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This document describes one methodology for establishing Alert Levels (ALs) and determining
statistically significant increases of constituents in groundwater at Municipal Solid Waste Landfills
(MSWLs). MSWLs are required to comply with the groundwater monitoring requirements of 40 CFR
258, Subpart E. The following diagrams and charts are presented to.clarify the tolerance interval method
discussed in Technical Guidance Document 1 (ADEQ, 1993). TGD I and this document were adapted in
part from the following EPA guidance documents: '

. Stasistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Interim Final Guidance,
Environmental Protection Agency, Office of Solid Waste, Waste Management Division, April 1989

. Addendum to Interim Final Guidance, EPA, 1992,

The tolerance interval method is one of several statistical methods described in § 258.53. For each
constituent, a numeric value is calculated from background data and compared with future detection
monitoring data. Following establishment of these values, a detection data set does not have to be put
through a variety of statistical tests in order to prove or disprove a statistically significant increase because
the background data has already been transformed into a tolerant, albeit, protective limit. However, this
method is only effective for data that is of normal or log normal distribution and does not display
sign'iﬁc'ant spatial variation between background and compliance wells. '

Background to compliance, or interwell comparison, assumes that the two sets of data are from nearly
identical water. This would imply that all water has had the same time of infiltration, and same period of-
contact and chemical reactions with saturated zone sediments. This situation is rare, if not impossible.
However, it is the assumption necessary for such comparison. Intrawell comparison, has an advantage
over interwell comparison. Data from a well is compared with historical data from the same well, thus
" eliminating spatial variations from ome well to another. However, intrawell comparison may be
ineffective at sites where the background data may already indicate contamination. The choice between .
interwell and intrawell comparison is best made after a thorough evaluation of background and compliance
‘well data. '

When enough background data is -availablc tolerance intervals can be calculated. EPA guidance
recommends a sample size of eight or more. The mean and standard déviation of the data are calculated
to allow for the natural variance of water quality data. Add together the mean, and the product of the
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standard deviation and a tolerance factor, to get the upper tolerance limit. The method limits the
probability of false positives and false negatives. (type [ and type II errors). In addition, methods are
available to handle data that may have non-detect;ons .and outliers.

For each constituent, the upper tolerance limit is an AL or AQL and is dependent upon the existence of an
MCL or AWQS for that constituent.  Subsequent detection monitoring data is compared to the upper
tolerance limit established from the background data. If an exceedence of an upper tolerance limit occurs,

- and is not refuted by .§ 258.54(c)(3), the owner/operator is required to initiate Assessment Monitoring in
accordance with §258.55.

Acronyms and Abbreviations

AL - Alert Level: an early warning indicator of a potential violation of an Aquifer Water Qué.lity Standaed at the
applicable point of compliance.

AQL - Aquifer .Quality Limit: a2 maximum concentration. of a copstituent allowed in an aquxfer at the point of
compliance. Synonymous with AWQS.

AWQS - Aquifer Water Quality Standards: numeric water quality standards established by Arizona Revised
Statute 49-223 and published in Arizona Administrative Code Title 18, Chapter 11, Article 4 (R18-11-406).

MCL - Maximum Contaminant Level: the maximum permissible level of a contaminant in water which is
delivered to any user of a public water system.

MDL - Method Detection Limit: the minimum concentration of a constituent that can be measured and reported
with a 99 percent confidence that the true value js greater than zero in a given matrix containing the analyte.

PQL - Practical Quantitation Limit: the lowest level that can be reliably achieved within specified Im:uts of
precision and accuracy during routine laboratory operating conditions.

Type I Error - False Positive: incorrectly indicates contamination or an increase in contamination. .

Type O Error - False Negative: when a test fails to detect contamination or an increass in a concentration of a '
constituent, .

Note: This is a recommended method, and may not be applicable, nor appropriate for some facilities. MSWL
units located over aquifers with man made impacts or aquifers that exhibit naturally occurring,
significant chemical variations, should pursue other statistical methods or consult a professmnal
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Table I: Tolerance Factors

Table 2: Critical Values

(K) for Tolerance Intervals o for T (Oue Sided)
with 95% Confidence.
n K n T
8 3.188 3 1.155
9 3.031 4 1.496
10 2.911 5 1.764
11 2.815 6 1.973
12 2.736 7 2.139
8 2.274
9 2.387
10 2.482
11 2.564
12 2.636
Outlier Determinati

Calculate Mean and -
standard deviation as
on previous page

Calculate T = (xn - -;)/s, where

x is the suspect value

n

\

No

Value is not E

an Outlier

[s T > critical value in Table;

2 for appropriate n?

Yes

V

No is a reason for
% Outlier determined <

by research?

Keep

Value

Value is_a possible Outlier.

Check all sampling and

"analysis records

Yes

statistical analysis again: include a note

that an outlier value was removed

Remove value from data set and perform




1 Li¥E pIA A ¥6'1 89t 351 L9l §60'1 9006°0 S008°'C PTLYC 8BS0 1650 I
56°6 £08°¢ L09T 2! 899°1 )l 3 AL S80°Y Y1£6'0 SL6L'0 9€99°0 6¥5°0 TITFO 56'0
60 6LLE 885°T 806°1 5T SEV'T LA PLOT TTT6'0 PFBL'0 98¢9°0 £ps0 TLIEY'D 60
s8'0 $EL'E 895°C w1 6891 vl [AxA $90°1 LTI60 19LL°0 S159°0 LES'0  TTIEY'D S8°0
80 ELE et SLR'L P91 80F°1 1 £50°% 1£06°0 SL9L°0 190 80ES0  TI9THO 80
S0 S0LE 1A A 858°L 209°'1 Poe'l Lot'l wo'l TL68°0 65L°0 L6890 $YZ5°0 60Z¥ 0 SL'O
L0 8LYE L0e'T 1#8°1 £65°1 gE'1 S61°L £0'1 7€88°0 T05L°0 1629°0 315°0 SESTP0 L0
90 14387 98¥'T ¥ig'l LLS'T 99¢'% 0 61071 61L3°0 TrL0 €190 PIISG  8001F'0 §9°¢
90 8L ST 9081 19571 1391 691°1 200°1 519870 TEL'0 EE19°0 SPOS0 LPROKO 90
85°0 H9'E 124 A BLT She'1 LEE'] 23081 £66°0 L1S80 gTTL'0 1509°0 9LG6k 0 LB6E°0 S5°0
50 SLS'E 1Zr'e Ll 1AM el 134 97860 80b8°0 6TIL'0 L3650 PYOSY'0  9LTGED £0
s¥'0 Pse 66E°T 15L°1 T16°1 901 FkAN La0 $678°0 6Z0L°0 28570 TE8¥°0  SOORED 0
LA we SLET TELY bo¥'1 6Z°1 €1l L$6'0 6LIR'0 L1690 16L5°0 SSLP'0  EE08ET) Ll
sE0 wr'e ESE'T LT UY'1 PLT'T 860°1 LEVE'O 9080 1289°0 66950 SLOV'0  GLELED SE0
£0 HE 6187 €691 LSH'1 LsT'1 £80°1 £6'0 LESL'O £1L9°0 P095°0  S65P°0 L0 £0
ST'd SEV'E S0E'T Tyl 6EY'1 ¥l L9t 36160 1800 $9°0 90550 13144 £685E°0 ST0
(4! sor'e 3T 169'T 6I¥'T [£4 150°1 TI06°0 8L9L°0 8790 E0FS°0 e SSTSED e
g0 LA $6TT €9°1 ¥l $0T°1 SEO'T 988°0 T¥EL'O 19£9°0 96T5°¢ EEP'D L4420 U0
10 Sht't 61T 8091 6LE°1 s81°l L10°Y £0L8°0 Y YEISO P815°0 €ELr'0  TH9EE0 '
£0°0 PIEE £0TT $3¢°'1 85¢°1 wI'T P666°0 +$58°0 TETLO 10190 990870 1A34Y £6LTE°0 $0°0
1 ERLE SLUT 1961 9EE'E SPLT 80860 BOES i i 6o 170V 7981£°0 [
3 60 g0 Al 90 2'9 £5°0 [l i) y'G $£0 £ ST0 Etd
T TLPPE'0  TZ0SL0  LIOIGC  G9ppi 0  BLE1'0  OTIILO  TLP6OO  ILVBLO'O ETFTISO'0  #S9¥0°0  SBOE0'0  BELSIO'OD 1
$6°0 I60PE'0  YIVD'O  €86S10  L6TPI'0  TSETI'0  L8601°0 TI9E60°0 6YSLLO'G 991900 6865¥0°0 £BPOEO'D  vEISIOD §6'0
6’0 EOLEED  TSPPLO  E6LSTO  STIVIT0  SKTLI0  PSSOI'0  LLPTEO'O 9099L0°0 £T60S0'C  STVSRO'O  LOTOEO'D  L96PI0'0 60
£3°0 {OEEE0  SSIFTQ  66SS1°0  TS69EE'0  STETI'O  GTLOI'D  6TEIGO0 ih9SLO'D  ESI0S0°0  BYRPPO'D  €ZTL6TO'0 SLLKFIO'D s8°0
80 £06TE0  BSREL'O pS1°0 CLIET'0  LISZI0 8801 EEIO6D'0  SSOPLO'D  OE650°0 8SIHPO'D  £€620°0  GLSPIO'O 80
SL'0 68PTE0  SSET0  GGEST'O  C6SEL'0 ¥OOZI'0  BEROIT0  LIGBROTO  EPUELO'D  9558S0°0 TEOEPOD'D  LTESTO0  BLEFIN'O SL'G
L0 GO0TE'0  YETET O LBGPE'D  TOPEL'O  LEBIV'0 T6TOI'O  L9L80°0  SOSTLOD  STLLSO'O  £OEPO'0  EISBIO'O ILTYIOTO L0
£9°0 £91£°0 16200 SLLPT'G GOZET'O 999110  E¥IOL'0  8BE980°0 SBESILO'O PLRSSO'O T6ETPO'C LBOBIO'O  BL6LIGTO 59°0
20 PRITED  BLSZZG  TSSHI'0  TIOE1'0  6VIT'0 L89660°0 B9OSRO'0 6EFOLOTO  S66550°'0 EELIPO'0  6VSLTO'D  GELEIO'D 5o
sst STLOE'0  SEZTTO  STEPI'D  SORTI'D  SOEIT'0 8678600 BOLEBO'Q 90E690°0  6BOSSO°0" $SOTPO'0  961LT0°0 EISEIO'Q §§'0
§0 ESTOE0  TERTZ'O  6OVI'0  S6ST1°0  ITEIV'0  1$9960°C 10ET8Q°0  SEIR50°0 E5IvSG'0  TSEOYO'0  BILGTO'D 6LLETOD §0
5¥°0 COL6L0  LISIZTO LPREI'C  LLEZI0  9ZGOT'0  BS6PE0°0  SPROBO'O  1T6990°0C TBIESO'0  PIS6E0°0  EVESTOD SEOEIN'0 o
Fo oT60  6ELITO  SGSET'Q  SITI'0 STLOTO  E4TE60'0 TEEGLOO 995900  ELTZSN'D  998RE0°0 SELSTO'C  PRLIIOO L]
st LELST'0  LPLOTO  EECET'0  #IGII'0  STSOI'D  $SE160°0 OSLLLOCO SPEFSO'0  TTISO'D  LIOREQ'Q (TZST00  TSZIOD g0
£0 €6I8T'0  QEEOT0  GSOST'0  L99T1°0  €6T0T°0 E£EPS30°0 S0ILO'O 69629070 RI00S0°C 64TLLO'0  8SHPIO0  EHTITIOD £0
ST0 OTOLET'0  T66T°0  TLLTI'O SORYICO S9001°0  £1PL80°0 TLERLOTO TTSTIS0'0 8588pO°0  LLESEO'0 9LO¥TO'O  TS61I0°D §TO
70 1€0L7°0 96170 - GOPTI'0  SEITI'C  9IZ8G0'0 ~ 8T580°0  GESTLOD  66650°0 6TILWO0  ESPSEO'0 SSPEVOO  THIT0'Q (4]
s1'0 SOPOZT'0  SR681°0  SYIZI'O  SPEOI'O  6Z9560°0 GODERO'D. 9BSOLO'0  9SE8S0°0  BIESPOC 99LPEQ'D  BGLTIOO  1E110°0 st°0
T WLST0  6LYRIT0 VORI PESDI'O  TSSI6O'O  895080°0 £8K890°C 965950°0 ZOGWPOO  RGEEED'Q  TROTZO'D  SEDIQQ |54
070 EEOST'0  SEGLI'D  TE¥IT'0  L6I0OT'0  PERGBO'O 606LLOT0 6BI990°C  LSPSO'0  SEEPO'D  STTTEO'0 ¥6ZIZO'0  I$S010°0 50°0
¢ 8OTYT'0 _ TPELIG. ZOTI'0  HTRGO'0  88v980°Q  €S6L0TQ - LTOLID'0  LOSISO0 ERSTHO'0  ZOG0L0'0  HOE0Q 1010°0 [}
3y e ] K1) I 60°0 80°0 JAiX)] %0°0 £0°0 ¥0° 0 £0°0 0o SIAS) L

B19919p-UON 10} RORIIMOT I 2[qe],




