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1.0 INTRODUCTION 

The purpose of this study is to establish alert levels (AL) specific to Cell 1 at the State Route 85 

(SR 85) Landfill for the City of Phoenix, located in southwestern Maricopa County. The City of 

Phoenix (City) began accepting municipal solid waste in Cell 1 on January 2, 2006 (Figure 1). 

The municipal solid waste stream at the SR 85 Landfill will be similar to the waste stream 

received at the now closed Skunk Creek Landfill. 

The background monitoring report is a result of four new wells constructed to monitor 

groundwater quality in the area of the SR 85 Landfill. In preparation for the opening of the first 

cell of the landfill, URS Corporation (URS) completed the installation of two up-gradient and 

two down-gradient monitor wells during the period beginning December 20, 2004 and 

February 17, 2005 (URS, 2005). The down-gradient monitor wells were completed first and 

designated Monitor Well-3 (MW-3) and MW-4, followed by the completion of the up-gradient 

wells designated MW-1 and MW-2 (Figure 2). Figure 3 shows the groundwater level and the 

direction of groundwater flow in Cell 1. The four monitor wells were used to collect background 

groundwater quality samples. The two down-gradient wells will be used for compliance and 

assessment monitoring. Sampling and analysis of data collected from MW-1, MW-2, MW-3, and 

MW-4 was according to the U.S. Environmental Protection Agency (EPA) 40 Code of Federal 

Regulations (CFR) Section 258.53.  

This report provides data for background monitoring of Point of Compliance (POC) monitoring 

wells, development of AL, and presents the applicable statistics. AL are necessary for 

interpretations of data obtained during compliance and assessment monitoring, to identify 

possible discharges from the landfill, and to track identified groundwater impacts and plan 

corrective actions. 

The work in this study was conducted under contract with the City of Phoenix, Project 

No. 1680001. 

This Background Monitoring Report is organized as follows. 

 

Chapter 2 describes the project background. 

 

Chapter 3 discusses sampling collection procedures. 

 

Chapter 4 discusses the comparison of data among wells. 

 

Chapter 5 discusses the AL and Aquifer Water Quality Standards (AWQS). 

 

Chapter 6 describes compliance monitoring. 
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Chapter 7 describes the quality assurance/quality control (QA/QC) methods used 

throughout the study. 

 
Chapter 8 summarizes and provides conclusions for the study. 
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2.0 PROJECT BACKGROUND 

2.1 SITE LOCATION AND DESCRIPTION 

The SR 85 Landfill is located approximately 17 miles south of Interstate 10, west of SR 85, and 

south of Patterson Road in Buckeye, Arizona (Figure 1). The first cell of the landfill began 

receiving municipal solid waste on January 2, 2006. 

2.2 BACKGROUND MONITORING AND SAMPLE SIZE ASSESSMENT 

The original Scope of Work (SOW) for this project was to obtain samples from each of the four 

wells sampled for this study at 12 monthly intervals, for a total of 48 samples. It was intended 

that the data from the four wells would be combined into a single background dataset, which 

would provide the appropriate AL for the down-gradient wells. In accordance with the SOW, 

12 consecutive months of groundwater samples were collected from MW-1, MW-2, MW-3, and 

MW-4 by URS for the City. The down-gradient wells (MW-3 and MW-4) were sampled 

beginning in January 2005, immediately after well installation was complete, and concluding in 

December 2005. The up-gradient wells (MW-1 and MW-2) were sampled upon the completion 

of the wells’ installation, beginning in February 2005 and concluding in January 2006.  

Table 1 includes the parameters as required by 40 CFR Part 258 for this study. Groundwater 

sampling was conducted according to the protocol specified in the groundwater Sampling and 

Analysis Plan (SAP) (URS, 2003a). The 19 months of data collected from MW-1, MW-2, 

MW-3, and MW-4 represent the ambient or “background” groundwater quality. A complete set 

of reported water quality results are attached on a compact disk as Appendix A. 

2.2.1 Multiple Comparisons Among Wells 

The data were analyzed to assess the suitability of combining the data from MW-1, MW-2, 

MW-3, and MW-4 into a single dataset that would establish background groundwater quality 

levels for each water quality parameter. This combined dataset would have provided 48 sample 

points from which to calculate a set of AL common to both down-gradient wells.  

However, initial statistical analysis of the data revealed statistically significant differences in 

water quality among the waters at the four wells. Significant differences were detected not only 

between up-gradient water and down-gradient water but also between waters at the two down- 

gradient wells and between the waters at the two up-gradient wells. The observed differences 

indicate different chemical properties of the groundwaters sampled by the different wells. These 

chemical differences preclude the combination of the data from the four wells into a single 
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dataset according to the initial plan. Consequently, background must be established for each well 

individually at SR 85. The initial dataset provided 12 sample points for each constituent analyzed 

for this study at MW-1, MW-2, MW-3, and MW-4. As will be described below, the initial 

dataset required more data points in order to meet the criteria for AL at each monitor well, based 

on data from each individual well. Details of the multiple comparisons based on a larger dataset 

than the initial dataset will be given in Section 4.2. 

2.2.2 Criteria for Sample Size 

Specific statistical objectives are a fundamental part of an AL. For the present purpose, an 

example will suffice to indicate the need for statistical objectives. An AL may be stated as the 

upper bound of the interval containing 95% of the population of background concentrations of a 

given constituent. Because the 95th percentile must be calculated from a finite dataset, a 

confidence must be placed on the upper 95th percentile, to be reasonably assured that the upper 

bound is high enough to actually cover 95% of the data. The final estimated 95% upper bound 

depends on the desired confidence. Usually, a confidence of 95% is appropriate and commonly 

accepted by regulatory agencies. Then, if no discharge were to occur, there would be a 5% 

chance of a false alert. 

Statistical intervals described above are known as 95%/95% tolerance intervals and have been 

selected to provide AL, in cases allowed by the data. For brevity, such tolerance intervals will be 

denoted more simply as 95% tolerance intervals. In order to achieve these statistical objectives at 

each monitor well, regardless of specific details of the data, 19 data points would be needed for 

each constituent at each monitor well (EPA, 1992a). To this end, the initial dataset was expanded 

by seven additional samples, collected at monthly intervals at each of the four wells. The up-

gradient wells were included in the supplemental sample set in order to complement the 

comparisons of water quality among the wells. 

2.2.3 Supplemental Data Collection 

The supplemental seven months of data collection began on June 28, 2006 and ended on 

December 21, 2006, proceeding at monthly intervals. Analyses included all the initial 

investigation analyses. Sodium and chloride, which were not analyzed in the initial investigation, 

were also analyzed to provide additional comparisons among wells. The same sampling and 

quality assurance procedures were used as before as dictated in the original SAP. 
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3.0 SAMPLE COLLECTION PROCEDURES 

Groundwater samples were collected from four monitor wells on SR 85 Landfill property and 

tested for concentrations of general water quality indicator parameters, major ions, trace metals, 

and volatile organic compounds (VOC). The sampling field activities were performed using 

protocols established in the groundwater SAP developed specifically for this project (URS, 

2003a). The following summarizes the sampling protocol. 

3.1 FIELD SAMPLING ACTIVITIES 

The SOW originally planned for 12 consecutive months of groundwater sampling for MW-1, 

MW-2, MW-3, and MW-4 to provide valid data to conduct a statistical analysis to determine 

background water quality levels. However, after the sampling concluded and data was analyzed, 

seven additional monthly samples of each well were needed to achieve a nonparametric 95% 

tolerance interval.  

 

Initial samples of MW-3 and MW-4 were collected from January 2005 through 

December 2005. 

 

Initial samples of MW-1 and MW-2 were collected from February 2005 through January 

2006. 

 

The additional seven months of samples needed from each well included in this study 

were collected from June 2006 though December 2006. 

3.1.1 Sample Collection Point and Purging 

The wells sampled for this study were all equipped with dedicated pumps, which were used to 

evacuate and sample the wells. The wells were purged to evacuate stagnant water in the well 

casing prior to obtaining representative aquifer groundwater samples. URS staff pumped the 

wells for 30 to 40 minutes as part of normal well operations prior to the sample collections. The 

purge time was used to evacuate three well casing volumes of well water according to SAP pro-

cedures. The purged water was allowed to flow into an adjacent wash onsite or 25 feet from the 

well head. Samples were collected from a water spigot located near the well head of each well. 

3.1.2 Sample Collection Summary 

URS staff collected field water quality parameters including pH, conductivity, turbidity, and 

temperature during the purging process to assess aquifer water quality stability. Samples were 
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collected when water quality parameters had stabilized after 30 to 40 minutes of purging. The 

equipment used for field water quality parameters consisted of: 

 
YSI 556 MPS Meter for pH, Electrical Conductivity, and temperature 

 
Hach 2100P Turbidity Meter  

The water quality instruments used were field calibrated prior to each field visit and were 

decontaminated prior to any sample collection between wells, according to manufacturer’s 

instructions.  

MWH Laboratories, Inc. (MWH) in Scottsdale, Arizona, provided the sample bottles, which 

were cleaned and prepared with the appropriate preservatives, prior to use. The samples were 

collected directly into the laboratory prepared bottles. Disposable nitrile gloves were used during 

sampling to prevent any cross contamination. As required by 40 CFR Part 258, samples were not 

filtered during collection or prior to analysis.  

Once the samples were collected, each sample bottle was immediately labeled with a location, 

well identifier, date and time of sample. MWH provided labels with type of analysis, and 

preservative attached to the appropriate bottle. The samples were then placed in an ice cooler for 

transport to the City of Phoenix Landfill transfer station, on 27th Avenue in Phoenix, Arizona. 

City staff then contacted MWH to pick up the samples. The samples were submitted along with a 

chain of custody (COC). 
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4.0 COMPARISON OF DATA AMONG WELLS 

The intent of the background sampling was to establish a set of data that can be considered 

background for each well. The first 12 sampling events were collected from January 20, 2005 

through December 1, 2005, prior to initial landfill operation. The remaining seven sampling 

events were conducted from June 28, 2006 through December 21, 2006, after the landfill opened 

on January 2, 2006. The reported analytical results for MW-1, MW-2, MW-3, and MW-4 

collected in the 19 sampling events can be considered, as at least a subsample of background for 

that well.  

If the data do not exhibit statistically significant differences between up-gradient wells, the up-

gradient data can be pooled to provide a larger background dataset. If also, the data do not 

exhibit statistically significant differences in water quality among up-gradient and down-gradient 

wells, the data from all wells can be combined into a single background dataset. However, after 

analyzing the data, it was concluded that each well requires an individual background dataset, 

specific to each well. 

4.1 GENERAL OBSERVATIONS 

The present section discusses exceedences of Drinking Water AWQS for samples collected 

during background monitoring of MW-1, MW-2, MW-3, and MW-4 for general chemistry, 

metals and organic compounds. The reported exceedences are summarized in Table 2, 2A and 

2B. Table 2A gives the number of exceedences of the AWQS for the four wells included in this 

study. Table 2B gives the maximum concentration associated with the exceedences listed in 

Table 2A. 

Of particular interest to this investigation are the exceedances of the AWQS for lead (Pb) and 

nickel (Ni). The reported Pb concentration exceeded the corresponding AWQS once in each up-

gradient well sampled, while no exceedences for Pb occurred at down-gradient wells. The 

maximum reported Pb concentration in the up-gradient and down-gradient waters were 

nominally 0.0600 and 0.0050 milligrams per liter (mg/L), respectively. However, as implied in 

Section 4.2, the differences in Pb concentrations between the up-gradient and down-gradient 

waters are not statistically significant (the median reported concentrations are clustered around 

0.0025 mg/L for all waters). It would be imprudent to speculate too much on the reasons for the 

larger maximum concentrations of Pb observed in the up-gradient waters. However, they could 

be manifestations of rare but possible down-gradient background concentrations. If so, such 

concentrations would be expected in future samples from down-gradient wells. Similar 

qualitative remarks may be made with regard to the exceedance of the corresponding AWQS for 

Ni at MW-4. 
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The reported nitrate concentrations were exceeded much more frequently in the up-gradient 

wells than the down-gradient wells. The nitrate exceedences in MW-1 and MW-2 are most likely 

due to agricultural activities in the locality of the landfill. The fluoride AWQS was exceeded 

more often at the down-gradient well MW-3 than in the other three wells sampled. 

Total dissolved solids (TDS) are consistently greater than the secondary maximum contaminant 

levels (SMCL) of 500 mg/L, set by the EPA. The minimum TDS values were 3,470 mg/L, 

2,980 mg/L, 1,660 mg/L, and 1,750 mg/L at MW-1, MW-2, MW-3 and MW-4, respectively. 

TDS is important as an aesthetic quality of drinking water. Concentrations exceeding 500 mg/L 

may cause the water to taste brackish. 

Concentrations of each organic constituent sampled were reported below the laboratory reporting 

limits (RL), except for acetone and chloromethane. As will be explained in more detail in 

Section 5.2.3, the detections of acetone and chloromethane were results of laboratory 

contamination. 

For future reference, concentrations of silver (Ag) were reported one time in three separate wells: 

MW-1 was 0.0007 mg/L, MW-2 was 0.0009 mg/L, and MW- 3 was 0.001 mg/L. No Ag 

concentrations were reported above the RL for MW-4. There is no established AWQS for Ag but 

there is a SMCL of 0.10 mg/L.  

4.2 INORGANIC CONSTITUENTS: METALS AND GENERAL CHEMISTRY 

A comparison of inorganic constituents was made among the four wells using the initial 

12 months of data. These comparisons have been repeated using the full 19 month dataset. The 

statistical method Analysis of Variance (ANOVA) was used for this purpose. Parametric 

ANOVA, based on the normal distribution, was used wherever possible. In most cases, however, 

the tests for normality and (or) equal variances failed, in which cases the nonparametric ANOVA 

on Ranks (a statistical test) was performed. If a parametric ANOVA indicated the presence of 

significant differences among wells for a particular constituent at a significance level of 0.05, the 

differences were identified using the Holm-Sidak multiple comparison procedure. The Holm-

Sidak procedure maintains an overall significance level of 0.05. If the ANOVA on Ranks method 

indicated differences at a significance level of 0.05, then these differences were identified using 

the Tukey multiple comparison procedure that maintains an overall significance level of 0.05. 

All calculations were made with the commercially available statistical software SigmaStat 

(SigmaStat, 2004). 
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Table 3 gives a summary of the comparisons among wells (based on 19 months of data). Entered 

for each pair of wells are the constituents, metals, and general chemistry properties, for which 

ANOVA indicates significant differences.  

Because of the differences summarized in Table 3, compliance in down-gradient wells cannot be 

evaluated by comparison with up-gradient well data. Furthermore, differences noted between 

MW-3 and MW-4 suggest that the data for these two wells should not be pooled to provide a 

background dataset for down-gradient groundwater. The only alternative is to use the dataset for 

each well as a background dataset for that well only. Therefore, there are 19 observations for 

each inorganic constituent for each down-gradient well. 

4.3 VOLITALE OGANIC CARBONS 

With two exceptions, all of the organic constituents analyzed for were reported below the 

laboratory RL for the four wells in this study. As will be discussed in more detail in 

Section 5.2.3, the two exceptions are due to laboratory contamination. Consequently, no 

statistical comparisons were made among wells for the organic constituents.  
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5.0 ALERT LEVELS AND AQUIFER WATER QUALITY STANDARDS 

An AWQS is a maximum concentration of a chemical constituent of groundwater, acceptable to 

the regulating agency. AWQS is a widely applicable standard and will be used for this SR 85 

Landfill study. 

An AL is designed to identify a possible discharge from the landfill that results in a statistically 

significant increase above the background concentration of a chemical constituent. Such possible 

increases are the objective of compliance monitoring. If a statistically significant increase of any 

constituent shown to be attributed to the landfill occurs, an assessment monitoring program 

would begin. 

5.1 GENERAL CONCEPT AND DEVELOPMENT 

AL are proposed herein for all of the organic constituents listed in Table 1, and the Resource 

Conservation and Recovery Act (RCRA) metals: arsenic (As), barium (Ba), cadmium (Cd), 

chromium (Cr), lead (Pb), mercury (Hg), selenium (Se), and for copper (Cu), nickel (Ni), silver 

(Ag), and zinc (Zn). Cu, Ni, and Zn were added because the City of Phoenix is accepting treated 

biosolids from City waste water treatment plants. Separate sets of AL are proposed for the two 

down-gradient wells, MW-3 and MW-4 due to the statistical differences between the water 

quality of the two wells.  

A tolerance interval is one of two types of statistical intervals described in Subpart E, ¶5.9.3. The 

upper limits of one-sided 95% tolerance intervals are proposed as the preferred AL. A one-sided 

tolerance interval for a given constituent has the property that a specified proportion, P, of the 

population would be less than the upper limit (TL) of the tolerance interval with a specified 

confidence C. Because each TL is based on a finite sample size, an exact upper percentile, P, of 

the population of values cannot be established with perfect precision. Consequently, it is 

necessary to fix an acceptable confidence that the tolerance interval would contain a proportion, 

P, of the population. The one-sided tolerance intervals proposed herein are based on P = 95% and 

C = 95%. As noted previously, such an interval is designated here as a 95% TL. 

Because a tolerance interval is designed to cover all but a small percentage of background 

values, observations during compliance monitoring can, but should rarely, exceed the TL unless 

there is a discharge from the landfill. TL are also useful for the comparison of compliance data to 

groundwater protection standards. 

Not all datasets allow a tolerance interval to be calculated. In particular, datasets with no values 

above laboratory RL cannot be used to develop tolerance intervals. Where sufficient data exist, 
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there are two types of tolerance intervals: parametric and nonparametric. A parametric tolerance 

interval is based on the mean and standard deviation provided the data can be assumed to come 

from a normally distributed population. Nonparametric toleration intervals are developed from 

the ordered statistics of the data. These considerations are described in more detail below and in 

Appendix B. 

5.2 DEVELOPMENT OF TOLERANCE LIMITS 

As noted previously, background data were collected at monthly intervals in two sets from four 

landfill monitoring wells at the landfill for 19 months. A sample size of 19 background data 

points is available for each constituent analyzed in each down-gradient monitor well. The data 

have been analyzed in accordance with guidelines developed by the EPA (EPA, 1989; 1992) and 

adopted by reference in Chapter 5, Subpart E of 40 CFR Part 258. 

5.2.1 Procedures 

Procedures for calculating TL are described elsewhere (EPA, 1989; 1992a) and are not repeated 

here in detail. However, summaries of the general features of the calculations are given below 

and complete calculations are presented in Appendix B. 

The particular statistical procedure for computing a TL for a given constituent depends on two 

features of the data:  

(1)  The manner in which the data are distributed   

With regard to the distribution of data, there are two possibilities in practice:  

(1a)  The data adhere closely to either a normal or a logarithmic normal 

distribution. Such distributions are “parametric” because they can be 

described completely by known or estimated parameters, e.g., the mean 

and the standard deviation. Then the TL can be computed from estimates 

of the mean and standard deviation of the data. Such estimates are called 

“parametric.” For constituents that are parametrically distributed AL are 

proposed as the 95% TL. That is, 95% of the population of values for a 

constituent will be less than the 95% TL with a confidence of 95%. 

If the data are normally distributed, the 95 % TL is calculated from: 

95% TL = M + 2.423 × S 
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Where M and S are the mean and standard deviation of the particular 

dataset, respectively. The constant 2.423 is appropriate for a sample size 

of 19 data points and a one-sided tolerance interval with P = 95% and C= 

95% (EPA, 1989). 

If the data are log-normally distributed, the above equation is applicable to 

the logarithm of the data values, with M and S being the mean and 

standard deviation of the transformed data. 

(1b)  The data cannot be considered as either normally or log-normally 

distributed. In this case, the tolerance interval must be calculated using 

non-parametric methods. With the nonparametric method, the TL is placed 

equal to the maximum value in the dataset. With 19 sample points, the 

expected coverage of the tolerance interval is 95%. The expansion of the 

data collection program to 19 months, as discussed in Section 1.1, was 

based on the criterion that 19 data points are needed for a nonparametric 

one-sided 95% tolerance interval.  

(2)  The number of quantitated (reportable) values 

For many constituents, the background concentrations are so low that the dataset 

contains censored data, i.e., results that are reported as less than a RL. A censored 

data value could be any number less than the indicated RL. With regard to the 

second feature (2), the parametric method is generally useful only if the fraction 

of censored data is less than half of the complete dataset. Furthermore, even if the 

fraction of censored data were less than 50%, the parametric method would not be 

valid unless the data could be shown to follow either a normal or a log-normal 

distribution.  

(2a)  For datasets in which most but not all data are censored, it is usually best 

to use the nonparametric method to estimate the TL, as described above. 

(2b)  For each metal for which where the fraction of censored data is 100%, the 

AL is taken to be the average of the practical quantitation limit (PQL) of 

the constituent and the AWQS. This choice serves two purposes. First, 

such an AL is smaller than the AWQS sufficiently to be protective of the 

standard. Second, the chance of a false positive is reduced to an acceptable 

level by placing the AL sufficiently above the RL. 

(2c) No pertinent detection of any VOC occurred in the background data for 

SR 85. Because of the similarity of waste streams at the SR 85 and Skunk 

Creek Landfills, the AL previously established and approved by ADEQ 
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for the VOC at Skunk Creek (EMCON, 2001) are proposed herein for 

SR 85 with minor revisions as discussed in Section 5.2.3 and as noted in 

Table 10. 

5.2.2 Alert Levels for Metals 

EPA has concluded that for a dataset with 15% or fewer censored data points, the results of 

parametric statistical tests will not be substantially affected if the censored data points are 

replaced by one-half of the PQL. When more than 15% of the data are censored, the treatment of 

the censored data becomes more crucial (EPA, 1992a). Table 4 contains a summary of the 

number of samples, by well, in which the reported concentrations were reported as censored 

data.  

The data for Cd and Hg for both wells are censored. Consequently, a tolerance interval cannot be 

calculated, and method (2b) applies. Likewise, method (2b) is applicable to Se for MW-3 and to 

Ag for MW-4. The nonparametric method must be used to obtain the AL for Se for MW-4 and 

for Ag for MW-3. Further evaluations must be made for the possible applicability of the 

parametric method of calculating AL for As, Ba, Cr, Pb, Cu, Ni and Zn. 

Because the data for As, Ba, Cr, Pb and Zn for both MW-3 and MW-4 and Ni for MW-4 had 

fewer than 15% censored data, the censored data were replaced by one-half the PQL. These 

datasets were tested for normality and log-normality by the Shapiro-Wilk test, as recommended 

by EPA (EPA, 1992a). Table 5 summarizes the results of the Shapiro-Wilk test for normality and 

log-normality of the data for As, Ba, Cr, Pb, and Zn for both wells MW-3 and MW-4 and for Ni 

for MW-4. The non-parametric method is indicated for As for MW-4 and for Cr for MW-3 and 

MW-4. The parametric method is indicated for As for MW-3 and for Ba, Pb and Zn for MW-3 

and MW-4 and for Ni for MW-4. As indicated by N and LN the parametric method is based 

either on the normal distribution (N) or the log-normal distribution (LN). 

The Cu data for MW-3 and MW-4 and the Ni data for MW-3 have more than 15% censored data. 

For these three cases, a replacement of censored data by one-half the PQL cannot be used with 

prudence. However, in these cases, the fractions of censored data are less than 50%, and EPA has 

recommended procedures for testing normality (and log-normality) and for making valid 

estimates of the mean and standard deviation of any underlying normal distributions (EPA, 

1992a). The EPA procedure for testing normality (or log-normality) involves two distinct way of 

plotting the ordered data: 
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Plot Type I. The censored data points are given arbitrary but distinct ranks. The normal quantile 

of a data point is the value of the standard normal variable with probability r/(n+1), where n is 

the number of sample points (19) and r is the rank of the data point. For censored data points, r 

ranges from 1 to h, the number of censored data points, and for the non-censored data, r ranges 

from h+1 to n. The non-censored data are then plotted vs. their corresponding normal quantile. If 

the probability plot is reasonably linear, the distribution may be assumed to be approximately 

normal, and the mean and standard deviation may be estimated using Cohen’s method (EPA, 

1989, 1992a). In this case, normality (or log-normality) indicates that the censored data are 

merely extensions of the distribution exhibited by the non-censored data. Cohen’s method 

provides a means of estimating the mean and standard deviation of the entire data set, including 

the unknown censored points, based on the non-censored data. 

Plot Type II. The censored data are ignored for this plot, and only the non-censored data are 

ranked, i.e., for Plot Type II the size of the data set is n – h, and r ranges 1 to n – h. The non-

censored data are plotted vs. the normal quantile of the non-censored data. If the probability plot 

is reasonably linear, the non-censored data can be assumed to be approximately normal, and the 

mean and standard deviation of the entire dataset can be estimated using Atchison’s method 

(EPA, 1992a). Atchison’s method is based on the assumption that the censored data are actually 

zero. Atchison’s method, adjusts the mean and standard deviation of the non-censored data to 

account for the fraction of samples with zero concentration.  

The results of the probability plots of Types I and II, described above, are summarized in 

Table 6. Tabulated are the coefficients of variation (R2) and P–values of the least-squares linear 

fit of the normal quantiles vs. the data. R2 is a measure of how well the straight line fits the data, 

and P is the probability of concluding that there is not an association between the normal 

quantiles and the data. Generally, if R2 is > 0.9 and P < 0.05, one may conclude a meaningful 

linear relationship and normality of the data. Usually, the larger the value of R2 and the smaller 

the value of P, the more nearly a linear relationship is indicated. However, the probability plots 

should be examined visually as verification of the conclusion. 

The Cu data for MW-3 does not exhibit an acceptable normal or log-normal character in either a 

Type I or Type II plot. Consequently, the AL for Cu for MW-3 must be calculated using the non-

parametric method. The Cu data for MW-4, however, exhibits a good linear relationship between 

the normal quantile and the logarithm of the data in the Type I plot. The actual Type I plot for 

this case is included in Appendix B and confirms this conclusion. The AL for Cu for MW-4 was 

calculated using Cohen’s method. 
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The Ni data for MW-3 shows a good linear relationship between the normal quantiles and the 

logarithm of the data on a Type I plot. The plot is included in Appendix B. Consequently, the AL 

for Ni for MW-3 is calculated using Cohen’s method. 

Tables 7 and 8 summarize the AL for each of the 11 metals for MW-3 and MW-4, respectively. 

The distribution type is also given in the two AL tables. Normal or log-normal distributions 

indicate that the parametric method was used; an undetermined distribution indicates that the AL 

is the numerical average of the PQL and the AWQS. 

5.2.3 Alert Levels for Organic Compounds 

Acetone was reported in general trip-blank samples, but in no groundwater samples. The acetone 

in the trip-blank samples may be attributed to laboratory contamination. 

The only organic constituent to be detected in a groundwater sample was chloromethane (methyl 

chloride). Chloromethane was detected during the October 2005 sampling period only. The 

reported concentrations were slightly above the RL. Table 9 summarizes the samples in which 

chloromethane was detected. The fact that chloromethane was detected in a trip blank for MW-1, 

indicates that the detections of chloromethane were the result of laboratory contamination. For 

chloromethane, the PQL, AWQS, and AL are the same value (0.5 µg/L).

 

Consequently, if 

chloromethane should be detected during compliance monitoring, the concentration would 

exceed the AL and AWQS. In that event, possible contamination of the sample as a result of 

laboratory practices should be scrutinized.  

It was concluded that there was no detection of any organic constituent that would be pertinent to 

background groundwater quality at SR 85. Consequently statistical analysis of organic data is not 

possible.  

The AL for organic constituents are proposed in Table 10 and are taken to be the same as the AL 

for the Skunk Creek Landfill with minor revisions. The Skunk Creek AL were approved as a 

Type III change on May 22, 2001. This rationale for using the same organic AL is based on the 

similarity of the two waste streams at SR 85 and Skunk Creek. As noted in Table 10 the AL for 

three constituents were raised to match the PQL. The AL for 2-Hexanone and 4-Methyl-2-

Pentanone were raised from 2.0 µg/L to 10 µg/L. The AL for Methylene Chloride was raised 

from 2.0 µg/L to 3.0 µg/L. The AL for Chloromethane was lowered from 5.0 µg/L to 0.5 µg/L to 

match the PQL and the AWQS of 0.5 µg/L. 
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6.0 COMPLIANCE MONITORING 

The monitoring program presented in this section complies with the requirements set forth in the 

EPA’s Subtitle D regulations, EPA Criteria for Municipal Solid Waste Landfills (40 CFR 

Part 258.54; 56 FR 51016, October 9, 1991; amended at 57 FR 28627, June 26, 1992.) 

6.1 COMPLIANCE MONITORING 

Once the established AL have been approved, semi-annual compliance monitoring of the down-

gradient wells (MW-3 and MW-4) will commence. The semi-annual compliance samples will be 

collected according to the City of Phoenix SAP and include all the constituents of Tables 7, 8, 

and 10 and the General Chemistry constituents listed in Table 1. The laboratory analyses from 

each well will be compared to the established AL (Tables 7, 8, and 10) to determine if any 

constituents are present at a level above the established AL. If an exceedence is detected and 

verified, assessment monitoring should begin. 

Verification of an exceedence of an AL is important. An exceedence might be caused by several 

possible errors. While this is not the place for a thorough listing of possible errors, some 

examples will be useful. Errors might be caused by laboratory contamination or reagents, 

analytical equipment, or sample bottles. Errors in analytical calibration and hand calculations can 

also occur. Data can be incorrectly entered in a database. Errors might also be caused by 

improper sample collection or violations of COC procedures.  

If the AL exceedence is the result of an error in the laboratory or field, this will be noted in the 

operating record. The operating record will include a narrative of the analysis of each 

exceedence, conclusions, data, and corrective actions proposed to avoid errors that could lead to 

future false alerts. 

If the observed exceedence is not due to error, an assessment monitoring program may possibly 

commence. 

6.2 ASSESSMENT MONITORING 

As quoted in 40 CFR Part 258.55, “Assessment monitoring is required whenever a statistically 

significant increase over background has been detected for one or more of the constituents listed 

in the Appendix I to this part or in the alternative listed approved in accordance with 

258.54(a)(2)” (URS, 2003b). The assessment monitoring program involves the analysis of a 

somewhat larger list of chemicals than analyzed in the compliance monitoring. The assessment 

monitoring program will conform to 40 CFR Part 258.55(a)-(f) of the federal solid waste 

regulations. 
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7.0 QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 

The QA/QC process was conducted both internally and externally for this SR 85 Landfill study. 

QC procedures were followed according to the EPA’s Quality Assurance Project Plan (EPA, 

2001). This section describes the QA/QC processes that were conducted during the sample 

collection, data review process, and the results of the data validation. URS data validation was 

conducted on the laboratory analytical data packages received for the groundwater samples 

collected from monitor wells MW-1, MW-2, MW-3, and MW-4.  

The information and data presented summarizes the laboratory analytical results from MW-1, 

MW-2, MW-3, and MW-4. The SOW proposed sampling of groundwater quality from four 

monitor wells for laboratory analysis. These water quality sampling results are the product of 

19 months of sampling conducted by URS from January 2005 through December 2006.  

7.1 FIELD QC SAMPLES 

MWH was responsible for providing the prepared bottles for sampling with the appropriate QC 

measures for all field sampling events. This included one to two duplicates and two to three trip 

blanks per sampling event. A field duplicate sample is a second sample collected at the same 

location as the original sample but contained in a separate bottle. Duplicate samples are collected 

simultaneously or in immediate succession, using identical recovery techniques, and treated in an 

identical manner during storage, transportation, and analysis.  

The duplicate samples were collected to assess the precision of the laboratory reporting. QC 

samples are given a fictitious sample identification number and sampling time. The true identity 

of each duplicate is recorded on the well sampling form and the logbook. 

Trip blanks are bottles prepared in an identical method as the original field sample bottles. Trip 

blanks are filled with groundwater from one or more monitor wells during each sampling event. 

Trip blanks are used to measure any possible contamination in the laboratory. Trip blanks were 

labeled the same as the original samples with the exception of a TB annotation on the label. 

7.2 QA/QC REVIEW PROCESS 

To provide a high degree of QA/QC for this study, URS conducted a two-phase QC analysis. 

Phase 1, an internal QC review, consisted of a thorough detail check of analytical data reported 

by MWH to the City, which the City staff entered into spreadsheets and turned over to URS for 

analysis. These data were then used by URS as a basis for several statistical analyses. The data 

entered into ANOVA were also validated to assure proper transfer of data. The report, figures, 

and tables were detail checked for consistency, as well. 
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Phase 2 consisted of conducting validation of the reported analytical data (from MWH) by an 

independent technical reviewer. The data validation was conducted at the URS Denver office, by 

a chemist trained and experienced in data validation. The data validation assessment is used to 

determine if the laboratory followed proper protocol and QC procedures as dictated in the EPA 

National Functional Guidelines for Inorganic Data Review (EPA, 2004) and EPA National 

Functional Guidelines for Organic Data Review (EPA, 1999). The data validation process 

concluded that the reported data was 100% usable for the purpose intended. The chemist 

provided a Data Validation Report (Appendix C).  
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8.0 SUMMARY AND CONCLUSIONS 

The SR 85 Landfill is located in Maricopa County, Arizona, on Patterson Road southwest of 

SR 85. Cell 1 of SR 85 began operation on January 2, 2006. The SR 85 Landfill will receive 

municipal solid waste similar to the waste received by the Skunk Creek Landfill, which is now 

closed. Groundwater monitoring is required at all such landfills, for the purpose of tracking 

groundwater quality and detecting any possible discharge of contamination to the local 

groundwater as a result of contamination in the waste stream. In order to detect possible 

contamination and distinguish it from naturally occurring or previously existing contamination, 

alert levels must be established for various possible contaminants. An alert level (AL) is a 

concentration of a possible contaminant, which if exceeded in the groundwater would indicate a 

possible discharge from the landfill. 

URS was retained by the City of Phoenix to characterize background groundwater quality at the 

SR 85 Landfill and to propose AL specific to Cell 1 of the landfill. For this purpose, four 

groundwater monitoring wells were installed, two up-gradient of Cell 1 and two down-gradient 

of Cell 1. The two down-gradient wells, MW-3 and MW-4, will be used during operation of 

Cell 1 for compliance and assessment monitoring. A groundwater background sampling program 

was conducted between January 2005 and December 2006. Samples were collected at monthly 

intervals in two stages; 19 data points were obtained for each monitoring well. The data were to 

be used to establish AL for specific possible groundwater contaminants. 

The resulting background dataset base has been evaluated. This report presents the data, the alert 

level analysis and the proposed alert levels. The final alert levels must be approved by the 

Arizona Department of Environmental Quality. AL are proposed herein for two essentially 

different types of chemical constituents: metals and volatile organic compounds (VOC). The 

chemical constitution of natural groundwater is determined by its contact with the subsurface 

rock, which is inorganic in nature. Many metals are frequently found in the rock and therefore in 

the natural groundwater. VOC on the other hand are not naturally occurring and would not be 

found in natural groundwater. 

Wherever possible, alert levels for existing chemical constituents in the groundwater should be 

based on the statistics of quantitative data. However no VOC were detected in groundwater at 

SR 85 over the 19-month background groundwater investigation. (Three samples did have small 

concentrations of a VOC in a single sampling event, but the presence of the VOC was attributed 

to sources at the laboratory.) If a VOC was in the groundwater, its concentration was below the 

PQL. Without quantitative data, statistics cannot be developed, and alert levels must be based on 

a non-statistical rationale. Such a rationale is provided in conjunction with the now-closed Skunk 
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Creek Landfill. Alert levels for the VOC have been previously established and are in use at the 

Skunk Creek Landfill. Because of the similarity of the waste streams at Skunk Creek and SR 85, 

it would be consistent to adopt the same VOC alert levels at SR 85. The proposed AL for the 

VOC are found in Table 10. Minor revisions were made to four VOC constituents as noted in 

Table 10 and Section 5.2.3. 

Alert levels for metals are proposed herein based on the concept of a 95% tolerance interval. A 

95% tolerance interval is a statistical interval constructed such that 95% of the concentrations of 

a given metal would be less than the upper limit of the interval, with a confidence of 95%. The 

upper limit of the 95% tolerance interval would be the alert level. By this construction, there 

would be a 5% chance that the concentration of the particular metal would exceed the alert level, 

even though a discharge had not occurred. Any such exceedance, when verified, would trigger a 

monitoring plan to verify and assess the possible discharge. 

Alert levels are proposed herein for the following metals: arsenic (As), barium (Ba), cadmium 

(Cd), chromium (Cr), lead (Pb), mercury (Hg), selenium (Se), silver (Ag), copper (Cu), nickel 

(Ni) and zinc (Zn). The proposed AL are given in Tables 7 and 8 for the down-gradient wells 

MW-3 and MW-4, respectively. 

Summary of Alert Levels for RCRA Metals 

Constituent 
AWQS*  
(mg/L) 

MW-3 Alert 
Level (mg/L) 

MW-4 Alert 
Level (mg/L) 

Ag ** 0.05 0.05 

As 0.05 0.0092 0.0092 

Ba 2.0 0.0720 0.0790 

Cd 0.005 0.0028 0.0028 

Cr 0.10 0.0210 0.0230 

Cu None 0.0210 0.0220 

Hg 0.002 0.0011 0.0011 

Ni 0.10 0.0170 0.12 

Pb 0.05 0.0052 0.0052 

Se 0.05 0.0280 0.0071 

Zn None 0.35 0.35 

** = Aquifer Water Quality Standards 
** = Secondary Maximum Contaminant Level 0.10 mg/L 
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Table 1  
Constituents for Background Monitoring   

General Chemistry 

Total Alkalinity (as CaCO3) Nitrate as Nitrogen 

Fluoride Total Dissolved Solids (TDS) 

Chloride *  

Metals 

Antimony Magnesium 

Arsenic Mercury 

Barium Nickel 

Beryllium Potassium 

Cadmium Selenium 

Calcium Silver 

Chromium Sodium * 

Cobalt Vanadium 

Copper Thallium 

Lead Zinc 

Volatile Organic Compounds 

1,1,1,2-Tetrachloroethane Carbon tetrachloride 

1,1,1-Trichloroethane Chlorobenzene 

1,1,2,2-Tetrachloroethane Chloroethane 

1,1,2-Trichloroethane Chloroform 

1,1-Dichloroethane Chloromethane 

1,1-Dichloroethene cis-1,2-Dichloroethene 

1,2,3-Trichloropropane cis-1,3-Dichloropropene 

1,2-Dibromo-3-chloropropane Dibromochloromethane 

1,2-Dibromoethane (edb) Dibromomethane 

1,2-Dichlorobenzene Ethylbenzene 

1,2-Dichloroethane Iodomethane 

1,2-Dichloropropane Methylene chloride 

1,4-Dichlorobenzene Styrene 

2-Butanone Tetrachloroethene 

2-Hexanone Toluene 

4-Methyl-2-pentanone Total xylenes 

Acetone trans-1,2-Dichloroethene 

Acrylonitrile trans-1,3-Dichloropropene 

Benzene trans-1,4-Dichloro-2-butene 

Bromochloromethane Trichloroethene 

Bromodichloromethane Trichlorofluoromethane 

Bromoform Vinyl acetate 

Bromomethane Vinyl chloride 

Carbon disulfide  
    *Supplemental Investigation Only 



Table 2  
Summary of Exceedances of AWQS 

 for the  
 19 - Month Data Set     

Table 2A   

Number of Observations = AWQS

 

Constituent

 

AWQS (mg/L)

 

MW-1

 

MW-2

 

MW-3

 

MW-4

 

F 4.0 0 0 18 1 
NO3 (as N)

 

10.0 18 18 1 0 
Pb 0.05 1 1 0 0 
Ni 0.1 0 0 0 1 

    

Table 2B   

Maximum mg/L = AWQS 
Constituent

 

AWQS (mg/L)

 

MW-1

 

MW-2

 

MW-3

 

MW-4

 

F 4.0 - - 5.4 4.0 
NO3 (as N)

 

10.0 32.0 15.0 13.0 - 
Pb 0.05 0.053 0.068 - - 
Ni 0.1 - - - 0.11 

                        



Table 3 
Constituents* for Which Statistically Significant Differences Occur  

With an Overall Significance Level of 0.05 Among Wells   

 
MW-1 MW-2 MW-3 MW-4 

MW-1 

 
TA, F, K, Na, Mg  TA, F, N, TDS, Cl, 

Ca, Mg, K, Na, As, 
Ba 

TA, F, N, TDS, Cl, 
Ca, Mg, Na 

MW-2 

  
F, N, TDS, Cl, Ca, 
Mg, K, Na, As, Ba 

TA, N, TDS, Ca, 
K, Na, Mg 

MW-3 

   

TA, F, K, As, Ba 
Ca, Mg  

 

* Definition of symbols in Table 3: 
TA = Total alkalinity (as calcium carbonate) 
F = Fluoride 
N = Nitrate (as Nitrogen) 
Cl = Chlorine 
TDS = Total dissolved solids 
Ca = Calcium 
Mg = Magnesium 
K = Potassium 
Na = Sodium 
As = Arsenic 
Ba = Barium  



Table 4 
Number of Samples(1) With Censored(2) Concentrations 

of Metals   

Metal MW-1 MW-2 MW-3 MW-4 
As 1 0 0 0 
Ag 18 18 18 19 
Ba 0 0 0 0 
Cd 19 18 19 19 
Cr 1 1 0 0 
Cu 4 4 9 9 
Hg 19 19 19 19 
Ni 1 2 8 1 
Pb 0 0 0 0 
Se 16 2 19 17 
Zn 0 5 2 2 

1. In a data set of 19 samples. 
2. Reported as less than the reporting limit.                                 



 
Table 5 

Results of the Shapiro -Wilk Normality Test   

MW-3 MW-4

As
0.968                         
(N)

0.807             
(NP)

Ba
0.953                         
(N)

0.941               
(N)

Cr
0.831                       
(NP)

0.844             
(NP)

Ni See Table 6
0.942             
(LN)

Pb
0.904                         
(N)

0.950               
(N)

Zn
0.916                         
(LN)

0.940               
(LN)

W (Distribution Type)

    

   W = Shapiro-Wilk Test Statistic.    
    Data are normal (N) or Log-normal (LN) if W >

 

0.901,    
    Otherwise a Non-parametric (NP) distribution is indicated.               
       

                                               



  
Table 6 

Results of Distribution Evaluation by Probability Plots   

A.  Cu for MW-3

Probability 
Plot         
Type

Normal Quantile     
vs                            

Data

Normal Quantile            
vs                              

Log Data

I
0.53                         

(0.016)
0.74                      

(0.001)

II
0.43                        

(0.039)
0.65                      

(0.005)

B.  Cu for MW-4

Probability 
Plot         
Type

Normal Quantile     
vs                            

Data

Normal Quantile           
vs                              

Log Data

I
0.81                         

(<0.001)
0.96                      

(<0.001)

II
0.70                        

(0.003)
0.90                    

(<0.001)

C.  Ni for MW-3

Probability 
Plot         
Type

Normal Quantile     
vs                            

Data

Normal Quantile           
vs                              

Log Data

I
0.89                         

(<0.001)
0.95                    

(<0.001)

II
0.81                        

(<0.001)
0.91                      

(<0.001)

R2 (P)

R2 (P)

R2 (P)

  



Table 7 
Well MW-3 

Summary of Alert Levels for Metals 
With an Indication of the Procedure Followed   

Constituent 

Fraction of 
Censored Data 

(%) 
Distribution  

Type 
Alert Level  

(mg/L) 
AWQS*  
(mg/L) 

Ag 95 Undetermined 0.05 ** 

As 0 Normal 0.0092 0.05 

Ba 0 Normal 0.0720 2.0 

Cd 100 Undetermined 0.0028 0.005 

Cr 0 Nonparametric 0.0210 0.1 

Cu 47 Nonparametric 0.0210 None 

Hg 100 Undetermined 0.0011 0.002 

Ni 42 Log-normal 0.0170 0.1 

Pb 0 Normal 0.0052 0.05 

Se 100 Nonparametric 0.0280 0.05 

Zn 11 Log-normal 0.35 None 
* = Aquifer Water Quality Standards 

      ** = Secondary Maximum Contaminant Level 0.10 mg/L   



Table 8 
Well MW-4 

Summary of Alert Levels for Metals 
With an Indication of the Procedure Followed   

Constituent 

Fraction of 
Censored Data 

(%) 
Distribution  

Type 
Alert Level  

(mg/L) 
AWQS*  
(mg/L) 

Ag 100 Undetermined 0.05 ** 

As 0 Nonparametric 0.0092 0.05 

Ba 0 Normal 0.0790 2.0 

Cd 100 Undetermined 0.0028 0.005 

Cr 0 Nonparametric 0.0230 0.1 

Cu 47 Log-normal 0.0220 None 

Hg 100 Undetermined 0.0011 0.002 

Ni 5 Log-normal 0.12 0.1 

Pb 0 Normal 0.0052 0.05 

Se 89 Nonparametric 0.0071 0.05 

Zn 11 Log-normal 0.35 None 
* = Aquifer Water Quality Standards 

      ** = Secondary Maximum Contaminant Level 0.10 mg/L 



Table 9 
Summary of Detected Concentrations of Chloromethane (mg/L)  

October 2005   

Well Trip Blank Field Duplicate Field Original 

MW-1 0.5 0.6 0.6 

MW-2 <0.5 - 0.6 

MW-3 <0.5 - 0.5 

MW-4 - - <0.5 

  



Table 10 
Well MW-3 and MW-4 

Summary of Alert Levels for Organic Constituents  

Constituent PQL (1)
AWQS    
(µg/L)

SR85               

Alert Levels (2)  

(µg/L)

1,1,1,2-Tetrachloroethane 0.5 None 2.0
1,1,1-Trichloroethane 0.5 200 2.0
1,1,2,2-Tetrachloroethane 0.5 None 2.0
1,1,2-Trichloroethane 0.5 5.0 2.0
1,1-Dichloroethane 0.5 None 2.0
1,1-Dichloroethene 0.5 7.0 2.0
1,2,3-Trichloropropane 0.5 None 2.0
1,2-Dibromo-3-chloropropane 0.01 0.20 0.20
1,2-Dibromoethane (edb) 0.01 0.05 0.05
1,2-Dichlorobenzene 0.5 600 2.0
1,2-Dichloroethane 0.5 5.0 2.0
1,2-Dichloropropane 0.5 5.0 2.0
1,4-Dichlorobenzene 0.5 75 2.0
2-Butanone 10 None 10

2-Hexanone 10 None 10 (3)

4-Methyl-2-pentanone 10 None 10 (3)

Acetone 10 None 50
Acrylonitrile 50 None 50
Benzene 0.5 5.0 2.0
Bromochloromethane 0.5 None 2.0
Bromodichloromethane 0.5 100 2.0
Bromoform 0.5 100 2.0
Bromomethane 0.5 None 5.0
Carbon disulfide 0.5 None 2.0
Carbon tetrachloride 0.5 5.0 2.0
Chlorobenzene 0.5 100 2.0
Chloroethane 0.5 None 5.0
Chloroform 0.5 100 2.0

Chloromethane 0.5 0.50 0.5 (4)

cis-1,2-Dichloroethene 0.5 70 2.0
cis-1,3-Dichloropropene 0.5 None 2.0
Dibromochloromethane 0.5 None 2.0
Dibromomethane 0.5 None 2.0
Ethylbenzene 0.5 700 2.0
Iodomethane 0.1 None 2.0

Methylene chloride 3.0 5.0 3.0 (3)

Styrene 0.5 100 2.0
Tetrachloroethene 0.5 5.0 2.0
Toluene 0.5 1000 2.0
Total xylenes 1.5 10000 6.0
trans-1,2-Dichloroethene 0.5 100 2.0
trans-1,3-Dichloropropene 0.5 None 2.0
trans-1,4-Dichloro-2-butene 10 None 10
Trichloroethene 0.5 5.0 2.0
Trichlorofluoromethane 0.5 None 2.0
Vinyl acetate 10 None 10
Vinyl chloride 0.5 2.0 2.0

 

1. Practical Quantitative Limit   3.  Alert Levels Raised to match the PQL 
2. Based on Skunk Creek Alert Levels.  4.  Alert Levels Lowered to match the PQL 
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Regional Location Map
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Figure 2
Monitor Well Location
Map
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Source:
     Monitor Well Survey: Kiewit Western Co., 2005
     USGS 7.5 Minute Quadrangle, Cotton Center, 1991.
     USGS 7.5 Minute Quadrangle, Cotton Center NW, 1991.
     Arizona Department of Water Resources, 2002.
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Figure 3
Groundwater Contour Map

Legend

Source:
     Monitor Well Survey: Kiewit Western Co., 2005
     USGS 7.5 Minute Quadrangle, Cotton Center, 1991.
     USGS 7.5 Minute Quadrangle, Cotton Center NW, 1991.
     Arizona Department of Water Resources, 2002.
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