesssssseecccssssseeecessabenseseseeceafessessseesss YY a vsecvrsesesbeccersessensesseeessnnecs | 13.13 .0107 

5.007 £1305 feveresssssseeeeeeeeeessafereesecesandosseeeceeereef sseeeeeseeebessssereeeegpesseneeeeeeseeeeseneeeed 13414 0222 

12 2029 61201 prssssersseeeesceseseeefnetsssetenfeareseree facssseseipersussesnapeesesnsennseeesed 20473 60545 | 
13-2199 1186 frveeeeeetde ct YY onvnnnnerberrrrrrerrrrdderrrernnnrnnnd 23,55 0355 
14-2164 1170 pevreersssceeeeenseebeesernnteed YY vrvrcrrgerrnerrrrterrnennennned 25.53.0297 

-1.0 | -0.5 0.0 0.5 1.0 | 
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. | Autocorrelation Function: Portage County Landfill (2966) . | 
W-11 Specific Conductance 

(Standard errors are white-noise estimates) : a 
Lag Corr. S.E. , Q p 

3.+.057 1333 Povcerncneeerbecttee dtc eeenefeenentifaneneaieaiesee .77 8568 

8 -.017  .1261 povssseessttceennetnthsetnstnenesenseteeffrenseeneefsceceesnedestnsteesseetaeeee | 3.71  .8820 

| 14 -.243 -.1170 prsrenrnrecenentebeecene YY occvresicsrvnerceseretetisctceneesee 1 9.83 .7748 
15 +.074 .1154 vrversettneeenttnerabessteceenetasetnstieneedeseneensenefenennteetinsenat | 10.24 .8043 

| -1.0 -0.5 0.0 0.5 1.0 | 

Autocorrelation Function: Portage County Landfill (2966) : 
| : W-12 Specific Conductance a 

(Standard errors are white-noise estimates) | | 
Lag Corr. S.E. — | Q p 

| BFL2B7 61333 prnrnnbnnreben YY ccccujernreenencnned 8.15  .0430 | 4 4.515 1319 precrcrernrnrenndenerent ee GY YD eccceecorerne 123.38 .0001 . 

6 2043 61290 frrrerrerreerrcrteethnrnctneetbenntnffcctiepuerndiennud 23,85  ,0006 

-1.0 -0.5 0.0 0.5 1.0 : : 
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. | Autocorrelation Function: Grede Foundries Landfill (2974) : 

| | | | B-3 Alkalinity 
_ (Standard errors are white-noise estimates) 

Lag Corr. S.E. ° QO p 

L $2621 61301 bereeeeeessceeetteseerdneecenpeee YY WYYYy orev 22.77 «0000 | 

: 2 $2354 11289 preeeceeesreseeeteeeeeeebeneeeenbennee ee YY) overcievvvvrvvverrvvrvenrnnd 30.29.0000 | 
| 34.253 1277 [essscseensecteeseseerafeecreseeseticeessseee YY corevvrvresprrersereeesrerorssoe | 34.21 0000 

| A $6095 1265 beesereeesseeeenseeeeferesettendieseeeeee Jp ernnerbererssiernspucrranermmerrenenried 34.78.0000 

| 5 = 1099 1253 feveeeseeesseeeennssseefunceentneenesnee Yperreererredocrreenredernnecnneeed 35,40 .0000 

7 _, 115 ‘ 1228 Lecceesseessssessstnnefessereseeenfer (YY ovrsoccserbecncrrnceefoceeneeneetncetsnee | 37. 716 ~QG000 

B= .167 11216 feeceeeeseseeeeeeeeeetteedeceeeeeetnd yp nneceeeeecrnernrrrertarrrnarrnnrrrrrrnen] 39,65 0000 | 

4d 930701177 feeb Yer iprvrvrrinernncnnnnnnnd 53.78  .0000 - 

LB $6022 1124 eenseeeneceeeceeneeeferenereeeetbecesertneffeceeneedaetttsettsedbereeonserenerenereened 62.52.0000 : 

-1.0 -0.5 0.0 . 0.5 1.0 

| Autocorrelation Function: Grede Foundries Landfill (2974) 

' B-5 Alkalinity | 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p 

1 +.656 1360 pessssssseeeeeesssseeeerttuseeeeeesegeeoeesess YY WHY yy) ----onnnn- 23.24 0000 . 

| 2+.509 .1346 seetreeenneeeeretenneeberenenseeedieceessneeee YY YY) ooeevvverrvvvveeveven 37.51 .0000 

£6377 61819 peered YYY'YYp one ircrcrnecerend 55.69 0000 

7 +.173 1276 foveessceenseesssetseefnetesetentienseenee YY octecorssvrsiterrarsiccrenncennet | 63.34 -0000 

S$. 227 1261 pveereeeeseneeeeteesnerbennseceenmnbeseeetes YY incveresrveciorrrernrerrnennnd 66457 «0000 | 

14 +.142 .1170 fovesseesetesetsttteebseraseneenpernerene YY onfeersscesaesncetatineenntenetee 177.45 0000 

15 +.072 .1154 Losseseeeseecseeeneenferneerneenttenseense Ip cesocteceetneenaebenetcttneetieetet 177.84  .0000 

-1.0 0.5 0.0 0.5 1.0 | 

| : C-16



: | Autocorrelation Function: Grede Foundries Landfill (2974) | 
| B-3 Hardness | . . 

: (Standard errors are white-noise estimates) 

Lag Corr. S.E. QO p 

5 = 2108 1253 rvrereersessttenncteetiecrenntebine YYpecerrrridrcersmnetinnnnd 6.61  .2511 

13-2068 1 1SD fornneneeecrndnrnntntnndiene Y oecrsrrrbecrnnnenbarneneneened 11,90 .5359 

| -1.0 -0.5 0.0 0.5 1.0 | 

. Autocorrelation Function: Grede Foundries Landfill (2974) | 
: B-5 Hardness oe 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. | Q p 

Bo LOTL 1321 pre rereeerereenttechenteneenfercne Ypocorrnersedecnseenpuscenetanned 2,24 5238 

| 5 +.047 .1294 svseeerneeettnnetetnafescentescebecneesensee Ip ectssseedaseetnsettfesstensenneeesneet | 2.38 .7950 | 

7 +.167 .1266 povsescrrnseetcsetcetnesnnerned sees YY ochsecreercerijeraesisesenseeiese 1 4.50 .7202 
8 +.133 .1252 prvssssseseseseeteceeeeetbeeeesteerseebceceeeeee YY vvvvcjecrerrersseederssieseseeeeneeeneen | 5.63 6887 

-1.0 -0.5 0.0 0.5 1.0 

| C-17 |



Autocorrelation Function: Grede Foundries Landfill (2974) 

B-3 Specific Conductance : 
| . (Standard errors are white-noise estimates) | 

Lag Corr. S.E. t Q p 

L$ 6344 1301 prveeernnenbetecnennteen YYYY GA corvejernrvnreenrennnd 6.97  ,0083 
| 2 $2330 61289 prvrerernrnnnnndbernnnnfennn GY YO evcrvivneeewrneneeneened 13,53 0012 | 

3 $6356 1277 prerrrrrresrennrrndhectnstntintse YY) vcvejooreeeerrveereeneed 21.29  .0001 | 
446337 61265 prrererernrnrnnndeneeet Y YY oochevvvercvveneneeend 28.38 0000 a 

7 S +6244 1253 Prverrrrttttniedbeeeeedennnnen YY oooceeeeerjerrrsserveereeeed 32.18 0000 | 

LL 603301 DTT pvrnnenrentennredhactcseneni ener fncmnndenentrdenneneneeeed 36414 0002 

15 -.162 1124 precedes YY rsceiotrercenrvsideetceineeiceieties 145.11 .0001 

-1.0 -0.5 | 0.0 0.5 61.0 

Autocorrelation Function: Grede Foundries Landfill (2974) | . 
: | B-5 Specific Conductance 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p 
1 +.638 -1348 tee 22.43 ~0000 | 

- 34,590 21321 proceresesenecrntbeermncedonnene YY YG oecccscrrrre 155.51 -0000 

6 $6119 61280 feverrenrtrtnrindnninhinnnnYJpronedecrenedinnmnnn| 68,51  ,0000 

| 8 -.057  .1252 penn rernenteebrectannein Yfcccccfeoenenfearnenenneeed 68.72  .0000 | 

13-2240 1179 prvrrerreentenctinbernenn YYYYY oorcrerrinrernrerneparriensnnned 83.61.0000 

15 —.265 .1148 prrsstescrtecetctin nn YOY oreccercicrseveerrvesprreearesieesennecen | 93.33 .0000 

-1.0 -0.5 0.0 0.5 1.0 | 
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Autocorrelation Function: Sauk County Landfill (2978) 

| W-30 Alkalinity 

| | (Standard errors are white-noise estimates) —— 

Lag Corr. S.B. | T Q p 

1 ~.099 -1399 ceseeeeeceeceseeeettttctteecsnnenegees sees accrsssscssnansessensccetbeceeeereeeeeeecee ~50 -4800 . 

2 FLO7T 61384 beererssssseceeeeeettretbeeeereeeeferseneeeese Jp ncreesenbecceeresendeneneeeeed 81 6674 | 
3 ~.168. .1369 cesceetceeeseectnsetfeceenseset YY cerocessacicrneesanetbncceineesnseetnetn 2.31 .5112 

A $152 11354 prcesseesseeceeeeeeeteetbeesseeseeedeseeeese Yo ervdorrerrcreredtecnnnned 3,57 4676 

6 $6249 13.23 eveeeeeeteeeeeseeeeeeebeeseeeeeddeseeeee YY cccccrrorberrrernnnennened 7,38  .2870 

8 4.003 1291 Leeseeeseessseeeeessseeebcserecsnsenfeccesseetevafesetnsseeedbesseesenseefeccnseeeeennestenneet | 8.46 .3902 

| 13-2038 61208 fevered dense ceecnsssnbecceeeeeeenberneneneeeeed 11,48  .5706 

15 -.112 .1173 fevesssssssssssssenececneebensanesnsesed cee YY worreeceecbecrsrsreeererhercceeeeeereesssnnecse 12.40... 6485 

-1.0 -0.5 0.0 0.5 1.0 

| | Autocorrelation Function: Sauk County Landfill (2978) : 

, W-30A Alkalinity | 
. (Standard errors are white-noise estimates) | | 

Lag Corr. S.E. | +— | Q p 

L $2447 1399 preenbep en YYYDY}lYy evccevvrervevrenerd 10.20.0014 | 

3 4.272 1369 cesseeessceensceeeeneonctesste esceessse YY cccessortevccsiceesinecsnne 17.17 -0007 . 

| 6 +.159 1323 Lessesssssccceceecseseeseeebeccesesensndpesetsststee YY vdevsscsssssedcsereeeeesesnsseneeeee | 25.07 0003 

| 7 4.094 1307 poveesesseetenseeeeneeebneeeenteedencereneees YY avvescrbesesnerseaferenneeennnesnsnse | 25.59 0006 , 

10 +.134 .1258 coseeseeessessneesseesnsestcensesssnnciiesesssessees YY pereerinerrsersrecrsbersecssreesnensesnneen 129.45 0011 

| LL $2150 61242 bereeenesteeeeeeeetefenreneeenbenrenen YY) oierrrerererderrnrnrncrnensceeeed 30.91.0011 

15 +.065 .1173 ceseeeeeeeeeceneecseeeteeonnnnenneccnedeceeeesesee Ip cnsnsnndannnsnenceececbeceeeeeeeseeenetattnen 31.45 .0077 

1.0 05 ‘ 00 0.5 1.0 | 

_ Autocorrelation Function: Sauk County Landfill (2978) 

W-31 Alkalinity 

(Standard errors are white-noise estimates) 

| Lag Corr. S.E. | | Q p . 

2 +.571 .1384 sesseeneeerneertnerrngerneerneeheeeeneeee YOY YY Hp ocerocevereeone 124.52 .0000 

3 +.322 1369 ssseeetnseeetnseettnafetneeeeeegessetesse G]YHYYnoeevseoesvovesvrrersnreee 30.05 0000 

4 +.423 1354 cesneeetneeeetseettenfereererenstereeese YOY YY incccvrverevrcersenee 39.81 0000 

| T0431 B07 frveeeeeeeereeesetenetebeetieneeerenenneeten cece 44.78 £0000 | 

10-2120 61258 freeeeeseeeeeeeeeseeeeebeceeereee GH fponenecbeedted 47424 .0000 
LL 22621242 freee eee (YY onreccrherrrrrrrrrdprrrrrnnrnernned 51,69  .0000 | | 

13-2257 61208 fen b YY) on -berrcrcrcrnrdrrrnrrenneed 59.11 £0000 

-1.0 -0.5 0.0 0.5 1.0 

| | C-19 7



Autocorrelation Function: Sauk County Landfill (2978) 

W-30 Hardness 

| (Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p 

2 $6023 1384 frreesesssssseseeeeeeeeteeessssseeeeedeceseeeensseeffeseescesstsbassseneeeeebestttmnnssssesseereeeeeed 2,93 2314 

A 6152 1 B54 frceeeceeecsseeeeersseeebuesseetensberssesser YY poonccnvvessreortrrrrnerrrrmnerrrrsnerd 5,85 2107 

| 5 L112 1339 focresseesseeeeeesssseeepsceeeenee denne YY vvrssereredeerernnsrepennmnnmned 6.55 2561 | 

GReTL 11323 frcceereeenseeesesernefeeeeenenten YY evovrerrvrserrernnrenderrseemnenrnnerrnred 7,33 2911 | 

| | QB AL217 1275 peceesseeeesseeestereebeeneeenee YY) oo ooeevrerivcrrrrrernerrrneernerennersvned 13,53 1401 

LL $5030 2124.2 feresseersseesssttesetefeeesernseedaseeneeeneffcrennenfersseertnetfanernctemeermeettsned 13,94 2366 

15 +.111 .1173 Looseeeesesseenssseeetaferescerensedicnsseeee YY eceraccesenceesefoceesnenesnenceseet 15.10 4443 

-1.0 -0.5 0.0 0.5 — 1.0 

| Autocorrelation Function: Sauk County Landfill (2978) | 

W-30A Hardness | / 

| (Standard errors are white-noise estimates) 

7 Lag Corr. S.E. -— r Q p : 

| DLA BL 61399 beeeeeeeeeesssseeeeeettabeeeeiteneegreenee ee YYYYYYY) ov -nnvneevrvrvrren 1 10.36 0013 | 

| 24.110 1384 prrseereeesenerreenttbeeseeeneebeernnrrnporrringenrreredernnennned 11,00  .0041 | | 

B $2096 21369 prernrerereehencnetrnnnn YJ ncrrbncrnrirdirnennnnn| 11.49 0093 

10 = 1017 01258 beseesesssseteeeseseeeeeunnssenensnafaseesetnaffeceersnnssefeesttssssrebestmnssseseemmesseeeeed 13430 £2076 

-1.0 -0.5 0.0 0.5 1.0 — 

Autocorrelation Function: Sauk County Landfill (2978) 

W-31 Hardness 

| (Standard errors are white-noise estimates) 

Lag Corr. S.E. i Q p 

1 $6415 £1399 beneetneenedbenmnnpen YYYHYYY) wierd 8.79 .0030 

9-170 61275 eceesceeesesetsestteebeereeneeth YY oneeevverierrrernrnerriarrnnerrrnnrrineed 23,87 0045 

| 13 2216 61208 fever rrsrereeentenenneennn YY oorccvcrsperrrnernresiorncrnneenerenereed 37.43 0004 

| | 14-2253 61190 feeb tt!:]YVYY) oor cderrerrrrerperrnernerrnernerreed 41,96 0001 

-1.0 -0.5 0.0 0.5 1.0 
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Autocorrelation Function: Sauk County Landfill (2978) | 

W-30 Specific Conductance 

(Standard errors are white-noise estimates) 

Lag Corr. S.B. rf Q p 

1 +. 033 . 1399 Pesssssssesseeeeeeeenecetossnsesseeagecstettannane Bcceeeciessapennnnnceeeebeceessnnenanaceseeeeees . O6 . 8108 

A $6042 1354 prrceecesreeeeseeeebeeeeteeedeeeneeeYfnsecdecemtebennned 435, 9860 
B L077 £1389 feveesseeeceeeeeettttnfeeeesernbeeJpoorreiedecresipunseed 69 9837 

14 $6027 61190 frvrrrenrertenrreeetndeerceteeeebintnnne fp cnnfernetentmnnnd 2,81 9994 | 

-1.0 -0.5 0.0 0.5 1.0 | 

Autocorrelation Function: Sauk County Landfill (2978) 

| W-30A Specific Conductance | 

(Standard errors are white-noise estimates) . 

Lag Corr. S.E. Q p . 

_ 2 +.318 .1384 pevesssesettncetnceenferneereec eerste YY) ove ocecrrcrvreerneesne 13.45 .0012 

9 +.037 1275 sssteenneeenererneeieetnnenendieseceensee faceenctenfeeeneeeenefesneteneeennseecnee 20.61 0145 

13-2051 £1208 prvrserrenerescefeenernnenfienee If enccneenbseenneenntdeneneeneeed 21,56 60627 
14-2155 1190 prvrrreennbenenen YY oonccrverdeerrcrdrmnnend 23.25  .0564 | 
15 -.056 . L173 prrverssseereeresssssceeebeesccettetbeceeeee J oceccreebcccceesetsnabeceeeensenseceseeseeee | 23.48 .O746 

-1.0 -0.5 0.0 0.5 1.0 . 

| Autocorrelation Function: Sauk County Landfill (2978) | 

, W-31 Specific Conductance | 

| (Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p 
1 +.494 .1399 sertertessssnceeeeeerebunneeeneeeneesceeeee YY YH occvvrnrsvrcreessssse 12.48 .0004 | . 

54.122 1339 pressereeeceeceneeeeeeebeeseccerebeeceereee YY corr berccrrrrredernerererenree| 30.59 £0000 | | 

To =.031 61307 feersreeesterneerifeerncennfeenenntin ff needed 32.03 £0000 | 

| 15-2321 1173 pred YY coc cordecrsrrrrrnierrrrrneennrnvnnd 52,68 0000 

-1.0 -0.5 0.0 0.5 1.0 

| C-21 !



Autocorrelation Function: City of Richland Center (3065) . 

MW-6 Alkalinity | 

| (Standard errors are white-noise estimates) 

. Lag Corr. SB. y a QO _p | 

1 +.224 1473 posssssssseeeeeeeeetttecafesetetteeeees steers YY a recveeeesvrerrsverrrserrrrnrrncnee 2.32 1279 | 

22204 61456 brvresssseeseseseeeeesteeebeeeeeeeet de YY onneeeeveeveecberrerrredoersrverrererrereeceed 4,28 1176 | 

44.337 114.20 peered YY) oocenierrvcrrrvvrrsnernd 114.28 £0236 | 
B $2004 14 OL prveeesrseesseseesseeeferrnesntabieenssseeseef eneeemesenfeeressenspuerracermmseereneered 11,28 0461 | 

11 +.037 1286 foseseseeeeesseeeseetafeesneensentiseeenseted aoneeesniesssesnssnusstnaeesnnnesnaetie 111.88 3728 

13 +.071 .1245 joseesnsseeeeseeeetsseefneeeeneeentesensnnse Up avecssafecsenessenfessnsessnsersenseenaed 12.99 .4485 | | 

15 ~.070 1203 fesvssseveteetssssssssseafessseccceeneebeceetee Yh eecsssssecccceccececeepeceeeeenttitiirireseee | 13.58 .5577 

; -1.0 -0.5 0.0 _ 0.5 1.0 | . | | 

Autocorrelation Function: City of Richland Center (S065) 

| MW-7 Alkalinity 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. T Q p 

1 +.342 .1473 povsesesteeessesteeebesseeeeereaeeesereeesse YYYYY) ooeevsbevveevevvvvrerennnnooe | 5.40 .0201 

D165 114 56 frveeeeeeeeeeeeeeterttebeseereeeeedie nner YY onwrhorrerrredinrnnnnnnnnnd 6,68 .0354 

13-1146 01245 besseessteeensteneetecrennerente YY oovrocecorierrrerrrrdpenerenceseerreened 12495 .5317 

15 -.295 .1203 Peeeseessetscssssssseesbosseeenee YY evreerrorivrrvrvrvreceerbeccsceeririsissssicsson }20.12°  .1673 | 

-1.0 -0.5 0.0 0.5 1.0 

| Autocorrelation Function: City of Richland Center (3065) 

MW-7P Alkalinity OS 

(Standard errors are white-noise estimates) | 

Lag Corr. S.B. Q p 

| 1 -,061 1473 seseeettteresesssnsesseaferetetetsgcsseeesse Yh serccsccsncceseeceeeeteeseaneenceeneeeneesee 17 . 6799 . 

| A $6130 614.20 prvrssssserssesseeeeeeretebeeeeeetnafesssnssssese YY ercreederecrndenerrennened 8.07  .0890 
5 +.002 .1401 possessctesseenseetneefsstesstetiecnseesseeasessseesandsaeensstnfonsnetnstenarenset | 8.07 1524 

6.045. 11383 fevers bere fpidecssnbsed 8,18  .2253 | 

12 $014 1266 frvrsssecccceeeeeeeesereefecssceeeeteediesenssesceefbettbecseeebtmennd 9,37 6712 | 

-1.0 -0.5 00 | 0.5 1.0 . 
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. | Autocorrelation Function: City of Richland Center (3065) 

MW-6 Hardness 

| (Standard errors are white-noise estimates) 

Lag Corr. S.E. | ’ Q p 

1 -.235 .1473 possessseeeseceeneeerateeneeenes YY ooveooevevesnrocerrvespreerrererreresnees } 2.54 .1113 

Z = 2005 11456 frveereresseeeeeeeeesssebernnecteedeeseeersssedfecsssseeeetisferstitmnefereemneeeeeemnneeed 2454  ,2812 
3 $2089 11438 prnrersresseeesttteferntereedaerernettee YM rorsnerbieersnetdnstneennennenned 2,92 4042 | 
A= .090, £1420 preceeded Yponrrrnncredenrenrndurmaaned 3,32 5050 

| , T $6045 1364 frrvecssteessettneteederreenn teense fpoctneebeeeenrpaned 4,31 7434 

LL = 2080 61286 peereccrtencnbenmnndin Yporrrnofoncn permed 7,20  .7828 

LB $172 £1245 frereereeeceesteefeenseensentecnetn YY viccecrrnereferreneereenneeneeed 9,33 7474 . | 

| 15 +010 61203 prssresreectensteubenteeceedieennn peed penmmned 9,60 8442 

-1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: City of Richland Center (3065) | 
| MW -7 Hardness 

(Standard errors are white-noise estimates) : 

Lag Corr. S.B. Y | 1 Q p 

1 +.673 1473 ns cae aa 1/7 20.90 -0000 

2 4.447 .1456 fovssseesseesetesttsebnerenendnnsenees GOYA eovscevervvnereresens 30.34 .0000 

B$.41B 1438 pore rerrseeeeeeeeeeeedbesnttenetbeerneeee YYYYY YY oor evveeeveererrvveneened 38.80  .0000 
4 4,279 .1420 vvseeneecsetesttnetaferneenecbernessees YT cvvccvednverceenseeneseeee | 42.67 -0000 

| Bo$.12L 61345 penreeeeeerecceernssetebenneernnderstteenee YPpeerrafrcesntecrnnd 45.98  .0000 

LL $042 61286 froreerrensrrennitenesniendinnne cncindenrdicted 47,18 £0000 

1B A 1ST 1245 freeride YY on rcecveiorrrerrrnipurrenenennnnd 49.33.0000 
| 14-6222 1224 freee YY) oovrcrrrvrinrrrrrrrrreriorrrrrnrnnnnnrned 52,61  .0000 

| 15 -—.323 1203 possesses YY ooevvcreevvrseessvcntersesrerrsrirserssren | 59.82 .0000 

-1.0 -0.5 0.0 0.5 1.0 | 

Autocorrelation Function: City of Richland Center (3065) 

| MW-7P Hardness _ : Oo 
(Standard errors are white-noise estimates) 

Lag Corr. S.E. , r Q p 

a 2 +.197 1456 frovesssessssesecenennnesebeceeresceediennsesseeeene YY cccivsssesserecbererssecsnrerseeseeessen | 5.96 -0508 . 

LL $.098 61286 prev ererenntnnnibeeceentinn YY ccrrdennerrdurrmennnend 13,22 2793 | 
12 = 1019 61266 feversenseerereeeeeeeeefereesseeenbeseersseensseetnnedieemmeeetinfessssnenseeeeeed 13.24.3517 | 

| LB -=.217 1245 prsseenneeeneent YYYY) ovrecrrdorervererrsprrrnereneeeeneed 16,28 62347 

7 15-2185 61203 prrsreereebecrne YY) ooorrvnrrderrcrrrrrrperrrernenrennrnnn| 20,79 1436 | 

-1.0 -0.5 0.0 0.5 1.0 | 
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Autocorrelation Function: City of Richland Center (3065) 

, . MW-6 Specific Conductance 

(Standard errors are white-noise estimates) | : 

Lag Corr. S.E. | Q p 

1 +.388 .1473 povssssssneeeeeeeeeeecneabeceereenegeeeeeeeese YY shervvverevsvvvrervorveee 6.93 .0085 

24.345 11456 prcrrennrcenrceencenfeenenndeerenn YYYYYY oo eceierrerervevrrvenrsnd 12.56  .0019 | 

BS $L1BL 1401 presesssssssesseeseeeeeefetsssssneebeeeseeetttt YY enrredeccreesferssnesnnneneeeed 21,61  .0006 

T $6099 11364 prvrrrrreerrreerctefiernenentecreneenn YI crvnecinrrerinnrpunnnennnned 22.13 0024 

| -1.0 -0.5 0.0 0.5 1.0 

| Autocorrelation Function: City of Richland Center (3065) / 

. MW-7 Specific Conductance 

. _ (Standard errors are white-noise estimates) | 

Lag Corr. S.E. ; Q p | 

| L$6832 011473 preening YYYYYYYVYyyyp._....--| 31.83.0000 
2 +.681 .1456 posers tescsceseeedeeeeee YYYYMHYW/iYY 0 53.74 -0000 

34.559 LAB B prrrrrrrrrrereeeeeeeeeeedbseeedbeee YY YWYHYh o..-.vvvvereeed 68.84 0000 | 
A $.415 11420 brversreennstennctindeneben YYYYY YY) oni evrevcrervnenre-d 77.39.0000 

7 +,.012 1364 povcesseeescetsecetnatnetcesstenpecceeeseeefecsserseefestneeafectnpeenettnneeeeet 182.01 0000 

| 10-2234 1306 perenne | YY occeccccvdperrrnnbcccnd 87.01  .0000 

| 15 =.342 61203 bees YY ooeccrrderrrcrrrtrrrernened 118.5 0000 | 

-1.0 -0.5 0.0 0.5 1.0 | | 

Autocorrelation Function: City of Richland Center (3065) 

| __ _MW-7P Specific Conductance 
(Standard errors are white-noise estimates) _ . 

. Lag Corr. S.E. - — Q p | 
1 +.839 .1473 snrrerrcerrsnerrtecrsersecrsss YYYYYYH YY yp... 32.40 -0000 

2 4.744 .1456 am: , mom,|, oo /////JAIAOOa—Ee 58.50 -0000 | 

| 34.699 1438 fevered WWWYY}YYYYYY).onreeeeesvv-d 82.11.0000 
A +.562 £1420 frvrrrenrcrenrrenreenfetenrenntbon on YYYYYYYY eoeseoeeveere-d 97.80 0000 
B $6400 14 OT beveesnsseeseeseeseeeeseeeferteettseebeeseeseee YY evivrvrerverevereerreereeeeed 106.0 0000 

13-2369 61245 persed YYYYYy oo eoo-vevierrrverrvrrierrrerreneerrerervnd 135.7 0000 
. 14 -.393  .1224 veseeetseeeeseeeeseetsee YY ocvsvewjereviverenterserrsnrrvrnteeree 146.0 ~0000 

15 =.400 £1203 perl YYYYYYY one cnverinerrvrcrrrrrterrnrerrrrnrvd 157.1 0000 

-1.0 -0.5 0.0 0.5 1.0 : 

| C-24



Autocorrelation Function: Juneau County Landfill (3070) 

OW-5 Alkalinity 

(Standard errors are white-noise estimates) ae 

Lag Corr. SB. | Q p 

Lo £.319 £1600 prover eeresstenrfennent penne YYYY) ovccrjerrveorrrrrnnrnnnd 3.97  .0463 : | 

A $6143 1529 prrrrereccenendeecennbeneeere Yh ovsrjerrerrretinnennnnned 5.98 ,2008 
54.045 1505 foveeeeenecenseenstteefecettseebacetnetetse Yensermnenpeeresnfietnnnned 6.07 2995 

12. 4.069 61325 foresscereeneenniefeenennebennnnin Jporcrrfeermedermeneneneened 14.85 12500 

-1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: Juneau County Landfill (3070) | 
OW-S5 Hardness | 

, | (Standard errors are white-noise estimates) 

Lag Corr. S.E. — Q p 
© D #6532 61600 freee rnntneberene nt  YYYYYYYYcccvceeveemeeed 1107 .0009 

2 $2460 1577 prvrrrerentennncbeencenteenrnnn YY YA cvvcrecrenrnerd 19.59.0001 ) | 
, 3 +.512 1553 povoseerrnereteneoreneendint nent YY YY .ocecvcvrvrerres 30.45 -0000 

4 +.394 .1529 pecccerrcenreecettebiecere theese YY oo oocervevvrreerrersvnd 37.07  .0000 

LO $2229 61379 fervesrerreeneenntnnfecnnnn een: '’W} I hecveveerdoerrnerarenneenrerned 52.58 0000 | | 

| -1.0 -0.5 0.0 05 1.0 

| Autocorrelation Function: Juneau County Landfill (3070) - 

OW-5 Specific Conductance 

| : (Standard errors are white-noise estimates) 

Lag Corr. So.K. — 1 , Q p | 

4$.300 1547 prvrrrercenrseesttnebescennbaertne YY ccrcvedevrvreenveeneennnd 7,73 1021 
SB +.154 1522 preeereeeneeeenneenbreneebeecne YY odermrrpernrenennnd 8.75 11194 

7 +.164 .1470 posesesseeesetetnnceeaferscetedinseeessn YY evvectiverieresecereneesnnseeinetse 111.49 -1189 | 

: 92030 1417 frvereerernsstenetttnefeneintidieceestif ocnseenedeneennnnfeeteened 11,80 2249 
| 10-2023 61389 preerreeeeeestcnneeebenerenmeefeemeeeee Pf ceeenneefuneebeed 11.83 2968 | 

LS = 2008 1303 prvveerresreeeeerssseedecsteenceebermneeettiffeccnessettefeeeeeeneneebernneeeseneeeeed 12.91 4545 

-1.0 -0.5 0.0 0.5 1.0 
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Autocorrelation Function: Troy Area Landfill (3090) | 

B-1 Alkalinity . | 
, (Standard errors are white-noise estimates) 

Lag Corr. S.E.y; Q p 

AT eee eee ceees ”///////// Raeeaes e OOP 
2+.315 .1661 fovssseseeesetsettetfeenceedecerseeeet YOY ovoceovrveceeeeseseietn 116.13  .0003 - 

42246 1604 frvrrrrerrenrensterhecrenn YY erccrvrerperrreebrrerennnneneed 18,83 0009 
B18 1575 pevreeseetenseeeteeeebectetet ben YY oovrverrrveeierrrnrrpernreenneeernneeened 20.27 0011 

T $6030 1516 frvveenssessestesctnebeerantbeneteetnnie ffccnetnnbeemsenndectnteneeeed 20.79 0041 7 

LL $6077 61389 frversseestesseenctnderteneebeesnnnni Ip onceridecnsetnebucctecmneeened 25431  .0082 - 
12 +.003 .1356 foseeeeessseeeeessneesafeceseseenspecteesseeeafestensstetiieeetnaettfessetensseteeneeeeeeee 25.31 0134 

| | -1.0 -0.5 0.0 05 1.0 

| Autocorrelation Function: Troy Area Landfill (3090) 

B-1B Alkalinity 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. ' = — Q | p 

L$2616 1688 fever be YY YY oooe-voo-e-1 13.30.0003 

| 6 -.077 .1546 fossseesssseetnnseeetneferenscpenrernee Gp ecrrveeessneefesnseeeefacteeneeeetnnseesseie | 18.08 .0061 

To #6042 61816 frvvrsresrresttectenefaernnnafeesincine ff ocnnbinnfeermnnmeeneed 18,16 0113 | 

10-2067 61422 fevreecreerreerteneteebertenetafeecttne foncrneecenfernedicmnneeeed 18.78 0432 | - 

| 14 6114 61286 prvrerrerenenrnrberenenebe YY onrerrerdarrinredrenneeeend 20.58  .1129 | 
15 -.167 .1250 prvsreessesceesceenesenfereseseenthe YY) oocrerrersiinerssrsreeaerrreirersennereseese | 22.36 .0988 

-1.0 -0.5 0.0 0.5 1.0 

| Autocorrelation Function: Troy Area Landfill (3090) . | 

B-2 Alkalinity 

(Standard errors are white-noise estimates) | 

Lag Corr. S.E. Q p 
1 +.213 1688 srssssseseeeeesesetsseabesecnnageereeseseeteeee YY cascrcccssssrjonceseseessoneseesssee 1.60 .2065 

| TH eDL2 61516 frversresreeneeenerenbeeenn ferent Yh occercbnrrenrnpacrmneennnd 7,56 3728 

-1.0 -0.5 0.0 0.5 1.0 
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| Autocorrelation Function: Troy Area Landfill (3090) 

B-1 Hardness 

: (Standard errors are white-noise estimates) 

| Lag Corr. S.E. | Q p | oe 
L #6666 1688 fone nerrerfeenenpennnnn YYYYY YY, ocvvveeme4 15.56  .0001 

Oo 2 +.398 .1661 fovvesseeseeensetnsttfernceeeeeeeeneese YY oc vccvnverreeseresse 121.29 .0000 | 

B#LLZ5 61633 frrvrerrrenrerrrrnrenefereenebenerreten YY) rcvrcrnienernntperernnconed 21,87 0001 

13 = 2067 11327 frvvensrerrsesstnctenbenntennnben YY) oornrrinndonrnernnurmenneed 40,39 0001 7 

15 —-.151 .1250 Povssrerreerssseeeeeteafecetseeerede YY) aoveesrcceciersssrersrespecnsereseessenrensenn | 43.60 .0001 

| -1.0 0.5 0.0 0.5 1.0 

Autocorrelation Function: Troy Area Landfill (3090) | 
B-1B Hardness | 

(Standard errors are white-noise estimates) : 

Lag Corr. S.B. p-— | | QO p . 
| 1 +.328 .1688 posssssesseeesenneeetteafecenseepeneeeeseeeeee YR eovceeservernveverveveessnee | 3.77 .0523 

3 +. 1 13 : 1 633 povessreseessresersetfercttnbeccenetnerse I ccrececbccnevbenerneeneenetcetee | 5 . 83 . 1202 

15 —.027 .1250 Poveseesseesersetrctfetineeneeeeceeete ff sstsstnecbneenttneefecnststeeteeetneee | 14.33 ~5003 

-1.0 -0.5 0.0 0.5 1.0 

Autocorrelation Function: Troy Area Landfill (3090) 

B-2 Hardness . 
. | (Standard errors are white-noise estimates) 

Lag Corr. S.E. r — Q- p . 
1 +.435 1712 prvseeeeeeetesseseeeeeeccerenpeesnes sete YY YYY i. .cvcsoorevevevnennee | 6.44 .0111 

. 1B --.110 11326 prvvnresresrenrinbennnnnien YY oorerernboererrderrruemenend 19.60 1058 
14 $2086 11289 frcrnrrertenrennrinberrennerefenssrnnn YYorrrrdurrrnrdermenenenneed 20.04  .1289 
15-2082 1251 prrennchnerncetdin YY) rvnrrcnnberncrrreberinnned 20.47  .1548 Oo 

-1.0 -0.5 0.0 0.5 1.0 
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Autocorrelation Function: Troy Area Landfill (3090) 

B-1 Specific Conductance . 

(Standard errors are white-noise estimates) 

Lag Corr. S.E.-- ———— Q p . 

14.745 1665 frre OY ee 20.01.0000 | 
2 4.515 1638 nz: a, 29.90 -0000 

| B+.A4L 61612 porreerseecctencenbennebn nn YYYYY Yh oceecervrererenred 37.39.0000 
4 +.468 .1585 povsssstessteeseeeneebnetinetteeeeeetese YY YY) ic voeveorvsrvernee 46.11 .0000 

5 $2392 1587 persed YYYYYY) oevivccceresvvrrvvrrrrrnd 52.44 0000, 

(TL 2054 1380 frvrerestenstrenttinefesnenceeberneste I oornnrnnednetmennpeernnnnned 57,20 £0000 7 | 

13 -.084 1316 frrrresrceereeneeefrrneeneenbin Y) orcnrrnrdennrenrr turned 58434  .0000 | 
| 14-2057 61283 ferrrnrrenrenrnnrnfecrnnbeninnYpocnnndurnnrtucmnnnned 58,54 0000 

15 -.094 .1248 srecsseeeeeeennnsentesoseerernseettetes  nvcecssrnrbecesriecstecbennseseentennseeessen 59.11 .0000 

| -1.0 0.5 0.0 0.5 10 : 

Autocorrelation Function: Troy Area Landfill (3090) 

B-1B Specific Conductance | 

(Standard errors are white-noise estimates) | 

Lag Corr. S.B. Y ! QO p 
1 +.613 .1994 sn aa, a 1 9.45 .0021 

| 9.134 1569 porrecrrecnreenseenebecrnnten YY oocecrrrcrefcenrenformenarreanened 214.75 .0097 

12-1066 61376 frvrrereseeeesseeceteefereecenretbeesett Ip unvsestnsendennneeeinfesceemnneeeneeed 22,59  .0315 
13 ~.113 © £1306 frrreeerreerrrenneenferresneerben YY orrerernrdecnreenerurrenrmerinend 23434  .0379 | 

-1.0 -0.5 0.0 0.5 1.0 | 

Autocorrelation Function: Troy Area Landfill (3090) | | 

B-2 Specific Conductance 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. p— . —— , 0 0 , | 
L $6287 1665 fevered YY occcveepevrveerwrneennned 2.97 0847 

BHL1S9 1612 prrsreesrreerrressttecfeentencbenceener YYYpeowornferrrrderrnennrned 3,97  .2648 

| Fo .1OB TAAL frevreeeeeeeeeeceeeeeeeenedessscereeedeeessenseses YM ovranadarccsseseeeperseennnssnsenneeeeed 7,93 5417 | 

LL 4.043 61380 frvserrsereestenstrnfecresnnpencnnninfecnndenndeteed 8.04  .7097 

| , 13-2176 61316 freeetebe YY) oorccredenrenrdeccntnnnnd 9,85  .7062 

-1.0 -0.5 0.0 05 1.0 | 
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/ | _ Autocorrelation Function: Lincoln County Landfill (3141) 

| M-4 Alkalinity 

| (Standard errors are white-noise estimates) 

Lag Corr. S.B. 0 p ‘ 
| 1+.765  .1579 immuno, nmnanme|: ////CZ 23.47 .0000 

2 +484 15ST preteen rennneedeeennthenreennne YYYYYYYY cocoeeveverervneeed 33,13 60000 
a 3 +.3012 61535 prereset nnn YY oocvcveperrvrerrvrnernnened 36.97  .0000 

4 $.195 1512 prrreesceeeecsseccetessstennebeeteneeeene YY weriersvevrertenneeerrmneeeereeeeed 38.63.0000 
| 5 $6109 1489 prvrereereeseeereteeeeetennereemndieeresseeere YM rrresrntersesinarfersnnessseneeeeeeed 39,17  .0000 

GB ~ 2083 1466 frvereseeeseeerenseeernferreensnedieer ne ccrrrrerrrndernrrtdanennneneed 39,49 .0000° | 

11 -.391 1342 serreneneennenerethee YYYYWYph ocevoceeeisoreservrespcervnveernrersensee 74.65 0000 | 

| 13-2327 61290 everest YYYYYy occoervreerrersirdererrenenereenreeeeed 88.52.0000 

| -1.0 -0.5 0.0 0.5 1.0 | 

| Autocorrelation Function: Lincoln County Landfill (3141) | 
. | M-9 Alkalinity : | | 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. | Q p 
1 +.481 .1738 Do Il 1 7.67 .0056 

5 +.135 1614. Povssssssssseeeeeeeeettnafeceeseenbessssseceeceee YY vvvsseedorereceespessnssseeecessesseesen 112.00 0348 | 

8 +.023  .1514 Posseeeeeseeeettsscteeafeceeeneespneeeteesetitpblesnseeeetnefetsnsectfessetinesteeneseeensed 16.39  .0372 

7 10-2187 (61443 fevreereeeeeetbe te YY ooeeeeeereredorrredieeeeeceeermned 20.51 .0248 

| -1.0 -0.5 0.0 0.5 1.0 | | 
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| Autocorrelation Function: Lincoln County Landfill (3141) 

M-4 Hardness | 7 
| | (Standard errors are white-noise estimates) 

Lag Corr. S.B. | r 0 p 
1 +.720 1579 srsretetennetrssesrrdeerrmesrensseessn YY YY A... 20.80 -0000 

2 $6473 LSS T prernerrnnrenentbctnendiecennnn YY YHA cvrveseveneeerveeend 30.03  .0000 
34.333 21535 fever errenerbectneden enn YYYYY oo rvejerrerreerremnernieed 34,75  .0000 
44.202 1512 frrveeeessstteensetecteenctnbnceet YY uriercnrorternneeeeeennned 36.53.0000 
5 +.098 11489 forererreertennterbennernndinnenn Vy ccnrerdacrienpucrnnnd 36.96 0000 | 

7 -.179 .1442 Pvvrstctctentntatennennt YY crcvricivreseireneneesenece 138.77 .0000 

9 ~.265 .1393 srcesseeeeercnscneceebaneeite YY wocccscseweecennsesespesnseeeetsnseeeeeen 44.28 0000 

12-6329 61316 frrrrrencernnenbnn YY occrecvjerrrrverdorennernerneeeeeend 63,21 0000 

15 -.065 .1235 prcerererennteberettndastiparccctoncncttnfeeeenrntateeed 72.81  .0000 

-1.0 -0.5 0.0 0.5 1.0 . 

Autocorrelation Function: Lincoln County Landfill (3141) 

| M-9 Hardness 

oe | (Standard errors are white-noise estimates) 

Lag Corr. S.E. Q p 
1 +.208 .1738 Posererscsceeeeescteetbcsseeeceeneneeer YY) serccsesvnsorbevseessennneeessesee } 1.43 2314 

BoHLLTL 61514 peveessteeceeeben rd YY onvcecnrrcnjrererrederrrnennnend 9,31 3172 | 
9.082 1479 forrerreerrrtesrttnndbucntennbernn YY ornreerribernnnferennnnd 9.62  .3824 

LO = 2174 1443 peesreercrteeceeteden ee nden YYYyy vvvcrrssreefurerrinetansnneeneed 11,07 3524 | 
11 +.108 .1407 povvossresereestessttfetscceneebecrnersee YT cceceebecsneeenepeestneeeneteneenet 11.66 3897 

15 +.067 -1250 povssreoresrneeneectersttntnndeninetetepocrscedaeeeetstfeeistetinenetneie 113.19 . .5874 

| | 1.0 -0.5 0.0 0.5 1.0 
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| Autocorrelation Function: Lincoln County Landfill (3141) | 

| M-4 Specific Conductance 

(Standard errors are white-noise estimates) : 

Lag Corr. S.E. Q p 

L#6765 1579 pores YYYYYHYYYYyyp. ne 23.43 £0000 | 
| 2 +.526 ~1557 a 7 ee | 34.84 .0000 | 

44.254 61512 brevet YY iececrrdtennerrnneerreeenred 43,98  .0000 
BHLLTT 1489 Prvesseeeeeseeeeteseteeectitecbneneeeeene YY ovircrrrnrertenserineernnened 45.39  .0000 
GB $.036 1466 frvresseenreeereesecceefeceecsetedeccetnenteee ff cnseetteftsieetedeceeenenend 45.45 0000 | 
T= 105 1442 Prrereessseesstenctebernrereetensn YY onreerrrerrbenerrerderrneeneneeed 45.98  .0000 | | 

9 = 2239 11393 prorererennenbnt YY ovcecrecdecrnrerderrnrernennneeed 50.86  .0000 

-1.0 -0.5 0.0 05 | 1.0 

: Autocorrelation Function: Lincoln County Landfill (3141) | . 

M-9 Specific Conductance 

(Standard errors are white-noise estimates) 

Lag Corr. S.E. — — QO p 
| + +.194 .1738 Prssrrrrsrssssseeeeeebeceengeeertsseettee YY) cccccerevecerbecncresseseseeeeesiee 1.24 2652 

10.018 1443 bererertteeeecteceeebenetetnbeeteimnedfenceesefbemed 5,05  .8877 
| DL = 2094 1407 frvverresserersttssttnbernetrnetberrn YYy oncrnrerrndenrrnniucrnenenened 5,49 9049 

12 $019 £1369 perenne becnenbernninfpcceefentinend 5,51  ,9386 
V3 = 2052 1332 possess rensesstebennenderninn Ypocnrncetnbeenstentfecemeeeeneened 5,67 9574 

21.0 -0.5 0.0 0.5 1.0 

C-31 
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2966 Case Study: Table 1 

Summary Statistics and Intermediate Computations 
for Intra-Well Prediction Limits 

_Constituent | Units | Well |N| Mean | SD | Factor | Limit | 
Alkalinity mg/L. | W-10 8 | 236.925 | 8.505 | 3.180 | 263.967 

mg/L | W-11 8 | 246.175 | 5.847 | 3.180 | 264.767 
mg/L | W-12 8 | 178.975 | 5.762 | 3.180 | 197.297 
mg/L | W-17 8 | 255.063 | 12.611 3.180 | 295.160 
mg/L | W-18 8 | 133.425 | 7.492 | 3.180 | 157.247 
mg/L | W-20 8 | 169.975 | 6.804 | 3.180 | 191.608 
mg/L | W-20P | 8 | 181.863 | 36.830 | 3.180 | 298.968 
mg/L | W-21 8 | 179.225 | 5.555 | 3.180 | 196.889 
mg/L | W-21P | 8 | 202.875 | 9.156 | 3.180 | 231.989 
mg/L | W-22 8 | 162.713 | 4.847 | 3.180 | 178.123 
mg/L | W-22P | 8 | 178.738 | 7.835 | 3.180 | 203.649 
mg/L | W-23 8 | 147.662 | 37.709 | 3.180 | 267.565 
mg/L | W-23P | 8 | 157.438 | 2.129 | 3.180 | 164.206 
mg/L | W-9 8 | 230.787 | 3.388 | 3.180 | 241.559 
mg/L | W-9P 8 | 225.287 | 4.934 | 3.180 | 240.977 

Conductivity | MICR | W-10 8 | 517.875 | 42.549 | 3.180 | 653.166 
MICR | W-11 8 | 489.375 | 31.332 | 3.180 | 589.000 
MICR | W-12 8 | 374.875 | 26.107 | 3.180 | 457.885 
MICR | W-17 8 | 493.625 | 59.457 | 3.180 | 682.677 
MICR | W-18 8 | 265.750 | 9.603 | 3.180 | 296.284 
MICR | W-20 8 | 338.000 | 16.759 | 3.180 | 391.287 
MICR | W-20P | 8 | 406.250 | 25.600 | 3.180 | 487.649 
MICR | W-21 8 | 361.250 | 23.414 | 3.180 | 435.698 
MICR | W-21P | 8 | 410.000 | 24.495 | 3.180 | 487.885 
MICR | W-22 8 | 337.125 | 23.000 | 3.180 | 410.256 
MICR | W-22P | 8 | 366.625 | 25.629 | 3.180 | 448.116 
MICR | W-23 8 | 302.500 | 63.552 | 3.180 | 504.573 
MICR | W-23P | 8 | 323.500 | 21.119 | 3.180 | 390.650 
MICR | W-9 8 | 451.875 | 26.984 | 3.180 | 537.674 
MICR | W-9P 8 | 463.125 | 33.374 | 3.180 | 569.243 

Hardness mg/L | W-10 8 | 269.663 | 7.325 | 3.180 | 292.953 
mg/L | W-11 8 | 265.525 | 7.539 | 3.180 | 289.496 
mg/L | W-12 8 | 190.213 | 2.801 3.180 | 199.119 
mg/L | W-17 8 | 269.512 | 13.027 | 3.180 | 310.934 
mg/L | W-18 8 | 140.488 | 10.463 | 3.180 | 173.756 
mg/L | W-20 8 | 177.800 | 3.283 | 3.180 | 188.238 
mg/L | W-20P | 8 | 211.762 | 3.913 | 3.180 | 224.203 
mg/L | W-21 8 | 188.600 | 4.837 | 3.180 | 203.979 
mg/L | W-21P | 8 | 216.787 | 6.418 | 3.180 | 237.194 

* - Insufficient Data 
** - Detection Frequency < 25% 
“** - Zero Variance 

Prepared by: UW-Madison, CEE Department 

D-1



2966 Case Study: Table 1 - Continued 

Summary Statistics and Intermediate Computations 
for Intra-Well Prediction Limits 

[Constituent | Units | Well | N| Mean | SD | Factor | Limit 
Hardness mg/L | W-22 | 8] 170.525 | 5.152 | 3.180 | 186.908 

mg/L | W-22P | 8 | 186.075 | 6.602 | 3.180 | 207.067 
mg/L | W-23 | 8 | 154.075 | 36.476 | 3.180 | 270.056 
mg/L | W-23P | 8 | 170.787 | 5.405 | 3.180 | 187.975 
mg/L | W-9 8 | 243.600 | 2.209 3.180 | 250.624 
mg/L | W-9P | 8 | 247.488 | 2.382 | 3.180 | 255.061 

* - Insufficient Data | 
** - Detection Frequency < 25% 
*** . Zero Variance 

Prepared by: UW-Madison, CEE Department 

D-2



| 2966 Case Study: Intra-Well Prediction Limits | | | 

| Detect = Alkalinity | Detect " | Alkalinity 
| | _ for well W-10 : | : for well W-11 

| 7 | Verified Hitin Results | | . | | _ | 
wees Outlier O 500. . | | Outlier Oo 500., 

| Verify Vi 450.7 * | ae: | ‘Verify all 450. | ae : | | 
| | | 400. - : ae | | 400.4 — | | | 
feels — 380. | : ms | 350. | ete Eee oe 

| of | 7 250. ai 4 250." 3 ) | | 
a , 200. | . a , 200.4 | pe | 

| 450. a o | 150. 
| | 100. 100. 

oe | 90. | | 50. 7 
Backgnd ss: ——— , Backgnd 222222: ——— | a 

| 83:34:85 86 87 88 89 90 91 92 93 94 95 96 | 83:84:35 86 87 88 89 90 91 92 93 94 95 96 
Samples ———— “ereraiee'eie | Samples ——— |} iteretarataet | 

Limit ————— | Year | Limit ———— Year 

~Graphi1 | Graph 2 

Detect a - Alkalinity Detect _ Alkalinity 
for well W-12 for well W-17 

ND Oo ee ND Oo — 
| Verified Hit in Results 

Outlier O 500. | Outlier O 500. | 

Verify v 450. ; | | Verify v 450. | 
| 7 400. | | | | | 400. 

oe 350. | | 350. 
) TEM 300. ce | m 300. a 

: 4 250. | | - “250, Sta rete ne Ta 
| 200.4 | fo tf 200. | , 

| "450. : | | 150.4 
100.4 | | 100. 

| | 50. - - 50. os 

: Backgnd 2255 ————— | Backgnd seis: | 0. toe 
: | 83:84:85 86 87 88 89 90 91 92 93 94 95 96 83:44:85 86 87 88 89 90 91 92 93 94 95 96 

Samples ———— | betta | | | | Samples ———— saree arene - 

- Limt————- || - Year | Limit ———— o Near | | 

ee | Graph3 — ey a Graph 4 woo me 

a . | Ce oe oo : oe ee Prepared by: UW-Madison, CEE Department |



| “ey 2966 Case Study: Intra-Well Prediction Limits | | 

| Detect sam | | | Alkalinity | Detect _ w || Alkalinity eae 
. . | for well W-18 , | | | | forwellW-20 ~~ : mo 
oe ND ao So nem a 7 ND Oo eg ie a 7 
nies | _ Verified Hit in Results | | | fe Verified Hit in Results a 

| Outlier 0 500... | | | yo Outlier O 500. | | | | 

f verify = v{f 450-0 : —  g Verity = vi} 450. eee | | | | 400. ; mos gf : a 400. a | 
os | | 350.4 hes XY WW was i | 350.4 — os | gay | | 

i | |g 300.4 | \ -e—s\ y * Pe T™ 3004 | : og 

| & 450. tye : i pe | 150. , 
| | 100.- | | ; | 100.7 ee | | 

en || 90. | | 50. } 
Backgnd ssr272 0. tears , | Backgnd js 0.t——= , 

83:84:85 86 87 88 89 90 91 92 93 94 95 96 83:84:85 86 87 88 89 90 91 92 93 94 95 96 | 
| Samples ——— | ees | Samples ——— | ones 

Limit —————— | | Year Limit _ Year 

Graph 5 Graph 6 

Detect a Alkalinity Detect a | Alkalinity 

for well W-20P for well W-21 
ND O oe ND oO — 

| | Verified Hit in Results 
Outlier O 500.- . — | Outlier Oo} 500. . 

: Verify v| 450. | oa | Verify v 450. a | | 
| | | 400. | 400.4 _— | 

| | | 350.4 | 350. x 
. | m 300. : : | - m 300. ae yy RR. 

| “ 4 250. : | | Jes i 250. #\|\ Wwe en 'N 

| 150.7 | | 150. } 

| - 100. : 100. | 
. 50. | | | 50. nt | 

Backgnd sre220. || 0. 4eeqeee Backgnd sr 220 ——— a 
| | | 83:84:85 86 87 88 89 90 91 92 93 94 95 96 | es 83:84:35 86 87 88 89 90 91 92 93 94 95 96 

Samples __ . Tener eer eee" . Samples ————— we are alee 

| | Limit —— ]} Year fee Limit ————— | Year | 

| Graph 7 ar 2 ee - Graph 8 ES | 

a s ME - a e | | | ee | Prepared by: UW-Madison, CEE Department



) | - 2966 Case Study: Intra-Well Prediction Limits | 

: Detect a . Alkalinity — Detect . Alkalinity — es - 

no Tun Cy for well W-21P | 7 | for well W-22 

| | Verified Hit in Results | | | | _ Merified Hit in Results , 
| Outlier O 500. - Outlier Oo 500. | a 

Jveity =v ff 450-7 AS verity  vi| 450.4 - 
| ; 400. | | | | 400.4 | Ls | 

nl | 350. _ | | | Be 350.4 : | | | : 

- {fi 200.- | fa , 200.4 eg YO 
| 1504 . | 450, og . 

100. ~ | 100. a 

cee. | 90. A | |  60.- | 
Backgnd s5255: 0.4 3 . _ Backgnd Sssssc2]] OO. tee — 

83:84:85 86 87 88 89 90 91 92 93 94 95 96 83:84:35 86 87 88 89 90 91 92 93 94 95 96 

Samples ———— Mareen aerer et Samples ———— arateteterere! 

Limit ————— Year Limit ————— Year 

| Graph 9 | | Graph 10 

Detect sm | Alkalinity Detect . Alkalinity aes 
| for well W-22P | for well W-23 | 

ND oO en ND oO ee . 
_ Nerified Hit in Results _ Verified Hit in Resuits | 

Outlier O 500. oe . Outlier O 4000. 

| Verify v 450. | | | Verify Vv 900. | 

| 350. Pa age | | 700. | 
| | mM 300.1 — ey aoc {fig 800. | 

| | 9 250.4 | a || 3 500.- oe _ ie, 
L . 200. . L 400. R Y LA . oa. of 

| it 160. : | : 300. JM a 
| ~ 100.4 ae 200. | yy | 

50.4 | | | 400. | 
| Backgnd srrscr 0. +eeee mn _— ‘| Backgnd sess |] ——— | | | 

83:84:85 86 87 88 89 90 91 92 93 94 95 96 83:84:35 86 87 88 89 90 91 92 93 94 95 96 | 

| Samples ——— | feaetarele a a | | | Samples ———— orarate aero | . | | 

| Limit —————_ | — Year oo | Limit ————— | | Year o 

: — Graphi14 | - | Graph 12 ee 

| : , a ees | “ae | : Prepared by: UW-Madison, CEE Department | 

oo , rp gs : | es De | | | oe | |



| | 2966 Case Study: Intra-Well Prediction Limits ee 

| Detect m@ | | Alkalinity : Detect = | Alkalinity | | 
| | for well W-23P | S | for well W-9 oe 

ND O aaa d ND oO] Ce ee | of 
eS po | _ Verified Hitin Results — oe | | Verified Hit in Results | 

Outlier oO 500.- wh 7 | a op | Outlier Of] 500. we 

| | Verify” Vv 450. | ge , Verify a) 450. | a | 
400. oo | | 400. | | : | 

| Po 350. ns Pe - 350.4 een Sage 
: : | 7 300.4 S = | Van, Beds | i 300.4 es aa 

oes | 250.4 | fo ones 250. “la pg Ral AE a ET TA PI | 
| / Lo \ WI | IL / a porn a an % * 

a 200. eo /\ aa | | 2004 
| | | | 150." v | | 150.4 : | 

100. - | | hs 100. | 
a 90. . | | 50.4 | 

, Backgnd s722222 ———— Backgnd #2555: | 0+. 
83:64:65 86 87 88 89 90 91 92 93 94 95 96 | 838-85 86 87 88 89 90 91 92 93 94 95 96 

Samples ———— ttle Samples ———— ‘arererare eee | 

Limit ———— Year Bo Limit ———— || | | Year 

| Graph 13 | | Graph 14 | 

Detect a | | Alkalinity | | | 

for well W-9P 
ND oO ee | 

Outlier | O 500. | oo | | | | 

| Verify Vv 450. | | | | | | 
| | 400. | - | cs | 

) | a 350. as | | | | | 

| S250.“ | | | a 

| - 150. | | | 

100. | | | : 

| 50. oo oe | 
Backgnd vz-r2-r0) —— | | 

oe | 83:84:85 86 87 88 89 90 91 92 93 94 95 96, | | | 
Samples ———— weet © | | | | | | | 

os Limit ——_—— | Year | | = , : 

| toate Graph 15 — Pe aa | | . | | 

a | oa | a a me | Prepared by: UW-Madison, CEE Department 

oa | - ce | D6 a aS |
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2966 Case Study: Table 1 

Summary Statistics and Intermediate Computations 
for Combined Shewart-Cusum Control Charts 

[Constituent | Units | Well |N| Mean | sD | s(t) | Si) | Limit | 
Alkalinity mg/L | W-10 8 | 236.925 | 8.505 463.760 494.330 | 275.196 

mg/L | W-11 8 | 246.175 | 5.847 285.844 301.822 | 272.487 
mg/L | W-12 8 | 178.975 | 5.762 197.500 212.763 | 204.906 
mg/L | W-17 8 | 255.063 | 12.611 255.063 255.063 | 311.811 
mg/L | W-18 8 | 133.425 | 7.492 | 3730.831 3893.914 | 167.139 
mg/L | W-20 8 | 169.975 | 6.804 | 2174.613 | 2345.834 | 200.592 
mg/L | W-20P | 8 | 181.863 | 36.830 236.401 397.708 | 347.597 
mg/L | W-21 8 | 179.225 | 5.555 | 2165.375 | 2224.594 | 204.224 
mg/L | W-21P | 8 | 202.875 | 9.156 | 1015.028 | 1058.996 | 244.079 
mg/L | W-22 8 | 162.713 | 4.847 | 1055.089 | 1123.530 | 184.522 
mg/L | W-22P | 8 | 178.738 | 7.835 709.589 815.017 | 213.993 
mg/L | W-23 8 | 147.662 | 37.709 | 7522.044 | 7784.672 | 317.355 
mg/L | W-23P | 8 | 157.438 | 2.129 | 2614.357 | 2682.791 | 167.017 
mg/L | W-9 8 | 230.787 | 3.388 546.337 572.162 | 246.032 
mg/L | W-9P 8 | 225.287 | 4.934 225.287 225.287 | 247.492 

Conductivity | MICR | W-10 8 | 517.875 | 42.549 651.603 551.179 | 709.345 
MICR | W-11 8 | 489.375 | 31.332 489.375 489.375 | 630.369 
MICR | W-12 8 | 374.875 | 26.107 392.912 374.875 | 492.355 
MICR | W-17 8 | 493.625 | 59.457 493.625 493.625 | 761.181 
MICR | W-18 8 | 265.750 | 9.603 | 7649.165 | 7969.812 | 308.963 
MICR | W-20 8 | 338.000 | 16.759 | 3617.754 | 3742.995 | 413.415 
MICR | W-20P | 8 | 406.250 | 25.600 598.401 546.551 | 521.450 
MICR | W-21 8 | 361.250 | 23.414 | 3893.659 | 4282.995 | 466.613 
MICR | W-21P | 8 | 410.000 | 24.495 | 1562.143 | 1517.648 | 520.227 
MICR | W-22 8 | 337.125 | 23.000 | 1315.134 | 1310.010 | 440.623 
MICR | W-22P | 8 | 366.625 | 25.629 873.102 910.848 | 481.955 
MICR | W-23 8 | 302.500 | 63.552 | 12081.316 | 12325.264 | 588.484 
MICR | W-23P | 8 | 323.500 | 21.119 | 4161.176 | 4176.557 | 418.534 
MICR | W-9 8 | 451.875 | 26.984 484.157 451.875 | 573.302 
MICR | W-9P 8 | 463.125 | 33.374 463.125 463.125 | 613.309 

Hardness mg/L | W-10 8 | 269.663 | 7.325 487.789 538.801 | 302.625 
mg/L | W-11 8 | 265.525 | 7.539 280.461 299.397 | 299.450 
mg/L | W-12 8 | 190.213 | 2.801 227.171 254.158 | 202.818 
mg/L | W-17 8 | 269.512 | 13.027 269.512 269.512 | 328.134 
mg/L | W-18 8 | 140.488 | 10.463 | 3731.975 | 3921.025 | 187.571 
mg/L | W-20 8 | 177.800 | 3.283 | 2467.149 | 2670.066 | 192.573 
mg/L | W-20P | 8 | 211.762 | 3.913 867.784 900.109 | 229.369 
mg/L | W-21 8 | 188.600 | 4.837 | 2401.807 | 2480.371 | 210.365 
mg/L | W-21P | 8 | 216.787 | 6418 | 1199.035 | 1255.830 | 245.668 

* - Insufficient Data 
** - Detection Frequency < 25% 
*** - Zero Variance 
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2966 Case Study: Table 1 - Continued 

Summary Statistics and Intermediate Computations 
for Combined Shewart-Cusum Control Charts 

[Constituent | Units | Well [N| Mean | SD | Stet) | SG) | Limit 
Hardness mg/L | W-22 8 | 170.525 | 5.152 1190.588 1266.911 | 193.711 

mg/L | W-22P | 8 | 186.075 | 6.602 737.335 864.658 | 215.784 
mg/L | W-23 8 | 154.075 | 36.476 7919.931 8213.380 | 318.217 
mg/L | W-23P | 8 | 170.787 | 5.405 | 2682.071 2753.878 | 195.112 
mg/L | W-9 8 | 243.600 | 2.209 621.855 648.046 | 253.541 
mg/L | W-9P 8 | 247.488 | 2.382 247.488 247.488 | 258.205 

* - Insufficient Data 

** - Detection Frequency < 25% 
*** - Zero Variance 
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2966 Case Study: Table 1 

Summary Statistics and Intermediate Computations 
for Intra-Well Prediction Limits 

[Constituent | units [ Well | N | Mean | SD | Factor | Limit _ 
Alkalinity mg/L | W-10 | 25 | 235.496 | 12.211 | 2.541 | 266.525 

mo/L | W-11 25 | 242.456 9.041 | 2.541 | 265.428 
mg/L | W-12 | 25 | 179.752 4.625 | 2.541 | 191.503 
mg/L | W-17 | 24 | 228.771 24.283 | 2.551 | 290.712 . 
mg/L | W-18 | 23 | 183.148 | 55.121 | 2.562 | 324.347 
mg/L | W-20 | 25 170.792 9.461 | 2.541 | 194.833 
mg/L | W-20P | 25 | 192.756 | 21.824 | 2.541 | 248.211 
mg/L | W-21 25 | 181.352 | 10.310 | 2.541 | 207.550 
mg/L | W-21P | 24 | 204.583 7.217 | 2.551 | 222.992 
mg/L | W-22 | 25 | 160.908 8.092 | 2.541 | 181.471 
mg/L | W-22P | 25 | 179.516 8.227 | 2.541 | 200.422 
mg/L | W-23 | 25 | 281.812 | 112.164 | 2.541 | 566.820 
mg/L | W-23P | 25 | 170.020 | 19.355 | 2.541 | 219.202 
mg/L | W-9 25 | 234.612 6.527 | 2.541 | 251.198 
mo/L | W-9P | 25 | 217.052 | 11.706 | 2.541 | 246.797 

: Conductivity | MICR | W-10 | 25 | 509.320 | 65.588 | 2.541 | 675.978 
MICR | W-11 25 | 466.400 | 54.160 | 2.541 | 604.021 
MICR | W-12 | 25 | 375.360 | 29.590 | 2.541 | 450.548 
MICR | W-17 | 24 | 445.792 | 71.721 | 2.551 | 628.740 
MICR | W-18 | 23 | 355.478 | 106.569 | 2.562 | 628.466 
MICR | W-20 | 25 | 338.560 | 38.396 | 2.541 | 436.124 
MICR | W-20P | 25 | 405.400 | 35.342 | 2.541 | 495.205 
MICR | W-21 25 | 360.040 | 43.316 | 2.541 | 470.106 
MICR | W-21P | 24 | 407.417 | 39.410 | 2.551 | 507.944 
MICR | W-22 | 25 | 323.200 | 32.087 | 2.541 | 404.733 
MICR | W-22P | 25 | 363.520 | 38.352 | 2.541 | 460.971 
MICR | W-23 | 25 | 500.600 | 194.489 | 2.541 | 994.797 
MICR | W-23P | 25 | 338.320 | 56.851 | 2.541 | 482.779 
MICR | W-9 | 25 | 453.560 | 39.050 | 2.541 | 552.787 
MICR | W-9P_ | 25 | 441.560 | 41.999 | 2.541 | 548.280 

Hardness mg/L | W-10 272.652 | 17.988 | 2.541 | 318.360 
mg/L | W-11 261.848 8.922 | 2.541 | 284.520 
mg/L | W-12 195.068 6.947 | 2.541 | 212.720 
mg/L | W-17 241.129 | 27.921 | 2.551 | 312.351 
mg/L | W-18 190.604 | 53.857 | 2.562 | 328.566 
mg/L | W-20 181.736 | 12.301 | 2.541 | 212.994 
mg/L | W-20P 216.884 7.977 | 2.541 | 237.154 
mg/L | W-21 193.792 | 14.958 | 2.541 | 231.801 
mg/L | W-21P 219.346 8.719 | 2.551 | 241.587 

* - Insufficient Data 

** - Detection Frequency < 25% 
*** - Zero Variance 
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2966 Case Study: Table 1 - Continued 

Summary Statistics and Intermediate Computations 
for Intra-Well Prediction Limits 

[Constituent | Units | Well | N | Mean | SD | Factor | Limit _ 
Hardness mg/L | W-22 29 | 168.528 10.430 2.541 | 195.031 

mg/L | W-22P | 25 | 190.584 9.517 2.541 | 214.767 
mg/L | W-23 25 | 293.104 | 113.196 2.541 | 580.736 

mg/L | W-23P | 25 | 186.452 23.986 2.541 | 247.400 

mg/L | W-9 25 | 249.512 6.490 | 2.541 | 266.003 
mg/L | W-9P | 25 | 238.876 | 12.225 | 2.541 | 269.939 

* - Insufficient Data 
** - Detection Frequency < 25% 

*** - Zero Variance 

Prepared by: UW-Madison, CEE Department 
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2966 Case Study: Table 1 

Summary Statistics and Intermediate Computations 
for Combined Shewart-Cusum Control Charts 

[Constituent | Units | well | N | Mean | sD | sti) | Sti) | Limit 
Alkalinity mg/L | W-10 25 | 235.496 | 12.211 466.060 | 497.406 | 284.341 

mg/L | W-11 25 | 242.456 9.041 333.437 | 352.200 | 278.618 
mg/L | W-12 25 | 179.752 4.625 | 201.311 218.090 | 198.251 
mg/L | W-17 24 | 228.771 24.283 | 246.805 | 247.822 | 325.902 
mg/L | W-18 23 | 183.148 | 55.121 | 1480.928 | 1560.439 | 403.633 
mg/L | W-20 29 | 170.792 9.461 | 2143.594 | 2313.706 | 208.637 
mg/L | W-20P | 25 | 192.756 | 21.824 | 331.392 | 502.268 | 280.052 
mg/L | W-21 25 | 181.352 | 10.310 | 2030.984 | 2085.900 | 222.592 
mg/L | W-21P | 24 | 204.583 7.217 | 1091.697 | 1137.701 233.450 
mg/L | W-22 25 | 160.908 8.092 | 1077.453 | 1146.476 193.278 
mg/L | W-22P | 25 | 179.516 8.227 | 718.337 | 824.651 212.426 
mg/L | W-23 25 | 281.812 | 112.164 | 1146.463 | 1228.528 | 730.467 
mg/L | W-23P | 25 | 170.020 | 19.355 | 1657.678 | 1701.141 247.442 
mg/L | W-9 25 | 234.612 6.527 | 472.015 | 492.508 | 260.721 
mg/L | W-9P_ | 25 | 217.052 | 11.706 | 217.052 | 217.052 | 263.877 

Conductivity | MICR | W-10 25 | 509.320 | 65.588 | 648.788 | 550.277 | 771.670 
MICR | W-11 25 | 466.400 | 54.160 | 479.380 | 466.400 | 683.041 | 
MICR | W-12 25 | 375.360 | 29.590 | 400.255 | 375.360 | 493.720 
MICR | W-17 24 | 445.792 | 71.721 | 554.297 | 445.792 | 732.676 
MICR | W-18 23 | 355.478 | 106.569 | 2901.945 | 3062.540 | 781.755 
MICR | W-20 25 | 338.560 | 38.396 | 3228.563 | 3341.206 | 492.144 
MICR | W-20P | 25 | 405.400 35.342 583.264 531.358 546.769 

MICR | W-21 25 | 360.040 | 43.316 | 3555.281 | 3936.753 | 533.305 
MICR | W-21P | 24 | 407.417 | 39.410 | 1490.147 | 1443.173 | 565.055 . 
MICR | W-22 25 | 323.200 | 32.087 | 1644.832 | 1652.566 | 451.548 
MICR | W-22P | 25 | 363.520 | 38.352 | 869.818 | 907.534 | 516.926 
MICR | W-23 25 | 500.600 | 194.489 | 1801.799 | 1765.332 | 1278.556 
MICR | W-23P | 25 | 338.320 | 56.851 | 3088.485 | 3067.526 | 565.725 
MICR | W-9 25 | 453.560 | 39.050 | 477.865 | 453.560 | 609.761 
MICR | W-9P_| 25 | 441.560 | 41.999 | 441.560 | 441.560 | 609.556 

Hardness mg/L | W-10 272.652 17.988 383.508 425.365 344.604 

mg/L | W-11 261.848 8.922 | 281.308 | 304.768 | 297.538 
mg/L | W-12 195.068 6.947 | 198.790 | 218.512 | 222.855 
mg/L | W-17 241.129 | 27.921 280.850 | 290.780 | 352.813 
mg/L | W-18 190.604 | 53.857 | 1553.668 | 1662.671 406.034 
mg/L | W-20 181.736 12.301 | 2170.797 | 2363.835 | 230.942 
mg/L | W-20P 216.884 7.977 | 650.412 | 675.545 | 248.793 
mg/L | W-21 193.792 | 14.958 | 2069.493 | 2136.483 | 253.625 
mg/L | W-21P 219.346 8.719 | 1106.556 | 1160.671 254.223 

* - Insufficient Data 

** - Detection Frequency < 25% 
*** _ Zero Variance 

Prepared by: UW-Madison, CEE Department 
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2966 Case Study: Table 1 - Continued 

Summary Statistics and Intermediate Computations 
for Combined Shewart-Cusum Control Charts 

[Constituent | Units | Well [N| Mean | SD | St-t) | Si) | Limit 
Hardness mg/L | W-22 | 25 | 168.528 | 10.430 | 1151.764 | 1227.414 | 210.248 

mg/L | W-22P | 25 | 190.584 9.517 | 728.809 | 851.087 | 228.653 
mg/L | W-23 25 | 293.104 | 113.196 | 1253.091 | 1359.089 | 745.890 
mg/L | W-23P | 25 | 186.452 | 23.986 | 1746.533 | 1790.092 | 282.396 
mg/L | W-9 25 | 249.512 6.490 | 446.578 | 464.199 | 275.472 
mg/L | W-9P | 25 | 238.876 | 12.225 | 266.386 | 262.342 | 287.775 

* - Insufficient Data 
** - Detection Frequency < 25% 
*** - Zero Variance 
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