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5.0 ALERT LEVELSAND 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 achemical 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
(AQ), 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, 15.9.3. 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%. Asnoted previously, such an interval is designated here asa 95% TL.

Because a tolerance interval is designed to cover al but a small percentage of background
values, observations during compliance monitoring can, but should rarely, exceed the TL unless
there isadischarge from the landfill. TL are also useful for the comparison of compliance data to
groundwater protection standards.

Not all datasets allow atolerance 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.

52 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)  Themanner in which the data are distributed
With regard to the distribution of data, there are two possibilitiesin 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:
B%TL=M+ 2423x S
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(1b)

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.

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 lessthan aRL. 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.

(28)

(2b)

(2c)

For datasets in which most but not all data are censored, it is usualy best
to use the nonparametric method to estimate the TL, as described above.

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 afalse positive is reduced to an acceptable
level by placing the AL sufficiently above the RL.

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 previoudly 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 Levelsfor 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 evauations 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, 19924). Table 5 summarizes the results of the Shapiro-Wilk test for normality and
log-normality of the datafor 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 datafor MW-3 and MW-4 and the Ni datafor 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:

Background Monitoring Report November 28, 2007

ms Alert Levels and Aquifer Quality Limits 5.4 URS No. 23443678

SR 85 Landfill
City of Phoenix Public Works Department



Plot Type . 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 Il. The censored data are ignored for this plot, and only the non-censored data are
ranked, i.e., for Plot Type Il the size of the data set isn — 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 | and 1l, described above, are summarized in
Table 6. Tabulated are the coefficients of variation (R?) and P-values of the least-squares linear
fit of the normal quantiles vs. the data. R? 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 R? 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 R? 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
Typel or Type Il 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 | plot. The actual Type | plot for
this case isincluded 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 dataon aType | plot. The plot isincluded 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
isthe numerical average of the PQL and the AWQS.

5.2.3 Alert Levelsfor 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 |aboratory 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 atrip 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 pg/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 datais not
possible.

The AL for organic constituents are proposed in Table 10 and are taken to be the same asthe AL
for the Skunk Creek Landfill with minor revisions. The Skunk Creek AL were approved as a
Type 1l 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 pug/L to 10 pug/L. The AL for Methylene Chloride was raised
from 2.0 pg/L to 3.0 ug/L. The AL for Chloromethane was lowered from 5.0 pg/L to 0.5 pg/L to
match the PQL and the AWQS of 0.5 pg/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 isimportant. An exceedence might be caused by severa
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. Errorsin 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 | to this part or in the aternative listed approved in accordance with
258.54(a)(2)” (URS, 2003b). The assessment monitoring program involves the anaysis 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 afictitious 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
anaysis. These data were then used by URS as a basis for several statistical analyses. The data
entered into ANOVA were aso validated to assure proper transfer of data. The report, figures,
and tables were detail checked for consistency, aswell.
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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
municipa 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 aert 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 aert 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 isinorganic 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
anon-statistical rationale. Such arationale 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 dert 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 Levelsfor RCRA Metals

AWQS* MW-3 Alert MW-4 Alert
Constituent (mglL) Level (mg/L) Level (mg/L)
Ag *x 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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