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Foreword

Under 81445(a)(2)(A) of the Safe Drinking Water Act (SDWA), as amended in 1996, the Environmenta
Protection Agency (EPA) is required to establish criteria for a program to monitor for unregulated
contaminants and to publish alist of contaminants to bemonitored. In response to this requirement, EPA
published the Revisions to the Unregulated Contaminant Monitoring Regulation(UCMR) for public water
sysems (PWSs) on September 17, 1999 (64 FR 50556), and in supplementd rules, including, the
Perchlorate and Acetochlor Rule (March2, 2000 - 65FR 11372), and the Ligt 2 Rule (January 11, 2001 -
66 FR 2273). EPA expects to publish other rules detailing updates and modifications to the UCMR
program, monitoring requirements, and analytical methods, as needed.

This document provides technical background information on the Statistical process used to select the
nationaly representative sample of amdl PW Ss (systems serving 10,000 or fewer people) for the UCMR.
This document aso explains the statistical selectionprocessfor large PWSs (systems serving greater than
10,000 people) sdected to monitor for the Screening Survey component of the UCMR. Note thet this
document does not explain dl UCMR program requirements in detal. Where more detalled and
comprehensve informationis available through other EPA guidance documents, the reader will be referred
to these documents.
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1. Introduction
11  Purposeand Background

Therequirement to monitor unregul ated contaminantswasestablished by the 1986 Amendmentsto the Safe
Drinking Water Act (SDWA). Public water systems (PWSs) were required to report the monitoring
resultsfor up to 48 unregulated contaminantsto the States or primacy agency under several regulations (40
CFR 141.40(e), (j), and (n)(11) - (12)). Systemswith less than 150 service connections were exempt,
provided those systems made their facilities available for the States to monitor.

Under §1445(a)(2)(A) of the SDWA, as amended in 1996, the Environmenta Protection Agency (EPA)
was required to establish criteriafor a program to monitor for unregulated contaminants and to publish a
ligt of contaminantsto be monitored. Tofulfill the requirementsof the SDWA, EPA published the Revisons
to the Unregulated Contaminant Monitoring Regulation (UCMR) for PWSs on September 17, 1999 (64
FR 50556). This regulation included programmeatic changes to the UCMR and provided a ligt of
contaminants for which monitoring was required, or would be required in the future. The UCMR st up
a three-tiered monitoring gpproach for contaminants based on the availability of andyticd methods and
ingghtson contaminant properties and fate and transport. 1n responseto public comments, and asrelevant
andytica methods were refined and developed. EPA published the Perchlorate and Acetochlor Rule on
March 2, 2000 (65 FR 11372), and the List 2 Rule on January 11, 2001 (66 FR 2273). As EPA
continues to refine and develop additiona methods and/or identify minor clarifications or modifications
needed for the successful implementation of the UCMR, the Agency will provide additional guidance
documents or fact sheets and will promulgate additiona rules, as necessary.

The UCMR program was developed in coordination with the Contaminant Candidate List (CCL) and the
Nationa Drinking Water Contaminant Occurrence Database (NCOD). TheUCMR andthe CCL operate
on a5-year cycleto assess theimpact of new and emerging contaminants on drinking water. The new
UCMR program is acornerstone of the sound science gpproach to future drinking weter regulation. The
data collected through the UCMR program will be stored in the NCOD to facilitate andysis or review of
contaminant occurrence, and will be used to support the development of subsequent CCL s, and to support
the Adminidrator’ s determination of whether or not to regulate a contaminant in the interest of protecting
public hedth.

The SDWA provisons and EPA regulaions described in this document contain legdly binding
requirements. This document does not substitute for those provisons or regulations, nor isit aregulation
itsdf. It does notimposelegdly-bindingrequirementson EPA, States, or the regulated community, and may
not apply to a particular Situation based uponthe circumstances. EPA and State decisionmakersretain the
discretion to adopt approaches on a case-by-case basis that differ fromthis guidance where appropriate.
Any decisons regarding a particular facility will be made based onthe gpplicable statutes and regulations.
Therefore, interested parties are free to raise questions and objections about the appropriateness of the
gpplication of this guidance to a particular Stuation, and EPA will consder whether or not the
recommendations or interpretations inthe guidance are gppropriate in that Stuation based on the law and
regulations. EPA may change this guidance in the future without notice or an opportunity for comment.
Mention of trade names or commercid products does not congtitute endorsement or recommendation for
use.

The purpose of this document is to describe the datistical design and methods used to sdect the
representative sample of amdl PWSs (systems serving fewer than 10,000 people) that are required to

1
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conduct Assessment Monitoring and Screening Surveys. This document also describes the process used
to select large PW Ss (systems serving more than 10,000 people) for the Screening Survey component of
the UCMR. Portionsof thisdocument al so describe how thisprocessrelatesto individua State Monitoring
Plans (SMPs). Under the UCMR, the listed unregulated contaminantswill be monitored between 2001-
2005. All large PWSs arerequired to monitor for UCMR contaminants. Section 1445(a)(2) of SDWA
mandates that only a representative sample of smal PWSs may be required to monitor under the UCMR.
The representative sample must be of adequate Sze and qudity to obtain the necessary and vdid
contaminant occurrence informationuponwhichto base regul atory determinations while minimizing burden
to the water system.

The objective of the satistical gpproach for the UCMR is to estimate contaminant exposure and
occurrence in a nationdly representative sample of amdl systems which will enable extrgpolations of
exposure and occurrence nationwide. For contaminant exposure assessments (the fraction of population
that is exposed to a contaminant), the representative sample design wasfirg weighted by popul ationserved
by PWSs. However, information on contaminant occurrenceisaso necessary. The context of occurrence
(for example, the Sze of a water system or its water source) is afactor when evauding potentia future
regulatory implementation. Therefore, therepresentative sampling designincorporatesadtratified sampling
approach and allocates some samples among stratato enable evauations of occurrence relaive to system
gze (based on population served), water sourcetype (surfacewater or groundwater) and, to some degree,
geographic digribution. Although this satistical designisnot gtrictly optimal for estimating either exposure
or occurrence, the desgn meetsthe dataquality objectivefor overal exposure estimates (99% confidence
level with £1% error tolerance, at 1% exposure), while providing more precise occurrence estimates for
categories of smdl systems.

1.2  Overview of the UCMR Program

The firs component of the UCMR is Assessment Monitoring which will be conducted by dl of the
approximately 2,800 large community water sysems (CWSs) and non-transent non-community water
systems (NTNCWSs) serving more than 10,000 persons (except those large sysems that purchase all of
their water from another PWS), and by a datistically representative sample of 800 small CWSs and
NTNCWSs serving 10,000 or fewer persons (except those amdl systems that purchaseall of thair water
fromanother PWS). Assessment Monitoringwill beconducted for the UCMR (1999) List 1 contaminants,
for which anaytica methods have aready been developed and refined.

The second component of the UCMR indudesthe Screening Surveys. Each of thetwo Screening Surveys
will be conducted at 120 large systems, and at 180 smdl systems randomly sdlected from the pool of
systemns required to conduct Assessment Monitoring.  Screening Survey monitoring will be conducted for
the Ligt 2 contaminantsfor whichana ytica methods have beendevel oped, but may need further refinement
before |arger-scale monitoring is conducted.

The third component of the UCMR is Pre-Screen Tegting which may be conducted at a combined total
of up to 200 large and amdl systems. States will be asked to nominate systems that are particularly
vulnerable to the Pre-Screen Tegting contaminants. Pre-Screen Tegting may be conducted for some of the
UCMR (1999) Ligt 3 contaminants for which andytica methods are in the initid stages of development.
EPA will provide further guidance on Pre-Screen Testing contaminants and analytical methods as
necessary.
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EPA dso sdected 30 small systemsto serve as Index Systems. These sysems will conduct Assessment
Monitoring eachyear of the 5-year UCMR cyde to provide additiona programmatic informationand data
quality control. EPA contractors will collect data on tempora variations in contaminant occurrence, and
on the environmenta and operating conditions of these 30 amdl systems. Detailed information from the
Index Systems, together withthe monitoring data generated throughgenera UCM R monitoring, will enable
EPA to develop future regulations that better reflect the environmental characteristics and operating
conditions of smal PWSs.

Generad monitoring schedules are related to the type of monitoring (Assessment Monitoring, Screening
Survey, or Pre-Screen Tedting) being conducted. Each participating system must conduct Assessment
Monitoring for the Ligt 1 contaminantsfor a 12-month period inthe first three years (2001 through 2003)
of the 5-year UCMR contaminant monitoring cycle (2001-2005), as per 8141.40(a)(5). Randomly
selected large sysems will sample for the UCMR List 2 contaminants in 2002 (for chemical contaminants)
and 2003 (for the microbiologica contaminant, Aeromonas), while smal sysemswill sample in 2001and
2003, respectively. No time-frame has been established yet for Pre-Screen Tegting for the UCMR (1999)
List 3 contaminants.

Required monitoring locations are adso related to the type of monitoring (see §141.40(a)(5)). Assessment
Monitoring samples must be collected at the entry point(s) to the distribution system unless otherwise
specified by the State or EPA. Samples for the first Screening Survey (for the List 2 chemicds) must
adways be collected at the entry point(s) to the distribution system (source water samples are not
permitted). Samplesfor Aeromonas mug be collected inthe distribution sysem.  Sampling locations must
include one midpaint inthe distribution systemwhere the disinfectant residua will beexpected to be typica
for the system (midpoint, or MD, as defined in the Rule), and two other points: one of maximum retention
time and one where the disnfectant resdua will have typicaly declined (point of maximum residence, or
MR, and location of lowest disinfectant resdud or LD, respectively, as defined in the Rule).

Discussons with States and other stakeholders indicated the need to select a representative sample of
sysems across dl States to ensure both confidence in the UCMR results and a comprehensive spétial
digribution. To ensure that the sample is representative of the nation and to reduce the burden on small
systems, EPA datidticaly sdected anationally representative sample of systems serving 10,000 or fewer
people for the UCMR. States are participating inthe UCMR through State Monitoring Plans (SMPs) as
established by Partnership Agreements (PAs) with EPA. Note, however, that a State was not required
to enter into a PA with EPA to participate in SVIP development. Through the PAsand the SM Ps, States
were givenan opportunity to participateinthe UCMR program, while sharing some of the responghilities
withEPA. All stepsinvolved with sample selection described throughout thisdocument assumethat aState
has entered into a PA with the appropriate EPA Regiona Office, or has decided to review the SVIP

Asdescribed later inthis document, alist of the statistically-sel ected systems was provided by EPA tothe
States. Thelist was comprised of a“primary ligt,” an “dternatelidt,” and a* supplementd dternatelig” of
systems. These lissswere provided to the Statesfor their review and indlusonintheir SMPs. Statescould
ether: (1) respond by accepting the primary list astheir representative plans, or (2) propose an dternative
plan by sdecting other system(s) from the replacement list(s), in cases where EPA’sinitid plan identified
system(s) that no longer existed, because of merger or closure, or that switched to purchased water.

Figure 1 provides a summary of the UCMR three-tiered monitoring approach, and shows the
implementation timeline of UCMR activities.
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Figurel. UCMR (1999) Implementation Timeline
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2. Determining the UCMR Sampling Frame
21  Background

A critical first step in selecting a nationally representative sample of small PWSsfor the UCMR is
the selection of asample frame, i.e., an appropriate inventory list of PWSsfrom which to select the
sample. Thisis particularly true in astratified sample such as designed for the UCMR. Stratified
sampling studies are often subject to strata migration problems, which are caused by the inaccurate
strata classification of systemsin the design and sample selection phase and which can complicate
and jeopardize the results of the strata-based sampling. Although the Safe Drinking Water
Information System (SDWIS) providesthe raw inventory list, or “total population,” of PWSsfrom
whichthestatistical sampleisdrawn, SDWISisnot designed to beasampleframe. Many properties
of SDWIS, and, moreimportantly, some lingering problems of system classificationin SDWIS, can
result in many inaccuracies for sample frame applications such as the sample selection procedures
necessary for the UCMR statistical sampling.

EPA utilized the inventory list provided by the 1999 Drinking Water Infrastructure Needs Survey
(Needs Survey) to select small systems for Assessment Monitoring and Screening Survey
monitoring, and to select large systemsfor Screening Survey monitoring. EPA then improved upon
the SDWIS inventory and created a more suitable inventory list for a sample frame. The sample
frame improvements and sample selection considerations used to improve the 1999 Needs Survey
inventory information for use asthe UCMR sampling frame are described in the following sections
of this document.

2.2  Needs Survey Inventory Background

The Needs Survey is conducted every four years to assess infrastructure needs of the Nation’s
drinking water systems. The Needs Survey data, along with other relevant information, isalso used
toallocate State Drinking Water Revolving Fund (DWSRF) monies. TheNeeds Survey requiresthat
inventory information is as accurate as possible so that PWS needs are accurately estimated. A
process was established to develop areliable and accurate database from which to draw the Needs
Survey samples. The Needs Survey inventory is based on inventory information on all PWSs
included in SDWIS as of March 1998. The steps used to ensure that inventory data (System status,
population served, number of service connections, source of water, contact name and address, etc.)
are correct are described in detail below.

2.3 Needs Survey Sample Frame I mprovements
2.3.1 Community Water Systems

Inventory data are confirmed before being used by the Needs Survey. The Needs Survey uses the
confirmed data in specific size categories (large and medium CWSs serving greater than 50,000
people, and 3,301 to 50,000 peopl e, respectively) to sel ect systemsthat will complete questionnaires
describing current and future system infrastructure needs. Inventory dataare also confirmed before
small CWSs serving less than 3,300 people and non-profit non-community water systems are
selected for site visits.

Problematic data were first identified and addressed based on the experience of the 1995 Needs
Survey. Thisstep included reviewing and cleaning up odd, repeated val ues (such as repeated “ 99s"
for the population-served value). EPA then provided the confirmed inventory data to the States
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(including the Virgin Islands and Puerto Rico) for review and asked the States to provide any
necessary changes.

EPA also worked with the Statesto identify thetotal “ consecutive” population served (including the
population of retail buyers) by many prominent large systems, and to group systems into size and
type categories that more accurately reflect actual populations served by a particular water system.
For instance, the reported population served by the Metropolitan Water District of Southern
California(MWD) was adjusted to account for the fact that the system actually servesamuch larger
population than the SDWIS inventory suggests. Based on the SDWIS inventory, the MWD is
categorized as asmall system serving less than 3,300 people. Adjusting the population to account
for the approximately 16 million consumers actually served by the system, the system is then
reclassified as a large system, which accurately reflects how this system is regulated under the
SDWA. Thisexample highlights the types of changes incorporated into the adjusted sample frame
through identification of the consecutive population served.

Onsiteinventory verificationswere conducted for Stateswhere: (1) the 1995 inventory verification
discrepancy rate was greater than 1 percent; or (2) the number of CWSsin a Statein SDWIS as of
March 1998 was at least 3 percent greater than in the sampling frame used for the 1995 Needs
Survey. On site inventory verifications were also conducted for States that contributed to at least
0.8 percent of total national need in the 1995 Needs Survey, and if EPA determined that SDWIS
inventory may not accurately reflect a State’ sinventory. Inventory verifications were conducted in
Arizona, Arkansas, California, Colorado, New York, North Carolina, Ohio, Oklahoma, and
Tennessee. SDWIS-Fed inventory information for Virginia was replaced with SDWIS-State
inventory information, since SDWI1S-Fed wasknown to be an inaccurate sourceof current inventory.

The process of State corrections includes a variety of inventory review procedures and data
verifications as described below:

» A dtratified random sample of systems was used to select systems within each State that
would then be subject to inventory verification. The systemswere stratified by service size
category and water source (surface or ground water), and a representative sample was
selected for each State to represent a 95 percent confidence level with arelative error of 10
percent. The sample was selected based on the expected proportion of systems with
discrepancies, from experience with dataverifications conducted by EPA between 1991 and
1997. CWSs serving 25 to 1,000 people were expected to have a discrepancy rate of 7.5
percent, while CWSs serving 1,001 to 40,000 people were expected to have a discrepancy
rate of 5 percent.

» A two-staged cluster sampling approach was used to select systemsin New York, since data
in this State are managed by numerous district offices. The first stage selected enough
officestoinclude systems of al stratain the sample. The second stage wasarandom sample
of systems within the district offices.

» Sanitary survey information, bacteriological results, or other chemical recordsin State files
and/or databases were reviewed on site to ensure that inventory data were accurate. |If
inventory information was different between SDWIS and the State files and/or database, a
discrepancy wasissued. Each State so identified was then given an opportunity to provide
monitoring results or other documentation of a system’s characteristics, and, in some cases,
documentation of a system’s actual existence. Systems that were inactive were removed
from the Needs Survey sampling frame, while other systems were re-categorized if
necessary. For instance, SDWIS may have a system categorized as a surface water system,
while State records indicate that the system purchases surface water. It isthistype of mis-
categorization that is routinely corrected in the Needs Survey sample frame.

6
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» Based on results of the inventory verification, the total inventory for each State was further
refined. Theinventory verification results were extrapolated to all systemsin each State to
estimate the number of active systems in each size and type category (stratum). The
determined proportion of inactive systemsin the inventory verification sample was applied
to the number of total systems in the sample frame. Then systems were assigned to each
stratum based on the proportion of active systems that moved from one stratum to another.
For instance, if 5 percent of systemsin the inventory verification sample wereinactive, then
it was assumed that 5 percent of thetotal number of systemsin the Statewereinactive. This
was then applied to the revised active frame, reflecting thefinal inventory of active systems
in a State.

The Needs Survey sample frame was further refined during the course of the data collection period.
System status as of January 1, 1999 was used to determine inclusion and placement within the
sampleframe. Additional systemswereadded to the sampling frame based oninformation provided
by the State of Virginiain the last quarter of 1999.

2.3.2 Non-transient Non-community Water Systems

Limited verification was conducted on the non-profit non-community water systems (NCWSs). A
random sample of 100 systemswas selected from the total number of non-profit NCW Ss acrossthe
US to determine how many systems would be selected in each State for asite visit. This random
sample was used only to estimate the number of systems in each State where EPA would conduct
asitevisit. Theactual sample of non-profit NCWSswere then randomly selected from the counties
in each State where EPA aready had plansto conduct sitevisitsat small CWSs. The sample of non-
profit NCW Sswas not sel ected based on strata, and only non-profit NCW Sswere sel ected for review
for the Needs Survey (since they are the only NCWSsthat are eligible to receive DWSRF monies).
The sample of non-profit NCWSs does not include transient non-community water systems. The
sample size of 100 systems provides a confidence level of 95 percent and a margin of error of 30
percent.

Thus, for UCMR use, inventory data for NTNCWSs has undergone the least confirmation and
correction. Each State participating in the UCMR through PAs with EPA reviewed the systems
selected by the UCMR process for the SMP

2.3.3 Tribal Water Systems

The sampleframefor Tribal systemsand Alaska Native water systems was based on input from the
Indian Health Service (IHS) Sanitary Deficiency System (SDS), Tribes, and EPA regions. Thereare
approximately 940 systems nationwide that are owned and operated by Tribes and Alaska Natives.
Some of the Tribal systemsare regulated by the States, and many State-owned and operated systems
servealarge population of American Indians. Sincethe Needs Survey considersall State-owned and
operated systems, EPA worked withthe Tribes, AlaskaNatives, the IHS, and the Statesto determine
how to classify each Tribal system. Each Tribe notified the appropriate EPA region if they believed
that the State-owned or operated system should be considered in the Tribal system sample frame,
rather than in the State sample frame. Inventory information for Tribal systems and Alaska Native
systems were taken from SDWIS, then corrected, and updated by both the appropriate EPA Region
andthelHS. The corrected datawere then compiled and comprises the sample frame for the Needs
Survey.

For the UCMR, the Alaska Native systems were grouped with the remainder of the Alaska CWSs
and NTNCWSs. These systems were not grouped with the Tribal water systems. All State-owned

7
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and operated water systems that serve alarge proportion of American Indians were not treated as
Tribal water systems. The State-owned and operated water systems were treated as State systems
in the UCMR sampling frame.

234 System Classifications

Another potentially problematic issue isthe source water classification of systemsused in SDWIS.
Compliance and monitoring requirements under the SDWA are more stringent for surface water
systems than for ground water systems based on historic occurrence data and vulnerability
considerations. Generally, surface water systems are more vulnerable to releases, spills, and other
potential sources of contamination than ground water systems. Also, water systems can depend on
asingle water source type, but can have amix of sources. Therefore, to ensure that the level and
type of compliance and monitoring requirements are appropriate to thetype(s) of source water used
by awater system, EPA created a hierarchy of system source water classifications. The hierarchy
(or sequence from lowest to highest regulatory regime) is. purchased ground water, ground water,
purchased ground water under the direct influence of surface water, ground water under the direct
influence of surface water, purchased surface water, and surface water. This hierarchy helps
establish the appropriate regulatory oversight relative to source water type to provide the highest
degree of human health protection possible. A water system with mixed sources is regulated
according to the water source type used that ranks highest in the regulatory hierarchy.

This hierarchy of compliance and monitoring classification scheme is designed to implement the
most protective regulatory approach, but it may also pose a problem for the national representative
sample. If asystem uses ground water and also purchases surface water, the system will be listed
in SDWIS as a purchased surface water system since purchased surface water ranks higher on the
hierarchy. However, the UCMR sample selection criteria excludes purchased water systems;
therefore, this system would not be selected for inclusion in the national representative sample. The
number of purchased water systems is small compared to the total number of PWSs, and this
exclusion of purchased water systems will not significantly affect the UCMR sample. States and
PW Ssadj usted their monitoring schedul esto accommodatethe above problemsrel ativeto the source
of theactual entry pointsto thedistribution system (EPTDS). Usingthesingle SDWISclassification
for each system resulted in someinaccuracieswhich could not beavoided. Theseinaccuracieswere
corrected where needed by the States or EPA when the SMPS were reviewed.

2.3.5 Additional Sampling Frame I mprovements

The resulting Needs Survey inventory list may not exactly reflect the information in SDWISin the
fall of 1999 or 2000 sinceit islikely that afew systems will have changed statusin the intervening
time. To minimize the effect of system status changes, EPA verified the status, water source,
population served, and system type for small CWSsin 19 States and three territories where there
werethree or fewer PWSswithin each stratum (system size category by water sourcetype). Eleven
systemsinfive Stateswere determined to beinactive. Four systemsinfour different Statespurchase
their water, and were removed from the system list. One system changed from a CWS to a
NTNCWS, and seven systemsin four States changed their source water type from surface water to
ground water. Thepopulation of 12 systems changed, and three systemswere moved into adifferent
servicesizecategory. Thestatusof these systemswas verified before sampl e selection to ensurethat
the sample of systems selected from these categories was truly representative of the number of
systemsin existence.

Each State, as noted earlier, has already received an additional opportunity to correct the inventory
system data and the strata assignments when they reviewed and approved the systems selected for

8
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their SMPs. Each State (and EPA itself, in the cases where a State did not wish to participate) had
an opportunity to improve the sample by removing systems from the sampling pool that were
inactive, and replace them with active systems from the aternate/replacement list(s) provided to
them. Statesor EPA were aso permitted to remove systemsfrom their SMPsfor reasons other than
those listed above, as long as the reasons were clearly explained in consultation with EPA. All
changeswereincluded inthefinal SMPs sent back to Statesor EPA so that systems could be notified
of their requirements under the UCMR. States and EPA Regions will continue to update UCMR
inventory information as changes occur.

3. Selecting the Statistical Population for Systems Serving 10,000 or Fewer People
3.1  Determining the Population of Small PWSfor Inclusion in the UCMR Sample

The total population of small PWSs is comprised of CWSs, NTNCWSs and transient non-
community water systems(TNCWSs). Two categoriesof PW Sswere excluded from the population
for selecting the sample. PWSs that purchase their entire water supply from another PWS are
generally exempt from the regulation, since monitoring at these systems could result in double
counting of systemsusing the samesource. Additionally, TNCWSswereexcluded fromthe UCMR,
since proj ecting contaminant exposure from monitoring resultsis difficult and inconclusive due to
the transient nature of the population that use these sources of drinking water.

EPA estimatesthat there are approximately 66,808 non-purchased CWSsand NTNCWSs, based on
the 1999 Needs Survey inventory.! Table 1 illustratesthetotal number of non-purchased CWSsand
NTNCWSsin each service size category (serving 25 to 500, 501 to 3,300, 3,301 to 10,000, 10,001
to 50,000, and greater than 50,000 people) by source water type (ground or surface water), from the
UCMR sampling frame.

3.2  Stratifying the Population

In devel oping therepresentative sample, EPA considered factors such as (1) geographiclocation, (2)
population served, and (3) water source. The samplewasstratified by population served, allocating
samples proportionately to each State by system size, and then by water source type. NTNCWSs
were selected as a separate category since these systems may be a significant source of water
consumed by residents of acommunity.

Sources of water may not be evenly distributed across any given State. Citiestransfer water across
watershed boundaries, or move water from one State to another. To account for the proportion of
the population served by a specific water source, EPA defined "geographic location” asthelocation
of the water source and stratified the sample further by source of water supply. For example, if 10
percent of the population in a State obtainstheir water from surface water supplied PWSsthat serve
lessthan 500 individual's, then approximately 10 percent of the sampled systemsin that State should
come from the PWSsin this size and source category. The distribution of systems across the State,
then, isaccommodated by the popul ation-wei ghted statistical sampleselection. Asexplained further
in Section 4, the sampleisnot strictly population-weighted. The samplesizefor each State and each
stratum were optimized to ensure that UCMR sampling results have ahigh level of confidence and
alow margin of error. Therefore, the sample was stratified by system type (CWSsand NTNCWSs)

1 Asnoted earlier, the inventory sampling frame is based on the 1999 Needs Survey. The origina data
were taken from SDWISin March 1998.
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Table1l. Systems Serving 10,000 or Fewer People

Population Total Population Served Nationally Number of Non-purchased PW Ss
Served
Size CWSs NTNCWSs Total CWSs NTNCWSs Total
Category
Ground Surface Ground Surface Ground | Surface | Ground | Surface
Water Water Water Water Water Water Water Water
25 - 500 4,321,261 248,417 2,292,697 68,088 6,930,463 28,149 | 1,403 | 16,566 416 46,534
501 - 3,300 | 12,894,496 2,542,195 2,493,942 | 179,371 18,110,004 9,551 1,586 2,606 148 13,891
3,301 - 13,415,514 6,269,284 282,405 57,643 20,024,846 2,349 1,027 55 13 3,444
10,000
Subtotal 30,631,271 9,059,896 5,069,044 | 305,102 45,065,313 | 40,049 | 4,016 | 19,227 577 63,869
10,0001- 25,909,335 | 23,033,999 108,027 0 49,051,361 1,217 993 7 0 2,217
50,000
Over 50,000 | 30,478,607 | 139,106,597 0 0 169,585,204 240 482 0 0 722
Total 87,019,213 | 171,200,492 | 5,177,071 | 305,102 | 263,701,878 | 41,506 | 5,491 | 19,234 577 66,808

The population and water system information used in thistable is from the 1999 Needs Survey inventory database. The information in this table was used to
derive the sample distribution and statistical calculations found in other tables in this document.
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and by source water type within each small system size category (categories 1 through 3) in each
State.

3.3  Tribal Water Systemsasan Individual Stratum

Small PWSs that are located on Tribal lands in each of the 10 EPA Regions were grouped into a
single category for the representative sample; this Tribal category is equivalent to a State for the
statistical selection process. Tribal systemshad the same probability of being sel ected as other water
systemsin thestratified random sel ection processthat weighs systems by water sourceand sizeclass
by population served. Using this discrete stratum ensures that some Tribal systems were selected
as part of the national representative sample. The systems selected comprise the“SMP” for Tribal
water systems.

34  Consistency of State Plans

EPA selected the representative sample from the population of CWSs and NTNCWSs nationally,
then allocated the sample to individual States, weighted approximately for the proportion of the
population served by each service size category and water sourcetype. Based on astratified random
selection process applied to CWSs and NTNCWSs, the sample size was weighted by population
served (to enabl e exposure assessments from Assessment Monitoring resul ts) and water sourcetype
(to enable comparisons between surface or ground water) while alocated proportionately amongst
States (to ensure geographic coverage) within service size category (categories 1 through 3). EPA
also randomly selected two alternate/replacement systems for each PWS selected for the national
representative sample. EPA selected a supplemental alternate/replacement list, in cases where the
primary system, and both alternates were determined to beinactive. All of these systems appear in
theinitial SMPs sent to States.

States could haveincludethe EPA-selected systemson theinitial planlistintheir SMP. If, however,
the State review determined that a system on the initial plan list had closed or merged, the system
could be removed from the SMP List. To remove a system from the SMP List and replace it with
another system, the State should have notified EPA of the reasons for removal. Valid reasons for
remova included system closure, system merger, or a determination that a system operates
exclusively with purchased water. To identify areplacement system for the system removed, States
selected thefirst water system (from the appropriate category) from the existing replacement list for
the PWSremoved. (See Section 5 for amoredetailed discussion of initial plan and replacement list
selection procedures.) More detailed directions on modifying theinitial SMP and using the lists of
alternate/replacement systems are included in the instructions of each SMP.

Oncethelist of systemswasfinalized, Statesinformed the EPA Regional Officeof the States' choice
of plans (including the details of any modified plans). The EPA Regional Office worked with the
State to devel op an acceptable modified plan. Thisapproach ensuresanationally consistent system
selection process and enables acceptable SMP devel opment with minimal State burden.

If the EPA Regional Office did not receive the notice of afina SMP within 60 days, EPA assumed

that systemson theinitial plan represented the final SMP. The plan also specifiesthetiming of the
monitoring.

11
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4. Selecting the Representative Samplefor Systems Serving 10,000 or Fewer People
41  Objectivesof the Sample

The representative sample of small PWSs must alow EPA to collect high quality data about
contaminant occurrence. Such datamust allow preciseestimatesof national occurrence (thefraction
of systems in which a contaminant occurs) and exposure (the fraction of people exposed to a
contaminant). The datamust also provide enough information within smaller categories of systems
(e.g., small, medium, or large systems) to inform thedevel opment of possibleregul atory alternatives.
The sample must al so be representative of the popul ation of small PWSs. Each of these dataquality
objectives are described in more detail in the following section.

4.1.1 Accuracy and Precision

The representative sample of small PWSs must be selected so that the data collected yield accurate
and precise estimates of national contaminant occurrence and exposure.

Accurate or unbiased estimates are correct on average over the long term, or over many samples.
For instance, if the sampling plan were to be carried out many times, the average of the occurrence
or exposure estimates derived from al of the samples would be close to the true occurrence or
exposure fraction of the population. Thefirst dataquality objective is that the sample estimates be
unbiased.

Precise estimateshave small variability. All estimatorsarevariable: evenif an estimator isunbiased
over many samples, the estimate computed from any particular sasmplewill bedifferent fromthetrue
population value. The second data quality objective isto limit the amount of this variability.

Precision may be measured in terms of a margin of error and its associated confidence level. For
estimates of exposure fractions, EPA will allow a margin of error of £ 1% with 99% confidence,
when the estimated exposure fractionis 1%. That is, if the estimated exposurefraction is 1%, EPA
must be able to state with 99% confidence that the true exposure fraction is between 0% and 2%.
The meaning of “99% confidence” isthat if the sampling plan were to be repeated many times, the
true exposure fraction would fall within the margin of error around the estimate in 99% of all cases.

EPA specified these stringent statistical parameters to ensure high quality data and dependable
monitoring results. In general, many similar random surveyswith continuous variables use alower
level of confidence (95%) and/or alarger allowable error (plus or minus 5%). However, use of a
larger error is unacceptable for the UCMR. Examination and analysis of current occurrence data
show that many contaminants which are currently regulated, or being considered for regulation,
occur in 1% or less of systems on a national basis. However, for many contaminants, a 1%
occurrence nationally reflects asubstantially larger occurrenceregionally. Even asmall percentage
of systems with detections of acontaminant can translate into exposure of asignificant population.
By accepting a greater margin of error, and the resultant smaller sasmple size, such small national
occurrence might be missed entirely.

There are al so other uncertainties and sources of variation in such asample program. For example,
all contaminants have censored distributions (i.e., “less than the detection level” analytical results)
and there are many factors that affect variability and vulnerability of ground water systems. The
statistical sampling theory used to derive levels of accuracy and precision may not account for all
of these sources of variation. Hence, the high confidencelevel, low allowable error, and consequent
larger sample size should help ensure adequate data to meet the objectives of the UCMR program.

12



UCMR Satistical Design August 2001

Thedataquality objective of a1% margin of error with 99% confidencelevel holdsfor CWSs. EPA
isalowing a2.5% margin of error with a 95% confidence level for NTNCWS since these systems
servefewer peoplethan CWSs. Therefore, lessinformationisrequired about NTNCWSsto compute
national exposureestimates. Although moreinformation about contaminant exposureinNTNCWSs
would be desirable, with only 800 systems available for Assessment Monitoring, trade-offs are
required in placing sampling effort where it will yield the most information about exposure. Note
that previous EPA contaminant occurrence research has not identified any significant differencein
the quality of drinking water between CWSs and NTNCWSs (see EPA document A Review of
Contaminant Occurrence in Public Water Systems, EPA 816-R-99-006, November 1999).

The precision of an estimate is determined in part by the size of the sample used to deriveit. Other
things being equal, alarger sample allowsamore precise estimate. A rough ideaof the sample size
needed to achieve the stated goals for margin of error and confidence may be obtained from the
formula:

2, 01
n=2P0-P) };(21 p) (1)

in which nisthe sample size; p isthe true or estimated exposure fraction, or 0.01 in our case; dis
thedesired margin of error, or 0.01; and zisthecritical value of the normal distribution at the desired
confidence level. For a 99% confidence level, a table of the normal distribution gives z = 2.58.
Inserting the given values of p, d, and z into equation (1) gives n = (2.58)%(.01)(.99)/(.01)? = 659.
Therefore, approximately 659 CWSs are needed to achieve the UCMR’s stated data quality
objectives. Similarly for NTNCWSs, a 2.5% margin of error with 95% confidence givesp = 0.01,
d = 0.025, z = 1.96, and therefore n = 61 NTNCWSs are required to meet UCMR data quality
objectives.

The underlying assumptions of the approximation used to derive equation (1) are: (1) that the
sample is a simple random sample from the population of systems; (2) that the sample is large
enough for a normal approximation to hold; and (3) that in each system the presence of a
contaminant can be determined with certainty. However, these assumptions are more or less untrue
for the UCMR sample, so the estimate of 659 systemsis only arough guideline. Under the more
complicated stratified sampling plan described in Section 4.2, the 800 systems allocated to
Assessment Monitoring are more than enough to meet the objectives of accuracy and precision.

412 Stratification

EPA must be able to evaluate contaminant occurrence not only nationally, but within categories (or
“strata’) of systems, including source water type (ground or surface), size (3 categories), and system
type (CWS or NTNCWS). Many statutes and regulations are implemented differently for systems
of different size, or for different source water categories. Combining the representative (small
system) sample with theresultsfrom all large systems providesincreased power in thetotal sample,
but EPA must also be able to evaluate occurrence, and possible regulatory options, related to the
small systemsthemselves. The SDWA and many current rules focus on burden reduction for small
systems when feasible.

EPA has not placed a specific limit on the precision that can be achieved within each category of
water systems. Ingeneral, thelevel of precision that can be achieved within any category islessthan
for all systemstaken together, because fewer samplesaretaken within asingle category. Therefore,
instead of requiring a set level of precision for each category, EPA has taken the approach of
minimizing the highest amount of variability of the estimates within any of the categories, while
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maintaining the objectives of accuracy and precision of the overall estimates, as described above.
This approach is described further in Section 4.2.

4.1.3 Representativeness

A representative sample should be representative. This implies some sort of fairnessin selecting
systems and thereby afairness in imposing the burden of required sampling. Some properties of a
fair and representative sample are:  systems are selected at random; all systems have a chance of
being selected; the characteristics of the sample will be close on average to that of the population,
such as system sizes and types; and systemsfrom all subgroups of interest (e.g., Minnesota, or Size
1 surface water NTNCWS) are present in the sample.

In arepresentative sample, every system should have a chance of being selected, but not all systems
will necessarily have the same chance. Whether that istrue depends on what the sampleisintended
to represent. To accurately estimate contaminant occurrence (percent of systems) in PWSs, the
sample should be selected based on systems, so it makes sense to assign an equal probability of
selection to each system. To represent exposure, the sample should be selected based on people
exposed to acontaminant. Inthiscaseit makes senseto assign sampling probabilitiesin proportion
to the popul ation served, so that the systemsthat servethe most people are most likely to be selected.
Clearly these two types of representativeness conflict and cannot both be optimized in the UCMR
sample. Since EPA needsto represent both contaminant occurrence and exposure for the UCMR,
EPA devised a sampling plan to reflect both the number of systems and the population served by
those systems while maintaining balance between the two objectives.

Although occurrenceisimportant, EPA isinterested first in estimating contaminant exposure. If this
were the only criterion, then EPA would allocate systems to States in proportion to the population
served. Then systems that serve the most people would be sampled most often. This population-
weighted allocation can be shown to lead to the most accurate and precise estimates of overall or
national exposure. But a problem with thisapproach isthat it assigns small numbers of systems, or
even zero systems, to the smallest States and territories. For example, Guam serves 0.015% of the
population served by PWSsin the U.S., so a population-weighted allocation would assign 0.015%
of 800 systems to Guam. That is 0.1 systems, or rounded off, zero systems assigned to Guam.
Similarly, American Samoa and the Mariana Islands would each receive zero systems, and Rhode
Island would receive one system. Such asamplewould not befully representative of the population
of CWSsintheU.S.

EPA believes that to be fully representative of the nation, a sample of water systems must include
a least 2 systems from each State and Territory in the U.S. Therefore, EPA has imposed the
additional constraint that its representative sample must contain at least 2 systems from each State
and Territory inthe U.S. (The exception is Guam, which has only one PWS in the Needs Survey
inventory; so exactly one system was selected to sample in Guam.)

414 Summary

To summarize, a sample of small PWS must provide data that meet the following data quality
objectives:

» provide national exposure estimates that are unbiased, and have a margin of error of +

1% with 99% confidencefor CWSs, or amargin of error of + 2.5% with 95% confidence
for NTNCWSs, when the estimated exposure fraction is 1%;
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* minimizethemaximum variability of exposureestimateswithin categoriesof systemsize
and source water type; and

» sampleat least 2 systems from each State and Territory.
The next section describes the sampling plan that EPA designed to satisfy these objectives.
4.2  How the Samples Were Allocated

EPA isusing arepresentative sample of 800 small systemsfor Assessment Monitoring. Thesample
size was selected for various statistical and budgetary considerations. A sample of 800 systemsis
more than the approximately 720 systems (659 CWSsand 61 NTNCWSs; see section 4.1.1, above)
needed to meet the first data quality objective, and allows at least two PWSsto be selected in each
State.

To meet the dataquality objectivesdescribed above, thecrucia stepisto allocatethe sampling effort
in the right amounts among strata (categories) of system size, source water type, and State or
Territory. With 3 size categories, 2 source water types, 2 system types, and 56 Statesand Territories,
there are 3x2x2x56 = 672 strata in which to allocate the 800 systems for Assessment Monitoring.

EPA used the following three-step procedure to alocate the 800 systems:

1. The systems were allocated among the 56 States and Territories. The allocation was
roughly in proportion to population, but with at least 2 systems allocated to each State
or Territory.

2. Within each State or Territory, a probability was selected for each of the 12 categories
of system size, source water type, and system type.

3. Within each State or Territory, a category was selected at random for each allocated
system, using the probabilities computed in step 2. Within the selected category, aPWS
was sel ected at random, with probability proportional to its popul ation served among all
PWSs in the category.

Inthisway, each of the 800 systemswas assigned first to a State, then to acategory within that State,
then to a particular PWS within the category.

Therest of this section describes how the State alocations and category probabilities were selected
in Steps 1 and 2 above, in order to achievethe UCMR’ s stated data quality objectives. The random
assignment of PWSsto categoriesin Step 3isdescribed in Section 5. Thedescriptioninthissection
is meant to convey the idea of the procedure and the assumptions used to derive it, but it isnot a
compl etetechnical description. A completedescription and justification of theprocedureisprovided
in Appendix A.
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4.2.1 Allocation of Systemsto Statesand Territories

To obtain the most precise national exposure estimates, the optimal allocation of systems to each
State should be in proportion to the State’ s population served. For example, Table 2 below shows
that Texas has about 8.9% of the popul ation served by small systems, so Texas should receive 8.9%
of the 800 systems, or 71.4 systems. This population-weighted allocation hastwo drawbacks. First,
the allocation isonly theoretical, since each State receives afractional number of systems. Second,
under this scheme some small States receive fewer than two systems. For example, Rhode Island
would receive 1.1 systems, and American Samoa would receive 0.1 systems. To get around this
problem, the population-weighted allocation was modified as follows:

Table2. Distribution of Small Systems Required to Conduct Assessment Monitoring and
Screening Survey in Each State/Tribe/Territory
State/Tribes/ Population Served by Number of Small Systems |Number of Small Systemg
Territories Small Systems Conducting A ssessment Conducting Screening
(10,000 or less people)* Monitoring,? Surveys,?
(P) (An) (S)
Tribes’ 394,267 7 2
I\ labama 826,868 15 4
lalaska 207,650 4 3
”A merican Samoa 6,278 2 2
larizona 654,139 12 3
Irkansas 736,435 13 8
California 2,706,432 48 24
Colorado 545,759 10 6
[Connecticut 348,727 6 2
Delaware 128,494 2 1
Florida 1,810,083 32 11
(Georgia 1,254,642 22 12
(Guam 5,504 1 0
Hawaii 159,339 3 2
ldaho 436,697 8 2
Ilinais 1,599,786 28 8
lIndiana 1,108,704 20 8
lowa 940,771 16 10
Kansas 675,059 12 6
K entucky 505,977 9
|_ouisiana 1,552,807 27 14
Maine 323,762 6 3
IMarianalslands 12,769 2 1
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Table2. Distribution of Small Systems Required to Conduct Assessment Monitoring and
Screening Survey in Each State/Tribe/Territory
State/Tribes/ Population Served by Number of Small Systems |Number of Small Systemg
Territories Small Systems Conducting A ssessment Conducting Screening
(10,000 or less people)* Monitoring,? Surveys,?
(P) (An) (S)
aryland 463,283 8 2
Massachusetts 713,312 12 3
Michigan 1,372,119 24 13
Minnesota 912,075 16 8
Mississippi 1,687,841 30 9
issouri 1,129,714 20 8
Montana 343,389 6 3
Nebraska 471,233 8 4
Nevada 216,851 4 1
New Hampshire 343,257 6 2
New Jersey 934,202 16 6
New Mexico 449,245 8 6
New York 1,700,436 29 14
North Carolina 1,257,791 22 11
North Dakota 199,303 4 2
Dhio 1,595,309 28 7
Oklahoma 853,024 15 5
Oregon 585,945 11 6
Pennsylvania 2,131,859 37 19
Puerto Rico 493,374 9 4
Rhode Island 56,834 2 0
South Carolina 644,915 11 7
Bouth Dakota 219,176 4 2
Tennessee 823,726 14 9
Texas 3,989,818 71 28
Utah 385,852 I 4
Mermont 238,493 4 3
"\/i rgin Islands 92,555 2 1
Virginia 917,521 16 7
[Washington 1,013,103 17 10
Washington DC® 0 0 0
lWest Virginia 547,661 10 6
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Table2. Distribution of Small Systems Required to Conduct Assessment Monitoring and
Screening Survey in Each State/Tribe/Territory
State/Tribes/ Population Served by Number of Small Systems |Number of Small Systemg
Territories Small Systems Conducting Assessment Conducting Screening
(10,000 or less people)* Monitoring,? Surveys,?
(P) (An) (S)
isconsin 1,193,154 21 12
Wyomi ng 153,712 3 2
Total 45,071,031 800 360

1

2

3

Thedistribution of samplesaboveisbased on the population and water systeminformation inthe 1999 Needs Survey
database inventory.

This column represents the total number of small systems allocated in individual States/Tribes from the national
representative sample of 800 systems.

There are 360 small systems shown for two Screening Surveys (180 for Screening Survey 1 and 180 for Screening
Survey 2) . Notethat each Screening Survey Group of 120 large systemswill also be required to monitor. Therefore,
thereisatotal of 300 small and large systems (atotal of 600 Screening Survey systems) in each Survey.

The number of Tribal water systems includes Tribal systems in each of the 10 EPA Regions. Tribal systems were
aggregated as a State to ensure that Tribal systems were represented in the national representative sample of small
systemsin the UCMR.

U.S. Territories include American Samoa, Guam, Northern Mariana Islands, Puerto Rico, and the Virgin Islands.
Territorieswere aggregated as a State to ensure that Territorieswere represented in the national representative sample
of small systemsin the UCMR.

The Washington DC water supply is provided exclusively by large PWSs.

1. Aninitia alocation was computed for each State, in proportion to that State’ s population
served by small systems.

2. All dlocationswere rounded up to the next largest integer, and any allocationslessthan two
were increased to two. Each State was allocated at least two systems, but the total number
of allocated systems increased to more than 800 systems.

3.  Systemswereremoved one at atime from various States, in such away asto minimize the
increase in variance of an overall exposure estimate and keep all State alocations at or
greater than two, until the total allocation was reduced again to 800.

Theresulting State allocations are shown in Table 2. The results are very close to what one would
get by simply rounding the population-weighted allocations to the nearest integers.

Given the small individual State sample size, no statistically valid conclusions may be drawn at the
State level. However, EPA still considersit important that all States are represented and have the
opportunity to participatein the UCMR. Some contaminants, such as some pesticides, may only be
used intensively in specific regions of the country. It is possible that with the relatively small
number of systems in the representative sample, monitoring may miss contaminants with such
targeted regional use patterns. However, including systemsin every Statein approximate proportion
to the popul ation served should ensurethat contaminantswith regional use patterns, to theextent that
they potentially contaminate water supplies, are proportionately represented by the national sampling
design.
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4.2.2 Calculation of Category Sampling Probabilities

Once systems are alocated to States, they must be allocated to categories of system size, system
type, and source water type, within each State. This allocation is computed not in terms of fixed
sample sizes, but by choosing the probability of drawing each system from each category. In this
way, systems from even the smallest categories have some chance of being sampled.

To see how the sampling probabilities were chosen, consider first asimple alocation in which the
probability of drawing from each category is proportional to the population served in that category.
As described above, this allocation gives the most precise overall national exposure estimates.
Table 3 showstheresultsof such an alocation, interms of the expected number of systems sampled
from each category, and the resulting margins of error. For CWSs, an overall exposure estimate of
1% would have amargin of error of £ 0.97%, or aconfidenceinterval of 0.03% to 1.97%, with 99%
confidence. Thisisdlightly better than the first data quality objective described in Section 4.1. On
the other hand, the marginsof error in the size-by-source-water-type categoriesareashigh as+ 12%,
so that not much information isgathered about somecategories. Similarly for NTNCWS, themargin
of error for an overall exposure estimateis+ 2% at 95% confidence, well withinthefirst dataquality
objective; but within smaller categories the margin of error is as high as+ 19%.

Table3. Sample Allocation Proportional to Population Served: Expected
Number of Systems Drawn From Each Category, and Resulting
Marginsof Error for Exposure Estimates

Ground Surface
Water - Water -
System Type Size Category Supplied Supplied Total
Systems Systems
n' | eror? | n® | eror? | n' | error?
500 and Under 78 +3.0 5 +12.1 | 83 2.9
501 to 3,300 228 +1.7 46 +3.8 274 +1.6
CWSs 3,301 to 10,000 237 +1.7 111 2.5 348 1.4
Total 543 +1.1 162 2.0 705 | +0.97
500 and Under 40 +3.1 1 1174 | 42 +3.0
501 to 3,300 44 +3.0 3 +10.8 47 2.9
NTNCWSs 3,301 to 10,000 5 +8.8 1 +19.0 6 +8.0
Total 89 2.1 6 +8.3 95 +2.0
Rows and columns do not add up to totals due to rounding.

1 n = expected number of samples drawn.

2 error = expected normal-theory margin of error, in percent, when the estimated exposure fraction is

1%, at 99% confidence for CWSs and 95% confidence for NTNCWSs.

Note: The population-weighted distribution of samplesis based on population and water system

nformation from the 1999 Needs Survey database inventory.
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Table 3 shows that there isroom for improvement in the proportional alocation. By shifting some
sampling effort into the categorieswith smaller all ocations, moreinformation can be coll ected about
those categories. Thiswould reduce the widest margins of error. For example for CWSs, systems
could be shifted into the smallest surface water stratum. The cost would beto gather lessinformation
about the other categories, and also increasethe error in the overall estimate. But if the systemsare
reallocated, the widest margin of error can be minimized (the UCMR’s second data quality
objective), whilekeeping the overall margin of error at or below 1% (thefirst dataquality objective).

Appendix A describesthe procedure for reallocating PW Ss as described above, in order to meet the
first two data quality objectives. Starting from the proportional allocation shown in Table 3,
sampling probabilities are reduced in the categories with the narrowest margins of error, and
increased in the categories with the widest margins of error. As the sampling plan moves farther
away from the proportiona allocation in Table 3, the overall margin of error increases. The
procedure stops when further reallocation would cause the overall margin of error to exceed 1% for
CWS, or 2.5% for NTNCWS.

Using this procedure, sampling probabilities for Assessment Monitoring were derived for the
categories of system size, system type, and source water type, to satisfy the first two data quality
objectivesdescribed in Section 4.1. Thethird dataquality objective, sampling at |east 2 systems per
State or Territory, was already satisfied by allocating systems to States in Section 4.2.1. The
resulting sampling probabilities are provided in Appendix B. Table 4 shows a summary of the
results. Comparedto Table 3, systemswere shifted to the smallest surface water stratum for CWSs,

Table 4. Sample Allocation for Assessment Monitoring: Expected Number of
Systems Drawn from Each Category, and Resulting M ar gins of
Error for Exposure Estimates
Ground Surface
Water - Water -
System Type Size Category Supplied Supplied Total
Systems Systems
n® | eror? | n* | eror? | n' | error?
500 and Under 72 3.1 47 4.1 119 | +29
501 to 3,300 218 | *1.8 41 41 | 259 [ +1.6
CWSs 3,301 to 10,000 225 | 17 | 102 | 26 | 327 | %14
Total 515 | #£11 | 190 | %21 | 705 | %1.00
500 and Under 31 39 10 9.2 41 +3.8
501 to 3,300 31 +3.8 9 9.2 41 +3.6
NTNCWSS 133011010000 | 5 | 202 | 8 | 92 | 13 | 178
Total 68 2.6 28 6.0 95 | 250
Rows and columns do not add up to totals due to rounding.
1 n = expected number of samples drawn.
2 error = expected normal-theory margin of error, in percent, when the estimated exposure fraction is
1%, at 99% confidence for CW Ss and 95% confidence for NTNCWSs.
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and to the various surface water stratafor NTNCWSs. Asaresult, the maximum margin of error
in any of the categories decreased from 12.1% to 4.1% for CWSs, and from 19.0% to 9.2% for
NTNCWSs. Although still somewhat high, these errors represent the best that can be achieved with
asample of 800 small systems, while maintaining agood overall exposure estimate. The resulting
sampleallocation reflects the difficulty of obtaining preciseinformationin all categoriesof systems
from a limited sample. At the same time, the margins of error for overall exposure estimates
increased to exactly 1% for CWSsand 2.5% for NTNCWSs, meeting thefirst dataquality objective.
Margins of error in some categories also increased slightly, by up to 0.8%.

The methodol ogy used to derive the sampling probabilities requires some simplifying assumptions.
As aresult, the margins of error in Table 4 are only approximately correct. The methodology and
its limitations are described in detail in Appendix A. An important simplifying assumption is that
once asystem is selected for sampling, the presence or absence of a contaminant can be determined
with certainty. Of coursethisassumptionisnot true; if acontaminant is not detected in asystemin
a finite number of samples, it may never be present there, or it may only have been absent or
undetectable when the samples were taken. Because the derivation or the sampling probabilities
ignore this source of uncertainty, the margins of error tend to be underestimated. Occurrence
estimates may also turn out to be negatively biased, since contaminants that are present will not
aways be detected in afinite number of samples. To account for this additional uncertainty would
require data or assumptions about the frequency and spatial and temporal variability of occurrence,
aswell asthe spatial distribution of samples. Such information was not available for the design of
the sampling plan. Once sampling takes place and some occurrence data are available, corrected
confidence intervals and occurrence estimates may be computed.

Due to the small sample size of the NTNCWSs in the ground water and surface water categories
within each size category (Categories 1 through 3), statistical conclusions about NTNCWSs must
beanalyzed with caution. Conclusionsabout NTNCW Sscannot be based on sourcewater typesince
the margin of error would be too great. Note that since the actual allocation of systemsto each

Table 5. National Representative Sample Distributed by System Size Category and
Water Source Type as Selected for the Initial SMPs
_ Number of Number of S&;gﬁ;ﬂ O\fN'Aéltler
Size Category CWSs NTNCWSs pitic
(by population yp Total
served) Ground | Surface | Ground | Surface | Ground | Surface
Water Water Water Water Water Water
Category 1| 500 and
Under 76 51 36 8 112 59 171
Category 2| 501to
3.000 208 38 30 7 238 45 283
Category 3| 3,001 to
10,000 230 106 4 6 234 112 346
Total 514 195 70 21 584 216 800
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service size category was randomized, the number of systems selected to monitor for each service
size category were different from the expected sampl e al ocation once the random number generator
was used, as described in more detail in Section 5. Table 5 shows the composition of the actual
national representative sample of 800 systems as selected for the initial SMPs. Once each State
reviewedtheir initial SMP, the sampling distribution was expected to change. Forinstance, if aState
had only one ground water system serving 25-500 people which was selected to monitor for the
UCMR and this system was inactive (and had no replacement systems), this system was likely
replaced by a system in the State within another service size and/or water source category
(replacement systems are discussed further in Section 5). The number of systems that monitor for
the UCMR within each stratum will be included in future EPA documents that describe sampling
results.

4.3  Statistical Implications of the Sampling Plan

Once system sel ection, sampling, chemical analysis, and reporting are complete, EPA will estimate
occurrence and exposure of the 12 List 1 contaminants (see Section 8, Assessment Monitoring), and
their associated margins of error. These estimateswill takeinto account the nature of the sampling
plan, in particular the different probabilities of sampling from systems in different strata. In this
section the occurrence and exposure estimates and two different kinds of confidence intervals are
described, which take the sampling plan into account. This section provides only a summary; a
complete description is provided in Appendix A.

4.3.1 Occurrence and Exposure Estimates
When some systems are more likely to be sampled than others, an unbiased estimate of occurrence

or exposure has to take the sampling probabilities into account, by giving less weight to those
systems that are more likely to be sampled. An estimator that doesthisis:

800
=2 —W; : @

where

¥ standsfor “summation”;
i arethe sampled systems, 1,...,800;
y; = 1if the contaminant occursin system i, O otherwise;
W, istheweight given to system i
= population served by systemi, for exposure estimates; or 1, for occurrence estimates,
p; isthe probability of choosing systemi;
¢, isaconstant, computed in Appendix A.

For example, for an exposure estimate, a sampled system receives more weight in equation (2) if it
serves more people (greater W), and lessweight if it ismorelikely to be chosen under the sampling
plan (larger p; in the denominator). Because of the weighting in equation (2), some systems were
made more likely to be sampled in order to meet the UCMR’ s data quality criteria, as described in
Section 4.2, without incurring any bias in the exposure or occurrence estimates. (The constant ¢, in
equation (2) performsasimilar function to n™ in an ordinary arithmetic mean, correcting for thetotal
number of observationsin the sample. Details and a more precise definition of ;z are provided in
Appendix A.)
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There is an overlap between the populations served by CWSs and NTNCWSs. In the absence of
information about the number of people obtaining their drinking water from CWSs or NTNCWSs
and their degree of exposure, thereis no way to combine exposure estimates from these two classes
of systems in the right proportions to reflect people's total exposure. For this reason, exposure
estimates will be computed separately for CWSs and NTNCWSs, and will not be combined into a
single overall exposure estimate.

4.3.2 Marginsof Error

The error ranges in Table 5 were computed using the statistical formulas shown in Appendix A,
using the sampling probabilities and a normal approximation to the estimation error. The normal
approximation is valid when the expected number of detections is large enough. The expected
number of detections is n*p, where n is the number of systems selected and p is the fraction of
systems in which the contaminant occurs. In order for the normal approximation to hold, Casella
and Berger (1990) recommend n* p>5, while Parzen (1960) recommends n*p>10. For CWSsin
Table 5, wheren =705 and p = 0.01, n* p=7.05. By this measure, the normal approximation may
not be valid. Moreover, Table 5 shows a clear problem with the normal approximation: the error
bounds are so wide that they include negative occurrence fractions within the margin of error. For
example, among very small ground water CWSsin Table 5, when the observed fraction of systems
with a contaminant is 1 percent, a 99% confidence interval for the true fraction is 1% + 3.1%, or
[-2.1%, 4.1%]. Thisinterval allows the possibility of a negative fraction of occurrence, which
cannot logically occur. The interval may betruncated to [0, 4.1%], but the need to truncate suggests
that the normal approximation does not lead to an accurate confidence interval.

The normal-based confidence interval is only one of several possible confidence intervals for an
estimated proportion. Newcombe (1998) compares seven such intervals, including two varieties of
thenormal interval. Of these, the Wilson scoreinterval without continuity correction (Wilson, 1927)
has good statistical properties (e.g., the stated confidence level is approximately correct for awide
range of n and p), is simple to compute, and unlike the normal interval, always gives confidence
limits between 0 and 1. Given an estimated occurrence fraction p from a sample of size n, the
Wilson score interval for p is computed as shown in equation (A-13) of Appendix A.

Table 6 compares the normal and Wilson confidenceintervalsfor CWS, still assuming an estimated
occurrence fraction of p = 0.01, and using the expected sample sizes summarized in Table 3. A
simple interpretation of these intervalsis that the normal interval equals p, the estimated fraction,
plus or minus some amount, whilethe Wilson interval is approximately p timesor divided by some
amount. For example, for very small ground water CWSs, the Wilson interval is[0.1%, 11.2%], or
about 1% x / + 11. So according to the Wilson interval, the true occurrence fraction lies somewhere
between 0.1% and 11.2%, with 99% confidence. By comparison, the normal interva for this
exampleis-2.1%to 4.1%. Although the Wilson interval in this example is wider than the normal
interval, it ismore believable in part because it does not include negative occurrence val ues.

The normal-based error ranges in Tables 3 and 4 are useful as a rough guide to the expected
precision of an estimated occurrence fraction. Moreover, the normal approximation yields the
simple formulain equation (1) for estimating the sample size needed to achieve a given precision
with given confidence. However, when computing confidenceinterval sfor the estimated proportion,
the Wilson score interval is preferred, both because of its good statistical properties and because it
avoids the possibility of including negative occurrence values.
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Table6. Comparison of 99% Normal and Wilson Score Confidence Intervalsfor
Exposure Estimatesin CW Ssunder Assessment Monitoring

Size Category Ground Water - Surface Water - All

Supplied Systems Supplied Systems

Normal Confidence Intervals
500 and under [-2.1, 4.1] [-3.1, 5.1] [-19, 3.9
501 to 3,300 [-0.8, 2.8] [-3.1, 5.1] [-0.6, 2.6]
3,301 to 10,000 [-0.7, 2.7] [-1.6, 3.6] [-04, 2.4]
All [-0.1, 2.17] [-1.1, 3.1] [0.0, 2.0]
Wilson Score Confidence Intervals

500 and under [0.1, 11.2] [0.1, 17.9] [0.1, 10.3]
501 to 3,300 [0.2, 4.8] [0.1, 18.2] [0.2, 4.3
3,301 to 10,000 [0.2, 4.7] [0.1, 8.4] [0.3, 3.7]
All [0.3, 2.9 [0.2, 6.2] [0.4, 2.6]
Confidence intervals are in percent, when the estimate exposure fraction is 1%.

5. Selecting Systemsfor thelnitial Plan List and the Replacement List in Each State

EPA selected the PWSs for the national representative sample through a two-staged random
selection process. Oncethe number of Assessment Monitoring systemswere sel ected for each State,
EPA selected the individual stratum from which the systems would be selected. The individual
systemswithin each stratum were then selected. The sampling processisdescribed in detail below.

EPA first calculated the probability of selecting each stratum for both CWSs and NTNCWSs
together (i.e., so that the cumulative probability of selecting any stratum from an individual State
equalsone). The method of computing the sampling probabilities was described in Section 4.2. A
random number generator wasthen used to all ocate the systemsto strataof systemtype, systemsize,
and source water type. For instance, for a Statethat isallotted 10 PWSsfor the UCMR sample, the
random number generator was run 10 times and was then compared to the cumulative probability
of selection to designate the strata from which the individual PWSs were sel ected.

In the example shown in Table 7 for the State of Colorado, the random number generator was run
ten times, returning the following set of numbers: 0.793739, 0.474497, 0.245539, 0.647118,
0.558134, 0.647613, 0.416625, 0.889291, 0.94107, and 0.457243. Based on comparing these
randomly generated numbers to the cumulative probability column in Table 7, one PWS was a
surface water based CWS serving 25-500 people, one was aground water based CWS serving 501-
3,300 people, three were surface water based CWSs serving 501-3,300 people, two were ground
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Table7. Cumulative Probability of Selection by Stratum for Colorado
: . Cumulative Expected Actudl
System Type | System Size | Water Source | Probability Probability Number of | Number of
Systems Systems
CWS 25-500 GW 0.089138 0.089138 1 1
CWS 25-500 SW 0.188764 0.277903 2 1
CWS 501-3300 GW 0.166154 0.444056 2 0
CWS 501-3300 SW 0.138157 0.582213 1 3
CWS 3301-10000 GW 0.129963 0.712176 1 2
CWS 3301-10000 SW 0.21383 0.926007 2 2
NTNCWS 25-500 GW 0.002338 0.928344 0 0
NTNCWS 25-500 SW 0.008918 0.937263 0 0
NTNCWS 501-3300 GW 0.001276 0.938538 0 0
NTNCWS 501-3300 SW 0.001898 0.940436 0 1
NTNCWS | 3301-10000 GW 0 0.940436 0 0
NTNCWS | 3301-10000 SW 0.059564 1.000000 1 0

water based CW Ssserving 3,301-10,000 peopl e, two were surface water based CW Ssserving 3,301-
10,000 people and one was a surface water based NTNCWS serving 501-3,300 people. When the
random number does not exactly match the cumulative probability, the random number was
“rounded” up to the next category. The number of systems to be selected from each stratum was
calculated with replacement. Thismeansthat each stratum in the State could be sel ected more than
onetime.

Table 7 also shows the expected number of systemsto be allocated to each stratum within the State.
The “Expected Number of Systems” column shows the sample distribution if the sample were
selected solely based on the proportion of the population served by each stratum. The actual
sampling distribution based on using the random number generator is shown in the next column.
Appendix B shows the cumulative probabilities of selection, as well as the expected and actual
number of systems that were allocated to each State for the Assessment Monitoring portion of the
UCMR.

Once systems were allocated to each stratum, systems were then chosen at random from the strata.
To ensure that the systems sel ected from each stratum were representative of population served, the
probability of selection for each system was taken to be proportional to its popul ation served within
that stratum. For example, asystem that served 5% of all peoplein the stratum of Category 1 ground
water systems in Nebraska would have a 5% chance of being drawn when a system was selected
from that stratum. For systems not to be selected twice, each timeasystemisselected it isremoved
from consideration in its stratum, and the system selection probabilities are re-computed. Thisis
called sampling without replacement. (Although the systems are sampled without replacement, the
stratum sampling probabilities in Section 4.2 were derived under the assumption of sampling with
replacement. Thisassumption makesthe calculation tractable, at the cost of introducing someerror.
The error is small enough to be ignored; see the discussion in Section A.5. in Appendix A.

The Initial SMP included detailed tables with the total number of systems allocated to a State

through this two-staged random selection process. The alternate/replacement list is a list of
additional systemsthat were randomly selected to replace primary systemsin the SMP if necessary.
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Primary systems were replaced when the primary system was found to be inactive (i.e., the system
closed, merged, or now purchasesall of itswater from another system). Primary systemscould have
also been replaced for other reasons, but the State should have already submitted a request and the
reasons the systems were removed to EPA with their modified SMP.

EPA randomly selected two alternate/replacement systemsfor each primary system for every State.
A supplemental replacement list was also generated for each State. The replacement lists were
generated individually to select one replacement for each system selected to monitor for the UCMR.
Oncethefirst replacement list was generated, the second set of replacement systems was sel ected.
This ensured that each system selected to monitor for the UCMR had two replacement systems
selected from the appropriate stratum. These systemswere selected inthe samemanner astheinitia
systemlist. Thethird, or general replacement list consisted of arandomly sel ected number of PWSs
from the remaining PWSs in the State, regardless of system size category, source water type, and
systemtype. For example, if aground water based CWS serving 501-3,300 peoplewasinactive, and
if both replacement systems selected for that system were inactive, any system remaining in the
sample frame list may be randomly selected to monitor for the UCMR regardiess of system type,
Size, and source water type.

6. Selecting Systemsfor the State Plan

Each State, Tribe, and territory had 60 days to review the initial plan list. The State/Tribe either:
(1) accepted the selections asits SMP and notified the Regional Administrator of its acceptance or
(2) proposed changes to the initial plan list and selected alternates from the replacement list,
including the reasons for the changes, informing the Regional Administrator of the proposed
changes; or (3) took no action within 60 days, which allowed the Regional Administrator to specify
the portion of the representative sample applicable to the State as its SMP. In the second case, the
Regional Administrator had 60 days to work with the State to develop a suitable plan, if problems
were encountered. The Reference Guide for the Unregulated Contaminant Monitoring Regulation
(EPA 815-R-01-023) provides a more detailed discussion of the SMP process.

Any system(s) removed from the Initial SMP list must be replaced by the system(s) assigned as
replacement systems. |If the State determinesthat both replacement systemsare no longer active, the
first active system on the supplemental replacement list becomes the replacement system.

Each State/Tribe/EPA Region reviewed their SMP to determine that the systems sel ected have the
appropriateoperationd status. The State/ Tribe/EPA Region then submitted itsrepresentativesample
listing to the EPA Regional Office, with all changesfrom theinitial list marked and the reasons for
any changes noted.

States/Tribes may a so sample additional systems. However, any additional PWSs sampled will not
be combined with those of the representative samplefor the purpose of computing national estimates
of exposure and occurrence. EPA cannot pay for the testing of these additional systems. These
additional systems, though providing useful information, will bias the national set of systems if
included with those selected using the stated national criteria. However, if the States provide the
results of such monitoring, EPA will receive the data through SDWIS for input to the NCOD.
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7. Index System Monitoring

EPA identified 30 CWSsin the lower 48 States from the representative sample of small systemsto
be“Index” systems. Five systemswere selected from each size and source water stratum. The data
collected from the Index Systems will be used partly for added quality control and to better
characterize monitoring results and operating characteristics of small systems. These systemswill
be monitored every year during the five year UCMR-listing cycle. This will provide detailed
information regarding temporal variation during the course of UCM R monitoring, aswell aspossible
effects related to operational changes. EPA will pay for this monitoring, and will provide for
sampling equipment, labor for sample collection, shipment of samples, testing and analysis.
Additional water quality and operational datafrom these systems may be collected at the sametime,
withminimal burdentothesystems. Thelndex Systemswere sel ected so that they arelocated within
watershedsthat have been studied extensively under the United States Geological Survey’ s (USGS)
National Water Quality Assessment Program. This alows both the EPA and the USGS to share
information on source water and finished water quality in watersheds acrossthe US. Table 8 shows
the number of systems chosen in each size category as Index Systems from the representative
sample.

Table8. Distribution of Index Systemsin the Representative
Sample
. Number of Number of
Size Category Non-Index Systems Index Systems
Ground Water
500 and Under 71
501 to 3,000 203
3,001 to 10,000 225 5
Surface Water
500 and Under 46 5
501 to 3,000 33 5
3,001 to 10,000 101 5
Number of Systems
in the Representative 679 30
Sample
Note: The distribution of samples indicated above is based on the 1999 Needs Survey database
|nventory.
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8. Assessment Monitoring

Thefirst component of the UCMR is Assessment Monitoring which will be conducted by all of the
large CWSsand NTNCW Ss(except thoselarge systemsthat purchaseall of their water from another
PWS), and by astatistically representative sample of 800 small CWSsand NTNCWSs (except those
small systemsthat purchase all of their water from another PWS). Assessment Monitoring will be
conducted for the 12 UCMR (1999) List 1 contaminants (listed in 8141.40(a)(3) Table 1, UCMR
(1999) List 1). One-third of the representative sample (267 systems) will monitor in each of the
three Assessment Monitoring years (2001 to 2003). This sampling distribution is designed to
facilitate laboratory scheduling and other logistical considerations. The small systems were
delegated to a sampling year by random selection with a 33 percent probability that each system
would be selected in each of the three years. The year for the first system was randomly sel ected,
then the year for the rest of the systems were chronologically ordered. For instance, the random
number generator selected the year 2002 as the sampling year for the first system. The second
system was then assigned the year 2003, and the third system was assigned 2001, until each system
in the sample had an assigned monitoring year.

After the sampling year was selected, the sampling months were randomly selected for the systems,
with four samples per year for surface water (and GUDI) systems and two samples per year for
ground water systems. Thefirst month was selected randomly as described above for the sampling
year, then subsequent monthswere assigned consecutively. One sampling period must be during the
most vulnerable period (May 1 through July 31), as designated in the regulation. Specification of
the monitoring year and month not only facilitates scheduling of laboratory resources, but also
ensures that sampling covers vulnerable periods and all seasons to assess some aspect of temporal
occurrence patterns. To provide States with flexibility in determining vulnerable periods, EPA
allowed the State to modify the vulnerable period for some or al systemsin their SMP. The State
should have notified EPA of the reasonsfor the change. EPA specified the sampling date asthe 15"
of each month, plusor minustwo weeks. Systemsmay sample at any time during the month, aslong
asall subsegquent samplesaretaken onthe sameday. The second ground water sample may betaken
within 5 to 7 months of theinitial vulnerable period sample. While Index Systems sample during
al five years of the UCMR cycle, each Index System was also assigned an “official” sample year.
Only the data from the official sample year will be used in the national summary of results from
Assessment Monitoring, for consistency with the sample design.

The UCMR does not specify any particular year for Assessment Monitoring for the large PWSs, but
does specify that they must conduct their monitoring within the first three years (2001-2003) of the
UCMR cycle. EPA expectsthat large system UCMR monitoring for unregul ated contaminants will
coincide, whenever possible, with required monitoring for regulated contaminants. Sincemonitoring
schedulesfor regul ated chemi cal sdepend on system si ze and detecti on history, compliance schedules
vary significantly. EPA recognizes that although it will be desirable to collect UCMR samples
concurrently with compliance samples for regulated chemical contaminants, sometimes it may be
difficult to coordinate the two sampling events. Large systems are required to bear the costs of
sampling, testing and reporting the results, and coincident monitoring may help reduce the burden.

9. Screening Surveys

The second component of the UCMR includes the Screening Surveys. Each Screening Survey will
be conducted at a combined total of approximately 300 PWSs randomly selected from the pool of
systems required to conduct Assessment Monitoring. Screening Survey monitoring will be
conducted for the UCMR (1999) List 2 contaminants for which analytical methods have been
developed, but may need to be further refined before large-scale Assessment Monitoring is
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conducted. There are 15 unregulated contaminants on the UCMR (1999) List 2. Fourteen of these
contaminants are chemica contaminants, and one is a microbiological contaminant. These
contaminants are listed in §141.40(a)(3) Table 1, UCMR (1999) List 2.

The Screening Surveys are being conducted to assess contaminant occurrence in PWSs, and not to
determine exposure assessment by population (asis the purpose of Assessment Monitoring). EPA
estimatesthat therewill betwo different groups of systemsinvolvedinthe Screening Surveys. Each
group will be comprised of 300 large and small CWSsand NTNCWSs. Small systemswill conduct
thefirst Screening Survey in the year 2001, while large systems will conduct the Screening Survey
in 2002 for the contaminants identified in the List 2 rule. EPA expects that Aeromonas will be
monitored in 2003, since the anaytical method will not be completed before the first Screening
Survey. Sampling schedules have been established, in part, to enable Screening Survey samplesto
be collected coincident with the A ssessment M onitoring sampleswhenever possibleto minimizethe
burden to small systems. Large systems are responsible for coordinating their Screening Survey
sample selection with Assessment Monitoring.

EPA isexamining general thresholdsto evaluate Screening Survey results, relative to the margin of
error in the sample. For example, if a contaminant occurs over a certain threshold (i.e, in a
percentage of systems/population served), the contaminant may then be placed on the Assessment
Monitoring list and monitored in the next round of the UCMR by al large systems and a
representative sample of small systems. If the contaminant occurrence is below thisthreshold, itis
possible that no further testing will be required. Factors such as health effects levelswill also need
to be considered; hence, thresholds may vary by contaminant.

Systems were selected from al the size and water source categories. However, selection was not
proportionately weighted by popul ation served, or by the proportion of systemsin each size category.
If the samplewasweighted by population served, adisproportionate number of large systemswould
beincluded inthe Screening Surveys. If the samplewerewei ghted by the number of systemsin each
Size category, a disproportionate number of small systems would be represented. Therefore, each
Size category was given equal importance with 60 systems sel ected from each size category, with the
selected systems distributed evenly between surface water and ground water systems, wherever
possible(i.e., 30 ground water, and 30 surface water systemswere targeted to be sel ected to monitor
for each Screening Survey. Note, however, that there were not enough very small (serving lessthan
500 people) systems in the sample to select a full 30 systems in this category for each Screening
Survey year. Only 20 very small surface water systems were selected to monitor for UCMR (1999)
List 2 contaminants in 2001. However, the extra 10 systems were selected from the very small
ground water category, so that atotal of 40 systemswill monitor for the Screening Survey in 2001.
Thisresultsin 180 small systemsand 120 large systemsin each of the Screening Surveys(i.e., atotal
of 360 small systems and 240 large systems in the two Screening Surveys). To make national
occurrence or exposure estimates, the resultant data will need to be weighted in relation to these
sample distributions.

Table 9 illustrates the allocation of systemsin each size category in each group for each Screening
Survey and the associated margin of errors of estimation at the 99 and 95 percent confidence levels
to eval uate the measurement precision for the sample of 300 systems. Even though there areatotal
of 600 systemsinvolved, therewill be, asnoted, two Screening Surveys performed, by two mutually
exclusive groups of systems, analyzing water samples for two different sets of contaminants.

29



UCMR Satistical Design August 2001

Table9. Allocation of Systemsfor Screening Surveys by Size Category
with the Associated Confidence Levelsand Marginsof Error

Ground Water - Surface Water -
Size Category | Supplied Systems Supplied Systems All

n' |99%2|95%*| n' |99%?%| 95%°2 | n' |99%?*| 95% 2
500 and Under 40 | +41 | £31 | 20 | #5.7 | +44 | 60 | £33 | +25

501 to 3,300 45 +3.8 | 2.9 15 | +6.6 | 5.0 60 | £3.3 | *25
3,301t010,000 | 30 | +47 | 36 | 30 | +47 | +t36 | 60 | 3.3 | +25
Subtotal

Small Systems 15| 24 | +1.8 65 | £3.2 +24 | 180 | +1.9 | +1.5

10,001t0 50,000 30 | #4.7 | +36 | 30 | *4.7 | £3.6 | 60 | £33 | *25
50,001l andover | 30 | +4.7 | #+36 | 30 | +47 | +36 | 60 | £33 | +25

Subtotal
L arge Systems 60 +3.3 | 25 60 | £33 | 25 | 120 | +2.3 | +1.8
Al 175 | +1.9 | 15 [ 125 | +23 | +1.7 | 300 | +1.5 | +1.1

1 Valuesinthe columnswith the heading of “n” indicate the number of PWSs all ocated to a specific system
size category.

2 These column headings indicate the confidence level used for evaluation. The values preceded by “+”
listed in these columns are the normal-theory margins of error, in percent, associated with the given
confidence level (either 99% or 95%). Error calculations in the table assume an estimated occurrence
fraction of p = 0.01.

Results from the Screening Surveys are likely only suitable for aggregate national estimates given
the 99 percent confidencelevel and £ 1.5% margin of error. Only aggregated national estimatesare
appropriate becausethe error margin may betoo largein small subcategories(e.g., surfaceor ground
water systemsin a given size category) to be conclusive, particularly in cases where no detections
occur. For example, in very small surface water systems, if a contaminant does not occur in the
screening survey, thereis a 95% chance that the national occurrence fraction of that contaminant is
less than 4.4%. Note also that since the total number of systems allocated to each size category is
egual (60 systems per category), the monitoring results will have to be weighted by the proportion
of the population served within each service size category. Monitoring results will have to be
carefully analyzed to correctly assess the possible implications of such results.

To implement the Screening Surveys, EPA selected 180 small PWSs from the set of 267 systems
(i.e., one-third of the 800 systems in the national representative sample), scheduled to conduct
Assessment Monitoring in 2001 (for the first group) and again in 2003 (for the second group).
Although a Screening Survey isnot currently scheduled for 2002, systemswere still selected for this
year (in case it was necessary to conduct a Screening Survey in 2002). The probability of a system
being selected for Assessment Monitoring (A) in any given year is 267/800, or P,(A)=33%.
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Given that a system was first selected for Assessment Monitoring (A) in any given year n, the
probability of that system also being selected for Screening Survey (9), is.

P (Sl4)- (%r 0.67 3.

Overall, there was a 22% probability that a system would be selected for the Screening Survey and
Assessment Monitoring in the same year (67% chance of being selected for Screening Surveys,
multiplied by a 33% chance of being selected for Assessment Monitoring). However, if the first
Screening Survey is conducted in the year 2002, the systems selected to conduct Assessment
Monitoring in theyear 2001 have no chance of being selected for a Screening Survey. Overall, there
isa45% chance for asmall system to be selected for both Assessment Monitoring and a Screening
Survey simultaneously. Therefore, the probability of a system being selected only for Assessment
Monitoring is estimated as 55%. Figure 2 depicts the number of systems and the probability of a
system being selected for Assessment Monitoring and a Screening Survey.

Similarly, for the large CWSs and NTNCWSs, the probability of a system being required to
participate in a Screening Survey (S) is:

240 ).
P, (S)=(=)=0.0865
rse)=77)

Therefore, thereisapproximately a9% probability that alarge system will be chosen for a Screening
Survey.

Again, based on the proportion of population served by small CWSsand NTNCWSsin each State,
the number of systems selected for the two groups of Screening Surveys (S)) in each State/Tribe n,
iscaculated as:

P,
S =—2xZ (5)-
NP,

whereP,; isthe population served by small systemsin State/Tribenin category i, and NP, isthetotal
national population served in system category i, and Z; is the total number of systems required to
conduct the survey in that category i.

Figure 2 illustratesthe all ocation of systems conducting Assessment Monitoring and two Screening
Surveysin each State/Tribe based on the population served by the systems.

10. Pre-Screen Testing

The third monitoring component of the UCMR is Pre-Screen Testing. EPA established this third
tier of the UCMR monitoring with its stakeholdersfor contaminants of concern for which analytical
methods are in the early stages of development and/or whose methods are currently too expensive
for wide-scale monitoring. Pre-Screen Testing may also address contaminants that have recently
emerged or been identified as a concern, such as through the Governors' petition process. The
purpose of this monitoring component will be to determine whether the methods in early
development will provideadequate anal ytical resultsin conditionsunder whichthe contaminantsare
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most likely to occur. There are nine contaminants on the UCMR (1999) List 3, including seven
microbiological contaminants and two radiological contaminants. The complete list may be found
in §141.40(a)(3) Table 1, UCMR (1999) List 3.

EPA will ask each Stateto identify alist of between 5 and 25 systems that might be most vulnerable
to the UCMR (1999) List 3 Pre-Screen Testing contaminants. EPA will define a process to select
up to 200 large and small PWSs from the list of systems nominated by States. The Pre-Screen
Testing will use analytical results from a small sample to evaluate and improve methods, and to
conduct aninitial assessment of occurrence. Given thesmall number of Pre-Screen Testing systems,
the monitoring results cannot be used to estimate national occurrence of UCMR (1999) List 3
contaminants in a statistically rigorous manner. EPA will provide further guidance on Pre-Screen
Testing contaminants after the List 3 Rule is promulgated.
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Figure2. Number and Probability of Small SystemsChosen for Assessment Monitoring and
Screening Surveysfor the UCMR Year s 2001-2003
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Appendix A

Statistical Theory and Optimal Choice of Probabilities
for Probability-Weighted Estimation

This appendix presents some statistical theory for the methods of estimation, confidence intervals,
and selection of sampling probabilities that were used to derive the sampling plan for Assessment
Monitoring, as described in Section 4. The theory is presented here in order to show that, subject
to the approximations described in Section A.5, the sampling plan will provide occurrence and
exposure estimates that meet the UCMR’s data quality objectives of accuracy and precision, as
described in Section 4.

The discussion below requires that the reader be familiar with basic statistical theory, for example
as in Casella and Berger (1991). It extends some of the sampling theory of Cochran (1977), but
does not require that the reader be familiar with that book.

A.1 Probability-Weighted Estimation

Suppose we have a populationdfsystems of interest. For example, we could consider the popu-
lation of N = 63,869 small PWSs in the United States and Territories. Fix a single contaminant of
interest. For each systeim=1, ..., N, lety; = 1 if the contaminant occurs at any time in system

i, or O otherwise. We want to estimate the weighted mean

N
=y Wy, (A1)
i=1

where theW, are given weights. For example,\if; is the number of people served by system
i, thenu is the number of people exposed to the contaminantS if a subset of systems and
W = 1{i € S}/#{S}, wherel{A} equals 1 if the evenA is true or O ifAis false, and #S} is the
number of systems i, thenu is the fraction of systems i that have some occurrence of the
contaminant.

In order to estimatg, consider the following sampling scheme. We di2avundependent samples.

Thed-th sample consists ofq i.i.d. system numberkys, .. ., lan, drawn with replacement from
the distributionP(lq1 = i) = pgi, wherepq1, ..., pgn are given probabilitiesZiN:l pdi = 1.
The systems numberdds, . .., lqny are then sampled, andl,, .. ., Yign, are obtained. The total

number of systems sampledns= Zc?:l ng.
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To compute an unbiased estimatewotising this sampling scheme, lgii = 1{pgi > 0}, ¢ =
-1
(Zc?:l ndei) ,and

3> (Wyc>ldj - (A-2)

d=1j=1

MG Yi ¢

TR This notation simplifies formulas and is used

Here (V‘éf) is a simplified notation for
|

repeatedly below.

We callx theprobability-weighted estimataf ., given the sampling probabilitigs;. & includes

two bias correctionsg; acts liken—! in a sample mean, correcting for the total number of possible
observations on a system; anpgil gives greater weight to observations that are expected to be
drawn less often within a sample. In order &to be defined, we require th@é’zl NgQg; > O for

eachi. This is equivalent to assuming that each system has positive probability of being sampled
at least once.

Cochran (1977, Section 9A.3) considérsn the caseD = 1. He callsit the “probability propor-
tional to p” estimator. A special case is probability proportional to size (pps), in whighx W .

In this case systems are sampled in proportion to their weight and whenD = 1 the estimator

is just the sample meap, = n~1 Z?zl yi;- The pps estimator is easily shown to be the minimum
variance unbiased estimator @fwhen there are no constraints on {he

The following Theorem gives properties @f See also Cochran (1977, Section 9A.3) for the case
D=1.

Theorem 1. Let ug = ZiN:l(Wycqj)i andjiq = ngl Z?d:l (%’)ld.
]

(&) [ is an unbiased estimate pf

(0) Var(d) = X831 1L i ((Y9) — pua)

. 2
() An unbiased estimate of Vigk) is V(1) = Y §_; —¢s o Z ((Wyc) — ,zd) .
aj

Note. When pg; = 0, we definei in (A-2) to replacepd‘i1 by an arbitrary number. This leaves
the estimator unchanged, since the affected systems are sampled with probability zero. But in
Theorem 1(b) and below it allows us to wrifg;/ pgi = 0 whenpg; = 0.
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Proof of Theorem 1.First prove some facts about and;iq:
=Y (Wyoi > nadgi = » _Na > (Wycaq)i = Y _Naud. (A-3)
i d d i d

=) Ndild, (A-4)

W W
E(iq) = (_yc) =Y pai (%) =) (Wycq)i = ud, (A-5)
lg1 i i

2
Var(jig) = n51Var<<M:> ) = nglz Pdi ((M) - Md) . (A-6)
Pd lg1 i Pd /i

(8) Eft = YgnaEftd = g Najta = 1, by (A-4), (A-5), and (A-3).
(b) Var() = Y 4 n3 Var(fig) by (A-4); apply (A-6).

c) Letdg = Wye)  _ 4 Standard results givEdg = (ng — 1) Var( ( WY© =
(c) Letdg =32 << )de Md) ults givevg = (Ng — 1) (( Pa )d])
Nda(Nd — 1) Var(fia), SOEV (1) = Y g nit7 Edg = Y_g NG Var(ia) = Var(d) by (A-4). =

A.2 Stratified Sampling

Suppose now that thi systems are divided intd strata. Thes-th stratum containdls systems,

SoON = lel Ns. For the purposes of the UCMR, a stratum is a combination of State or Territory
(1 of 56), system size (1, 2, or 3), source water type (GW or SW), and system type (CWS or
NTNCWS). Thus there ar€ = 56 x 3 x 2 x 2 = 672 strata. We could also consider smaller sets
of strata, for example just the 6 size-by-source-water-type strata.

Instead of a single system numbereach system is now identified by a stratum nungand a
system numbel within stratums. This is just a relabeling of the systems, so the development of
Section A.1 stlll holds, with and| replaced everywhere by, h) and (S, H). The estimand is
w = Zs_l Zh 1 Wshysh, and in thed-th sample we draw i.i.d. stratum and system number pairs

(&1, Ha1), - - -, (Sing» Hang) USINGP(S41 = S, Ha1 = h) = pash.

An important special case is when the mean wei§kig and sampling probabilitiepgsh are the
same for all systemis within a stratum. That is, assume

Assumption 1. Ws, = Ws and pgsh = pgs for all d, s, andh.

In this case letys be the probability of drawing the next system from stratsimthenrgs =
P(Si1 =) = Y_j, Pdsh = Nspgs, SO becomes

Z Z (U C)Sj Y(SH)qj (A-7)

d=1j=1
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where the new mean weights adg = WsNs. TheUg have a “per stratum” interpretation instead
of “per system.” For example, if befords, was the number of people served by systenm
stratums, now Us is the number of people served by all of stratem

From here forward we consider only the special case of Assumption 1. This has the advantage that
instead of simultaneously drawir@andH using pgsh, We can now think of first drawing a stratum
numberS with probabilitiesr g5, then drawing a system number witHgfrom a uniform distribu-
tionon{l, ..., Ng}. Since the system numbers are uniformly distributed within each stratum, we
do not have to compute their probabilities and will concentrate on the strata.

A.3 Optimal Choice of Probabilities

In this section we describe a procedure for choosing the sampling probabiiti@s order to
minimize the variance of certain mean estimates, subject to upper bounds on the variance of other
mean estimates. Some simplifying assumptions are required in order to solve the problem. We first
formulate the optimization as a nonlinear programming problem, and then describe some details
of the implementation.

A.3.1 Problem Formulation

Let u1,..., ug+r be means of interest, each determined by a given set of weights=
Zs’h WishYsh. Suppose that a set of samples will be drawn as described in Section A.1, and each
wi will then be estimated byi; as in (A-7). The problem in this section is to find sampling prob-

abilitiesrys that minimize the maximum variance gf, ..., itg, subject to given upper bounds
on the variances Qig.1, ..., tgsf. IfR = [rds]g):lg:l is the matrix of sampling probabilities,
then we wanR that solves
mRin max{Var(it1), ..., Var(iig)}
s.t. Var(jigyi) <uj, i=1,...,F (A-8)
R1=1
R>0

The variance bounds could be chosen, for example, to give normal-theory confidence intervals
of no more than a specified width at a specified confidence.

The first simplifying assumption is that mean weights and sampling probabilities are constant
within each stratum. This is Assumption 1 of the previous section. Assumption 1 poses no problem
for estimating occurrence, since then we are just counting systems and every system in a stratum
can receive the same weight. On the other hand for estimating exposure, Assumption 1 is restrictive
since each system should be weighted by its number of customers, which varies within a stratum.
Under Assumption 1 we are forced instead to use, say, the mean number of customers per system
in each stratum. However, if the strata are based sufficiently on size so that most of the variation in
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system size is between and not within strata, then the restriction due to Assumption 1 will be mild.
Moreover, if information were available about the size distribution within each stratum, a different
assumption could be substituted to use that information. Similarly, other assumptions could be
substituted about the proportions of thgs.

Under Assumption 1, the argument of Section A.2 can be applied to Theorem 1(b) to give

U2c2a, ¥ 2
Var(ii) = Y " nq (%/) - ng <Z(UiCCId)7)s) (A-9)
S d s

d,s

whereys = NS_l Zr':lil Ysh. The only unknowns in (A-9) args andrqys (since for the purposes of
optimization,qqs := 1{rqs > 0} are assumed to be given as part of the problem). In order to leave
only rgs unknown, we make the next simplifying assumption:

Assumption 2. ys = p for all sand somep € [0, 1].

The user has to specify a value of The results of the optimization will be valid only for this
value. For example, the user could choose to optimize the sampling plan for contaminants which
occur on average ip = 1% of systems, as in Section 4.

Assumption 2 says that the fraction of occurrence is identical in each stratum. This is obviously
unrealistic, but is a reasonable default in the absence of other information. Again, any other as-
sumption that simplifies or summarizes the effect of ytsecould also be used. For example, the

y’'s could be assumed to depend in a simple way on mean system size in each stratum.

Using (2), we can rewrite (A-9) as

~ did
Var(i) =p Y r—s — p?bi (A-10)
ds ds

whereajgs = nd(UiZch)S andbj = ) 4ng (ZS(Uich)s)z. We can now rewrite (A-8) in matrix
form. For each, leta; be a Ix DT row vector of thegjys: & = [&11, ..., &1T, ..., &D1, ..., &DT]-
In the same way, arrange thg andrd‘s1 into DT x 1 column vectors andr—1, respectively. Let
Al = [a& e a/E]’, Ay = [a’EH e a’E+F]’, b1 = [bl, ceey bE]/, b2 = [bE+1, ceey bE+;:]/, and
u=[us,...,ug]’. Then (A-8) can be written as

min max (pA1r~t — p2by)

-1 2
S.t. PRI < pfho+u (A-11)
Sr =1
r >0

whereSis a matrix of 1's and 0’s such th&r is the same aR1 (in factS=Ip ® 11,1, where®
is the Kronecker or tensor product).
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Problem (A-11) is a nonlinear program, with both a nonlinear objective function and nonlinear
constraints. It has to be solved numerically. Fortunately, the nonlinearity in (A-11) is not too
bad: each minimax objective and constraint is a linear function of eitoer 1. Solution with
nonlinear programming software is therefore more or less routine. The next subsection describes
some details of the implementation.

A.3.2 Implementation

We programmed the optimization described above in Matlab (The MathWorks, Inc., 1996), a ma-
trix computation language. For the optimization step we usethtih@emax function in Matlab’s
Optimization Toolbox (The MathWorks, Inc., 1999).

The optimization requires that the user provide the following input:

e The number of systems and number of people served in each of the 672 sampling strata.
For the UCMR this information came from the 1999 Drinking Water Infrastructure Needs
Survey, as described in Section 2.

e A skeletal sampling plan:

— D, the number of independent samples;
- N1, ..., Np, the numbers of systems in each sample;

— Qds, the indicators of positive sampling probabilitiesglfs = 1, then the optimization
searches for the optimal positive probabiligy of drawing from stratuns during each
draw in thed-th sample. Ifgys = 0, then the optimization setgs = 0, SO no systems
will be drawn from stratuns during thed-th sample.

e p, the assumed occurrence fraction in each stratum.

e Wi, the response weights for the means of interest. In our implementation each mean may
have either occurrence or exposure weights in any combination of strata. Each mean is also
identified as being either part of the minimax objective or subject to a variance constraint.

e Uj, the upper bounds for the variance constraints. We parameterizeda desired confi-
dence level and half-width of a normal-theory confidence interval.

There are)_, s dds probabilities to optimize over, or at moBXT probabilities. WithT = 672

strata and multiple samples, this number can easily become large enough to prevent the optimiza-
tion from converging quickly or at all. Some experimentation is required in order to find a sampling
plan for which the optimization succeeds. We tried several unsuccessful plans before arriving at
the following successful two-step procedure:

1. Determine the number of systems to draw from each State, by adjusting the population-
weighted allocation as described in Section 4.2.1.
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2. Specify a sampling plan witD = 56 samples, one for each State and Territory. The num-
ber of systems in each sample Gtate) is determined in Step 1. Each sample allows pos-
itive sampling probability in each of th&2 system-type-by-source-water-type-by-system-
size strata within its State or Territory, and zero sampling probability in all other States and
Territories.

This plan allows 56 12 = 672 positive sampling probabilities. The resulting optimal probabilities
are tabulated in Appendix B.

In order to help the optimization converge, we simplified the problem further by partitioning it into
two subproblems, one for CWSs and one for NTNCWSs. The minimax objectives and variance
constraints already break down in this way, since each of the target means (e.g. Size 1 GW CWSs)
puts positive weight either only on CWSs, or only on NTNCWSs. In order to partition the prob-
ability constraints, we imposed a further constraint, which is our last simplifying assumption for
the optimization:

Assumption 3. The sums of the CWS and NTNCWS sampling probabilities in each sam[@éate)
are proportional to the respective populations served.

For example in Texas, CWSs serve@% of the population, so by design each system allocated to
Texas has 83.2% chance of being drawn as a CWS, as Appendix B confirms.

Using Assumption 3, the optimization may be decomposed from a single probl&TR2imn-
knowns, into separate CWS and NTNCWS optimizations ea@86iunknowns. The resulting
subproblems are solved in about 3 hours each d0@MHz Pentium-Il computer. Note how-

ever that even if Assumption 3 were not required, solving the two subproblems is not equivalent to
solving the original problem, because we now perform two separate minimax optimizations, which
give different optimal values. As a result the widest confidence interval for CWSs in Table 5 is
narrower than for NTNCWSs. We consider this difference to be an advantage: it reflects a decision
that CWSs, which serve more people, should comprise a larger proportion of the systems sampled
for the UCMR.

A.4 Confidence Intervals

A normal-theory 1001 — )% confidence interval foft may be computed in the usual way as
fi £ 21421/ V (f1), whereV (1) is the variance estimate defined in Theorem 1.

Under simple random sampling, the Wilson score confidence interval without continuity correction
(Newcombe, 1998; Wilson, 1927) for a proportipis derived by using the normal interval to find
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the range of parameter values for which the parameter estimate is plausible:

peptzyp(l—p)/n

& pe <2n,6 +22+ z\/zz +4np(1l— ﬁ))/Z(n + 7% (A-12)

S0 (A-12) defines the Wilson score confidence intervapfddnder Assumptions 1 and 2, the same
derivation can be applied to a probability-weighted estimator with stratified sampling. Writing
(A-10) asVar(p) = Vip — Vop?, we have

p € px2z/Vip — Vop?

& pe (2/3 + W22+ z\/ V222 + 4(V1p — vz,aZ)) / 2(1 + \hZ?) (A-13)

so (A-13) may be considered an approximate Wilson score confidence interyal Toe interval
is only approximate because it requires Assumptions 1 and 2.

A.5 Problems

The method described in this Appendix has the following weaknesses.

1. The theory assumes that systems are sampled with replacement, while the sampling plan for
Assessment Monitoring (Sections 4 and 8 above) uses sampling without replacement. When the
sampling fractiom/N is small, the sampling probabilities under sampling without replacement
do not change much from one sample to the next, so the difference between the two methods
is small. In Section 4, the sampling fraction880/63,869, or abouf..25%, which is probably
small enough to ignore. By comparison, in simple random sampling, a sampling fraction of this
size reduces standard errors by al@6€6, and is commonly ignored.

2. The optimization forces the probability of drawing a CWS or NTNCWS to be proportional
to the population served by CWSs and NTNCWSs in each State (Assumption 3). So about
88% of the systems selected for Assessment Monitoring will be CWSs, since CWSs serve 88%
of the total population served by small systems. Although this constraint was imposed for
computational reasons as described in Section A.3.2, it agrees with the principle of sampling in
proportion to the population served.

3. The optimization assumes that the mean weights and sampling probabilities are constant within
each stratum (Assumption 1). As discussed in Section A.3, this assumption is mildly restrictive
for exposure estimates, where weights and probabilities should increase with system size, which
varies mostly between strata but also somewhat within strata.

4. The optimization also assumes that the occurrence fragtisrthe same in each stratum (As-
sumption 2). As argued in Section A.3, this assumption is unrealistic but is a reasonable default
in the absence of information about how occurrence depends on stratum properties. Even if
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such information were available, it would probably be different for each contaminant and so
again Assumption 2 is a reasonable default.

5. The optimization depends on a user-specified value. df a new value ofp is hypothesized,
the optimization must be rerun. Moreover a single sampling plan has to be used for many con-
taminants, which will occur with different frequencies; so the sampling plan will be suboptimal
for most contaminants. The sensitivity of the optimal sampling plan to the assumed value of
has not been tested.

6. Theorem 1 ignores sampling error in thés. It assumes that once the system number is chosen,
we can go to the system and obseyweithout error. This is a classical assumption in sampling,
but it does not hold in this case. The respogsequals 1 if the contaminant of interest occurs
at detectable levels at any time in systeror O otherwise. But of coursg cannot be observed
without error: a finite number of samples is drawn from each system, and insteadvef
observey;, which equals 1 if the contaminant is observed in our few sample3 otinerwise.
The approximation ofy; by y; introduces bias and additional variance. In particufanvill
be negatively biased foy;, since we will often miss a contaminant which is only occasionally
present.

In order to study the effect of; on the present theory, one needs either data or assumptions
about the frequency of occurrence of the contaminant of interest above the level of interest; the
number of samples taken from each system; the number of sampling locations within systems;
and temporal and spatial variability of contaminant occurrence across sampling locations. Such
data will be available once the sampling program is complete, and more accurate and conserva-
tive confidence intervals can be computed at that time.
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Appendix B

Expected and Total Number of Systems Selected for Assessment Monitoring
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Appendix B. Probability of Selection, with Expected and Initial SMP
Systems Selected for Assessment Monitoring
Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
4 Alaska CWS 25-500 GW 0.103141 0.103141 0 1
Alaska CWS 25-500 SW 0.527185| 0.630325 1 2
Alaska CWS 501-3300 |GW 0.112833|  0.743158 1 1
Alaska CWS 501-3300 [SW 0.061396| 0.804554 0 0
Alaska CWS 3301-10000 [GW 0.068704| 0.873258 1 0
Alaska CWS 3301-10000 [SW 0.126742]  1.000000 1 0
Alaska NTNCWS |25-500 GW 0.000000{ 1.000000 0 0
Alaska NTNCWS |25-500 SW 0.000000{ 1.000000 0 0
Alaska NTNCWS [501-3300 |GW 0.000000{ 1.000000 0 0
Alaska NTNCWS |501-3300 |SW 0.000000{ 1.000000 0 0
Alaska NTNCWS [3301-10000 |GW 0.000000{ 1.000000 0 0
Alaska NTNCWS |3301-10000 |SW. 0.000000] _1.000000| 0O 0

14 Alabama CWS 25-500 GW 0.012354| 0.012354 0 0
Alabama CWS 25-500 SW 0.003231| 0.015585 0 1
Alabama CWS 501-3300 [GW 0.274297| 0.289882 4 2
Alabama CWS 501-3300 [SW 0.023398| 0.313280 0 1
Alabama CWS 3301-10000 [GW 0.538540[ 0.851820 8 10
Alabama CWS 3301-10000 [SW 0.111429] 0.963250 2 1
Alabama NTNCWS |25-500 GW 0.001197 0.964446 0 0
Alabama NTNCWS |25-500 SW 0.009440[ 0.973886 0 0
Alabama NTNCWS [501-3300 |GW 0.006425 0.980312 0 0
Alabama NTNCWS [501-3300 |SW 0.019688(  1.000000 0 0
Alabama NTNCWS [3301-10000 |GW 0.000000{ 1.000000 0 0
Alabama NTNCWS |3301-10000 |SW 0.000000] _1.000000] 0 0

13 Arkansas CWS 25-500 GW 0.048335 0.048335 1 1
Arkansas CWS 25-500 SwW 0.037493| 0.085827 0 1
Arkansas CWS 501-3300 |GW 0.281970|  0.367797 4 3
Arkansas CWS 501-3300 [SW 0.065464| 0.433261 1 0
Arkansas CWS 3301-10000 |[GW 0.380083| 0.813343 5 5
Arkansas CWS 3301-10000 [SW 0.165064| 0.978408 2 3
Arkansas NTNCWS |25-500 GW 0.001920[ 0.980327 0 0
Arkansas NTNCWS |25-500 SwW 0.012133( 0.992460 0 0
Arkansas NTNCWS [501-3300 |GW 0.002293|  0.994752 0 0
Arkansas NTNCWS [501-3300 |SW 0.005248(  1.000000 0 0
Arkansas NTNCWS [3301-10000 |GW 0.000000{  1.000000 0 0
Arkansas NTNCWS [3301-10000 |SW 0.000000] __1.000000 0 0

2 American 1 1
Samoa CWS 25-500 GW 0.278403|  0.278403
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American 1 1
Samoa CWS 25-500 SW 0.636275| 0.914677
American 0 0
Samoa CWS 501-3300 [(GW 0.000000| 0.914677
American 0 0
Samoa CWS 501-3300 |SW 0.085323| 1.000000
American 0 0
Samoa CWS 3301-10000 [GW 0.000000| 1.000000
American 0 0
Samoa CWS 3301-10000 |SW 0.000000| 1.000000
American 0 0
Samoa NTNCWS |25-500 GW 0.000000| 1.000000
American 0 0
Samoa NTNCWS |25-500 SW 0.000000| 1.000000
American 0 0
Samoa NTNCWS [501-3300 [(GW 0.000000| 1.000000
American 0 0
Samoa NTNCWS [501-3300 [SW 0.000000| 1.000000
American 0 0
Samoa NTNCWS [3301-10000 [GW 0.000000| 1.000000
American 0 0
Samoa NTNCWS 13301-10000 [SW 0.000000] _1.000000

12 Arizona CWS 25-500 GW 0.108010| 0.108010 1 2
Arizona CWS 25-500 SW 0.058390| 0.166401 0 0
Arizona CWS 501-3300 [(GW 0.284651| 0.451052 3 2
Arizona CWS 501-3300 |SW 0.023234| 0.474286 0 1
Arizona CWS 3301-10000 [GW 0.366545| 0.840831 4 7
Arizona CWS 3301-10000 |SW 0.016569| 0.857400 0 0
Arizona NTNCWS |25-500 GW 0.021645| 0.879045 0 0
Arizona NTNCWS |25-500 SW 0.019254| 0.898299 0 0
Arizona NTNCWS [501-3300 [(GW 0.077477| 0.975776 1 0
Arizona NTNCWS [501-3300 [SW 0.005127| 0.980903 0 0
Arizona NTNCWS (3301-10000 [GW 0.019097| 1.000000 0 0
Arizona NTNCWS 13301-10000 [SW 0.000000] _1.000000 0 0

48 Cdlifornia CWS 25-500 GW 0.091801| 0.091801 4 6
Cdlifornia CWS 25-500 SW 0.145704| 0.237505 0 10
Cdlifornia CWS 501-3300 (GW 0.170920| 0.408425 8 7
Cdlifornia CWS 501-3300 |SW 0.058824| 0.467249 3 2
Cdlifornia CWS 3301-10000 [GW 0.280015| 0.747264 13 10
Cadlifornia CWS 3301-10000 |SW 0.129795| 0.877059 6 8
Cdlifornia NTNCWS [25-500 GW 0.022186|  0.899245 1 1
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Cdlifornia NTNCWS |25-500 SW 0.020841| 0.920085 1 0
Cdlifornia NTNCWS [501-3300 |GW 0.022424| 0.942510 1 2
Cdifornia  [NTNCWS |501-3300 |SW 0.011769|  0.954278 1 1
Cdlifornia NTNCWS [3301-10000 |GW 0.012763| 0.967041 1 0

California___INTNCWS |3301-10000 |SW. 0.032959| 1.000000] 2 1
10 Colorado CWS 25-500 GW 0.089138| 0.089138 0 0
Colorado CWS 25-500 SW 0.188764| 0.277903 0 1
Colorado CWS 501-3300 [GW 0.166154| 0.444056 2 1
Colorado CWS 501-3300 [SW 0.138157| 0.582213 1 3
Colorado CWS 3301-10000 [GW 0.129963| 0.712176 1 2
Colorado CWS 3301-10000 [SW 0.213830[ 0.926007 2 2
Colorado NTNCWS |25-500 GW 0.002338| 0.928344 0 0
Colorado NTNCWS |25-500 SW 0.008918| 0.937263 0 0
Colorado NTNCWS [501-3300 |GW 0.001276| 0.938538 0 0
Colorado NTNCWS |501-3300 |SW 0.001898| 0.940436 0 0
Colorado NTNCWS [3301-10000 |GW 0.000000[ 0.940436 0 0
Colorado NTNCWS |3301-10000 |SW 0.059564| _1.000000] 1 1
6 Connecticut  |CWS 25-500 GW 0.195981| 0.195981 0 1
Connecticut  |CWS 25-500 SW 0.006058| 0.202039 0 0
Connecticut  [CWS 501-3300 [GW 0.166513 0.368552 1 0
Connecticut  |CWS 501-3300 [SW 0.037219| 0.405771 0 1
Connecticut  |CWS 3301-10000 [GW 0.101240[ 0.507011 1 0
Connecticut  [CWS 3301-10000 [SW 0.176568 0.683578 1 2
Connecticut  [NTNCWS |25-500 GW 0.153652[  0.837230 1 0
Connecticut  |INTNCWS |25-500 SW 0.000000[ 0.837230 0 0
Connecticut  |[INTNCWS [501-3300 [GW 0.162770[ 1.000000 1 2
Connecticut  INTNCWS [501-3300 [SW 0.000000{ 1.000000 0 0
Connecticut  |[INTNCWS [3301-10000 [GW 0.000000{ 1.000000 0 0
Connecticut__|NTNCWS |3301-10000|SW. 0.000000] _1.000000| 0O 0
2 Delaware CWS 25-500 GW 0.177268 0.177268 0 1
Delaware CWS 25-500 SwW 0.000000{ 0.177268 0 0
Delaware CWS 501-3300 |GW 0.381717[ 0.558986 1 0
Delaware CWS 501-3300 [SW 0.000000{  0.558986 0 0
Delaware CWS 3301-10000 |[GW 0.239315(  0.798300 1 1
Delaware CWS 3301-10000 [SW 0.000000  0.798300 0 0
Delaware NTNCWS |25-500 GW 0.060765|  0.859066 0 0
Delaware NTNCWS |25-500 SwW 0.000000  0.859066 0 0
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Delaware NTNCWS [501-3300 |GW 0.078519 0.937585 0 0
Delaware NTNCWS [501-3300 |SW 0.062415| 1.000000 0 0
Delaware NTNCWS [3301-10000 |GW 0.000000] 1.000000 0 0
Delaware NTNCWS [3301-10000 |SW 0.000000{ __1.000000 0 0

32 Florida CWS 25-500 GW 0.107618| 0.107618 0 3
Florida CWS 25-500 SW 0.000000[ 0.107618 0 0
Florida CWS 501-3300 |GW 0.350597| 0.458215( 11 8
Florida CWS 501-3300 [SW 0.001696| 0.459910 0 0
Florida CWS 3301-10000 [GW 0.394205| 0.854115 13 17
Florida CWS 3301-10000 [SW 0.016435| 0.870550 1 0
Florida NTNCWS |25-500 GW 0.058549| 0.929099 2 2
Florida NTNCWS |25-500 SW 0.000000{ 0.929099 0 0
Florida NTNCWS [501-3300 |GW 0.060849| 0.989949 2 1
Florida NTNCWS |501-3300 |SW 0.000000{ 0.989949 0 0
Florida NTNCWS [3301-10000 |GW 0.010051| 1.000000 0 1
Florida NTNCWS |3301-10000 |SW 0.000000] _1.000000| 0O 0
22 Georgia CWS 25-500 GW 0.123473|  0.123473 0 3
Georgia CWS 25-500 SW 0.075460| 0.198932 0 5
Georgia CWS 501-3300 |GW 0.216882| 0.415814 5 3
Georgia CWS 501-3300 [SW 0.076029| 0.491843 2 1
Georgia CWS 3301-10000 |GW 0.205910[  0.697753 5 4
Georgia CWS 3301-10000 [SW 0.233809|  0.931562 5 4
Georgia NTNCWS |25-500 GW 0.014761 0.946323 0 1
Georgia NTNCWS |25-500 SwW 0.016129 0.962453 0 1
Georgia NTNCWS [501-3300 |GW 0.017752[  0.980205 0 0
Georgia NTNCWS [501-3300 |SW 0.017194 0.997399 0 0
Georgia NTNCWS [3301-10000 |GW 0.002601(  1.000000 0 0
Georgia NTNCWS [3301-10000 |SW 0.000000] __1.000000 0 0
1 Guam CWS 25-500 GW 0.000000] 0.000000 0 0
Guam CWS 25-500 SwW 0.000000{  0.000000 0 0
Guam CWS 501-3300 |GW 0.000000{  0.000000 0 0
Guam CWS 501-3300 [SW 0.000000{  0.000000 0 0
Guam CWS 3301-10000 |[GW 0.000000  0.000000 0 0
Guam CWS 3301-10000 [SW 1.000000]  1.000000 1 1
Guam NTNCWS |25-500 GW 0.000000{  1.000000 0 0
Guam NTNCWS |25-500 SwW 0.000000{  1.000000 0 0
Guam NTNCWS [501-3300 |GW 0.000000  1.000000 0 0




UCMR Satistical Design

August 2001

Appendix B. Probability of Selection, with Expected and Initial SMP
Systems Selected for Assessment Monitoring

Total :
Nsuyn;tbe;eﬁrngf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
Guam NTNCWS |501-3300 |SW 0.000000| 1.000000 0 0
Guam NTNCWS [3301-10000 |GW 0.000000| 1.000000 0 0
Guam NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0
3 Hawaii CWS 25-500 GW 0.044055| 0.044055 0 0
Hawali CWS 25-500 SW 0.013192| 0.057247 0 0
Hawali CWS 501-3300 [GW 0.348328| 0.405574 1 1
Hawali CWS 501-3300 [SW 0.018984| 0.424558 0 0
Hawaii CWS 3301-10000 [GW 0.442170] 0.866728 1 2
Hawali CWS 3301-10000 [SW 0.086899| 0.953627 1 0
Hawali NTNCWS |25-500 GW 0.029826| 0.983453 0 0
Hawali NTNCWS |25-500 SW 0.002279] 0.985732 0 0
Hawali NTNCWS [501-3300 |GW 0.014268| 1.000000 0 0
Hawali NTNCWS |501-3300 |SW 0.000000] 1.000000 0 0
Hawali NTNCWS [3301-10000 |GW 0.000000] 1.000000 0 0
Hawaii NTNCWS 13301-10000 [SW 0.000000] __1.000000 0 0
16 lowa CWS 25-500 GW 0.108789| 0.108789 0 2
lowa CWS 25-500 SW 0.009389| 0.118178 0 1
lowa CWS 501-3300 [GW 0.421654| 0.539832 7 9
lowa CWS 501-3300 [SW 0.022059| 0.561891 1 3
lowa CWS 3301-10000 [GW 0.338653| 0.900544 5 1
lowa CWS 3301-10000 [SW 0.061586| 0.962131 1 0
lowa NTNCWS |25-500 GW 0.016414| 0.978545 0 0
lowa NTNCWS |25-500 SW 0.003658| 0.982203 0 0
lowa NTNCWS [501-3300 |GW 0.017797| 1.000000 0 0
lowa NTNCWS |501-3300 |SW 0.000000| 1.000000 0 0
lowa NTNCWS [3301-10000 |GW 0.000000| 1.000000 0 0
lowa NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0
8 Idaho CWS 25-500 GW 0.124816| 0.124816 0 1
Idaho CWS 25-500 SW 0.199402| 0.324217 0 1
Idaho CWS 501-3300 [GW 0.181250| 0.505467 1 0
Idaho CWS 501-3300 [SW 0.050444| 0.555911 1 1
Idaho CWS 3301-10000 [GW 0.245922| 0.801833 2 5
Idaho CWS 3301-10000 [SW 0.036241| 0.838074 0 0
Idaho NTNCWS |25-500 GW 0.044504| 0.882578 1 0
Idaho NTNCWS |25-500 SW 0.037115[ 0.919693 0 0
Idaho NTNCWS [501-3300 |GW 0.042032| 0.961725 0 0
Idaho NTNCWS [501-3300 |SW 0.008380[ 0.970105 0 0
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Idaho NTNCWS [3301-10000 |GW 0.029895| 1.000000 0 0
|daho NTNCWS |3301-10000 |SW 0.000000] _1.000000| O 0

28 Illinois CWS 25-500 GW 0.072244| 0.072244 0 0
Illinois CWS 25-500 SW 0.010088| 0.082331 0 0
Illinois CWS 501-3300 |GW 0.320482| 0.402813 9 10
Illinois CWS 501-3300 |SW 0.036115| 0.438927 1 1
Illinois CWS 3301-10000 |GW 0.360524| 0.799451 10 15
Illinois CWS 3301-10000 [SW 0.105342| 0.904793 3 1
Illinois NTNCWS [25-500 GW 0.020272|  0.925065 1 0
Illinois NTNCWS [25-500 SW 0.010566 0.935631 0 0
Illinois NTNCWS [501-3300 [GW 0.020635| 0.956266 1 1
Illinois NTNCWS [501-3300 [SW 0.005094| 0.961359 0 0
Illinois NTNCWS [3301-10000 [GW 0.006049| 0.967408 0 0
lllinois NTNCWS {3301-10000|SW 0.032592| _1.000000 1 0
20 Indiana CWS 25-500 GW 0.046374| 0.046374 0 1
Indiana CWS 25-500 SW 0.001670[ 0.048044 0 0
Indiana CWS 501-3300 [GW 0.292420| 0.340464 6 2
Indiana CWS 501-3300 [SW 0.015509| 0.355973 0 0
Indiana CWS 3301-10000 [GW 0.424877| 0.780850 8 14
Indiana CWS 3301-10000 [SW 0.076221| 0.857071 2 1
Indiana NTNCWS |25-500 GW 0.063461| 0.920532 2 1
Indiana NTNCWS |25-500 SwW 0.021198|  0.941730 0 0
Indiana NTNCWS [501-3300 |GW 0.054268(  0.995998 1 1
Indiana NTNCWS [501-3300 |SW 0.004002  1.000000 0 0
Indiana NTNCWS [3301-10000 |GW 0.000000  1.000000 0 0
Indiana NTNCWS [3301-10000 |SW 0.000000] __1.000000 0 0
12 Kansas CWS 25-500 GW 0.079950(  0.079950 0 2
Kansas CWS 25-500 SwW 0.060355(  0.140304 0 0
Kansas CWS 501-3300 |GW 0.370682[ 0.510986 4 4
Kansas CWS 501-3300 [SW 0.113083|  0.624069 2 1
Kansas CWS 3301-10000 |GW 0.174180|  0.798249 2 4
Kansas CWS 3301-10000 [SW 0.169657| 0.967906 2 1
Kansas NTNCWS |25-500 GW 0.007580[  0.975485 0 0
Kansas NTNCWS |25-500 SwW 0.009514 0.984999 0 0
Kansas NTNCWS [501-3300 |GW 0.015001{  1.000000 0 0
Kansas NTNCWS [501-3300 |SW 0.000000{  1.000000 0 0
Kansas NTNCWS [3301-10000 |GW 0.000000 1.000000 0 0
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Kansas NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0
9 Kentucky CWS 25-500 GW 0.018156| 0.018156 0 0
Kentucky CWS 25-500 SW 0.057626| 0.075782 0 1
Kentucky CWS 501-3300 [GW 0.088308| 0.164090 1 0
Kentucky CWS 501-3300 [SW 0.124368| 0.288458 1 2
Kentucky CWS 3301-10000 [GW 0.139996| 0.428453 1 2
Kentucky CWS 3301-10000 [SW 0.509989| 0.938442 5 4
Kentucky NTNCWS |25-500 GW 0.008458| 0.946900 0 0
Kentucky NTNCWS |25-500 SW 0.027535| 0.974435 0 0
Kentucky NTNCWS [501-3300 |GW 0.004291| 0.978726 0 0
Kentucky NTNCWS |501-3300 |SW 0.021274] 1.000000 0 0
Kentucky NTNCWS |3301-10000 |GW 0.000000] 1.000000 0 0
Kentucky NTNCWS [3301-10000 |SW 0.000000] __1.000000 0 0
27 Louisiana CWS 25-500 GW 0.070882| 0.070882 0 3
Louisiana CWS 25-500 SW 0.013489| 0.084371 0 1
Louisiana CWS 501-3300 [GW 0.360128| 0.444499 10 12
Louisiana CWS 501-3300 [SW 0.018921| 0.463420 1 0
Louisiana CWS 3301-10000 [GW 0.414728| 0.878148 11 6
Louisiana CWS 3301-10000 [SW 0.058840| 0.936988 2 1
Louisiana NTNCWS |25-500 GW 0.005874| 0.942862 0 0
Louisiana NTNCWS |25-500 SW 0.013111] 0.955973 0 0
Louisiana NTNCWS [501-3300 |GW 0.013590| 0.969562 0 0
Louisiana NTNCWS |501-3300 |SW 0.005822| 0.975385 0 0
Louisiana NTNCWS [3301-10000 |GW 0.000000| 0.975385 0 0
Louisiana NTNCWS 13301-10000 [SW 0.024615( __1.000000 1 4
12 Massachusetts [CWS 25-500 GW 0.030041| 0.030041 0 0
Massachusetts [CWS 25-500 SW 0.006699| 0.036740 0 0
Massachusetts [CWS 501-3300 [GW 0.144887| 0.181627 2 2
Massachusetts [CWS 501-3300 [SW 0.024759| 0.206386 0 1
Massachusetts [CWS 3301-10000 [GW 0.603425| 0.809810 7 7
Massachusetts [CWS 3301-10000 [SW 0.100924| 0.910734 1 1
Massachusetts INTNCWS |25-500 GW 0.037313| 0.948048 1 0
Massachusetts INTNCWS |25-500 SW 0.000000] 0.948048 0 0
Massachusetts INTNCWS |501-3300 |GW 0.048693| 0.996741 1 1
Massachusetts INTNCWS |501-3300 |SW 0.000000| 0.996741 0 0
Massachusetts INTNCWS |3301-10000 |GW 0.003259| 1.000000 0 0
Massachusetts INTNCWS 13301-10000 |SW 0.000000{ 1.000000 0 0
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8 Maryland CWS 25-500 GW 0.098108| 0.098108 0 1
Maryland CWS 25-500 SW 0.062991| 0.161098 0 0
Maryland CWS 501-3300 [GW 0.233629| 0.394727 2 3
Maryland CWS 501-3300 [SW 0.035363| 0.430090 0 0
Maryland CWS 3301-10000 [GW 0.163664| 0.593754 1 0
Maryland CWS 3301-10000 [SW 0.096850[ 0.690604 1 1
Maryland NTNCWS |25-500 GW 0.113191| 0.803794 1 1
Maryland NTNCWS |25-500 SwW 0.008687| 0.812481 0 0
Maryland NTNCWS [501-3300 [GW 0.174751| 0.987232 1 0
Maryland NTNCWS |501-3300 |SW 0.000000[ 0.987232 0 0
Maryland NTNCWS |3301-10000 |GW 0.012768| 1.000000 0 2
Maryland NTNCWS 13301-10000 [SW. 0.000000{ __1.000000 0 0

6 Maine CWS 25-500 GW 0.080051| 0.080051 0 0
Maine CWS 25-500 SW 0.080540[ 0.160591 1 1
Maine CWS 501-3300 [GW 0.210100[ 0.370691 0 1
Maine CWS 501-3300 [SW 0.133374  0.504065 1 0
Maine CWS 3301-10000 [GW 0.125473| 0.629538 1 0
Maine CWS 3301-10000 [SW 0.149065| 0.778603 1 1
Maine NTNCWS |25-500 GW 0.122935(  0.901537 1 3
Maine NTNCWS |25-500 SW 0.058997| 0.960535 0 0
Maine NTNCWS [501-3300 |GW 0.027121| 0.987656 0 0
Maine NTNCWS [501-3300 |SW 0.012344(  1.000000 0 0
Maine NTNCWS [3301-10000 |GW 0.000000{ 1.000000 0 0
Maine NTNCWS |3301-10000 |SW 0.000000] _1.000000| O 0
24 Michigan CWS 25-500 GW 0.088378 0.088378 0 2
Michigan CWS 25-500 SW 0.009233| 0.097611 0 0
Michigan CWS 501-3300 [GW 0.286533[ 0.384144 7 10
Michigan CWS 501-3300 [SW 0.023687| 0.407831 1 1
Michigan CWS 3301-10000 |[GW 0.256976( 0.664808 6 5
Michigan CWS 3301-10000 [SW 0.063746( 0.728554 2 2
Michigan NTNCWS |25-500 GW 0.159639 0.888193 4 3
Michigan NTNCWS |25-500 SwW 0.000000{ 0.888193 0 0
Michigan NTNCWS [501-3300 |GW 0.096246| 0.984439 2 1
Michigan NTNCWS [501-3300 |SW 0.000000{  0.984439 0 0
Michigan NTNCWS [3301-10000 |GW 0.015561(  1.000000 0 0
Michigan NTNCWS [3301-10000 |SW 0.000000/ __1.000000 0 0
16 Minnesota _ [CWS 25-500 GW 0.097146( 0.097146 0 2
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Minnesota CWS 25-500 SW 0.002208| 0.099353 0 0
Minnesota CWS 501-3300 [GW 0.457793| 0.557147 7 5
Minnesota CWS 501-3300 [SW 0.010180| 0.567327 0 0
Minnesota CWS 3301-10000 [GW 0.324204| 0.891531 5 7
Minnesota CWS 3301-10000 [SW 0.058047| 0.949578 1 0
Minnesota NTNCWS |25-500 GW 0.033979| 0.983557 1 2
Minnesota NTNCWS |25-500 SW 0.001830| 0.985387 0 0
Minnesota NTNCWS [501-3300 |GW 0.005726] 0.991113 0 0
Minnesota NTNCWS |501-3300 |SW 0.008887| 1.000000 0 0
Minnesota NTNCWS [3301-10000 |GW 0.000000| 1.000000 0 0
Minnesota NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0

20 Missouri CWS 25-500 GW 0.089997| 0.089997 0 3
Missouri CWS 25-500 SW 0.047255| 0.137252 0 0
Missouri CWS 501-3300 [GW 0.307287| 0.444539 6 7
Missouri CWS 501-3300 [SW 0.046065| 0.490604 1 0
Missouri CWS 3301-10000 [GW 0.331344| 0.821948 7 5
Missouri CWS 3301-10000 [SW 0.109887| 0.931835 2 3
Missouri NTNCWS |25-500 GW 0.012704| 0.944539 0 2
Missouri NTNCWS |25-500 SW 0.021993| 0.966532 0 0
Missouri NTNCWS [501-3300 |GW 0.030450[ 0.996982 1 0
Missouri NTNCWS |501-3300 |SW 0.000000| 0.996982 0 0
Missouri NTNCWS [3301-10000 |GW 0.003018| 1.000000 0 0
Missouri NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0

2 Marianna 0 1
Islands CWS 25-500 GW 0.424375| 0.424375
Marianna 0 0
Islands CWS 25-500 SW 0.000000| 0.424375
Marianna 1 1
Islands CWS 501-3300 [(GW 0.575625| 1.000000
Marianna 0 0
Islands CWS 501-3300 [SW 0.000000| 1.000000
Marianna 0 0
Islands CWS 3301-10000 [GW 0.000000| 1.000000
Marianna 0 0
Islands CWS 3301-10000 [SW 0.000000] 1.000000
Marianna 0 0
Islands NTNCWS |25-500 GW 0.000000| 1.000000
Marianna 0 0
Islands NTNCWS [25-500 SW 0.000000{ 1.000000
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Marianna 0 0

Idlands NTNCWS |501-3300 [GW 0.000000f 1.000000
Marianna 0 0
Islands NTNCWS [501-3300 [SW 0.000000| 1.000000
Marianna 0 0
Idlands NTNCWS |3301-10000 [GW 0.000000f 1.000000
Marianna 0 0
|slands NTNCWS 13301-10000 [SW 0.000000] __1.000000

30 Mississippi  |[CWS 25-500 GW 0.054848| 0.054848 0 2
Mississippi  |[CWS 25-500 SW 0.000395| 0.055243 0 0
Mississippi  |[CWS 501-3300 [(GW 0.536246| 0.591489 16 20
Mississippi  |[CWS 501-3300 |SW 0.000000| 0.591489 0 0
Mississippi  |[CWS 3301-10000 [GW 0.355742| 0.947231 11 6
Mississippi  |[CWS 3301-10000 |SW 0.000000] 0.947231 0 0
Mississippi NTNCWS |25-500 GW 0.010244 0.957475 0 0
M i ssi ssippi NTNCWS |25-500 SW 0.000000| 0.957475 0 0
Mississippi NTNCWS |501-3300 |GW 0.025558 0.983032 1 2
M i ssi ssippi NTNCWS [501-3300 [SW 0.000000| 0.983032 0 0
M i ssi ssippi NTNCWS [3301-10000 [GW 0.016968| 1.000000 0 0
M ississippi NTNCWS 13301-10000 [SW 0.000000] __1.000000 0 0

6 Montana CWS 25-500 GW 0.176760| 0.176760 0 1
Montana CWS 25-500 SW 0.109912| 0.286672 0 1
Montana CWS 501-3300 [GW 0.225216( 0.511888 1 1
Montana CWS 501-3300 |SW 0.081293| 0.593181 0 0
Montana CWS 3301-10000 [GW 0.147776| 0.740957 1 1
Montana CWS 3301-10000 |SW 0.146475[ 0.887433 1 1
Montana NTNCWS |25-500 GW 0.059815[ 0.947248 1 0
Montana NTNCWS |25-500 SW 0.024406| 0.971654 0 0
Montana NTNCWS |501-3300 |GW 0.028346( 1.000000 0 1
Montana NTNCWS |501-3300 [SW 0.000000| 1.000000 0 0
Montana NTNCWS [3301-10000 [GW 0.000000| 1.000000 0 0
Montana NTNCWS 13301-10000 [SW 0.000000] __1.000000 0 0

22 North Carolina| CWS 25-500 GW 0.156723[ 0.156723 4 3
North Carolina| CWS 25-500 SW 0.045023| 0.201746 0 1
North Carolina| CWS 501-3300 [GW 0.195084 0.396830 4 2
North Carolina| CWS 501-3300 |SW 0.052233 0.449063 1 2
North Carolina| CWS 3301-10000 [GW 0.227239( 0.676301 5 6
North Carolina| CWS 3301-10000 |SW 0.163587 0.839889 4 6
North CarolinaNTNCWS |25-500 GW 0.061479( 0.901368 1 0
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Appendix B. Probability of Selection, with Expected and Initial SMP
Systems Selected for Assessment Monitoring
Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
North CarolingfNTNCWS |25-500 sw 0.009916| 0.911284 0 1
North CarolinagNTNCWS [501-3300  |GW 0.066654| 0.977938 1 0
North CarolingNTNCWS |501-3300  |SW 0.020225|  0.998163 1 1
North CarolinafNTNCWS |3301-10000 |GW 0.001837|  1.000000 0 0
North CarolinalNTNCWS [3301-10000 |SW 0.000000( __1.000000 0 0

4 North Dakota [CWS 25-500 GW 0.107831| 0.107831 1 0
North Dakota [CWS 25-500 Sw 0.014230]  0.122061 0 1
North Dakota [CWS 501-3300 [GW 0.511024  0.633085 2 3
North Dakota [CWS 501-3300 [SW 0.049591| 0.682676 0 0
North Dakota [CWS 3301-10000 [GW 0.220790|  0.903466 1 0
North Dakota [CWS 3301-10000 [SW 0.079568|  0.983034 0 0
North Dakota [NTNCWS |25-500 GW 0.001980|  0.985014 0 0
North Dakota [NTNCWS |25-500 SW 0.014986|  1.000000 0 0
North Dakota [NTNCWS [501-3300 |GW 0.000000]  1.000000 0 0
North Dakota [NTNCWS |501-3300 |SW 0.000000]  1.000000 0 0
North Dakota [NTNCWS |3301-10000 |GW 0.000000]  1.000000 0 0
North Dakota INTNCWS [3301-10000 |SW 0.000000| _1.000000 0 0

8 Nebraska CWS 25-500 GW 0.152090]  0.152090 0 1
Nebraska CWS 25-500 Sw 0.000000]  0.152090 0 0
Nebraska CWS 501-3300 [GW 0.426111|  0.578202 3 3
Nebraska CWS 501-3300 [SW 0.014720]  0.592922 0 0
Nebraska CWS 3301-10000 [GW 0.307693|  0.900615 3 3
Nebraska CWS 3301-10000 [SW 0.044192|  0.944807 1 0
Nebraska NTNCWS [25-500 GW 0.024216|  0.969023 0 1
Nebraska NTNCWS [25-500 Sw 0.000000]  0.969023 0 0
Nebraska NTNCWS [501-3300 [GW 0.016591| 0.985614 0 0
Nebraska NTNCWS [501-3300  [SW 0.000000]  0.985614 0 0
Nebraska NTNCWS [3301-10000 [GW 0.014386|  1.000000 0 0
Nebraska NTNCWS |3301-10000 [SW. 0.000000( __1.000000 0 0

6 New 0 1
Hampshire  [CWS 25-500 GW 0.179653|  0.179653
New 0 0
Hampshire  [CWS 25-500 SW 0.059689|  0.239342
New 1 1
Hampshire  [CWS 501-3300 [GW 0.211377|  0.450719
New 0 2
Hampshire  [CWS 501-3300 [SW 0.082279|  0.532998
New 1 1
Hampshire  [CWS 3301-10000 [GW. 0.100470]  0.633468
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Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
New 1 0

Hampshire  [CWS 3301-10000 [SW 0.134734|  0.768202
New 1 0
Hampshire NTNCWS |25-500 GW 0.129265| 0.897467
New 0 0
Hampshire  [NTNCWS |25-500 SwW 0.000000  0.897467
New 1 1
Hampshire NTNCWS [501-3300 |GW 0.102533| 1.000000
New 0 0
Hampshire  [NTNCWS |501-3300 |SW 0.000000{  1.000000
New 0 0
Hampshire NTNCWS [3301-10000 |GW 0.000000{ 1.000000
New 0 0
Hampshire __INTNCWS [3301-10000 |SW 0.000000 _1.000000

16 New Jersey  [CWS 25-500 GW 0.041427|  0.041427 0 1
New Jersey  [CWS 25-500 SwW 0.000000{  0.041427 0 0
New Jersey  [CWS 501-3300 |GW 0.180334| 0.221761 3 4
New Jersey  [CWS 501-3300 [SW 0.006606| 0.228367 0 0
New Jersey  [CWS 3301-10000 |GW 0.435798| 0.664165 7 7
New Jersey  [CWS 3301-10000 [SW 0.043850[  0.708015 1 2
New Jersey  [NTNCWS |25-500 GW 0.105685| 0.813700 2 2
New Jersey  [NTNCWS |25-500 SwW 0.001010[ 0.814710 0 0
New Jersey  [NTNCWS |501-3300  [GW 0.140774|  0.955484 2 0
New Jersey  [NTNCWS |501-3300 |SW 0.018795|  0.974279 0 0
New Jersey  [NTNCWS |3301-10000 [GW 0.025721  1.000000 0 0
New Jersey  INTNCWS [3301-10000 [SW 0.000000 __1.000000 0 0

8 New Mexico [CWS 25-500 GW 0.147242|  0.147242 0 1
New Mexico [CWS 25-500 sSw 0.069756| 0.216998 0 2
New Mexico [CWS 501-3300 |GW 0.268916( 0.485914 2 3
New Mexico [CWS 501-3300 [SW 0.044185  0.530099 1 0
New Mexico [CWS 3301-10000 |GW 0.310844|  0.840944 2 0
New Mexico [CWS 3301-10000 [SW 0.077038[ 0.917981 1 0
New Mexico [NTNCWS |25-500 GW 0.020732[ 0.938713 0 0
New Mexico [NTNCWS |25-500 SwW 0.024464| 0.963178 0 0
New Mexico [NTNCWS |501-3300 [GW 0.031415  0.994593 0 2
New Mexico [NTNCWS |501-3300 |SW 0.005407(  1.000000 0 0
New Mexico [NTNCWS |3301-10000 [GW 0.000000{  1.000000 0 0
New Mexico INTNCWS [3301-10000 |SW 0.000000 _1.000000 0 0

4 Nevada CWS 25-500 GW 0.096624|  0.096624 1 0
Nevada CWS 25-500 SwW 0.061023| 0.157648 0 0
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Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
Nevada CWS 501-3300 [GW 0.316982| 0.474630 1 3
Nevada CWS 501-3300 [SW 0.025688| 0.500317 0 0
Nevada CWS 3301-10000 [GW 0.301061| 0.801378 1 0
Nevada CWS 3301-10000 [SW 0.064865| 0.866243 1 0
Nevada NTNCWS |25-500 GW 0.030812] 0.897055 0 0
Nevada NTNCWS |25-500 SW 0.028647| 0.925702 0 1
Nevada NTNCWS [501-3300 |GW 0.032687| 0.958389 0 0
Nevada NTNCWS [501-3300 |SW 0.011499 0.969888 0 0
Nevada NTNCWS [3301-10000 |GW 0.030112( 1.000000 0 0
Nevada NTNCWS |3301-10000 |SW 0.000000] _1.000000| 0 0

29 New York CWS 25-500 GW 0.105270| 0.105270 0 1
New York CWS 25-500 SW 0.119826 0.225096 0 1
New York CWS 501-3300 |GW 0.212439(  0.437535 6 8
New York CWS 501-3300 [SW 0.099139| 0.536674 3 1
New York CWS 3301-10000 [GW 0.128412| 0.665086 4 4
New York CWS 3301-10000 [SW 0.182485| 0.847570 5 6
New York NTNCWS |25-500 GW 0.025672| 0.873242 1 4
New York NTNCWS |25-500 SwW 0.012511|  0.885754 1 0
New York NTNCWS [501-3300 |GW 0.039152  0.924905 1 2
New York NTNCWS [501-3300 |SW 0.013069 0.937975 0 0
New York NTNCWS [3301-10000 |GW 0.007687| 0.945661 0 0
New York NTNCWS [3301-10000 |SW 0.054339| __1.000000 2 2
28 Ohio CWS 25-500 GW 0.060154  0.060154 0 1
Ohio CWS 25-500 SW 0.021562| 0.081715 0 0
Ohio CWS 501-3300 |GW 0.247273|  0.328989 0 6
Ohio CWS 501-3300 [SW 0.045966(  0.374955 1 0
Ohio CWS 3301-10000 |[GW 0.308339 0.683294 9 12
Ohio CWS 3301-10000 [SW 0.141144|  0.824438 4 4
Ohio NTNCWS |25-500 GW 0.071715[ 0.896153 2 2
Ohio NTNCWS |25-500 SwW 0.004899(  0.901052 0 0
Ohio NTNCWS [501-3300 |GW 0.056505  0.957557 2 1
Ohio NTNCWS [501-3300 |SW 0.035977| 0.993534 1 0
Ohio NTNCWS [3301-10000 |GW 0.006466(  1.000000 0 2
Ohio NTNCWS [3301-10000 |SW 0.000000/ __1.000000 0 0
15 Oklahoma  |CWS 25-500 GW 0.053578 0.053578 0 3
Oklahoma  |CWS 25-500 SwW 0.129226| 0.182804 0 0
Oklahoma __ [CWS 501-3300 |GW 0.235046  0.417850 3 1
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Appendix B. Probability of Selection, with Expected and Initial SMP
Systems Selected for Assessment Monitoring
Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
Oklahoma CWS 501-3300 [SW 0.135236| 0.553087 2 2
Oklahoma CWS 3301-10000 [GW 0.110855[ 0.663942 2 3
Oklahoma CWS 3301-10000 [SW 0.310569| 0.974511 5 6
Oklahoma NTNCWS |25-500 GW 0.004712] 0.979223 0 0
Oklahoma NTNCWS |25-500 SW 0.016061] 0.995284 0 0
Oklahoma NTNCWS [501-3300 |GW 0.000876] 0.996160 0 0
Oklahoma NTNCWS [501-3300 |SW 0.000000] 0.996160 0 0
Oklahoma NTNCWS [3301-10000 |GW 0.003840] 1.000000 0 0
Oklahoma NTNCWS [3301-10000 |SW 0.000000{ __1.000000 0 0

11 Oregon CWS 25-500 GW 0.105427| 0.105427 0 0
Oregon CWS 25-500 SW 0.124548| 0.229975 0 1
Oregon CWS 501-3300 [GW 0.189055| 0.419030 2 3
Oregon CWS 501-3300 [SW 0.126690| 0.545720 2 1
Oregon CWS 3301-10000 [GW 0.136664| 0.682384 2 1
Oregon CWS 3301-10000 [SW 0.194845| 0.877229 2 3
Oregon NTNCWS |25-500 GW 0.057707|  0.934936 1 2
Oregon NTNCWS |25-500 SW 0.012444| 0.947380 0 0
Oregon NTNCWS [501-3300 |GW 0.025242| 0.972622 0 0
Oregon NTNCWS [501-3300 |SW 0.027378| 1.000000 0 0
Oregon NTNCWS [3301-10000 |GW 0.000000{ 1.000000 0 0
Oregon NTNCWS |3301-10000 |SW 0.000000] _1.000000| O 0
37 Pennsylvania [CWS 25-500 GW 0.090515  0.090515 0 4
Pennsylvania [CWS 25-500 SwW 0.064085(  0.154600 1 3
Pennsylvania [CWS 501-3300 |GW 0.200824|  0.355424 8 4
Pennsylvania [CWS 501-3300 [SW 0.064166 0.419591 0 3
Pennsylvania [CWS 3301-10000 |[GW 0.183790[  0.603380 7 4
Pennsylvania [CWS 3301-10000 [SW 0.172501| 0.775881 6 8
Pennsylvania [NTNCWS |25-500 GW 0.082633[ 0.858514 3 5
Pennsylvania [NTNCWS |25-500 SwW 0.023604 0.882118 1 1
Pennsylvania [NTNCWS |501-3300 [GW 0.080900 0.963018 3 4
Pennsylvania [NTNCWS |501-3300 |SW 0.029903(  0.992921 1 1
Pennsylvania [NTNCWS |3301-10000 (GW 0.007079(  1.000000 0 0
Pennsylvania_[NTNCWS 13301-10000 |SW. 0.000000] __1.000000 0 0
9 Puerto Rico  [CWS 25-500 GW 0.030068(  0.030068 0 0
Puerto Rico  [CWS 25-500 SwW 0.367728 0.397797 0 2
Puerto Rico  [CWS 501-3300 |GW 0.096501( 0.494298 1 0
Puerto Rico  [CWS 501-3300 _[SW 0.126482  0.620780 1 1
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Nﬁ%gf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
Puerto Rico  |CWS 3301-10000 [GW 0.163618| 0.784398 2 3
Puerto Rico  |CWS 3301-10000 [SW 0.140299| 0.924697 1 2
Puerto Rico  [NTNCWS [25-500 GW 0.002643| 0.927340 0 0
Puerto Rico  [NTNCWS [25-500 SW 0.013930[ 0.941269 0 0
Puerto Rico  [NTNCWS |501-3300 [GW 0.034820 0.976089 1 1
Puerto Rico  [NTNCWS [501-3300 |SW 0.000000[ 0.976089 0 0
Puerto Rico  [NTNCWS [3301-10000 [GW 0.023911| 1.000000 0 0
Puerto Rico_INTNCWS [3301-10000|SW 0.000000] _1.000000| 0O 0

2 Rhode Island |[CWS 25-500 GW 0.102141| 0.102141 0 0
Rhode Island |CWS 25-500 SW 0.000000[ 0.102141 0 0
Rhode Island [CWS 501-3300 |GW 0.119044| 0.221185 0 1
Rhode Island |CWS 501-3300 [SW 0.075209| 0.296394 0 0
Rhode Island |[CWS 3301-10000 [GW 0.166570] 0.462964 1 1
Rhode Island [CWS 3301-10000 [SW 0.151757| 0.614721 1 0
Rhode Island  [NTNCWS |25-500 GW 0.139146( 0.753868 0 0
Rhode Island [NTNCWS [25-500 SW 0.000000[ 0.753868 0 0
Rhode Island [NTNCWS |501-3300 [GW 0.144328 0.898196 0 0
Rhode Island [NTNCWS [501-3300 |SW 0.000000[ 0.898196 0 0
Rhode Island  [NTNCWS [3301-10000 [GW 0.101804| 1.000000 0 0
Rhode Island_[NTNCWS [3301-10000 |SW 0.000000[ __1.000000 0 0
11 South Carolina| CWS 25-500 GW 0.074769| 0.074769 0 0
South Carolina| CWS 25-500 SW 0.000000{ 0.074769 0 0
South Carolina|CWS 501-3300 |GW 0.219103 0.293873 2 3
South Carolina|CWS 501-3300 [SW 0.054199( 0.348072 1 0
South Carolina| CWS 3301-10000 [GW 0.272259| 0.620330 3 0
South Carolina|CWS 3301-10000 [SW 0.277753[  0.898083 3 6
South Carolina|]NTNCWS |25-500 GW 0.012816( 0.910900 0 0
South Carolina|]NTNCWS |25-500 SwW 0.005474 0.916373 0 1
South Carolina|]NTNCWS |501-3300  |GW 0.011296|  0.927669 0 0
South Carolina|]NTNCWS |501-3300 |SW 0.015615 0.943284 0 1
South Carolina|]NTNCWS |3301-10000 |GW 0.000000  0.943284 0 0
South CarolinalNTNCWS [3301-10000 [SW 0.056716| __1.000000 1 0
4 South Dakota |[CWS 25-500 GW 0.123446( 0.123446 1 0
South Dakota [CWS 25-500 SwW 0.114364| 0.237810 1 1
South Dakota [CWS 501-3300 |GW 0.336164| 0.573974 0 2
South Dakota [CWS 501-3300 [SW 0.065505|  0.639479 0 0
South Dakota [CWS 3301-10000 |GW 0.271831|  0.911310 1 1
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South Dakota |[CWS 3301-10000 [SW 0.067799|  0.979109 0 0
South Dakota [NTNCWS |25-500 GW 0.003200]  0.982309 0 0
South Dakota [NTNCWS |25-500 SW 0.016996|  0.999305 0 0
South Dakota [NTNCWS |501-3300  |GW 0.000695|  1.000000 0 0
South Dakota [NTNCWS |501-3300  |SW 0.000000]  1.000000 0 0
South Dakota [NTNCWS |3301-10000 |GW 0.000000]  1.000000 0 0
South Dakota INTNCWS [3301-10000 |SW 0.000000| _1.000000 0 0

14  |[Tennessee  |CWS 25-500 GW 0.010921|  0.010921 0 0
Tennessee  |CWS 25-500 Sw 0.039598|  0.050519 0 2
Tennessee  |CWS 501-3300 [GW 0.132222|  0.182741 2 2
Tennessee  |CWS 501-3300 [SW 0.091572|  0.274314 2 0
Tennessee  |CWS 3301-10000 [GW 0.172997|  0.447311 2 0
Tennessee  |CWS 3301-10000 [SW 0.527512|  0.974823 7 10
Tennessee  [NTNCWS [25-500 GW 0.001157|  0.975979 0 0
Tennessee  [NTNCWS [25-500 Sw 0.004805|  0.980785 0 0
Tennessee  [NTNCWS [501-3300  [GW 0.000531] 0.981316 0 0
Tennessee  [NTNCWS [501-3300  [SW 0.018684|  1.000000 0 0
Tennessee  [NTNCWS [3301-10000 [GW 0.000000]  1.000000 0 0
Tennessee  INTNCWS [3301-10000 |SW 0.000000| _1.000000 0 0

7 Tribes CWS 25-500 GW 0.202971| 0.202971 2 2
Tribes CWS 25-500 Sw 0.147933|  0.350904 0 2
Tribes CWS 501-3300 [GW 0.338683|  0.689587 2 1
Tribes CWS 501-3300 [SW 0.046713|  0.736299 0 0
Tribes CWS 3301-10000 [GW 0.170082|  0.906381 1 0
Tribes CWS 3301-10000 [SW 0.055832|  0.962213 1 1
Tribes NTNCWS [25-500 GW 0.017954| 0.980167 0 0
Tribes NTNCWS [25-500 Sw 0.000000]  0.980167 0 0
Tribes NTNCWS [501-3300 [GW 0.019833|  1.000000 0 1
Tribes NTNCWS [501-3300 [SW 0.000000{  1.000000 0 0
Tribes NTNCWS [3301-10000 [GW 0.000000{  1.000000 0 0
Tribes NTNCWS 13301-10000 [SW. 0.000000( __1.000000 0 0

71 |Texas CWS 25-500 GW 0.080530]  0.080530 0 8
Texas CWS 25-500 SW 0.032271]  0.112801 0 3
Texas CWS 501-3300 [GW 0.336133] 0.448935| 24 19
Texas CWS 501-3300 [SW 0.034461|  0.483395 2 0
Texas CWS 3301-10000 [GW 0.346726] 0.830121] 25 29
Texas CWS 3301-10000 [SW 0.102709]  0.932830 7 4
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Texas NTNCWS [25-500 GW 0.009594|  0.942424 1 1
Texas NTNCWS [25-500 Sw 0.011363 0.953787 1 1
Texas NTNCWS [501-3300 [GW 0.012236|  0.966023 1 2
Texas NTNCWS [501-3300 [SW 0.013273|  0.979297 1 1
Texas NTNCWS (3301-10000 [GW 0.004174|  0.983471 0 0
Texas NTNCWS |3301-10000 [SW. 0.016529| _ 1.000000 1 3

7 Utah CWS 25-500 GW 0.097464|  0.097464 0 0
Utah CWS 25-500 Sw 0.089084| 0.186548 0 1
Utah CWS 501-3300 [GW 0.292421|  0.478969 2 2
Utah CWS 501-3300 [SW 0.042900{  0.521869 0 0
Utah CWS 3301-10000 [GW 0.322360]  0.844229 2 2
Utah CWS 3301-10000 [SW 0.100653|  0.944882 1 2
Utah NTNCWS [25-500 GW 0.011787|  0.956669 0 0
Utah NTNCWS [25-500 Sw 0.011496| 0.968165 0 0
Utah NTNCWS [501-3300 [GW 0.011412|  0.979577 0 0
Utah NTNCWS [501-3300 [SW 0.000000{  0.979577 0 0
Utah NTNCWS [3301-10000 [GW 0.020423|  1.000000 0 0
Utah NTNCWS 13301-10000 [SW. 0.000000( _1.000000 0 0

16 |Virginia CWS 25-500 GW 0.110551 0.110551 0 4
Virginia CWS 25-500 Sw 0.098994|  0.209545 0 1
Virginia CWS 501-3300 [GW 0.126866|  0.336411 2 5
Virginia CWS 501-3300 [SW 0.084950|  0.421361 1 0
Virginia CWS 3301-10000 [GW 0.056914|  0.478275 1 0
Virginia CWS 3301-10000 [SW 0.209323|  0.687598 3 2
Virginia NTNCWS [25-500 GW 0.088632|  0.776230 2 1
Virginia NTNCWS [25-500 SW 0.018261|  0.794490 0 0
Virginia NTNCWS [501-3300 [GW 0.139405|  0.933895 2 0
Virginia NTNCWS [501-3300 [SW 0.052778|  0.986673 1 3
Virginia NTNCWS (3301-10000 [GW 0.013327|  1.000000 0 0
Virginia NTNCWS |3301-10000 [SW. 0.000000| __1.000000 0 0

2 Virgin Isands |CWS 25-500 GW 0.000000{  0.000000 0 0
Virgin Isands |CWS 25-500 Sw 0.203449|  0.203449 0 1
Virgin Isands |CWS 501-3300 [GW 0.000000]  0.203449 0 0
Virgin Isands |CWS 501-3300 [SW 0.009623| 0.213072 0 0
Virgin Idands |CWS 3301-10000 [GW 0.000000]  0.213072 0 0
Virgin Isands |CWS 3301-10000 [SW 0.007027|  0.220099 0 0
Virgin Idands [INTNCWS [25-500 GW 0.000000| _ 0.220099 0 0
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Virgin Idands [NTNCWS |25-500 SW 0.298099| 0.518198 1 1
Virgin Idands [NTNCWS [501-3300 |GW 0.000000[ 0.518198 0 0
Virgin Idands [NTNCWS [501-3300 |SW 0.189741| 0.707939 0 0
Virgin Idands [NTNCWS |3301-10000 |GW 0.000000] 0.707939 0 0
Virgin Islands [NTNCWS [3301-10000 [SW 0.292061] 1.000000] 1 0

4 Vermont CWS 25-500 GW 0.151019( 0.151019 0 1
\Vermont CWS 25-500 SW 0.168637| 0.319656 0 0
\Vermont CWS 501-3300 [GW 0.228719| 0.548375 1 2
\Vermont CWS 501-3300 [SW 0.150632| 0.699007 0 0
\Vermont CWS 3301-10000 [GW 0.144298| 0.843305 0 0
\Vermont CWS 3301-10000 [SW 0.156398| 0.999702 1 1
Vermont NTNCWS |25-500 GW 0.000298| 1.000000 0 0
\Vermont NTNCWS |25-500 SW 0.000000{ 1.000000 0 0
\Vermont NTNCWS [501-3300 |GW 0.000000{ 1.000000 0 0
\Vermont NTNCWS |501-3300 |SW 0.000000{ 1.000000 0 0
\Vermont NTNCWS [3301-10000 |GW 0.000000{ 1.000000 0 0
Vermont NTNCWS |3301-10000 |SW 0.000000] _1.000000| O 0
17 Washington  [CWS 25-500 GW 0.199296| 0.199296 4 4
Washington  [CWS 25-500 SW 0.063516] 0.262812 0 1
Washington  [CWS 501-3300 |GW 0.307767| 0.570579 5 4
Washington  [CWS 501-3300 [SW 0.048778|  0.619357 1 1
Washington  [CWS 3301-10000 |GW 0.252023|  0.871380 4 4
Washington  [CWS 3301-10000 [SW 0.047768| 0.919148 1 0
Washington  |[NTNCWS |25-500 GW 0.015331| 0.934479 0 0
Washington  |[NTNCWS |25-500 SwW 0.018754 0.953233 0 0
Washington  |[NTNCWS [501-3300  |GW 0.014947|  0.968180 0 1
Washington  [NTNCWS [501-3300  [SW 0.031820  1.000000 1 2
Washington  |[NTNCWS [3301-10000 |GW 0.000000  1.000000 0 0
Washington __ INTNCWS 13301-10000 |SW 0.000000/ __1.000000| 0.0 0
21 |Wisconsin  [CWS 25-500 GW 0.080289(  0.080289 0 0
Wisconsin _ [CWS 25-500 SwW 0.000000[  0.080289 0 0
Wisconsin _ [CWS 501-3300 |GW 0.325307|  0.405597 7 8
Wisconsin _ [CWS 501-3300 [SW 0.001226(  0.406822 0 0
Wisconsin _ [CWS 3301-10000 |[GW 0.413393| 0.820215 9 11
Wisconsin _ [CWS 3301-10000 [SW 0.007789  0.828004 0 0
Wisconsin  |[NTNCWS |25-500 GW 0.105799 0.933804 2 2
Wisconsin___ |[NTNCWS |25-500 Sw 0.000000  0.933804 0 0
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Appendix B. Probability of Selection, with Expected and Initial SMP
Systems Selected for Assessment Monitoring
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Total :

Nsuyn;tbe;eﬁrngf State/Territory S_yr;[gn System Size S_?;Fr)ge Probability (F%:‘J(;?)lélli)aﬁli\t/)? ?@%ﬁ Ag{,l?erﬁs()f
Wisconsin NTNCWS [501-3300 |GW 0.066196| 1.000000 1 0
Wisconsin NTNCWS |501-3300 |SW 0.000000| 1.000000 0 0
Wisconsin NTNCWS [3301-10000 |GW 0.000000| 1.000000 0 0
Wisconsin NTNCWS 13301-10000 [SW 0.000000{ __1.000000 0 0

10 West Virginia |CWS 25-500 GW 0.049667| 0.049667 0 0
West Virginia |CWS 25-500 SW 0.061836| 0.111503 0 0
West Virginia |CWS 501-3300 [GW 0.154994| 0.266497 2 0
West Virginia |CWS 501-3300 [SW 0.232457| 0.498954 2 5
West Virginia |CWS 3301-10000 [GW 0.083186| 0.582140 1 0
West Virginia |CWS 3301-10000 [SW 0.328074| 0.910214 3 4
West Virginia [NTNCWS [25-500 GW 0.011075[ 0.921289 0 0
West Virginia [NTNCWS [25-500 SW 0.010705| 0.931994 0 0
West Virginia INTNCWS [501-3300 |GW 0.003917| 0.935911 0 0
West Virginia INTNCWS |501-3300 |SW 0.009707] 0.945618 0 1
West Virginia INTNCWS [3301-10000 |GW 0.000000] 0.945618 0 0
West Virginia INTNCWS 13301-10000 [SW. 0.054382| _1.000000 1 0

3 \Wyoming CWS 25-500 GW 0.125408| 0.125408 0 0
\Wyoming CWS 25-500 SW 0.187899| 0.313306 0 1
\Wyoming CWS 501-3300 [GW 0.145051| 0.458358 1 1
\Wyoming CWS 501-3300 [SW 0.105977] 0.564335 0 0
\Wyoming CWS 3301-10000 [GW 0.087057| 0.651392 0 0
\Wyoming CWS 3301-10000 [SW 0.228394| 0.879786 1 0
\Wyoming NTNCWS |25-500 GW 0.008824| 0.888609 0 0
\Wyoming NTNCWS |25-500 SW 0.091474| 0.980084 0 1
\Wyoming NTNCWS [501-3300 |GW 0.003474| 0.983557 0 0
\Wyoming NTNCWS |501-3300 |SW 0.016443| 1.000000 0 0
\Wyoming NTNCWS [3301-10000 |GW 0.000000| 1.000000 0 0
Wyoming NTNCWS |3301-10000|SW 0.000000] _1.000000 0 0
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Appendix C
Acronyms

CCL - Contaminant Candidate List
CFR - Code of Federal Regulations
CWS - community water system
EPA - Environmental Protection Agency
EPTDS - Entry Point to the Distribution System
GW - ground water
GUDI - ground water under the direct influence (of surface water)
NAWQA - National Water Quality Assessment Program
NCOD - National Drinking Water Contaminant Occurrence Database
NTNCWS - non-transient non-community water system
PA - Partnership agreement
PWS - Public Water System
SDWA - Safe Drinking Water Act
SDWIS - Safe Drinking Water Information System
SDWIS FED - the Federal Safe Drinking Water Information System
SMP - State monitoring plan
SW - surface water
TNCWS - transient non-community water system
UCMR - Unregulated Contaminant Monitoring Regulation/Rule
USEPA - United States Environmental Protection Agency
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Appendix D
Definitions

Assessment Monitoring means sampling, testing, and reporting of listed contaminants that have
available analytical methods and for which preliminary data indicate their possible occurrencein
drinking water. Assessment Monitoring will be conducted for the UCMR (1999) List 1
contaminants.

Index Systems means a limited number of small CWSs and NTNCWSs, selected from the
Assessment Monitoring systems in State Plans, that will be required to provide more detailed and
frequent monitoring for the UCMR (1999) List 1 contaminants (8141.40(a)(6)). The Index Systems
will be selected to geographically coi ncidewith watershedsand areas studied under the United States
Geological Survey’'s National Water Quality Assessment program. In addition to the reporting
information required for Assessment Monitoring, the Index Systems must also report information
on system operating conditions (such as water source, pumping rates, and environmental setting)
(8141.40(a)(6)). These systemsmust monitor each year of the5-year UCMR cycle, with EPA paying
for all reasonable monitoring costs (8141.40(a)(4)(i)(A)). This more detailed and frequent
monitoring will provide important information with which EPA can more fully evaluate the
conditions under which small systems operate.

Listed contaminant means a contaminant identified as an analyte in Table 1, 141.40(a)(3) of the
Unregul ated Contaminant Monitoring Regulation (UCMR). To distinguish the current 1999 UCMR
listed contaminants from potential future UCMR listed contaminants, all references to UCMR
contaminant listswill identify theappropriateyear in parenthesisimmediately following theacronym
UCMR and beforethereferenced list. For example, the contaminantsincluded inthe UCMR (1999)
Listincludethecomponent listsidentifiedasUCMR (1999) List 1, UCMR (1999) List 2and UCMR
(1999) List 3 contaminants.

Listing cycle means the 5-year period for which each revised UCMR list is effective and during
which no more than 30 unregulated contaminants from the list may be required to be monitored.
EPA is mandated to develop and promulgate anew UCMR List every 5 years.

Monitored systems means all community water systems serving more than 10,000 people, and the
national representative sample of community and non-transient non-community water systems
serving 10,000 or fewer people that are selected to be part of a State Plan for the UCMR. (Note that
for this round of Assessment Monitoring, systems that purchase their primary source of water are
not included in the monitoring.)

Monitoring (as distinct from Assessment Monitoring) means all aspects of determining the quality
of drinking water relativeto thelisted contaminants. These aspectsinclude drinking water sampling
and testing, and the reviewing, reporting, and submission to EPA of analytical results.

Most vulnerable systems (or Systems most vulnerable) means a subset of 5 to not more than 25
systemsof all monitored systemsin a State that are determined by that State in consultation with the
EPA Regional Officetobemaost likely to havethelisted contaminantsoccur intheir drinking waters,
considering the characteristics of the listed contaminants, precipitation, system operation, and
environmental conditions (soils, geology and land use).
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Pre-Screen Testing means sampling, testing, and reporting of the listed contaminantsthat may have
newly emerged as drinking water concerns and, in most cases, for which methods are in an early
stage of development. Pre-Screen Testing will be conducted by alimited number of systems (up to
200). Stateswill nominate up to 25 of the most vulnerable systems per State for Pre-Screen Testing.
The actual Pre-Screen Testing systems will be selected from the list of nominated systems through
the use of arandom number generator. Pre-Screen Testing will be performed to determine whether
a listed contaminant occurs in sufficient frequency in the most vulnerable systems or sampling
locationsto warrant its being included in future Assessment Monitoring or Screening Surveys. Pre-
Screen Testing will be conducted for the UCMR (1999) List 3 contaminants.

Random Sampling is a statistical sampling method by which each member of the population has an
equal probability (an equal random chance) of being selected as part of a sample (the sample being
asmall subset of the population which represents the population as awhole).

Representative Sample (or National Representative Sample) meansasmall subset of al community
and non-transient non-community water systems serving 10,000 or fewer peoplewhich EPA selects
using a random number generator. The systems in the representative sample are selected using a
stratified random sampling processthat ensuresthat thissmall subset of systemswill proportionally
reflect (is “representative” of) the actual number of size- and water type-categories of all small
systems nationally. In finalizing State Plans, a State may substitute a system from the replacement
list for a system selected as part of the original representative sample, if a system on the
representative sample list in the State Plan is closed, merged or purchases water from another
system.

Sampling means the act of collecting water from the appropriate location in a public water system
(from the applicable point from an intake or well to the end of adistribution line, or in somelimited
cases, a residential tap) following proper methods for the particular contaminant or group of
contaminants.

Sampling Point means a unique location where samples are to be collected.

Screening Survey means sampling, testing, and reporting of the List 2 contaminants. These
contaminants have analytical methods which have been recently developed, and have uncertain
potential for occurrence in drinking water. Under the final List 2 Rule (66 FR 2273), two Screening
Surveys will be conducted by a subset of approximately 180 small systems from the 800 small
systems conducting Assessment Monitoring. Screening Survey one will be conducted by small
systems during 2001 for the List 2 chemical contaminants. Screening Survey two will be conducted
by small systems during 2003 for the List 2 microbiological contaminant, Aeromonas.

State means each of the fifty States, the District of Columbia, U.S. Territories, and Tribal lands. For
the national representati ve sample, Guam, the Commonweal th of Puerto Rico, theNorthern Mariana
Islands, the Virgin Islands, American Samoa, and the Trust Territories of the Pacific Islandsare each
treated asanindividual State. All Tribal water systemsinthe U.S. which have status asa State under
Section 1451 of the Safe Drinking Water Act for this program will be considered collectively asone
State for the purposes of selecting a representative sample of small systems.

State Monitoring Plan (or Sate Plan) means a State’ s portion of the national representative sample
of CWSs and NTNCWSs serving 10,000 or fewer people which must monitor for unregulated
contaminants (Assessment Monitoring, Screening Survey(s) and Index Systems) and all large
systems (systems serving greater than 10,000 people) which are required to monitor for Screening
Survey contaminants. A State Plan may be developed by a State's acceptance of EPA’s
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representative samplefor that State, or by a State’ s selection of systemsfrom areplacement list for
systemsspecified inthefirst list that are closed, are merged, or purchase water from another system.
A State Plan aso includes the process by which the State will inform each public water system of
its selection for the plan and of its responsibilities to monitor. A State Plan will aso include the
systemsrequired to conduct Pre-Screen Testing, sel ected from the State’ s designation of vulnerable
systems. The State Plan may be part of the Partnership Agreement (PA) between the State and EPA.

Stratified Random Samplingisaprocedureto draw arandom samplefrom apopul ation that hasbeen
divided into subpopulations or strata, with each stratum comprised of a population subset sharing
common characteristics. Random samples are selected from each stratum proportional to that
stratum’ s proportion of the entire population. The aggregate random sample (compiled from all the
strata samples) provides a random sample of the entire population that reflects the proportional
distribution of characteristics of the population. In the context of the UCMR, the popul ation served
by public water systems was stratified by size (with size categories of 500 or fewer people served,
501 to 3,300 people served, and 3,301 to 10,000 people served) and by water source type supplying
thewater system (ground water or surfacewater). Thisstratification was doneto ensurethat systems
randomly sel ected asnationally representative sampl e systemswoul d proportionally reflect the actual
number of size and water type categories nationally.

Testing means, for the purposes of the UCMR and distinct from Pre-Screen Testing, the submission
and/or shipment of samples following appropriate preservation practices to protect the integrity of
the sample; the chemical, radiol ogical, physical and/or microbiologica analysis of samples; and the
reporting of the sample’ s analytical results for evaluation. Testing is a subset of activities defined
as monitoring.

Unregulated contaminants means chemical, microbiological, radiological and other substancesthat
occur indrinking water or sourcesof drinking water that arenot currently regulated under thefederal
drinking water program. EPA has not issued standards for these substances in drinking water (i.e.,
maximum contaminant levels or treatment technol ogy requirements). EPA isrequired by Congress
to establish a program to monitor for selected unregulated contaminants in public water systemsto
determine whether they should be considered for future regulation to protect public health. The
selected contaminants are listed in 141.40(a)(3), Table 1, the UCMR List.

Vulnerable time (or vulnerable period) means the time (or, in some cases, the 3-month quarter) of
the year determined as the most likely to have the listed group of contaminants present at their
highest concentrations or densities in drinking water. The vulnerable determination, in the case of
the UCMR, is made by the EPA or by the State (under arrangement with the EPA) for a system,
subset of systems, or all systemsin aState. The vulnerable determination isbased on characteristics
of the contaminants, precipitation, system operations, and environmental conditions such as soil
types, geology, and land use. This determination does not indicate or imply that the listed
contaminants will be identified in the drinking water with certainty, but only that sampling
conducted during the vulnerable period presumably has the highest likelihood of identifying those
contaminants in higher concentrations relative to other sampling times of the year, if and when the
contaminants occur.
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