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STRATEGIC MONITORING GUIDANCE DOCUMENT

1.0 INTRODUCTION

Connecticut's Aquifer Protection Program, or wellhead protection program, is designed to "ensure a plentiful supply
of public drinking water for present and future generations” by protecting major water supply wells in sand and
gravel aquifers. Connecticut law requires water suppliers to determine the boundaries of Aquifer Protection Areas
around these wells through the "Level B” and “Level A" mapping process. The law also requires the Connecticut
Department of Environmental Protection (CTDEP) to adopt land use regulations and procedures for local program
management. [n addition, the CTDEP must adopt regulations to protect groundwater quality from the potential
impacts of agriculture. The program requires municipalities to conduct a land use inventory, designate an aquifer
protection agency, and adopt local regulations.

This Guidance Document for Strategic Monitoring outlines and describes steps for the design and implementation of
a key tool for aquifer protection: strategic monitoring. Strategic monitoring provides early-warning detection of
contaminants that could migrate from points of release in the Aquifer Protection Area to the production wells and
that could potentially impact water quality.

The document is divided into two parts. The first section provides an introduction to Connecticut’s aquifer
protection program; an overview of aquifer protection, strategic monitoring and contaminant hydrogeology; and a
description of a pilet strategic monitoring case study. The second section describes all aspects of the design and
implementation of a strategic monitoring program. This section is divided into ten tasks, illustrated by 24 exhibits
containing cxamples from the case study. Supporting information is contained in the appendices, including a
glossary of terms (Appendix 1) and sources of additional infermation (Appendix 2).

This document is intended for use by beth the water system owner and the engineering consultant. The design and
implementation of a strategic monitoring program requires familiarity with contaminant hydrogeology, monitoring well
installation, and analytical sampling. Some water systems have the staff and resources to complete all or part of the
steps necessary to design a monitoring program. Other water systems will choose to hire a consultant.

STRATEGIC MONITORING AND CONNECTICUT’S AQUIFER PROTECTION AREA PROGRAM

Arising out of concern for the increasing incidence of contamination of public groundwater supply: sources, the
Connecticut General Assembly passed Public Act 88-324, which was codified as §22a-354a through 354bb of the
Connecticut General Statutes. This act established the Aquifer Protection Area program to identify critical water
‘supply areas for large (serving over 1,000 people) wellfields in stratified drift and to protect them from pollution by
managing land use within these critical areas.

Two levels of mapping were required by the statute to define the critical areas for protection around Connecticut’s
water supply wellfields: “Level B” is a preliminary mapping of the contributing areas and Recharge Areas of the
wellfields and Level A Mapping is a refinement of Level B Mapping. Level B mapping was designed to be completed
quickly with minimal site-specific information, and at low cost. Under Level A mapping, detailed site-specific
information is collected for each wellfield and incorporated into a groundwater model of the aquifer. The model is
then used to predict the Area of Contribution and Recharge Area under drought conditions. Once approved by the
CTDEP, the Level A Mapping {consisting of the Area of Contribution and Recharge Area} must be adopted as an
Aquifer Protection Area. . o

There are numerous regulatory and non-regulatory tools for managing and protecting these groundwater resources.
Regulatory tools include: land use restrictions, performance standards, strategic monitoring, septic system upgrades,
toxic and hazardous materials handling procedures, and many more. Non-regulatory tools include: conservation



casements, household hazardous waste collection, public education, and Aquifer Protection Area contamination
contingency plans. '

In Connecticut, regulation of land uses on property within the Aquifer Protection Area, designed to minimize the
potential for contamination of the water supply well, must be established and enforced by the municipality. The
design and implementation of a strategic groundwater-monitoring program within the Aquifer Protection Area will
further strengthen protection of the wellfield.

To assist with the development of the above regulations and to set forth guidance for strategic monitoring, the
CTDEP obtained a grant from the U.S. Environmental Protection Agency (EPA) through Section 319 of the Clean
Water Act to fund a Pilot Strategic Monitoring Demonstration Project to be completed by Atlantic Geoscience
Corporation. The Crystal Water Company’s Hopkins Wellfield in Killingly, Connecticut, was selected as the site for
the Case Study. The project included the following elements:

1. A case study documenting the design and implementation of a Strategic Monitoring Network for the Crystal
Water Company's Hopkins Wellfield in Killingly, Connecticut. )

2. A guidance document providing guidance for the design and implementation of an Aquifer Protection Area
Strategic Monitoring Program appropriate for Connecticut’s valley-fill aquifers.

This Guidance Document fulfills element 2 above and includes examples and highlights from the Case Study, element
1 above (1999, Atlantic Geoscience Corporation}. :

PRINCIPLES OF STRATEGIC MONITORING. AND AQUIFER PROTECTION

In Connecticut, strategic monitoring will be required within the Aquifer Protection Area. Connecticut has set forth

the procedures for delineation of Aquifer Protection Arcas through its Level A Mapping requirements (Section 22a-

154b-1 of the Connecticut General Statutes). The requirements include detailed, site-specific data collection for each.
well or wellfield. The data are used to create a numerical two- or three-dimensional groundwater flow model. The

model is used to determine the Area of Contribution and Recharge Area under a simulated drought condition. Two

example delineations of the Lovel A areas and the resulting Aquifer Protection Areas are shown in Figure 1.

Agquifer Protection Area Definitions
Connecticut’s definition of an Aquifer Protection Area is:

“...any arca consisting of wellfields, areas of contribution and recharge areas, identified on maps approved by the
commissioner of environmental protection pursuant to sections 22a-354b to 22a-354d, inclusive, within which land
uses or activities shall be required to comply with regulations adopted pursuant to section 22a-3540 by the
municipality where the aguifer protection area is located™"

Definitions for the principal elements of Level A Mapping are as follows; these elements are also illustrated in Figure
2.

« « Area of Contribution® [AOC] means the area where the water table is lowered due to the pumping of a well and
groundwater flows directly to the well.”

« ¢ prea of Influence’” [AO]] means the land area that directly overlies and has the same horizontal extent as the part of
the water table or other potentiometric surface that is perceptibly lowered by the withdrawal of water. The area of
influence delineated by the use of modeling shall be that area of land in which the water table or potentiometric

surface is lowerad by at least 0.5 feet.”
« ‘Recharge Area’ [RAE] means the area from which groundwater flows directly to the area of contribution.”

! Connecticut General Statutes sections 22a-354h
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plus Recharge Area (RA)

Figure 1. Schematic of Regional Aquifer with
Aquifer Protection Area Delineations

(adapted from Witten and Horsely, 1995)
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Printary Goals and Elements of a Strategic Monitoring Program

Strategic monitoring represents a key aquifer protection tool that provides early-warning detection of contaminants
that could migrate from points of release within the Aquifer Protection Area to production wells and potentiaily
impact water quality. The monitoring program provides the ' '

information needed to initiate mitigative actions if contaminants
are detected at concentrations that could potentially impact the
quality of water at the production wells.

Primary Elements of a
Strategic Monitoring Program:

In short, strategic menitoring provides the ability to: 1. Monitoring Well Network

Monitoer trends in aquifer water quality;

Detect a contaminant plume, its direction and velocity; and
Plan the appropriate response, including remediation and

production well shut-down

Goals of a Strategic Monitoring Program:

Design a sampling network to monitor, in
priority order, land-use activities that present
the greatest potential threat to groundwater
quality;

Develop a sampling plan that minimizes
costs, while maximizing the range of
detectable contaminants and available
reaction time (to initiate remedial actions);
Develop sampling procedures that are
simple, cost effective, and technigally sound
and that minimize sampling-related biases and
ensure data integrity;

Design @ Data Management System that
facilitates accurate and efficient record

" keeping and provides a tool to assist in the
identification and evaluation of trends and of
statistically  significant departures from
background water-quality conditions;

Advocate a monitoring program that can
realistically be implemented by the water
supplier, from the perspective of costs, staff
resoutces, technical difficulty....ef¢; and
Establish a regular monitoring program
evaluation system, thereby ensuring that all
of the elements of the program are effective
and reflect the changing environmental and
operational conditions.

2. Sampling Plan

3. Sampling Procedures

4. Data Management System

5. Regular Evaluation of Program

The five primary elements of a strategic monitoring program
are listed here and discussed in detail in the following
sections of this guidance document.

The specific goals of a strategic monitoring program are
detailed below, including the purpose of each element.

BRIEF OVERVIEW OF CONTAMINANT
HYDROGEOLOGY

This section is intended to briefly highlight some of the
mechanisms and factors controlling contaminant transport
that should be considered when designing a strategic
monitoring  program. Behavier of contaminants in the
subsurface is highly complex and cannot be adequately
covered here; thus, the reader needing additional
information should consult the additional sources listed in
Appendix 2.

The design of a strategic monitoring network requires
knowledge of the location of potential contaminant sources,
the possible specific contaminants that could be released
and an understanding of the mechanisms that control their
movement in the subsurface. This knowledge greatly

- enhances the ability to predict whether contaminants could

migrate to the wellhead and increases the likelihood that
monitoring wells can be located to intercept those
contaminants effectively. The prediction of contaminant
migration is made difficult by the often highly variable nature
of materials that comprise the aquifer and the peculiarities of
each individnal contaminant relative to its movement
through porous media.



In order to start evaluating and predicting contaminant migration, one must assess the following:

1. The type of contaminant and its physical characteristics;
2. The primary transport mechanisms for the contaminant; and
3. The effects of local stratigraphy on the fate and transport of the contaminant.

Contaminant Types and Characieristics

and Transport Mechanisms

Characteristics
Toxicity
Mobility
Persistence
Solubility
Density
Vapor Pressure
Partition Coefficient

Physical Transport Mechanisms
Advection
Dispersion
Molecular Diffusion

Chemlca]IBm]oglcal Transport Mechanisms
Sorption and Desorption -
Biodegradation
Hydrolysis
Volatilization
Co-solvent Effects
Redox (Oxidation and Reduction)

Reactions
Dissolution/Precipitation
Ion Exchange

Table 1. Summary of Contaminant Characteristics

Contaminants can generally be broken into three types:

1. Synthetic organics; volatile organic compounds
(VOCs), semi-VOCs, pesticides, PCB’s

2. Inorganics: nutrients {nitrogen, phosphorus), heavy
metals, others (sodium, chloride)

3. Pathogens: protozoa, bacteria, viruses

Contaminant characteristics (Table 1) include: toxicity,
solubility,, density, mobility, and persistence. Toxicity is
the degree to which a chemical produces a harmful
biclogical effect. It should be noted that toxicity levels
are not known for all chemicals nor are they absolute.
Sclubility and density are important characteristics that
help determine the type of transport mechanism that
controls the distribution and mobility of contaminants.
Persistence refers to whether a contaminant undergoes
chemical, biological or radioactive degradation or
whether it does not react with the soil or groundwater.
Vapor pressure reflects the volatility of a compound and
partition coefficient characterizes the compound's
distribution in two phases.

Contaminants can be divided into three general types
according to their density relative to water: floaters,
mixers, and sinkers (Figure 3). Contaminants
characterized by low solubility in water will partition out
into a density-based separation as either “sinkers” or
“floaters”. High solubility constituents, such as
inorganics, will mix with the groundwater and migrate via
advection, dispersion and diffusion, and hence are called
“mixers”.

“Floster
IDURGE
(I

© *Mixar” "Einker®
SOURGE SOUACE

by

Capilaiy Frings
Wnlur‘l‘nhh

u«m{wﬁ'&i G&nbhc Vil Figm " Dlstishod Crggiks
Impsmnabla Laypr

D T Ty e T 20 T2 T T

::. =

Figure 3. Density-Controlled Contaminant Transport (Wltten and Horsley, 1995)




Some Hydrogeologic Controls Over Transport

Confining layers '

the low-permeability nature of confining layers can

reduce the likelihood of migration and the travel time

of contaminants between unconfined & confined

aquifers

contaminants can flow across a confining layer if:

e the potentiometric head in the upper aquifer
differs from that in the lower aquifer; and

s the confining layer is naturally leaky, or breaches
exist in the confining layer (manmade or natural)

thus confining layers can either protect one aquifer

from contamination by the other or, if leaky, can allow

cross-contamination of the aquifers

a head gradient between upper and lower aquifer can

be induced by pumping of a well in the lower aquifer,

possibly resulting in migration of contaminants across

the confining layer, if conditions discussed above

exist. '

Aguifer materials 2

molecular diffusion may be more dominant in fine-

grained materials and low flow veloeities

plume shape and aquifer matetials:

¢ with higher flow velocities, the plume tends to be
more elongated than at lower flow velocities

s with higher hydraulic conductivity, the plume
tends to be more elongate; with lower hydraulic
conductivity the plume tends to stay more
compact

Surface Water ! -

under pumping conditions, surface water can 1) act as

" a boundary to flow, 2) be subject to induced

infiltration, or 3) cause underflow from the opposite
side of the surface water body; in the latter two cases,
the surface water body and areas across the surface
water body shoutd be considered potential sources of
contamination

\USEPA, 1987, Guidelines for Delineation of Wellhead Protection
Areas, Office of Water, Washington DC, EPA 440/6-87/010

2palmer,

C.M., 1996, Principles of Contaminant

Hydroeeology, Lewis Publishers, New York

RS
focused recharge (injection wells, lagoons, detention basins...)

Primary Transport Mechanisms

Contaminants can move through an aquifer by
several  physical  transport  mechanisms.
Advection is the movement of a solute at the
average linear velocity of groundwater.
Dispersion is the spreading of a solute over a
greater area than would be predicted by the
groundwater  vectors due to mechanical
dispersion and molecular diffusion. Mechanical
dispersion refers to spreading due to deviations
in the velocity of groundwater as it moves
through porous media. Molecular diffusion
accounts for the dilution of the solute by non-
contaminated groundwater,

In addition to physical transport mechanisms,
chemical and biological mechanisms can affect
contaminant movements. Various chemical and
biological mechanisms that result in chemical
transformation and biological breakdown are
included in Table 1.

The Effects of Local Stratigraphy on the Fate
and Transport of Contaminants

The development of a conceptual hydrogeologic
model for groundwater flow is a critical precursor
to determining contaminant transport mechanisms
and flowpaths. Aquifer boundaries, subsurface
stratigraphy and external stresses play an
important role in the fate and transport of
contaminants. In addition, the following aspects

of the hydrogeologic system should be
evaluated: -

s unsaturated zone thickness

e  vertical head gradients

+ confining and semi-confining layers

» surface waier bodies

+ “impermeable” boundaries (bedrock)

preferential flow zones (buried stream channels, karst conditions, fracture flow,...)
ambient groundwater quality (e.g., pH and Eh strongly affect the susceptibility of groundwater contamination by
metals). ‘

of the State’s glaciated terrai

Developing a conceptual model for the fate and transport of contaminants in Connecticut requires an understanding
n. Comnecticut’s most prolific aquifers occupy primarily shallow valley-fill deposits of
meltwater-sorted materials overlying sedimentary or crystalline bedrock. Typically, aquifers are flanked by till and
bedrock uplands along the valley walls. The most important source of recharge to the aquifer is from precipitation
falling both directly on the aquifer and indirectly on the adjacent till and bedrock uplands, resulting in runoff to the
aquifer. Connecticut’s valley-fill aquifers represent a significant groundwater resource due to the transmissive quality
of the stratified drift aquifer materials combined with the hydraulic connection with streams flowing through the
valley. Physical transport mechanisms for groundwater contaminants in this setting include advection, dispersion,



and molecular diffusion, with advection being the predominant mechanism for many soluble contaminants.
Contamination plumes typically move slowly, by advection, through sand/gravel aquifers and become elongated in
the flow direction. Factors such as low contaminant solubility, a density significantly greater or iess than water,
dispersion, absorption onto sand grains, and biodegradation can modify the typical advection plume.

All sand and gravel deposits are underlain by bedrock (although other unconsolidated materials such as glacial till
may intervene). Most bedrock in Connecticut is relatively impermeable, except where the rock is cut by fractures or
other structures. These fracture zones form highly discrete flow paths through the rock. Contaminant transport in
fractured bedrock is inhomogeneous and often anisotropic, with each setting presenting unique characteristics. The
potential exists for fractured bedrock to either receive contaminants from, or discharge contaminants to, overlying
sand and gravel. '

PILOT STRATEGIC M ONITORING PROGRAM CASE STUDY: CRYSTAL WATER COMPANY’S
HOPKINS WELLFIELD

The Crystal Water Company’s Hopkins Wellfield, in Killingly, Connecticut, was selected as the site for a Pilot
Demonstration Project to evaluate the process of designing and implementing a strategic monitoting program.
Examples from the Crystal Water Company’s Pilot Project, completed byl Atlantic Geoscience Corporation, are used
throughout this Guidance Document to illustrate the various steps outlined herein.

. The Crystal Water Company (CWC) provides drinking water to customers in the Dayville section of Killingly,
Connecticut. The CWC developed the Hopkins Wellfield during the early 1980’s to provide the additional water
demanded by their growing customer base. The Hopkins Wellfield, composed of two gravel-packed production wells
(designated PW2 and PW3), is adjacent to the Fivemile River and south of the Village of Dayville in Killingly,

Connecticut (Exhibit 1).

The Hopkins wellfield is located in a well-developed area with a number of indusirial and commercial establishments.
Several of these local businesses have reported refeases of petroleum or hazardous materials. As a result of past and
current land uses in the vicinity of the wellfield, low levels of contaminants have historically been detected in the
wellfield and monitoring wells. Between 1994 and 1997 PW3 was offline due to low-level MTBE contamination.

The design of the strategic monitoring network was based, in part, on the Level A Mapping Study for the Hopkins
Wellfield completed by Whitman & Howard, Inc., of Wellesley, Massachusetts {1995). This study consistéd of a
hydrogeological investigation of the wellfield and vicinity and an aquifer test to determine the hydraulic coefficients
of the aquifer. In addition, a numerical groundwater flow model was designed, calibrated, and verified and used to
predict the Area of Contribution and Recharge Area to the wellfield under “Level A Conditions”. Products and

results from the Level A report were used where appropriate in the Strategic Monitoring Program design to minimize
costs and duplication of effort.

2.0 SUGGESTED TASKS FOR DESIGNING AND IMPLEMENTING A
STRATEGIC MONITORING PROGRAM

The following section describes the suggested tasks for the design and implementation of a strategic monitoring
program. Throughout this portion of the document, case study examples are included as exhibits to help illustrate the
steps described herein.



] PRODUCTION WELL —_—
' LEVEL A AREA OF CONTRIBUTION  -~————-

~ Exhibit 1. Site Map

Pilot Strategic Monitoring Case Study, Altantic Geoscience Corporation, 1999

LEVEL A RECHARGE AREA
LEVEL B AREA
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TASK 1: IDENTIFY CONTAMINATION THREATS

The purpose of a contamination threats analysis is to identify and prioritize point and non-point sources of potential
contamination, and to determine potential contaminant types, volumes, and most likely modes of release. This
information is critical to the development of a monitering program tailored to the specific threats at a particular site.

Identifying the specific origin of contamination detected in

monitoring or production wells is not necessary to design a

strategic monitoring program, although it may be an outcome

of careful evaluation of data collected during the design.
However, idenlify-ing .the lc'Jca.tion of ex.isting and Potential 3 Assess contamination migration pathways to
sources of contammat.lon within the Aqul_fer Protection Area production well(s)

is critical to the design of the monitoring network. The | 4 Design monitoring well network

analysis is completed in a four-step process, as outlined in | 5 Design sampling plan

Steps to Design a Strategic Monitoring Program

1. Identify contamination threats
Evaluale and prioritize contamination threats

0

the subtasks below: 6. Submit proposed monitoring well network
' and sampling plan to CTDEP

1. Prepare base map 7. Install new monitoring wells

2. Obtain land-use inventory data 8. Develop water quality monitoring data

3. Review municipal, state, and federal agency data management system

4, Perform windshield survey 9. Begin monitoring program

10. Evaluate monitoring program

Prepare Base Map

The first step in the project is the creation of a base map
{llustrating the major hydrological and cultural features in the
area. This step facilitates the mapping of potential
contamination threats and their locations relative to the
wellfield.

A base map can be synthesized from a number of sources:
digital map data layers available from the CTDEP's
Geographical Information System Program; the Level A
Mapping study; tax maps; and reports covering the site area.
At a minimum, the site should be shown on a USGS 7 ‘2
minute topographic map. Aerial photography can also be
used to supplement mapping obtained from digital databases
ot from the USGS topographic maps.

The base map should show the following elements,
supplemented by information gathered in subsequent tasks:

project site

individual production wells in wel!field

Level A Area of Contribution and Recharge Area
surface water (streams, lakes, ponds)

major roads

opoooo

Exhibit 2 describes the development of the site map shown in Exhibit 1.



Obtain Land-Use Inventory Data

A land-use inventory is mandated under Section 22a-354c of the Connecticut General Statutes. The inventory
provides a comprehensive accounting of high-risk land uses within the Level B area. In section V1 of the “Guidelines
Jor Land Use Mapping over Public Drinking Water Aquifers” (CTDEP Water Management Bureau, 1991), the
CTDEP identifies the land use categories to be mapped (Appendix 3). Section VII of the same document describes
which “Higher risk activities and facilities listed by land use category” are to be discretely labeled on the map.

Land-Use Inventory data for the Level B area can be obtained from the municipality or the CTDEP. It should be noted
that the Land Use Analysis is completed for
the Level B area, which typically is larger
than the Aquifer Protection Area. Typical
products of the inventory include:

1. a map classifying land uses of all parcels
within the Level B area;
2. mapped (and numbered) locations of

P it high-risk land uses (Exhibit 3);

3. and a listing of high-risk land uses
(keyed to the map) detailing owner’s
pame, address, type of business or
activity, tax map, block and parcel
number,

Once completed, the mapped land use
classifications and individual high-risk uses
are digitized by the Map and Geographic
Information Center (MAGIC), with CTDEP's
Environmental and Geographic Information
Center, and are available on disk for a
nominal fee MAGIC. The Land-Use
Inventory should form the starting point for
the identification of contamination threats
within the Level A Recharge Area and Area
of Contribution. This information should be
supplemented by a windshield survey to
further characterize the nature and location of
potential contamination threats.

Review Municipal, State, and Federal Agency Data

Information on potential contamination sites is available from various municipal; state and federal agencies
(Appendix 4). Most of the available data from these sources concerns “regulated sites”, sites that are under an order
to complete investigations, conduct compliance monitering, and/or perform remediation to mitigate contamination
thought to originate at the site. The following types of sites should be identified within the Aquifer Protection Area:
Resource Conservation and Recovery Act (RCRA) sites, Comprehensive Environmental Response, Compensation,
and Liability Information System (CERCLIS) sites, and National Priorities List (Superfund) sites. In addition, the
individual CTDEP caseworkers that oversee activities at state-regulated sites may be contacted in order to confirm
the status of each site and to obtain additional information regarding ongoing monitoring ‘programs and site
investigations. Documented releases are listed on the CT Bureau of Waste Management’s Spill Incident database.

|



Appendix 5 includes a listing of “Potential Sources of Groundwater Contamination” that is useful for evaluating the
types of contaminants by land use activity (EPA/625/R-93/002). Appendix 6 lists “Potentially Harmful Components
of Common Household Products” (same source).

Several private vendors offer standard site assessment reports consisting of data on contamination risk sites within a
certain radial distance of the subject site. These vendors search state and federal databases for information on USTs,
LUSTs, RCRA generators, Toxic Release Inventory System sites, Sitc Remediation Orders, and more. Where
adequate address data is available, the sites can be plotted onto a site map. This can be an efficient way to gather
contamination threat data quickly for $150 to $250. Names of such vendors can be obtained from a search on the
Internet under “environmental site assessment”. ’

In the event that the Aquifer Protection Area includes part of a surface-water bedy, then the surface-water body may
-be a potential contamination threat. Thus discharges to that body should be identified. The CTDEP published a
series of documents useful for evaluating discharges to surface water bodies: The Leachate and Wasiewater
Discharge Sources maps for Connecticut’s
river basins (CTDEP, 1988). The CTDEF can
also supply a list of National Pollution

Windshleld Survev Form

DATE: PROECT: Discharge Elimination System (NPDES)

YOUR NAME: CLIENT - A . .
it p— ADDRESS; perrq1ts identifying the re!gu_lated and
monitored discharges in the vicinity of the
ARPROXIMATE DISTANCE FROM SITE—— site. Individual NPDES permits can then be
LOGATION 1% obtained and reviewed for specific
oo information on the nature of the discharges

PTION:

and monitoring programs. USGS surface
water-quality stations on various rivers can
provide the data needed to evalvate a
river's ambient water quality.

NATUHE OF PROPERTY:

ITIAL, INDUSTRIAL e

B i ap—— Perform Windshield Survey
ABANDONED LOT, e OTHER,
HoTes: A site reconnaissance (“windshield
survey”) of the project arca should be
POTENTIAL SOURCES OF CONTAINATION. conducted to confirm the location and land

(kﬂuhmmdmmmmhlhﬂmwhhmmymdm)
use activities within the Aquifer Protection

ABANDONED WATER WELL ____INJECTION WELL ————

ABOVE GROU RAGE e LANDFR/DU —_ .

ABOLE ROUNDSTORMGETMN e " — Area. Such a survey serves to verify land
ANIMAL FEEDLOT —__MUNK:IPALSEWAEELNE - el -
ARTIFIGIAL RECHARGE o ol/eASWEL [ uses and on-site activities at potentlal
AUTO SALVAGE YARD s A UARRY ——— . . . .
CEMETERY SR— L pE——— sources of contamination, as deseribed in
CESSPOOL SEPTIC TARK ——— . . -

CHEMICAL STORAGE (BARRELS, ..} SEPTIC T moswwel —————— | .the land-use inventory, and identify any
DRAINAGEWELLICARAL LAN SLUDGE DISPOSAL m e . L N .

QUMPSTER o STREAM(LAKE.RWER) S additional activities of particular interest to
ELECTRICAL TRANSFORMER } STORAGE TANK  mrm————meea— . _
FERTILZERPESTIGIDE APPL o WAREHOUSE —_— the subject wellfield. Observations should
GCLF COURSE —_— e WATER Wﬁl.,l. e — . .

GRANSTORAGE ————— e —_— include: the approximate age of structures;
HOLOING PONDLAGOON STHER _— the presence of fuel storage tanks; the type
HOTES: : - of fuels, chemicals, wastewater, and other

potential contaminants that might be used,
stored, or disposed of cnsite; the use and
storage of heavy ecquipment; and any
activities that use or generate potential
contaminants.

EVIDENCE OF LEAKS/SPILLS, IMPROPER HANDLINQVOISPOSAL OF HAZ MATERIALS OR PETROLEUM PRODUCTS":

+ STAWNED BROUND, STRESSED VEGETANCH, UHUSULL DN UHFLEARAHT ODOR
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TASK 2: EVALUATE AND PRIORITIZE CONTAMINATION THREATS -

This task involves organizing all the information gathered in Task I, by tabulating and mapping the potential
contaminant sites. The nature of potential groundwater contaminants at each site is then evaluated, relative to their
fate and transport characteristics, and then potential contamination threat sites are prioritized to assist in designing
the monitoring well network. :

Summarize Contamination Threats

Once information on high-risk land uses and potential contamination threats has been gathered and verified in the
field, it is useful to tabulate this data using ‘forms. Threats should be numbered in the table so they can be mapped
on a site map for efficient cross-referencing. The table should also include accompanying information on types of
operation, location, contaminants stored/generated, contamination incidents, remedial actions and regulatory status.
The last column in the table shows a code representing the risk to groundwater quality (risk categories A — E,
discussed in the next section) and the land-use category of the property (for example “Industrial™). The table could
also include a code describing the type of contaminants (i.e. floater, mixer or sinker) that would also appear on the
map {coded by symbol, Iabel or color). This would assist in evaluating the contaminant pathways likely taken by each .
contaminant.

Contamination Threats Form

RISKTO.

SITE| SITE NAME & TYPE OF PROXIMITY TO- CONTAMINANTS CONTAMINATION REMEDIAL REGULATORY REFERENCES |- GROUNDWATER
NO. | ADDRESS OPERATION WATER CO. STORED) GENERATED) INCIDENTS ACTIONS STATUS QUALITY & LAND USE
CATEGORY™

* Risks and land use categuas from draft "Ranking Land Usa Catagosies by Thalr Risk {0 Groundwater Quality” {CT DEP, 1937}

A map should be developed that shows the following:

Recharge area

Area of Contribution

All numbered potential contamination threats
Roads

Hydrography

Production wells

ocopoo0o

Exhibit 4 provides an example of such a map. The map includes al! the above features and also shows three risk-to-
groundwater-quality categories (C, D, and E) as different colors/symbols. The methodology for determining potential
contaminant risk categories is discussed in the next section.

Prioritize Contamination Threats

This step provides a method of evaluating potential and existing contamination threats to determine locations with a
high likelihood of releasing (or having released) significant quantities of petroleum or hazardous materials to the
ground and groundwater. Potential contamination threats within the AOC and Recharge Area can be prioritized using
the "Ranking of Land Use Categories by Their Risk to Groundwater Quality" (Table 2, CTDEP, pets. Comm., 1997).
This risk category system is used by the CTDEP to evaluate land uses within Aquifer Protection Area's and
categorizes land uses into five groups from “A” (least risk to groundwater quality) to “E” (highest risk to
groundwater quality). The risk catcgory chosen for each threat is indicated both in the potential contamination
threats form and map. Exhibit 5 describes the application of this method to the case study. Potential contamination

threats should be categorized using this system. :
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ROADS
———— HYDROGRAPHY
LEVEL A AREA OF CONTRIBUTION

— = LEVEL A RECHARGE AREA

a9
[}

------ LEVEL B AREA

n PRODUCTION WELL

EXPLANATION

BUILDING

POTENTIAL CONTAMINANT THREAT SITE
FOR RISK CATEGORIES C (MODERATE RISK)
TG GATEGORY E (MOST RISK)

“7g CATEGORY A OR B {LEAST RISK)
®g  CATEGORY C @MMODERATE RISHK)
“% CATEGORY D

se CATEQORY E (MOST RISK)

Exhibit 4. Potential Contamination Threats

Pilot Strategic Monitoring Case Study, Atlantic Geoscience Corperation, 1999
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Table 2. Ranking of Land Use Categories by Their Risk to Groundwater Quality

LEAST RISK

A. .
. Water company owned land
2. Designated, passive recreation open space
3. Federal, state, local, private parks and forests
4, Private land managed for forest products
5. Developed recreational use, public parks

B.
1. Field Crops — permanent pasture, hay crops, com, vegetables
2. Low Density residential — (>2 acre lots)
3. Churches, Municipal Offices

- C.

1. Agricultural Production - dairy, livestock, poultry, nursery, tobacco ¢rops, orchards
2." Golf Course
3. Medium Density Residential — (1/2 to 1 acres lots)

D.
|. Institutional Uses — schools, hospitals, nursing homes, prisons
2. High Density Housing — (<1/2 acre lots)
3. Commercial — with nothing more than sewage discharges

E
1. Retail Commercial - gasoline and automotive service stations, dry cleaners, photo processors, medical arts, forniture

strippers, beauty shops, junk yards, machine shops, radiator repair shops, printing businesses
2. Industrial — manufacturing, processing, research facilities '
3. Waste disposal — lagoons, landfills, bulky wastes
MOST RISK

(Source: CTDEP)

TASK 3: ASSESS CONTAMINANT MIGRATION PATHWAYS TO PRODUCTION WELL(S)

hY
The purpose of assessing contaminant and migration pathways is to assist in designing a monitoring network
capable of intercepting contaminants migrating from potential contaminated sites toward the wellfield to provide an
early warning system for the water supplier. Development of a conceptual -model that describes hydrogeotogic
controls on contaminant movement is the first step, followed by the assessment of contaminant migration pathways.
Once migration pathways are delineated, the travel time for contaminants to reach the production well(s) can be

estimated.

Critical groundwater flowpath and geologic cross-section information will be used to plan the locations and screened
intervals for groundwater monitoring devices. The installation of new devices will be used to supplement existing
monitoring systems to provide as comprehensive a monitoring network as possible within budgetary constraints.
Travel-time estimates of potential contaminants will help formulate the sampling frequencies.
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Develop Conceptual Hydrogeologic Model for Contaminant Movement

A conceptual hydrogeologic model should be developed to determine the existence of hydraulic boundaries, areally
extensive stratigraphic units, or strong vertical gradients that could control the migration of contaminants.
Knowledge of these conditions is essential to optimize the design of a monitoring network that will intercept potential
contamination approaching the wellfield from upgradient sources.

The important clements that should be addressed and described in a conceptual hydrogeologic model are listed
below. The Level A report for the wellfield should contain a conceptual hydrogeoiogic model describing the
movement of groundwater through the aquifer for the purpose of constraining the design of the computerized
groundwater flow model. This conceptual model can form the basis for a conceptual model for contaminant
movement. Exhibit 6 summarizes the conceptual
hydrogeologic model for the case study site.

Elements of a Conceptual Hydrogeologic Model for

Coutaminant Movement Simple  geologic  cross-sections drawn

approximately parallel and perpendicular to the
direction of groundwater flow or more complex
three-dimensional block diagrams facilitate
visualizing subsurface conditions and can yield
useful information for estimating contaminant
migration pathways. The following data for the
Level A study are useful in developing a
conceptual hydrogeologic medel: cross-sections,
well logs, historical water level data, model design
information, and the Level A model results.

s Aquifer boundaries
s Aquifer recharge and discharge mechanisms
s Aquifer materials and stratigraphy
¢  Groundwater flow directions and gradients
e Nature of non-aquifer materials (bedrock, till, clay)
¢  Groundwater-surface water interaction
»  Saturated thickness
¢  DPresence of areally-extensive confining layers
e Implications of above on contaminant movement

16



Estimate Critical Groundwater Flow Paths and Travel Times

A critical groundwater flow path is a preferred contaminant migration pathway; or flow line, from a high-priority
contamination threat to the wellfield under "Level A conditions”. Level A regulations mandate that the model
simulate "Level A conditions”, achieved by 180 days of pumping with no recharge to the aquifer. An evaluation of
the distribution of hydraulic head under modeled Level A conditions, and a subsequent determination of
groundwater flow paths and travel times under the same conditions, should be completed in this task.

Travel times along flow paths, sometimes translated into capture zones using a time-of-trave] criterion, provide a
basis for establishing the sampling frequencies for the monitoring wells. The capture zone is the land area contained
inside the circle formed by connecting the particle location generated by running the model backwards for a chosen
time-of-travel. For example, 2 series of capture zones can be delincated representing 90-day, 180-day and 365-day
times-of-travel. Monitoring wells placed near the 90-day capture zone boundary would be sampled every 45 days,
wells near the 180-day capture zone would be sampled at least quarterly, etc. In order to provide adequate early-
warning detection of contaminants, the sampling frequencies for a given monitoring well should be approximately
one half of the time-of-travel for a contaminant to move from the monitoring well to the wellfield.

Several options exist to determine groundwater flow paths and travel times under Level A conditions. The options
include the performance of a more simplified, traditional flownet analysis and manual calculation of travel times, or
post-processing of Level A groundwater flow data with a particle-tracking model. These two options are described

below.

While one could justify using “average” pumping conditions to determine groundwater flow paths, the use of Level’
A drought condition results in a worst-case scenario whereby the greatest number of flow paths terminate at the
production well(s). The modeled head distribution under these conditions produces flow lines that converge at the
wellfield. Flow lines under modeled average ambient conditions usually differ substantially from those under Level 4

conditions.

Flow Net Analysis

A flow net is “a set of intersecting equipotential lines and flow lines representing two-dimensional steady flow
through porous media” (Fetter, 1994). Once a flow net is completed, flow paths originating from any point can be
drawn perpendicular to the equipotential lines, allowing one to determmc whether flow lines originating from high-
priority threats terminate at the wellfield.

First, a horizontal flow net should be developed using modeled cutput of heads under Level A conditions. This.
entails the following steps:

1. Plota map with contoured and posted modeled heads

2. Choose high-priority potential contamination threats as origination points for flow paths

3. Draw “critical groundwater flow paths” from (2) to the wellﬁeld staying perpendicular- to the contours,
(equipotential lmcs)
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Exhibit 8. Potential Contaminant Flow Paths and Capture Zone

Pilot Strategic Monitoring Case Study, Atlantic Geoscience Corporation, 19599
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To evaluate flow paths in the vertical dimension, geologic cross-sections developed as part of Task 3 should be used
to identify zones of enhanced hydraulic conductivity within the stratified drift. Variability in hydraulic conductivity
with depth may play a predominant role in controlling the distribution of hydraulic head, and thus contaminants. If
sufficient data exists, observed or modeled hydraulic head data along the geologic cross sections can be posted and
used to draw flow paths in the vertical dimension. The Level A mapping studies include geologic cross-sections that
can be used for this evaluation. Additional cross-sections can also be drawn along suspected critical flow paths
when not available in the Level A Mapping. Exhibit 7 describes the development of potentlal contaminant flow paths
for the case study site shown in Exhibit 8.

The manual calculation of travel times involves application of the equation below to calculate the time-of-travel along
a flow line:

Travel time={dx @)+ (K x 1)
where K = hydraulic conductivity (feet per day)
i = hydraulic gradient (unitless),
{J = effective porosity, and
d = distance from potential release points to the wellfield along the flow path (feet).

It should be noted that computed travel times are approximate due to the uncertainties associated with modeled
heads used to generate the flow paths and the hydraulic parameters used in the travel-time calculations along each
flow path. The application of this method for the case study to estimate travel times along critical contaminant flow
paths is discussed in the Exhibit 9.

v

CALCULATION:

. Fravel 1me (T) = {d x /Kl
* . where ¢ = distance along lNow path
EXPLANATION: ™ O =elfective pornaity
% = hyriraulle conduclivityt
1= hydraullc gradien

( . : 216 1, Water Tahle Contaur

<
Zone ol Hydraulic Conductuvity () . / - TTa= i :‘l"fll x01
where K = 250 infday t/d) x

Heverse Flost Pth from poesping well TTh=___ msol
EVETSE v Fath [rem o g wel T =
wilh segnents 2, 1 & ¢ befween contours 25(RN/d) x 2.i.ﬁ.|ﬁ|§.lf.‘0
TTe= e x 0.1
15061280 5 207-2 1610
) o

MANUAL CALCULATION OF TRAVEL TIME ALONG
EACH SEGMENT OF A REVERSE FLOW FATH
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Particle Tracking .
Particle tracking using computer codes allows the user to delineate particte flow paths, thus facilitating visualization
of the flow field. These codes are generally used as post-processors to groundwater flow models to check for errors,
as well as to delincate the flow system and its recharge and discharge areas. Particle tracking is also useful for
determining contamination sources and delineating capture zones. Particles are introduced at the wellhead and
tracked in reverse (reverse particle tracking) to determine their origin. The upgradient boundaries of the capture zone’
are determined by the selected time-of-travel

A variety of models are available ranging from more simplified analytical and semi-analytical programs to complex
numerical codes. Water companies typically hire a consultant to complete modeling because of the computer and
technical expertise required. Appendix 2 contains additional references concerning the selection of computer codes.

As described above, particle tracking should be performed under Level A conditions. ‘Thus, the particle tracking
simulation should be based on conditions at the end of the 180-day drought scenario.

The procedure is described below:

1. Choose an analytical, semi-analytical, or numerical particle-tracking model.
Use modeled head output at the end of the Level A simulation (180 days with no recharge) as starting heads
or appropriate data representing these conditions.

3. Choose either a transient or steady state simulation. Each option requires that the model be close to or at

steady-state conditions at the end of 180 days. '

Place particles around the perimeter of the AQC or at high-priority threat sites.

Run model the forward to trace their flow paths.

Choose a time-of-travel criterion (e.g., 180 days, 365 days, 5 years).

Run the model in reverse to trace the location of the particles at the time-of-travel criterion.

Novm oA

Evaluate Potential Surface Water Quality Influence

Surface watercourses often act as sources of recharge under pumping conditions. If a surface water body of poor
water quality is located within the Area of Contribution, its threat potential may be high. If the surface water body is
located within the Recharge Area, it may also provide a component of the wellficld's recharge. In this case, the Level
A report should be reviewed and a determination made as to the potential for induced infiltration from the surface
water body. This evaluation will determine whether and where surface water monitoring points should be included in

the monitoring network.

TASK 4: DESIGN MONITORING NETWORK

. ,

The objective of this task is to design a monitoring network that supplements existing monitoring systems. The goal
is to monitor, in priority order, land-use activities that are deemed to present the greatest likely threat of water quality
impairment of production well water and to provide early-warning detection of contaminants. The proper placement
of monitoring wells provides the ability to: 1) moniter trends in aquifer water quality; 2) detect a contaminant plume,
its direction and velocity; and 3) plan the appropriate response, including remediation and production well shutdown.
The monitoring network should be as comprehensive as possible within budgetary constraints. The following
sections describe the steps for designing a monitoring network.

Evaluate Existing Monitoring Programs

The identification of existing monitoring programs is important in determining where ongoing monitoring can provide
adequate early-warning of contamination and where additional monitoring wells are needed to close gaps in the
existing monitoring programs. Contamination sites within the Recharge Area that are under state or federal oversight
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control should be cvaluated to determine the adequacy of any cxisting water quality meonitoring programs in the
" context of the project objectives. If existing monitoring programs are deemed inadequate, a request for modification of

the facility sampling program can be made.

Information on existing monitoring programis at regulated sites can be obtained from the CTDEP and the US EPA
Region 1. Additional documents can be requested from these agencies to confirm monitoring well locations and
construction details, and to obtain boring logs, sampling schedules, and analytes. ‘Shown here is an example of a
form detailing the type of information that is useful for evaluating existing monitoring programs.’

Locate and Design Monitoring Network

Exlsting Monitoring Program Form

A, WITHIN AREA OF CONTRIBUTION

SITE HAME & SAMPLING ANALYTES |  SIGNIFICANT
ADDRESS FREQUENCY |WELLS SAMPLED| ‘saypipn |  DETECTIONS REGULATORY STATUS
B. WITHIN RECHARGE AREA [AND OUTSIOE AREA OF CONTRIBUTION}
SITE NAME & SAMPLING ANALYTES |  SIGNIFICANT
ADORESS FREQUENGY |VELS SAMPLED] “opmpien | DETECTIONS - REGULATORY STATUS |

The design of the rmonitoring
network is the result of a combination
of factors: 1) technical criteria.that
identify "ideal well sites” to optimize
the interception of contaminants in a
timely fashion and provide adequate
carly-waming to the water supplier
and 2) logistical factors that may
limit the available sites and result in
modifications to the "ideal well
sites". Technical criteria may be
sacrificed in some cases due to
logistical considerations; for instance
legal and physical access to the
preferred well sites may not always
be available.

A monitoring network for strategic monitoring can include various kinds of monitoring stations such as:

micto wells

surface water sampling stations
riverbank piczometers

conventional 2-inch PYC monitoring wells
multiport sampling devices
nested monitoring well or piezometer pairs

The subsurface materials, physical access to the site, range of expected contaminants and project budget are some of

the factors that will determine the appropriate choice of monitoring stations.

Guidelines for Locating Monitoring Stations

Technical Criteria:
= prioritize monitoring station locations to intercept contamination migration from the highest risk land uses;

« locate monitoring stations at a distance from the production well(s) such that the planned sampling frequency
(ideaily half the time-of-travel) provides adequate early warning of potential contamination;

» locate monitoring stations to have overlapping monitoring well capture zones, maximizing the likelihood of
intercepting contaminants along likely pathways;

= locate monitoring station clusters where nceded so that the screens taken can adequately cover the aquifer

thickness (ideally, 10 fect of screen for every 20 or 30 feet of aquifer thickness).

Logistical Factors: '

= use existing monitoring wells and ongoing compliance monitoring programs, where feasible;

= adhere to permit requirements (wetlands, filling...);

= provide physical access for drilling, monitoring and sampling;

= comply with legal access arrangemenls (owner’s permission, rights of way, liability...).
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Exhibit 10 and Exhibit 11 describe the approach taken to designing a monitoring network for the case study site.

Property Access and Agreements

The ideal situation is to design a monitoring network where atl the existing and/or proposed monitoring wells are on
the water company property, thereby bypassing any need for special permission to access neighboring properties for

drilling and sampling. If this is not possible, a mechanism is needed to formalize an agreement with neighbors to
carry out the monitoring program using wells on their property. .

One approach is to draft a simple letter agreement. The sample letters here address two situations:

1. permission to access and sample existing monitoring well(s)
2. permission to install and sample new monitoring well(s)

If a more formal agreement is desired, then other options are available such as a deeded easement (in perpetuity) or
lease to access the property for a specified duration of time. Regardless of the type of agresment, the following
elements should be included in writing: '

brief description of the monitoring program

description of existing or proposed wells to be accessed or installed

reason for entrance to property and what activities will take place

frequency and duratior of entrance to property

» special arrangements such as transfer of keys, advance notification, parking, sharing water quality results, etc.
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Example of a Property Access Permission Letter to Drill and Sample New Well(s)

To Whom It May Concern:

The {water company) is currently designing a monitoring well network for the purpose of tracking background water quality of the aquifer amd
providing ¢arly wnrning detcction in the event that changes in water quality could afTect our production wells. As you may know, we have monitored watcr
quality atseveral wells that we plan to sumple ona regular basis to achieve the goals of the project as stated.

We would very much appreciate your permission so that we may install monitoring well/s on your property to includc in our netwark. The proposed
locations are shown on the sttached map. We would be willing to move the locations somewhat to accommodate your nceds. With your permission we would

insiall the wells using a truck or track-mounted drill rig and, once completed, retum the arca to its original condition. A repr ive of the {water
company} would come onto your property several times throughout the ycar to measure waler levels ond take water samples. We anticipate that this

process would take between one and two hours cach time,

Thank you very much for your attention te this request and assistance in this matier, If you are willing to grant the permission requested, would you please
sign where noted below and return the enclosed permission to us. If you have any questions regarding the project do not hesitate to conlact me at

Sincercly,

{water company representative)

[ hereby grant permission to {water company), and their represeniatives fo install monitering wellfs on my property and fo subsequently enter my
property for purposes of menitaring water levels and collecting waler sampies at the above well(s).

Hereunio duly authorized:

Signature Date

Please print name and Lille

Example of a Property Access Permission Letter to Sample Existing Well(s)

To Whom It May Concern:

The ___(water company) _ is currently designing 8 monitoring well network for the purpose of tracking background water quality of the aguifer and
providing early warning desection in the event that changes in water quality counld affect our production wella. As you may know, we have monitored water
quality at several wells, which we plan to sample on a regular basis to achicye the goals of the project as stated,

During the course of this study, it has come to our attention that a well identificd as __{well i¢) _ is located on your property. We would very much
appreciate your coaperation so that we may include the well in our network. With your permission a representative of the __(water company} _ would come
outo your property several times throughout the year to measure water levels andl take water samples. We anticipate that this process would take belween onc
and two hours each time,

Y

If you are willing to provide us permission to utilize your monitoring well for the purposes stated above, we will adhere to any protocels that you may
require. With regard to physical access to the well, we would need to obtain a key 1o the lock that is currently on the well or replace your lock with ours. In
the Tatter case we would return your lock to you. :

Thank you very much for your attention Lo this request and assistance in this matter. If you are willing to grent the permission requested, would you plcase
sign where noted below and return the enclosed permission to us, Tf you have any questions regarding the project do not hesitate Lo contact me at

Sincerely,

{watcr company repregentative)

f hereby grunt permission fo (water company) and their representatives to enler my properly for the pirposes of monitoring water levels and
collecting water samples af the above wellfs).

Herewnto duly authorized:

Signature Dute

Please print-name und title
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TASK 5: DESIGN SAMPLING PLAN

A sampling plan should describe all field and analytical aspects of a simple, cost effective and technically sound
monitoring program. This includes the selection of sampling equipment, analytical test methods, sampling
frequencies, sampling procedures, and quality assurance measures. A properly designed monitoring program will: 1)
maximize the range of detectable contaminants; 2) minimize costs; 3) increase the available reaction time to initiate
remedial action; and 4) promote data integrity by developing detailed procedural guidance through the use of forms
and checklists. A sampling plan form is useful for organizing information relevant to each monitering well.

Sampling Plan Farm

POTENTIAL UPGRADRIENT THREATS

MONITORING SVRV?“ZTOI E | Taxmars égm':i:?ﬁ;rs%‘; ANALYTEs | EPAMETHOD | MONITOIRNG
WELL . | PARCELNO.* |  ymown HIGH-RISK OF anaLysis | FREQUENCY
RECORD CONCERN
REGULATED LAND
RELEASE s

* Tax map, parcel number, & property awnar of racord at Iocation of wefl

** These land uses ara proposed o he regulated under Connactcul Genaral Statutes 2283541
and raprasant calegasiea G, D & E from "Ranking of Land Use Categories by thelr Risk o
Groundwater Quality™, CTDEP, 1997

Develop Technical and Cost Evaluation of Water Quality Sampling Systems

Options for water quality sampling systems should be carefully evaluated. First a technical and cost comparison of
purging and sampling equipment is suggested. Second, the choice of equipment can be made based on this
comparison and balancing the four objectives outlined below: '

technical integrity of the equipment and samples;
"adherence to overal! goals of the monitoring program;

“case of use” ; and

time and expense of sample procurement.

S

Commonly used sample collection methods to be evaluated might include: positive displacement bladder pumps;
suction pumps (peristaltic or centrifugal); gas-drive devices; positive displacement pumps (submersible); and bailers.
The technical integrity of the equipment should be evaluated by determining: compatibility with low-flow purging
and sampling protocols; potential to mix the water column, introduce turbidity, or degas the sample; decontamination
procedures; case-of-use; and logistical considerations (power supply, method of transport, water depth limit).

Exhibit 12 includes such an evaluation of 1) peristaltic pumps, 2) variable rate submersible pumps, 3) non-variable rate

submersible pumps, and 4) bailers. An added component of the evaluation was whether the pump would be
dedicated to a well or used on multiple wells with decontamination procedures between wells.
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A cost comparison between rental and/or purchase of the sampling equipment needed for each option should be
completed. Exhibit 13 presents cost comparisons in annual cost per well; annual cost per 14 wells at 4 sample rounds
per year for 1 year; and annual cost per 14 wells at 4 sample rounds per year for 5 yeats.

Exhibit 13. Cost Comparison of Purging and Sampling
Eqmpment

Pilot Stravglc Monitoring Case Sudy, Atlontic Genscience Corporution, 1999

Identify Appropriate Water
Quality Parameters
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Each menitoring point in the network
should be sampled and analyzed for
those chemical contaminants most

likely to be intercepted by the
production  weli(s).  For = each
monitoring point, a list of likely
contaminant  types should be

developed. This list will be Iargely
dictated by the types of priority
contaminants identified in Task 1 and
might be refined as successive
sampling rounds are completed. The
list should also consider historical and
current land uses upgradient of the
production wells along the critical
groundwater-flow pathways.



Once the list of potential contaminant types for each monitoring point is completed, appropriate analytical methods
can be chosen. The analytes will likely not be the same for all the points, since potential contamination threats vary
among sites. Table 8 provides a form to summarize these data for each point.

In consideration of the nature of contaminants expected at each monitoring point, and recognizing the expense
associated with water quality analysis in the long term, the use of water quality indicator parameters should be
evaluated. For example, if an ionic contaminant is expected, conductivity might be an effective indicator
measurement. Similarly, if the contamination threat is a gasoline station, total petroleum hydrocarbons might be an
appropriate water quality indicator. In addition, indicator parameters such as nitrate, total organic carbon, and
chemical oxygen demand should also be evaluated.

Managing the array of
analytical methods, sample

bottles, preservation
procedures, and holding

CONTAINER PRESERVATION 1 H ]
TOLUME " N ETioD times for a typical sampling

round is critical to the
success of the data
collection effort. Exhibit 14
shows an approach to
summarizing these data to
facilitate organization and
sample collection.

Assess Required
Sampling Frequency

The range of expected
groundwater flow rates (and
associated contarinant
migration rates), and the
spatial relationships of the
contamination threat, monitoring point and wellhead should be evaluated to determine recommended sampling
frequencies. For example, if a conservative estimate of contaminant migration rates from the monitoring point to the
wellhead indicates a travel time of 30 years, it would not be necessary to monitor that device every six months,
Similarly, if a conservative estimate of migration rates indicate that a contaminant could move from the monitoring
device to the wéllhead within a month, then monitoring that point every six months would not provide any lead time
for corrective measures in the event a contaminant were detected. ‘

The frequency of sampling also varies among the wells in the network, depending on the location of the monitoring
well relative to the wellfield and the estithated travel time for contaminants to migrate from potential sources to the
production wells. For example, monitoring points might be sampled according to the following schedule:

=  biannual sampling of wells within the 365-day capture zone; and
= quarterly sampling of wells within the 180-day capture zone.

Develop Sampling Protocols and Procedures

In this step, specific methods are developed for the procurement and handling of water quality samples. The primary
objective of defining protocols and procedures is to optimize the consistency and integrity of the water quality data
generated at cach monitoring peint. It is critical that the data be collected and handled with extreme care and
consistency, since sample results are usually the sole basis for actions taken at a site. In addition, the data can be
legally challenged and thus should be of the highest integrity.
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Sampling protocols and procedures (sometimes called “SOPs™)
provide the best tool for ensuring data integrity. Strict adherence to
the SOPs may make challenges to the data or data collection
procedures less likely. The use of forms and checklists is often an
efficient way to standardize and document these procedures and
make sure they are followed. Appendix 7 includes an example of an
SOP and forms used by Atlantic Geoscience Corporation in the Pilot
Strategic Monitoring Case Study.

Elements of a Sampling SOP

*  Hydrologic measurements

e Purging

Sample collection

Sample filtration and preservation
Field measurements

Quality contro] samples

Sample storage and transport

While SOP’s ensure proper sample procurement, the integrity of the

analytical data is ensured by a Quality Assurance program. The
purpose of a QA program is to document the procedures and criteria that will help facilitate the analysis of
representative groundwater samples and the generation of valid, defensible laboratory data. A Quality Assurance
program typically includes procedures for the collection of various quality control (QC) checks in the form of
duplicate samples and sample blanks. These samples are prepared and submitted to the analytical laboratory as
.“blind” samples not identified as quality control samples. The QA plan should detail the number and type of QC
samples to be collected, as well as criteria for'validation of the analytical results.

QAQC Terms and Concepts

Accuracy is the degree of agreement between a measurement and an accepted reference of true value as determined by the
analysis of blank spikes and/or spiked samples.

Precisian is a measure of the mutual agreement ameng individual measurements and is determined by the analyses of laboratory
duplicates.

Trip blanks are required for the purpose of demonstrating that containers and samples are not contaminated in transit. A trip
blank consists of a volatile organic compound sample container filled with organic-free water that is maintained with the other
sample containers prior to, during, and following sample collection, Typically one trip blank for each day of sample collection is
prepared and submitted for VOC analysis.

Equipment blanks are required for the purpose of demonstrating that non-dedicated sampling equipment has not caused
contamination of the field samples. If nontdedicated equipment is used to collect samples from one or more monitoring wells,
one equipment blank should be collected using rinsate from the equipment after decontamination is complete.

Duplicates of groundwater samples are collected for the purpase of assessing the consistency of the overall sampling and
analytical program. The duplicates are collected at the frequency of one duplicate per round of sampling and are submitted for
analysis of the same parameters,

The precision criterion for duplicates is typically set at 20 percent. If this criterion is not met, the laboratory should be notified
and, if samples are within the holding time, they should be re-analyzed. In addition, the laboratory should take measures to ensure
that the precision criteria are met in the future.

Exhibit 15 summarizes various QC samples
that were collected for each sampling

round and the method of analysis of each

sample. Exhibit 16 provides an explanation

for the fictitious sample numbers reported
to the laboratory. Careful documentation
of fictitious QC sample identification is
critical to proper data validation. :

Develop Action Plan
An action plan represents a set of steps
and guidelines to be followed in the event
that contarninants are detected or long-
term trends in the data change. A note of
caution should be made here relative to
the detection of contaminants. Detections

are often the result of contamination due
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to invalid sample collection or laboratory = : T T R T
analysis procedures. Thus any time
sample results contain questionable or
high contaminant levels, the water
company should resample from the
monitoring point.

An action plan should include the
following elements:

l. minimum detection level thresholds
for “action”
2. statistical trend thresholds for
action”
3. protocols for  confirmation of
detection
4. action to be taken upon confirmation of detection, for example
» report results to appropriate local and state agencies
s cleanup/remediation procedures
e  immediate modification of operations (reduce or cease pumping production well(s), etc. )
e evaluate monitoring program (sampling frequency, analytical methods, monitoring network, etc.)

The action plan developed for the Case
Study (Exhibit 17) incorporated the trend
and risk analyses protocols inherent to
the data management system (discussed
later in Task 8). The trend and risk
analysis can assist in determining what
steps are warranted if minimum detection
levels are not exceeded but trends
indicate a steady increase in contaminant
levels.

TASK 6: PREPARE AND
SUBMIT PROPOSED
MONITORING WELL NETWORK
DESIGN AND SAMPLING PLAN
TO CTDEP

A plan should be prepared summarizing
activities and results from Tasks 1
through 5 and submitted to the CTDEP.
| A history of the subject wellfield should
be included describing any detected
contaminants in the production well{s) or
monitoring well(s). The purpose of the
plan submission is to solicit input from
the CTDEP and its staff relative to
designing the most effective monitoring
program.
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TASK 7: INSTALL MONITORING POINTS AND SAMPLING SYSTEMS

The planning stage of the drilling phase involves several elements. Utility clearance is required before drilling to
avoid hitting buried or overhead utilities, thereby posing a danger to on-site personnel, cutting off utilities, and
incurring fees and/or fines. Site access should be discussed with the driller, preferably in an on-site meeting.
Adequate access may require tree clearing, road building, filling or other measures to facilitate access of large, heavy
drilling equipment to the flagged drilling sites. These site preparation activities may require permitting (as discussed
in Exhibit 11 regarding the Inland and Water Courses Commission), permission, or inspectien by governing bodies or
landowners. Lastly, a health and safety plan should be completed to protect all on-site workers by promoting
accident prevention and providing information on hospitals and other health care facilities.

A scope of work should be carefully prepared that details all aspects of the boring and monitoring well installation,
including:

number of borings and monitoring
wells

expected boring depths and
subsurface conditions

monitoring well design (casing
and screen materials, screen .
length, annulus seal, filter pack
material, surface completion and
development)

source of water for drilling and
well development

drilling method (most common
methods for monitoring  well
installation are cable tool; flight
and hollow stem auger; and
rotary)

storage and  disposal  of
contaminated cuttings or fluids
decontamination procedures
formation sampling

boring log and well construction
documentation

special provisions to prevent
contamination of the site by
operation or maintenance of
drilling  equipment  (including
refueling) :

There are several important procedure§ ‘that should take place during drilling and thus should be negotiated in
advance with the driller. First, procedures for the storage and disposal of contaminated drill cuttings, drill fluids,
development water, and purge water should be agreed upon. If contaminated materials {cutting or fluid) are
encountered, the driller must temporarily store those materials until proper disposal is arranged. Contaminated
cuttings can be stored between impermeable tarps or in drums. Contaminated fluids must be stored in drums.
Second, decontamination of equipment and tools is critical to maintaining the integrity of the well installations as well
as the sample collection effort. Decontamination is critical both before mobilizing onto the site, as well as between
individual well installations on the site. Third, the procedure for formation sampling should be specified to ensure
that representative samples are collected. Sampling typically takes place using a split-spoon sampler, Shelby tube, or
coring device. The frequency of sampling, typically every 5 feet, should also be decided. Lastly, a system for boring
log documentation and reporting is needed. Many drillers provide samples in labeled jars as well as a boring log
describing the subsurface conditions and the monitoring well construction details. Once data on the subsurface
conditions at each well are obtained, it can be summarized in tabular form as shown in Exhibit 18.
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The selection of a drilling company must be done carefully, considering several factors. First, the drilling company
should be experienced not only with the installation of borings and monitoring wells, but should have such
experience at contaminated sites and under similar subsurface conditiofs that are expected at the site. Second, a
detailed proposal from the driller should reflect that the driller understands all aspects of the project (as described in .
the scope of work), has accounted for all supplies and requirements, and has provided a careful cost estimate, Third,
the driller should demonstrate adequate insurance and bonding coverage.

Monitoring points/wells should be surveyed to provide both horizontal control for accurate mapping purposes and |
vertical elevations for determination of accurate water level elevations. -

Once monitoring points/wells are in place and developed, sampling systems can be installed. Regardless of the type
of sampling system, the intake should be at the screen mid-point. Permanent tubing or pumps installed in the well
should be carefully set at the proper depth. Documentation of all installations, including photographs, should be
kept for future reference. '

TASK 8: WATER QUALITY MONITORING DATA MANAGEMENT SYSTEM

The purpose of a data management system is to provide a mechanism to store water quality data, to facilitate data
analysis, and to determine statistically significant departures from background conditions. Such a system facilitates
accurate and efficient record keeping and provides a tool to assist in the identification and evaluation of statistically
significant departures from background water quality conditions.

Develop and Institute Internal Record-Keeping System

When designing a data management system, the “end user” should be identified; this will determine the type and
complexity of the system, The “end user” is the entity (water company staff, hydrogeologist, consultant, etc.. ) who
will maintain the system and complete the data entry and evaluation.

The basic elements of a data management system include:

1. Data validation procedures
2. Procedures for entry of monitoring data

3. Mechanism to summarize data by individual sampling round, including;

e Contaminant detections above mdl {minimum detection level)

¢  MCL (maximum contaminant level) exceedances
4.  Mechanism to summarize data over multiple sampling rounds, including:

» Time versus concentration graphs of selected analytes

»  Statistical trend analysis

s  Graphical trend analyses

e

Data validation refers to checking that all proper laboratory procedures were followed in the course of determining
analytical results. For quality assurance, laberatory data should be validated before results are’ entered into the data
management system. Basic data validation steps should be developed, as well as actions that should be taken if data
validation criteria are not met. The table below includes the data validation procedures developed for the case study

project.

The ideal data management system allows the user to store not only analytical data for each sample round, but to
document important information regarding the collection of samples. This would include the static water level;
duration, velume and rate of purging; sampler name; equipment used; decontamination procedures; notes on site
and/or monitoring well conditions; QC sample explanation; and information on usual conditions or non-standard
procedures. This information can be critical to the data validation process, for example to determine whether
questionable detections resulted from contamination by equipment.
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Sample of 2

Laberatory Data Validation SOP
Date of Validation: .
Data Validated by:
Samples procured from:
Sample Round ID:
Sampling Dates:
Samples Submitted to Laboratory:
Laboratory:
Analytes:
Sampler/Affiliation:

DATA VALIDATION CRITERIA ACTION TAKEN IF CRITERIA NOT MET*
. LABDRATORY _ ANALYTICAL|Y CONFIRM ANALYTICAL METHODS WITH LAB

METHODS ARE IN COMPLIANCE
CONEIRM VALIDITY OF TEST RESULTS FROM THE UNPLANNED
WITH PLANNED METHODS TEST PROCEDURES

v - CLARIFY METHODS FOR NEXT SAMPLING ROUND
2. NUMBER OF LABORATORY|~ CONFIRM NUMBER OF SAMPLES COLLECTED AND SUBMITTED

<

REPORTS  EQUAL  TOTAL WiTH FIELD RECORDS AND CHAIN.OF CUSTODY
NOMERED T SAMPLES . ~ONFIRM NUMDER OF SAMPLES COLLECTED, SUBMITTED AND
ANALYZED WITH LAB

4 CLARIFY NUMBER OF SAMPLES FOR NEXT SAMPLING ROUND

4 - DETERMINE WHETHER FIELD OR LAB PROCEDURES SHOULD BE
MODIFIED

- TME OF COLLECTION TO TIME.|7  CONFIRM _EXCEEDENCE OF HOLDING FPSRIOD(S) WITH
OFANALYSIS o (ON LABORATORY - X
EXTRACTION) IN COMPLIANCE| ,  pprERMINE WHY HOLDING PERIOD(S) WAS(WERE) EXCEEDED
WITH HOLDING PERIOD(S) AND HOW FIELD OR LAB PROCEDURES SHOULD DE MODIFIED TO
ASSURE COMPLIANCE
v . INVALIDATE SAMPLE RESULTS & EVALUATE IMPACT OF DATA
OMISSION

AT TRECEION ATD ACCORACY|7  CONFIRM ACCURACY & PRECISION RESULTS AND CRITERIA WITH
ARE  WITHIN  SPECIFIED LAB
CRITERIA FOR THE TEST|,  gpcURE LAB'S COMMITMENT THAT THEY WILL TAKE MEASURES

METHOD USED T0 ENSURE THAT CRITERIA ARE MET IN THE FUTURE
v - INVALIDATE SAMPLE RESULTS & EVALUATE IMPACT OF DATA
OMISSION
DATA VALIDATION CRITERIA "ACTION TAKEN IF CRITERTA NOT MET*

TTRIP BLANE SAMPLE RESULTS7 ~ CONFIRM TRIP BLANK RESULTS WITH LAD
SHOW NOCONTAMINATION |, ppTERMINE POSSIBLE SOURCES OF CONTAMINATION WHILE
EMPTY CONTAINERS OR SAMPLES IN TRANSIT

v EVALUATE REMAINING SAMPLE RESULTS AND EVIDENCE FOR
EXPOSURE TO SAME CONTAMINANTS(S)

v . INVALIDATE VOC SAMPLE RESULTS FOR SAMPLE
ACCOMPANIED BY CONTAMINATED TRIP BLANK**

—FGUIFMENT RINSATE SAMPLE|7.  CONFIRM EQUIPMENT BLANK RESULTS WITHLAB
R NATION NO|, "  EoR SAMPLES THAT CAME INTO CONTACT WITH CONTAMINATED
EQUIPMENT:  IDENTIFY EVIDENCE FOR CONTAMINATION BY THE
SAME ANALYTES & DETERMINE WHETHER SUBSEQUENT RESULT.

ARE INVALID
v - MODIEY SAMPLING, DECONTAMINATION OR OTHER
PROCIDURES TO TREVENT FUTURE CONTAMINATION BY

EQUIPMENT

* Additional actions(s) regarding use of sample results if Data Validation criteria not mst:

a. Re-analyze samples if within hold times

b. Re-sample wells and re-analyze

¢, Invalidate sample results

d. Make use of data as-is with appropriate notation regarding dala validation ¢riteria
wa Deteetion of VOC's in trip blank (as in any sample) can alse be due

to contamination of IaB equipment by detection of VOC's in a

previous sample; internal lsb QC checks uging mairix

spike/matrix spike duplicates should detect such contamination

A data management system should facilitate analysis of data by individual sampling round, as well as tracking data
through time. For example, a standard format for analysis of individual sampling rounds is a table that summarizes all
data for a sampling round with MCL exceedances shown in bold. Long-term analysis is facilitated by graphs that

" \rack the concentration of one or more analytes over time. Regression can be used to develop best-fit lines or curves
to examine trends in the data and evaluate departures from historic conditions. Exhibit 19 describes the data
management system developed for the site, which consists of four linked Microsoft Excel® spreadsheets.
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Coordinate Data Exchange with CTDEP

Data collected as part of a strategic monitoring program are of interest not only to the water company, but also to the
CTDEP's Water Management Bureau. -These water-quality data can reveal the conditions of Connecticut’s water
resources and help shape policy aimed at curbing groundwater pollution. Therefore, sharing the results of the
monitoring program is encouraged. The CTDEP recommends that water suppliers planning a strategic monitoring
program contact the Planning and Standards Division of the Water Management Bureau to work out the details of
such a data exchange. '

TASK 9: BEGIN MONITORING PROGRAM

At this point the water supplier is ready to initiatc the sampling program. The steps, described in the previous
sections, are as follows: )

e

6.
7.

8.

Notify landowners of plans to enter property for sampling; obtain permission and required keys;
Purchase or rent needed equipment for purging and sampling; check equipment operation and calibrate;
Organize/tabulate analytical methods and QC samples for each well;

Notify laboratory of sampling; schedule pickup and drop-off of bottles; obtain bottles and appropriate
preservatives; label bottles in advance of field sampling; '

Collect field forms and SOP's, including chain-of-custody forms, purging and sampling forms; purging
and sampling SOP’s; equipment manuals; QC sample forms;

Complete sample collection following all procedures;

Submit samples to laboratory using proper preservation procedures, staying within maximum holding
times and accompanied by proper chain-of-custody forms; and

Upon receipt of data, complete data validation and enter into data management system.

If a consultant will be hired to complete sample collection, the water suppler should provide the consultant with the
sampling plan, relevant site maps, and all other documentation pertinent to the steps outlined above.
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TASK 10: ONGOING EVALUATION OF MONITORING PROGRAM

Strategic Monitoring Program Evaluation Form
1. Evaluation of Critical Data

Monitgring Program Woler Quality Results:

Leaks & spilfs:

New land uses:

Site uccess issues:

IWuter quuolity from regulated sites in ihe APA:

Chonges in the status of regilated sites in the APA:

I1. Budgetary & Resource Consideralions

Staff Resources:

Costss

[1I, Evaluation of Monitoring Program
(note madifications 1o monitaring program where appreprinte}

A F it ’

g N

inah e I Sehedul
Iytes amd Sumpling

Sample Collection Methods und Equip

04 Procedures:

Dty Manag System:

Action Plan:

Designing and maintaining
a monitoring program is an
ongoing and cvolving
process. The monitoring
program is composed of
many elements, including
the monitoring well network,
analytical methods,
sampling schedule, sample
collection methods and
equipment, QA procedures,
and data management.
Many factors affect the
initial design, as well as the
evolution of the monitoring
program, The
interrelationship  between
these components and the
evolving monitoring
progtam are shown in
Figure 4.

The mest important factor in
evaluating the monitoring
program is observed trends
in the water quality
collected during the
program. In addition, there
are “external” factors

associated with neighboring sites, such as the occurrence of leaks and spills, new land uses, site access, and
changes in the water quality and status of regulated gites in the Level A area. Furthermore, 2 monitoring program is

constrained by business considerations such as costs and staff resources.

Evaluation of a monitoring program can be organized according to the form shown. The components of a complete

monitoring program evaluation are discussed in the following sections.

Evaluation of Critical Data

In this task, water quality data, land uses and contamination incidents are evaluated to determine whether there are
trends in groundwater quality or new risks posed to the aquifer that would warrant modifying the mnonitoring

program. Such “critical data” to be evaluated are discussed below,

Monitoring Program Water Quality Results

This step includes an evaluation of contaminant levels (both newly detected and those above MCL or action levels),
evidence for changes in the concentration or position of contaminants, and overall trends in the long-term data.
Exhibit 20 shows the use of regression to produce best-fit curves for some contaminants in a production well,

Leaks And Spills ]

Evidence for leaks or spills, such as spill incident reports obtained from the CTDEP, should be evaluated to determine

whether they pose any threat to the supply well(s).
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Figure 4. Flow Diagram of Ongoing Monitoring Program Evaluation

WATER COMPANY
Strategic Monitoring Program ____
{ T
i | Sampling Plan g Rovise Plan
Water Samples : * Monltoring Network : B nes.
P L! = Analytes & Sampling Schedule ! .
! * Sample Collection Methods ! . / New Land Uses '
: and Equipment : /
Lab ! Q'A e ! Water Co. /
aboratory ! : Management: | g '
i | Data Managment | Evaluate
Resalts { | *Data Validation | Sampling’ | e— WQ from Monitoring) —e—|
u M *Data Entry into Tracking System ! Plan Programs in RA,
! * Data Evaluation & Actlon Plan ! ~_| :
]
i n [~~~ Status of Regulated
. itk a Sites In RA
Quarterly Data @
Staff Resources
/ Send Data
NOTIFY IN CASE OF \
CONTAMINATION
,/l\ o CT. DEPT. OF Provide Information
ENVIRONMENTAL
Health Building Property PROTECTION
Department| | Inspectors Owners
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Exhibit 20. Historic Water Quality Trends

Pilot Strategic Monitoring Case Study, Atlantic Geoscience Corporation, 1999

36




New Land Uses

Observations relative to changes in activities on area parcels should be recorded. Activitics of concern would
include those that involve the use, storage, generation or on-site disposal of contaminants. Information gathered in
the windshield survey described in Task | could be updated by a brief reconnaissance effort. Local municipal
planning offices can be contacted to determine whether changes in zoning regulations have occurred or are .
anticipated, ‘

Site Access Issues

Any problems with access to monitoring points for sampling should be recorded and addressed here. For example, a
lack of snow removal from parking areas can make access to flush-mount monitoring wells difficuit. Coordination
between the water company representatives and the appropriate parties responsible for snow removal would be
warranted in this case. '

Water Quality from Regulated Sites in the Aquifer Protection Area .

Water quality data obtained from regulated sites in the Aquifer Protection Area should be evaluated to determine
whether there are significant changes in the concentrations of contaminants ar in the monitoring program itself that
would warrant modifications in the water company’s program. For instance, the concentration of a particular
constituent might reach levels of concern that justify increasing the frequency of sampling at monitoring wells

between the regulated site and the water company’s production well(s). Likewise, long-term data from the regulated
site might indicate that a contaminant of concern has dropped below detection levels, allowing the water company to
drop that constituent altogether from the list of sample analytes. :

Changes in the Status of Regulated Sites in the Aquifer Protection Area

In the context of strategic monitoring, changes in the status of a regulated site would include any change that
signaled either an improvement or worsening in water quality conditions attributable to on-site activities. A change in
the site status include any number of steps taken by the state, such as imposition of an ORDER, initiation of a site
investigation, change in site priority, or modification in the imposed monitoring program. Such changes in status
might warrant modification in the water company’s monitoting program. For example if the regulaied site succeeded in
obtaining approval from the CTDEP to reduce the number of monitoring points, the frequency of monitoring or the
constituents for analysis and the water company had reason to be concerned about the adequacy of the revised
monitoring program. In response, the water company might chose to take measures fo compensate for the scaling-
down of the regulated monitoring program, such as adding monitoring points, expanding analytes, or increasing
sampling frequencies.
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Budgetary and Resource Considerations

A monitoring program must be
evaluated like any other business
expense by asking: "What are the
costs and Tbenefits of the
R program?”. In this tagk the costs of
Tol | e the program are estimated. Primary
lumber of o rf . .
e | Walls ol Blail costs include: 1)  analytical
Quartorly | gonyuted au Por |- : - .
Samplos | gpnany| Ona ;|- laboratory fees, 2) equipment
Par Yaar o . . HEE
- : rental or purchase, and 3) labor for
administration and execution of the

monitoring program.

Numbar of
- Walls" -

-Samplad

Quartarly ™

These primary costs should be
- g - evaluated to determine whether
G , ‘"‘"’f'f"" Numba of | o |5 “ there are potential savings. Cost

e MRLOd. | Samipi savings can be achieved through
mumerous  means, including:
reducing the number of monitoring
points andfor the sampling
frequency; reducing the number of
parameters tested; choosing less
expensive . amalytical methods;
modifying the type of equipment
rented or purchased; and generally
increasing the efficiency of sample
collection.

Exhibit 21 details analytical costs
for three monitoring plan scenarios.
The three  scenarios  were
developed during the monitoring
program evaluation completed after
three rounds of data were collected
and analyzed. These plans differ in the number of wells sampled and the frequency of sampling. Thus analytical
costs differ and can be weighed against the benefits of each plan.

Exhibit 22 summarizes labor requirements and equipment cost estimates. In the case of the peristaltic pump, rental and
purchase options are compared. ’
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Modification of Monitoring Program Elements

In this task the basic elements of the monitoring program are modified, if warranted, based on the evaluation of
critical data as well as budgetary and resource considerations described above. '

The monitoring network encompasses all monitoring points {monitoring wells, surface water points, micro wells, etc.)
whose water quality data are to be tracked and evaluated as part of the strategic monitoring program. Thus, the
network consists of points sampled by the water company and may include some points on neighboring parcels
sampled for ongoing compliance monitoring. The following describes how various elements of the monitoring
program can be modified.

Monitoring Network

As described in Task 4, the monitoring points that comprise the monitoring network 1) should be chosen to menitor,
in priority order, land-use activities which are deemed to present the greatest likely threat of water quality impairment
of production well water and 2) should be located so as to optimize the interception of contaminants in a timely
fashion to provide adequate early-warning to the water company. The monitoring network may require modification -
as conditions in the aquifer protection area evolve, i.e., leaks or spills, land use changes, new contamination is
detected, or the status of a regulated site changes. This might include substituting one monitoring point for another,
adding or removing points, or installing new points.

Analytes and Sampling Schedule

For the most part, the sampling results will determine whether the analytes, anaiytical method, or sampling schedule
should be modified. For example, if for an entire year no lead is detected at one or more wells, the water company
might chose to drop lead testing from these wells altogether or reduce the frequency of lead testing. New activities in
the recharge area, such as leaks, spills or changing land use, can also justify modifying the selection of analytes,
analytical methods, or frequency of sampling to better detect changes in water quality of the aquifer attributable to
these new activities. Likewise, the trend analysis feature in the data management system may indicate that levels of a
particular analytes are suddenly signii:lcantly higher than background conditions, requiring an increase in the

sampling frequency.

Sample Collection Methods and Equipment
. Modification to sample collection methods might include adjusting procedures for: equipment decontamination;
- calibration and use; well purging; collection of water quality indication parameters; sample procurement; handling of
bottle preservation; labeling, shipping, and chain-of-custody. Equipment modifications might include: examining
whether to rent, lease, or buy equipment; choosing the type of equipment; or selecting the equipment manufacturer
and source. Choices regarding equipment should balance the need for data of high integrity as well as affordable,

reliable, and easy-to-use equipment.

QA Sampling Procedures

The purpose of QAQC sampling is to énsure the integrity of the analytical data and the consistency of the overall
sampling and analytical program. All QA sampling procedures should be evaluated including: the number and
source of QA samples (trip blanks, equipment blank duplicates...); procedures for collecting equipment blanks
(which equipment, what analytical method...); and sample identification. :

Data Management System

The Data Management System procedures should be evaluated (data validating, entry, manipulation, graphing, and
trend and risk analysis} as well as its overall effectiveness as an organizational tool. The Data Management System
should -provide a mechanism to efficiently track long-term water-quatity data and to determine whether there are
significant departures from the historic “background” water quality record. Departures might indicate increased
contamination and justify an evaluation of the overall menitoring program.,
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Action Plan

The action plan details steps for handling the detection of contaminants as well as decisions regarding the
monitoring program once trends in the data are confirmed. In summary, the plan outlines the decision-making
process for protecting the water supply in the event that contamination is detected or suggested from data trends.
Modifications to the plan fall into one of two categories: the definition(s) of the "gccurrence” that triggers action
(threshold contamination levels, trend criteria...) or the action(s) taken {emergency contacts, on-site operational
actions, changes to the monitoring program, etc.). ) C

Exhibit 23 . Recommended Long Term Monitoring Plan: Three Options

Pilut Sirategic Monitoring Cuse Study, Atlaniie Groscience Corporation, 1999.

Exhibit 23 summarizes three monitoring program options that were generated based on an gvaluation of the case
study monitoring program. Cost estimates for each option are shown in Exhibit 22.
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3.0 CONCLUSION

There are numerous regulatory and non-regulatory tools for managing and protecting pgroundwater resources.
Connecticut law requires the delineation of Aquifer Protection Areas and the adoption of land use regulations and
procedures for local aquifer protection, Strategic monitoring is a key tool for aquifer protection. If properly designed
and implemented, strategic monitoring provides early-warning detection of contaminants that could migrate from
points of release in the Aquifer Protection Area to the production wells and potentially impact water quality. The
specific goals of strategic monitoring are as follows:

1. Design a sampling network to monitor, in priority order, land-use activities that present the greatest potential
. threat to groundwater quality;

2. Develop a sampling plan that minimizes costs, while maximizing the range of detectable contaminants and
available reaction time (to initiate remedial actions);

3. Develop sampling procedures that are simple, cost effective, and technically sound and that minimize sampling-
related biases and ensure data integrity; 7

4. Design a Data Management System that facilitates accurate and efficient record keeping and provides a tool to
assist in the identification and evaluation of trends and of statistically significant departures from background
water-quality conditions; :

5. Advocate 2 monitoring program that can realistically be implemented by the water supplier, from the perspective
of costs, staff resources, technical difficulty....etc; and

6. Establish a regular monitoring program evaluation system, thereby ensuring that all of the elements of the
program are effective and reflect the changing environmental and opera tional conditions.

The monitoring program provides the information needed to initiate mitigative actions if necesgsary. In short, strategic
monitoring provides the ability to: 1) monitor trends in aquifer water quality; 2) detect a contaminant plume, its
direction and velocity; and 3) plan the appropriate response, including remediation and production well shut-down.

The design and implementation of a strategic monitoring program requires familiarity with contaminant
hydrogeology, monitoring well installation, and analytical sampling. Some water systems have the staff and
resources to complete all or part of the steps necessary to design a monitoring program. Other water systems will
choose to hire a consultant. This document is intended for use by both the water system owner and the engineering
consultant and describes steps for the design and implementation of a strategic monitoring program.

Designing and maintaining a monitoring program is an ongeing and evolving process. The program should be
evaluated on a regular basis to make sure it meets the goals of strategic monitoring and adjusts to a variety of
changing conditions. The most important condition to evaluate is the observed trend in the water quality of the
aquifer. Additional conditions include the occurrence of leaks and spills, new land uses, site access, and changes in
the status of regulated sites in the Lgvel A area. A monitoring program is also constrained by business
considerations such as costs and staff resources. Once these conditions are identified, the Water Company can
gvaluate and modify the program elements including the monitoring network, analytes and sampling schedule, sample

I

collection methods and equiptment, QA procedures, data management system, and action plan. {

The Crystal Water Company's Hopkins Wellfield, in Killingly, Connecticut provides an example of an implemented
strategic monitoring program. The Hopkins Wellfield is located in a well-developed area with a number of industrial
and commercial establishments. As a result of past and current land uses in the vicinity of the wellfield, low levels of
contaminants have historically been detected in the wellfigld and monitoring wells. Thus strategic monitoring is a
critical tool for the Crystal Water Company by providing the framework for documenting and tracking water quality
trends in an aquifer that houses numerous known and potential contamination threats.
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Appendix 1. Glossary of Terms !

Accuracy. The degree of agreement between a measurement and an accepted reference of true value as determined
by the analysis of blank spikes and/or spiked samples. ' '

Advection. The movement of a constituent at the average linear velocity of groundwater.

Area of influence. The land area that directly overlies and has the same horizontal extent as the part of the water
table or other potentiometric surface that is perceptibly lowered by the withdrawal of water. The area of
influence delineated by the withdrawal of water. The area of influence delineated by the use of modeling

. shall be that area of land in which the water table or potentiometric surface is lowered by at least 0.5 feet.

Aquifer. A geologic formation, group of formations or part of a formation that contains sufficient saturated,
permeable materials to yield significant quantities of water to wells and springs. ‘

Aquifer protection area. Any area consisting of well fields, areas of contribution and recharge areas, identified on
maps approved by the commissioner of environmental protection pursuant to sections 22a-354b to 22a-
3544, inclusive, within which land uses or activities shall be required to comply with regulations adopted
pursuant to section 22a-3540 by the municipality where the aquifer protection area is located.

Area of contribution. The area where the water table is lowered due to the pumping of a well and groundwater
' flows directly to the well. ,

Bedrock. A general term for the consolidated (solid) rock that underlies soils or other unconsolidated surficial
materials. :

Biodegradation. The process whereby concentrations of contaminant are reduced through chemical reaction
catalyzed by microorganisms. ‘

Capture zone, The lateral area inside a titne-of-travel isochron (contour of equal time).

Cone of depression. A depression of the potentiometric surface in the shape of an inverted cone that develops
around a well which is being pumped.

Confined aquifer. An aquifer saturated with water and bounded above and below by beds having a distinctly lower
hydraulic conductivity than the aquifer itself.

Confining bed. A layer of rock adjacent to an aquifer that hampers the movement of water into or out of the
aquifer.

Contaminant. An undesirable substance not normally present or an unusually high concentration of a naturally
occurring substance in water or soil.

Contamination. The addition to water of contaminants, preventing the use or reducing the usability of the water.
Sometimes considered synonymous with pellution. oo

Density. A property of a chemical or compound equal to its mass per unit volume.

Dispersion. The spreading of a constituent over a greater area than would be predicted by the groundwater flow
vectors due to mechanical dispersion and molecular diffusion.

Dissolution. The dissolving of a compoun&i in water according'to the compound’s solubility.
Drawdown. The decline in groundwater level at a point caused by the withdrawal of water from an aquifer.

Duplicate, A Quality control sample for the purpose of assessing the consistency of the overall sampling and
analytical program. : .

Equipment blank. A Quality control sample for the purpose of demonstrating that non-dedicated sampling
equipment has not caused contamination of the field samples.

Groundwater. Water in the saturated zone that is under a pressure equal to or greater than atmospheric pressure.

Groundwater divide, A ridge in the water table or potentiometric surface from which ground water moves away at
right angles in both directions. The line of highest hydraulic head in the water table or potentiometric

-surface.

Groundwater recharge. The process of water addition to the unsaturated zone or the volume of water added by
this process.
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Hydraulic conductivity. The capacity of a rock to transmit water; expressed as the volume of water that will move
in unit time under a unit hydraulic gradient through a unit area measured at right angles to the direction of
flow.

Hydraulic gradient. The slope of the water table or potentiometric surface; that is, the change in water level per
unit of distance along the direction of maximum head decrease. Determined by measuring the water level

in several wells.
Hydrogeology. The science dealing with the occurrence of groundwater, its utilization, and its functions.

Hydrolysis. The reaction of hydrogen, hydroxyl radicals or water molecules interacting with ofganic compound
depending on the pH and polarity of the reaction site on the molecule.

Ton Exchange. The reversible exchange of jons contained in a compound for different ions in solution.

Level A conditions. The prescribed drought conditions for Level A model predictive simulations, primarily 180
days with no aerial recharge.

Level A mapping. A methodology to map the Area of Contribution and Recharge Area of wellfields, as required
pursuant to Section 22a-354b-1 of the Connecticut General Statutes.

Level B mapping. A methodology to map the locations of existing and potential well fields, as required pursuant to
Section 22a-354b of the Connecticut General Statutes, as well as the preliminary delineation of wellfield
contributing and recharge arcas.

Mechanical dispersion. Spreading of a constituent due to deviations in the velocity of groundwater as it moves
through porous media.

Mobility. The ability of a compound to move through soils, sediment, aquifers and surface. '

Molecular diffusion. The transport of a constituent in the direction of decreasing concentration of the- constituent,
resulting in the its dilution by non-contaminated groundwater.”

'Non-point source. A source originating over broad areas, such as areas of fertilizer and pesticide application and
leaking sewer systems, rather than from discrete points.

Oxidation/Reduction. The liberation of electrons (oxidation) and reactions that consume electrons (reduction).

Partition coefficient. A measure of the distribution of a compound in two phases, expressed as a concentration
ratio.

Point source. Any discernable, confined, or discrete conveyance from which contaminants are or may be
discharged, including, but not limited to, any pipe, ditch, channel, tunnel, conduit, well, container, rolling
stock, or concentrated animal feeding operation. :

Potentiometric surface. An imaginary surface representing the level to which water will rise in a well.

Precipitation. The formation of solid minerals from super saturated dissolved materials in water.

Precision. A measure of the mutual agreetnent among individual measurements and is determined by the analyses of
laboratory duplicates.

Quality Assurance (QA). A policy of documented measurement procedures and quality control checks which
validate the reliability of a data set.

Quality Control (QC). Procedures or samples that provide statistical measure of data integrity and are described in .
a QA program.

Recharge area. The area from which groundwater flows directly to the area of contribution.
Saturated zone. The zone (below the unsaturated zone) in which interconnected openings contain only water.
Solubility. The degree and ease to which a chemical or compound will dissolve in water.

Sorption. The attachment of a portion of the dissolved phase of a substance to a solid by electrochemical or
thermodynamic processes such as cation exchange or by absorption.

Specific yield. The amount of water yielded (i.e., from a water-bearing material) under the influence of gravity.
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Steady-state condition. A condition in which the amount of water flowing into a defined volume of the aquifer is
equal to the amount flowing out of that volume. Under steady state flow conditions the head distribution in
an aquifer is constant over time.

Stratified drift aquifer. A predominantly sorted sediment laid down by or in meltwater from glaciers and includes
sand, gravel, silt and clay arranged in layers.

Till. An unsorted and unstratified mixture of ¢lay, silt, sand, gravel, and boulders deposited directly by glaciers.

Time of travel. The amount of time it takes for groundwater or a contaminant to flow from a peint in the well's
recharge area to the well.

Toxicity. The degree to which a chemical or compound produces a harmful biclogical effect, as measured using a
variety of criterion including short-term (acute) lethal effects and long-term (chronic) adverse effects.

Transient flow condition. A condition in which the amount of water flowing into a defined volume of the aquifer is
equal to the amount flowing out of that volurae plus or minus some amount of water held in the volume as
storage. Under transient flow conditions the head distribution in an aquifer varies as a function of time.

Transmissivity. The capacity of an aquifer to transmit water; equal to the hydraulic conductivity times the aquifer
thickness.

Trip blank. A Quality control sample for the purpose of demonstrating that containers and samples are not
contaminated in transit.

Unconfined aquifer. An aquifer that contains both an unsaturated and a saturated zone (i.e., an aquifer that is not
full of water), : _

Unsaturated zone. The zone between the land surface and the regional water table. Generally, water in this zone is
under less than atmospheric pressure, and some of the voids may contain air or other gases at atmospheric
pressure.

Vapor pressure. The pressure exerted by a vapor when it is in equilibrium with the liquid from which it is derived.
Volatilization, The transport of a compound from the liquid to the vapor phase at a given temperature.

Water table. The level in the saturated zone at which the water is under pressure equal to the atmospheric pressure.
Wellfield. The immediate area surrounding a public drinking water supply well or group of wells.

Wellhead. The portion of a well that extends above ground.
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Appendix 3. Guidelines for Land Use Mapping Over Public Drinking Water Aquifers

October 1991

. GUIDELINES FOR
TAND USE MAPPING OVER PUBLIC DRINKING WATER AQUIFERS

1 INTRODUCTION -

All municipalities containing stratified drift aquifers used for public
drinking water supply by utilities serving more than 1000 people are
‘required, pursuant to Comnecticit General Statutes 22a-354e, to conduct an
inventory of existing land uses in critical areas surrounding public water
supply wells. A land use inventory is also requited for the area around
proposed wells identified in approved water supply plans. The purpose of
these inventories is to identify those land uses that may pose threats to
groundwater quality, and thus to existing or potential public drinking water
supplies. : '

It is important that municipalities adhere to the following guidelines to
ensure that the information gathered is adequate for aquifer protectiomn and
is consistent statewide, As aquifers often cross political boundaries, a
compatible information base will help minicipalities work together to
protect their drinking water supplies. An added benefit of following these
guidelines is that the information will eventually become part of the )
State's computerized Geographic Information System and will be helpful for
other aspects of environmental planning and regulation.
Staff from DEP's Natural Resources Center and Bureau of Water Management are
available to help clarify any confusion concerning these inventory '
. guidelines and, where possible, to help with technical difficulties. If you
have any questions, please call one of the following people:

Bob Hust, Bureau of Water Mgmt., inventory technique .......... 566-3496
Diane Mayerfeld, Bureau of Water Mgmt., general information .... 566-7049
Kristina Sacks, Natural Resources Center, information format ... 566-3540
Fred Banach, Bureau of Water Mgmt., general information ....... 566-7049
Jim Murphy, Bureau of Water Mgmt., general information ........ 566-3496

-
S

IT__OTHER SOURCES OF ASSTSTANCE.

Municipalities may find that their Regional Planning Organization or
Reglonal Health District can assist them with the land use inventory. They
may either contract to do the actual work, or provide information and
technical assistance, - Midstate Regional Planning Agency and Central
Connecticut Regional Planning Agency both have ARC/INFO geographic _
information systems which are compatible with DEP's system. Municipalities
within these two planning areas may be able to have the regional planning
agencies enter data, but all municipalities should check with DEP first.

Also, some water utilities may have conducted local land use surveys,. which
may prove helpful. If you do not know a contact person in the utility

operating the wells in your municipality, please call the Natural Resources
Center's water use program at 566-3540. Municipalities that have their own
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water departments may want to delegate the land use inventory to the water
department staff. : !

III SEQUENCE OF EVENTS

1. . Water company performs Level B mapping of the aquifer. (This mapping,
‘roughly identifies the extent of the area directly contributing ground
water to the public supply wells.) ‘

2, DEP approves the Level B map : _

3. DEP enters the Level B delineations into the State's Geographic

Information System (GIS)
4, DEP adopts aquifer protection regulations (draft regulations to b

published by July 1991, final regulations expected early in 1992)

5. within 3 months of approval of the Level B map and adoption of aquifer
protection regulations by the State, the municipality must designate an
existing board or commission as the Aquifer Protection Agency. The
Aquifer Protection Agency will be responsible for seeing that the land

use inventory is performed.

DEP provides-a base map to the municipality :

The municipality (or contractor) conducts the land use inventory

The municipality submits the completed land use map and index to DEP or
a participating regiocnal planning organization for data entry, no more.
than one year after authorization of the local land use agency, receipt
of the base map from DEP, or adoption of aquifer protection regulations
by the State, whichever is later. , _ ‘

9. DEP enters the mapped information into the DEF's GIS and returns. the

land use map to the municipality . '

10. Water company completes Level A mapping (This mapping should be

 completed by July 1995 for most wellfields)

il. DEP approves the Level A map ‘

12. The municipality designates Aquifer Protection Areas .

13. The municipality adopts protective regulations for the Aquifer

Protection Areas
14, The municipality implements its aquifer protection program
15. The municipality periodically updates the land use inventory

0~ O

DEP will provide two maps to each affected municipality; showing the
following items:

A. Base Map (on mylar, at a scale of 1 inbh - 1,000 feet or 1:12,000)

1. Municipal boundaries

2. Boundaries of the area to be inventoried (the Initial Setback Area and
Recharge Area for the wells in the aquifer as delineated by approved
Level 2 mapping done by the utility) and the active wells

lMunicipélities'are ericouraged to proceed with forming an aquifer
protection agency and conducting the land use inventory before DEP's land
use regulations for aquifers are finalized.
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3. Roads, highways, and railroads from the most recent USGS topographic
map - ‘

4, Surface water bodies and streams !

B. Potential Pollution Source Information ("Risk Information") Map f{on
paper, at a scale of 1 inch = 1,000 feet or 1:12,000)

1. Sewered areas (sanitary, not storm) over the aquifer as entered in GIS

2. Landfills 7

3. Other waste disposal areas or potential pollution sources as entered in
GIS

4. State Department of Transportation salt storage and highway maintenance
facilities ' '

3. State Department of Enviroumental Protection owned property as entered
in GIS (if available) i

6. Pipelines, transmission lines, and airports shown on the most recent

USGS topographic map

In addition, DEP will provide a listing of known commercial underground
storage tanks in the townm. '

The first copy of both maps will be provided free of charge; additional -
copies may be obtained from the Natural Resources Center at cost.

Please correct and complete the information provided by DEP on the Potential
Pollution Source Information Map, and map the land use categories and high
risk uses specified below on the Base Map. The information contained in the
Potential Pollution Source Information Map is compiled from several sources
and is quite likely to be incomplete or inaccurate. :

Unless the municipality requests otherwise, DEP will print the base map at a
scale of 1:12,000 (1"=1000'). Municipalities should do their final mapping
on the base map provided by DEP. Towns with dense, complex land use or
existing maps at a larger scale may prefer to use a larger scale than
1:12,000 for field mapping. All the Risk Information maps will be printed
at 1:12,000 and will cover the same area as the base map.

Submission of Xerox or blue-ray copies of either map is not acceptable, as
the distortion that inevitably accompanies reproduction causes errors when
the mapped information is digitized into the computerized geographic
information system. Even folding the base map can introduce inaccuracies
into the spatial informatiom. Municipalities may, however, want to perform
draft or fleld mapping on copies of the base map.

IV DESIGNATION OF A BOARD OR COMMISSION TO ACT AS AQUIFER PROTECTION AGENCYV

Every municipality for which a Level B map has been completed must authorize
an existing board or commission to act as an aquifer protection agency.
Examples of existing boards which might be authorized to act as aquifer
protection agencies include the planning commission, inland wetlands
commission, and zoning board. This aquifer protection agency must be
authorized no more than 3 months after DEP has adopted aquifer protection
regulations and approved the Level B mapping for the municipality. The
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aquifer protection agency will be resﬁonsible for overseeing the land use

inventory, as well as adopting land use regulations for the aquifer
protection area. See Gonnecticut General Statutes 22a-354e and 22a-3540,

v LAND USE INVENTORY GUIDELINES

Area to be mapped: Land uses must be mapped for the "Initial Setback Area®
and "Recharge Area" shown on the base map provided by DEP. Mapping in the
area beyond the delineated aquifer is optionmal. )

Map units:

General Land Use Categories: Land use types should be mapped as areas by
land use category. Any land use category covering five (5) acres or more

. should be shown. (Five acres is approximately equal to a half inch square
on a 1:12,000 scale map.) Municipalities are welcome to map in greater
detail, down to two acre units. Usually, lots or land parcels will be under
one type of use. Where very large parcels have several use types, all the
use types covering 5 acres or more should be shown.

Often, certaln areas within a municipality will have a mixture of land use
types; for example, residential and commercial uses are commonly mixed along
old State highways. In determining how to map such mixed areas, the
municipality must use its judgement. The lmportant criterion is to ensure
that the map indicates all potential threats to ground water quality. Where
land use types are evenly mixed, the area may be shown as such, e.g., mixed
commercial/residential.” If one land use clearly predominates, the area

- should be mapped as the dominant land use type. . If an area is shown as
mixed use, it may be coded on the map by striping the two colors and/or by

" indicating both letter codes. Areas under construction should be classified
by their anticipated use. Vacant or abandoned development should be
classified by its former use (often, potential contaminants remain at
commercial and industrial sites, even after the business has gone).

High Risk Uses: Certain activities that pose higher risks to ground water
‘quality are listed at the end of these guidelines. Such facilities and
activities should be mapped as numbered points and idencified by business
name, type, and address-in an attached index. Although this information may
be difficult and time-consuming to collect, it will be very helpful in
implementing regulations required by the Aquifer Protection Act. It will
also be used by DEP to assign facility inspection priorities.

VI GENERAL LAND USE CATEGORIES TO BE MAPPED

Land use categories to be mapped aTre listed below. Briefly, the overall
categories are: open space, residential areas, agricultural lands,
commercial use, institutions, industrial areas, utilities, transportation
areas, and waste disposal sites. These land use types are listed in general
order of increasing risk to groundwater quality. Every land use type may,
however, encompass both high and low risk examples.

Major land use cétegories printed in boldface below should be mapped to at
least a 5 1cre level of detail and may be mapped down to a 2 acre level of
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detail, Municipalities may also map some or all of the subcategories
indicated: however, such detail is optional. The list of higher risk
activities to be mapped as points follows in Section VII. Different land
use categories should be indicated on the map by color and/or letter codes.
Suggested codes are given below. We recommend use of color codes because
they are visually effective and clearly show the boundaries between land use
types. If letter codes alone are used,. each area separated by roads or
other boundaries should be labeled.

Open Spaée {code = 08; color = true green, Prismacolor 910)

1. Water utility owned land or dedicated natural area (areas with a long
term legal guarantee for management that poses few or no threats to
groundwater) {(code = 05-1)

2. TUndeveloped open space (eg., passive recreation/wildlife areas, forest

-land, meadows, wetlands and water bodies, and many state parks and
forests, Such sites generally pose few threats to groundwater, but
they may be subject to future development) (code = 0S-2)

‘ 3, Landscaped parks or open spaces (including cemeteries, golf courses,

' playing fields, public gardens, and city parks; management of such
areas may result in groundwater pollution) {(code = 0S-3)

Residential Areas (code = R; coior = yellow ochre, Prismacolor 942)

1. Low densiﬁy (fewer than 2 dwelling units petr acre) {code = R-1)

2. Medium density (2 to 8 dwelling units per acre) (code - R-2)

3. High density (more than 8 dwelling units per acre) (code = R-3)

Agricultural Lands (code = Aj color = apple green, Prismacolor 912)
Permanent pastureland, hayfieldé, row crops, orchards, nurseries,
christmas tree plantations, greenhouses, animal husbandry (livestock,
dairy, poultry, etec.) -

Commercial (code = C; color = scarlet lake, Prismacolor 923)

Retail,; trades, and services; includes most offices and stores, as. well
as service businesses '

Institutional (code = INS; color = true blue, Prismacolor 903)

Public buildings and facilities, government offices including the

municipal hall, libraries, churches, schools, prisons, hospitals, fire
stations, public works garages, etc.

Industrial (code = I; color = purple, Prismacolor 931)
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1. Lower risk industry (no materials processing, just assembly; no bulk -
storage of chemicals or scrap, or onsite disposal) (code = I-1)

2, Resource extraction (rock quarrying, sand and gravel excavation) (code
- 1-2)
3. Higher risk industry (any industry involving materials processing or

primary manufacturing; especially chemical, metal plating, finishing,
or other processing, and machining) (code = I-3)

Utilities (code = U; color = coal gray light, Prismacolor 967)
Power stations, water supply treatment facilities, etc.
Transportation (code = T; color = coal gray dark, Prismacolor 965)

Airports, hipghway maintenance facilities and municipal garages, rail
stations and yards, bus terminals, and large areas dedicated as
_ interstate highways and associated rights of way.

Waste'Disposal, Treatment or Handling (municipalities should review and
correct DEP's information) (code = W; color = pink, Prismacolor 929)

Landfills, transfer stations

Bulky wastes - :

Sewage treatment and sewage sludge disposal

Special waste, such as septage and industrial waste
Hazardous waste :
Recycling processing area

Junk or salvage yards

Historic and closed waste sites of all kinds
Resource recovery facility _

YII HIGHER RISK ACTIVITIES AND FACILITIES, listed by land use category

The activities listed below are to be mapped as numbered points on the base
map, with business name, type, and address shown in an attached index.
Please use an "X" to show the location of the high risk use, with the center
Gf the X on the center of the use., Where many high risk uses are .
concentrated in a small area, such as an industrial park, they may be shown
collectively and then listed separately in the index. The listing by land
use category below is intended to provide a general guide; any use related
to or similar to those listed should also be idemtified. These uses may
oceur in any of the land use areas. Where known, include higher risk
commercial and even manufacturing and industrial activities, such as car
repalr, that may occur in residential areas as customary home occupations.
Where known, former high risk sites (such as gas statiouns, mills, and
factories) should be mapped as high risk points and labelled as vacant in
the index. '
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Oven _space - higher risk activities include:

o golf courses (map as areas, rather than points)
o cemeteries (map as areas, rather than points)

Residential - higher risk activities include:

) unsewered high and modexate density residential development (map
as areas, rather than points) ,

o certain home occupations (see higher risk commercial uses listed
below) ' ' '

Agricultural -higher risk activities include:

o nurseries and greenhouses (DEP is responsible for conducting the
inventory of other agricultural uses around the well)

Commercial - higher risk activities include:

o] all automotive sales or services (any car, truck, bus,
recreational vehicle, marine, or heavy equipment facility)
including gas and service stations, body and general repair shops,
dealerships, rental or leasing operations, washes, etc.

o machine shops
o junk or salvage yards
o certain retail trades including: fuel oil distributors or

dealers, lumber yards, hardware stores, auto and home supply
stores, gardeh centers, department stores, mobile home dealers
heavy construction businesses '

o personal and repair services including: . dry cleaners; launderers
and laundromats; lawn care businesses; beauty shops; photo
processors; equipment rental; pharmacies; printers; funeral
parlors and crematories: medical, dental, and veterinary offices;
furniture strippers and finishers; reupholstearers; electrical, ‘
radio, and television repair; appliance, lawnmower, and small
engine repair; heating ‘and cooling equipment service; pesticide
applicators and exterminators; etc.

o research or testing laboratories .

o large uncovered parking areas (more than 100 spaces), parking
garages with open roofs

o underground fuel and chemical storage

Institutional - higher risk activities include:

EFITA R

garages and vehicle or equipment service areas

o

o fuel storage and dispensing facilities

o ‘'salt storage areas

o hospitals

o secondary schools and colleges with workshops or laboratories
o prisons

Manufacturing and Industrial - higher risk activities include:
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o All manufacturing and processing facilities exgept: simple

assembly invelving no proceséing" snd warehousing of durable goods
. {(no chemicals)

o warehousing, storage, or distribution of: chemicals; fertilizersy
pesticides and allied products; petroleun, coal, and other fuels;
and hazardous materials

o mining (rock quarries and sand and gravel excavation)

Utilities - higher risk activities include:

o electric power generation
o oil or chemical pipelines

Transportation - higher risk activities include:

o airports T
0 highway maintenance facilities, including road salt storage

o -truck, rail, or -bus terminals, stations, or maintenance facilities
Yaste Disposal - all waste disposal sites should be identified as‘higher
risk activities, including: : :

mixed waste landfills

solid waste transfer stations

bulky waste landfills

sewage treatment plants, sewage sludge disposal
special waste, such as septage and industrial waste
hazardous waste

recycling processing center’

junk and salvage yards

resource recovery facilities .

historic and closed waste sites of gll kinds

00 000COO0O0OO0CO0

This list contains only the more common higher risk uses, and municipalities
may want to' develop a more comprehensive inventory, if possible. Any
activity involving the handling, use, storage, or disposal of large
quantities of solvents, petroleum products, pesticides, or hazardous.
chemicals constitutes a“higher risk activity. For more information on
possible higher risk uses, municipalities may refer to Appendix 2 of the
1989 Aquifer Protection Task Force Report to the Leglslature or to lists of
higher risk uses compiled by various organizations, available from the
Planning and Standards Division of the Bureau of Water Management in DEF.

VIIL SUGGESTED INFORMATION SOURCES AND INVENTORY METHODOLOGIES-

There are several possible ways for determining the locations of highe> risk
" activities. Communities are urged to combine several approaches, rather
than relying completely on one source or method. :

0 Windshield survey - Although driving through town and visually
noting higher risk uses is fairly time-consuming, this techique is
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generally acknowledged to be the most reliable and complete method
for identifying land uses.

o Municipal officials, especially sanitarians or health inspectors,
building inspectors, fire marshals, planners, and zoning
enforcement officials - can help identify or confirm land use
variances and higher risk activities, including certain commercial
or industrial home occupatioms in residential areas.

o Water utility or municipal water department inspectors and
managers - are often aware of higher risk uses threatening water
supplies.

0 Emergency Response Plan - Under the Federal .Superfund Amendments

and Reauthorization Act (SARA Title 3}, facilities that
manufacture, use, and/or store hazardous materials are required to
report to the local Emergency Planning Committee and local fire
department. Reporting 1s required to aid municipalities in
emergency response planning for the possibility of fires or spills
involving such materials. The businesses identified in these '
. Emergency Response Plans will almost all prove to be higher risk
activities. o -

o DEP's Leachate and Wastewater maps and reports - The Natural
Resources Center of DEP maintains maps showing known sources of
leachate and wastewater in the State. These maps are arranged by
major drainage basin and are available from the Natural Resources
Center for $2.50 each (tel: 566-7719).

o Undergiound Storage Tank Inventory - The Waste Management Bureau,

Underground Storage Program in DEP maintains a statewide inventory
of non-residential underground fuel, petro-chemical, and waste oil
tanks (all gas tanks and other tanks containing more than 2000
gallons). Data sheats showing addresses of each known underground
storage tank are available from the DEP. Such underground storage
tanks constitute a threat to the aquifer in themselves and are
often also indicators of businesses posing other threats to

' groundwater.

o Aerial photographs - Aerial photos are most helpful when
interpreted by people with air photo experience.

o Yellow pages.

0 Connecticut Directory of Manufacturers (availéble from State of
Connecticut Labor Department, 520 plus postage and handling) and
quarterly updates. This source only lists ijndustrial facilities.

o] Chamber of Commerce industry and commerce listings.

o Regional Planning Organizations - may have information from
previously conducted inventories.
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o " Local tax records - The usefulness'of this information source
varies by municipality, depending:on how the information is filed
and kept.
o The Industrial Permits and Enforcement Section of the Bureau of

Water Management of DEP keeps records by town of its facilities
inspections - These records, referred to as P5 files, may be
consulted at DEP. Check with the department for the date of the
most recent inspections in your town. '

IX PRODUCT TO BE DELIVERED TO DEP

—d e e e i

One Base Map, showing:

o generai land uses
] polnt locations of higher risk activities and facilities

Again, this information shall be .mapped on the base map provided to the
municipality by DEP. ZXerox or blue-ray copies are mot acceptable (see p.
2). DEP may refuse to enter information from copied maps into its
geographic information system. ‘ )

Boundaries between general land use categories should be shown in black ink
in lines no wider than 1 millimeter or 1/16th of an inch.

Land use categories should be differentiated by color, letter, or number
codes. Color is preferred and may be combined with letter or number codes,
The legend must be completed to clearly explain all the symbols and codes
used on the map. A suggested coding system 1s presented below:

0S -- open space (color =~ true green, Prismacolor 910)
0S-1 -- permanently protected open space
0S-2 -- undeveloped open space, may or may not have some
protection

0S-3 -- landscaped open_ _space

R -- residential areas (color = yellow ochre, Prismacolor 942}

R-1 -- low density residential -

R-2 . -- medium'.density residential

R-3 -- high density residential
A -- agriculturaI lands (color - apple green, Prismacolor 912)
¢ -- commercial areas {color = scarlet lake, Prismacolor 923)
"INS -- institutional lands {color = true blue, Prismacolor 903)
I -- industrial areas (color = purple, Prismacolor 931)

I-1 -- lower risk industry

. 1-2 -- resource extraction
I-3 -- higher risk industry

U -- utilities (color = coal gray light, Prismacolor 967).

T -- transportation areas (color = coal gray dark, Prismacolor 9653)
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W -- waste disposal, treatment, or handling {(color = pink, .
Prismacolor 929) '

Higher risk activities and facilities shall be indicated by number (clearly
distinguishable from any number codes used to show general land use
categories).

One Index, showing

o the names, addresses, and types of higher risk activities
indicated on the base map, The higher risk activities shall be
1isted in order of the numbers by which they are identified on the
base map.

One Corrected and Completed Potential Pollution Source Information Map
(optional)

In correcting this map, please cross out lncorrect boundaries, names, or
locations and add new information. Use a distinctively colored pen or
pencil to make the corrections as clear as possible.

Please send your completed maps and index to:
. Fred Banach
Div. of Planning and Standards
- Water Management Bureau, DEP
122 Washington Street
Hartford, CT 06106

Maps should be rolled and sent in a tube. Folded or creased maps can become
distorted and result in inaccurate digitizing of information.

X UPDATES

The Aquifer Protection Act requires businesses in the Aquifer Protection
Area to notify the municipality of changes of ownership or use. Towns
should record these changes on their index of high risk activities. Every 5
years, municipalities should also update the general land use map of the
Aquifer Protection Area.



Appendix 4. Connecticut Sources of Information on Potential Contamination Sites

Town Health Department

wells

. SOURCE DESCRIPTION FEE
CTDEP; Bureau of Water Management; Permitting, |CERCLIS List
Enforcement & Remediation; 860-424-3705 '
' Site Investigation & Remediation Status List
National Priorities List (NPL) List
CT State Priority List
Spili Incident Report
CTDEP; Bureau of Waste Management; Pest., PCB, Documented Leaky Underground Storage
UST & Terminal Division; UST Enforcement; 860- [Tank (LUST) Sites
424-3374 '
Underground Storage Tank (UST) List
{CTDEP; Bureau of Waste Management; 860-424- |Inventory of Hazardous Waste Disposal Sites
3023 ' .
CTDEP; Bureau of Water Mgmt.; Planning Permit Expiration Table
1Standards; Resource Modeling; 860-424-3020
Town Planning Department Land Use Inventory no
CTDEP; Natural Resource Center.; GIS Section; 860- Digital GIS data including: land use info., yes
424-3540 ' ' Level B & Level A Mapping, hydrography,
roads, Town boundaries, ...
CT DEP Public Files Room; 860-424-4180 Site -specific monitering programs, water- no
_ o . quality results, and remediation status
USGS; Water Resources Division; 860-240-3060 Water quality monitoring on selected surface no
_ water bodies
CTDEP; Water Mgmt.; Planning & Standards; Mon. [Water quality monitoring on selected surface no
Assess. & Lake Mgmt.; 860-424-3020 © water bodies
Level A Mapping Report, Town or Water Company Hydrogeologic information, recharge area(s) no
' for production well(s), direction of
groundwater flow, .....
CTDEP; Maps & Publications; 860-424-3540 Teachate and Wastewater Discharge Sources | $3/basin
: Map & Inventory (published by basin)
Protecting Connecticut's Water-Supply - - §10
Watersheds: A Guide for Local Officials;
. Land-Tech Consultants, 1993.
US EPA Region I J.F. Kennedy Federal Building, Federal List of facilities and generators who
Boston, MA 02203-2211; 617-565-3420 treat, store or dispose of hazardous materials.
CTDEP; Water Mgmt.; Planning & Standards; Information on large septic systems (>5000
Municipal Facilities; 860-424-3020 gal.)
Department. of Public Health; Water Supply Section; |Investigations into impacted public water no
Engineering; §60-509-7333 supplies; Orders to close water supplies;
Information on septic systems and private no

Appendix 4 - |




Appendix 5. Potential Sources of Ground Water Contamination

Table 4-4. Potential Sources of Ground Watet Contamination -

Source

Health, Environmental, or Aesthetic Contaminant'??

NATURALLY OCCURRING SOURCES

Rocks and soils

Contaminated water
Decaying organic matter
Geolagical radioactive gas

Natural hydrogeological events and
formations

" AGRICULTURAL SOURCES

Animal feedlots and burial areas

Manure spreading areas and
storage pits

Livestack waste disposal areas
Crop areas and irrigation sites

~ Chemical storage areas and
containers

Farm machinery areas

Agricultural drainage wells and
canals

RESIDENTIAL SOURCES

Common household maintenance
and hobbies :

Lawns and gardens
Swimming pocls

Seplic systems, cesspools, and
sawer lines :

Underground storage tanks

Apartments and condominiums

Aesthetic Contaminants: lron and iron bacteria; manganese; calcium and magnesium
(hardness) o

Health and Environmental Contaminants: Arsenic; asbeslos; metals; chlarides;
fluorides: sulfates; sulfate-reducing bacteria and other micraorganisms

Excessive sodium; bacteria; viruses; low pH (acid) water
Bacteria
Radionuclides {radon, etc.)

Salt-water/orackish water intrusion {or intrusion of other poor quality water);
contamination by a variety of substances through sink-hole infiltration in limestone
terrains :

Livestock sewage wastes; nitrates; phosphates; chloride; chemical sprays and dips for
controlling insect, bacterial, viral, and fungal pests on livestock; coliform® and
noncoliform bacteria; viruses

Livestock sewage wastes; nitrates

Livestock sewage wastes; nitrates
P‘esticides;'r' fartilizers:® gasoline and motor oils from chemical applicators

Pesticide® and fertilizer® residues

Automotive wastes;” welding wastes

) Pasticides:? fertilizers;® bacteria; salt water (in areas where the fresh-saltwater
interface lies at shallow depths and where the water table is lowered by

channelization, pumping, or other causes)

Common Household Products? Household cleaners; oven cleaners; drain cleaners;
toilet cleaners; disinfactants; metal polishes; jewelry cleaners; shoe polishes; synthetic
detergents; bleach; laundry soil and stain removers; spot removers and dry cleaning
fluid; solvents; lye or caustic soda; household pesticidesf‘ photochemicals; printing ink;
other common praducts - A ‘

Wall and Furniture Treatments: Paints; varnishes; stains; dyes; wood preservatives
(creosote); paint and tacquer thinners; paint and varnish removers and deglossers;
paint brush cleaners; floor and furniture strippers -

Methanical Repair and Other Maintenance Products: Automotive wastes;” waste oils;
diesel fuel; kerosene; #2 heating ofl; greass; degreasers for driveways and garages,
metal degreasers; asphalt and roofing tar; tar remaovers, [ubricants; rustproofers; car
wash delergents; car waxes and polishes; rock salt; refrigerants T

Fertilizers;® herbicides and other pesticides used for lawn and garden maintenanca“’_
Swimming pool maintenance chemicals'"

Septage; coliform and noncoliform bacteria;* viruses; nitrates; heavy metals; synthetic
detergents; cooking and motor olls; bleach, pesticides;g"c' paints; paint thinner;
photographic chemicals; swimming peol chemicals;"' septic tank/cesspool cleaner
chemicals:'2 elevated levels of chloride, sulfate, calcium, magnesium, potassium, and
phosphale

Home heating oil

Swimming pool maintenance chemicals;" pesticides for lawn and garden maintenance
and cockroach, termite, ant, rodent, and other pest ~::ontr0l;5"10 wastes from onsite
sewage treatment plants; household hazardous wastes®

49 EPA625/R-93/002
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Table 4-4. Potential Sources of Ground Water Contamination (continued}

Source

Health, Environmental, or Aesthetic Contaminant'??

MUNICIPAL SOURCES

Schools and government offices and
grounds

Park lands

Public and residential areas infested
with mosquitoes, gypsy moths, ticks,
ants, or other pests

Highways, road maintenance depots,

and deicing operations

Municipal sewage treatment plants
and sewer lines

Storage, treatment, and disposal
ponds, lagoons, and other SUrface
impoundments

Land areas applied with wastewater
or wastewalsr byproducts

Storm waler drains and basins

Combined sewer overflows {munici-
pal sewers and storm water drains)

Recycling/reduction facilities

Municipal waste landfills

" Open dumping and buming sites,
closed dumps

Municipal incinerators

Water supply wells, monitoring wells,

older wells, domestic and livestock
waells, unsealed and abandoned
wells, and test hole wells

Sumps and dry wells

Drainage wells

Well pumping that causes inter-
aquifer leakage, induced filtration,
tandward migration of sea water in
coasial areas, etc.

Artificial ground water racharge

COMMERCIAL SOURCES
Airports, abandoned airfields

Auto repair shops
Barber and beauly shops

Boat yards and marinas

Solvenls; pesticides;*'? acids; alkalis; waste oils; machinery/vehicle servlclng wastes;
gasoline and heating oil from stcrage tanks; general building wastes"
Fertilizers;® herbicides;'® insecticides®

Pesticides>*®

Herb101des in highway rights-of-way;>'* road salt (sodium and calcium chloride); road
salt anticaking additives (ferric ferrocyanide, sodium ferrocyanide); road salt
anticorrosives (phosphate and chromats); automotive wastes’

Municipal wastewater; siudge;14 treatment chemicals'®

Sewage wastewater; nitrates; other fiquid wastes; microbiological contaminants

Organic matter; nitrate; inorganlc salts heavy metals; cohform and nencoliform
bactena" viruses; nitrates; sludge;'* nonhazardous wastes'®

-Urban runoff; gasoline; oil; other petrolsum products; road salt; mlcrobiologlcal ‘

contaminants

Municipal wastewater; sludge;™ treatment chemicals;'® urban runoff; gasoline; oil;
other pstroleum products; road salt; micrabial contaminants

Residential and commercial solid waste residues

Leachate; organlc and inorganic chemical contaminants; wastes from households® and
businesses;" nitrates; oils; metals

Organic and inorganic chemlcals metals; oils; wastes from households® and
businesses'

Heavy metals; hydrocarbons; formaldehyde; methane; ethane; ethylene; acetylens;
sulfur and nitrogen compounds

Surfaca runoff; effluents from barnyards, feedlots, septic tanks, or cesspools;
gasoline; used motor oil; road salt

Storm water runoff spilled |IC|LIId5 used oil; antifteeze; gasoline; other petroleum
products; road salt; pesticides;® and a wide variety of other substances -
Pesllc_ndes;g'""bacterla

Saltwater; excessively mineralized water

Storm water runoff; excess irrigation water, 'stream flow; cooling water; treated sewage
effluent; other substances that may contain contaminants, such as. nitrates, metals,
detergents, synthetic organic compounds, bacteria, and viruses-

Jet fuels; delcers diesel fuel; chlorinated solvents; automotive wastes;’ heating oll;
building wastes'?

Wasle oils; solvents; acids; paints; automotive wastes miscellaneous cutting oils
Perm solutions; dyes; miscellanecus chemicals contained i in hair rinses

Diesel fuels; oil; septage from boat waste disposal areas; wood preservative and
treaiment chemicals; paints; waxes; varnishes; automotive wastes’
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Table 4-4. Potential Sources of Ground Water Contamination (continuéd)

Source

Health, Environmental, or Aesthetic Contaminant"®®

Bowling alleys

Car dealerships (especially those
with service departments) :

Car washes
Camp grounds

Carpet stores
Cemeteries

Construction trade areas and materi-
als {plumbing, heating and air candi-
tioning, painting, paper hanging,
decorating, drywall and plastering,
acoustical insulation, carpentry, floor-
ing, roofing and sheet metal, wreck-
Ing and demolition, etc.)

Country clubs

Dry cleaners

Funeral services and crematories
Furniture repair and finishing shops
Gasoline services stations

Golf courses
Hardware/lumber/parts stores

Heating oil companies, underground
storage tanks

Horticultural practices, garden
nurseries, florists

Jewelry/metal plating shops

Laundromats

Medical institutions

Office buildings and office complexes
Paint stores
Pharmacies

Photography shops, photo process-
ing laboratories

Print shops
‘Railroad tracks and yards

Research laboratories

Epoxy,; urethane-baéed floor finish

Automotive wastes’” waste oils; solvents; miscellaneous wasles

Soaps; detergents; waxes; miscellaneous chemicals

Septage; gasoline; diesel fuel from boats; pesticides for controlling mosquitoes, ants,
ticks, gypsy moths, and other pests;*® household hazardous wastes from recreaticnal
vehicles (RVs)®

Glues and other adhesives; fuel from storage tanks if forklifts are used
Leachate; lawn and garden mainlenance chemicals'®

Solvents: asbestos; paints; glues and other adhesives; waste insulation; lacquers; tars;
sealants; epoxy waste; miscellaneous chemical wastes

Fertilizers:® herbicides:*'® pesticides far controlling mosquitoes, ticks, ants, gypsy
moths, and other pests;? swimming pool chemicals;"" automotive wastes

Salvents ‘(parchloroethylene, pelroleum solvents, Freon}; spolting chemicals
(trichloroethane, methylchloroform, ammeonia, peroxides, hydrochloric acid, rust
removers, amyl acetate)

Formaldehyde; wetling agents; fumigants; solvents
Paints: solvents; degreasing and solvent recovery sludges
Qils; solvents; miscellanecus wastes

Fertilizers;® herbicides;**° pesticides for 'controlling nﬁosquiloes. ticks, ants, gypsy
moths, and other pests® '

Hazardous chemical products in inventories; heating oll and fork lift fuel from storage
tanks: wood-slaining and treating products such as creasole B

Heating oil; wastes from truck maintenance areas’
Herbicides, insecticides, fungicides, and other pesticides'

Sodium and hydrogen cyanide; metallic salls; hydrochloric acid; sulfuric acid; chramic
acid . .
Défergents; bleaches; fabrié dyes - '

X-ray developers and fixers;"” infectious wastes; radiological wasles; biological
wasles; disinfectants; asbestos; beryllium; dental acids; miscellaneous chemicals

Building wastes;"® lawn and garden maintenance chemicals;'® gasoline; motor oil
Paints; paint thinners; lacquers; varnishes; other wood trealments
Spilled and returned products

Biosludges; silver siudgss; cyanides; miscellanecus sludges

Solvents; inks; dyes; oils; photographic chemicals
Diese! fuel; herbicides for tights-of-way; creosate for preserving wood ties

X-ray developers and fixers;" infectious wastes; radiological wastes; biological
wasles; disinfeclants; asbestos; beryllium; solvents; infectious materials; drugs;
disintectants (quaternary ammonia, hexachlorophene, peroxides, chlornexade, bleach);
miscellaneous chemicals :
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Table 4-4. Potential Sources of Ground Water Contamination (continued)'

Source

Health, Environmental, or Aesthetic Contaminant'?3

COMMERCIAL SOURCES "(continued) '

Scrap and junk yards
Sports and hobby shops

Above-ground and underground stor-
age tanks :

Transportation services for passen-
ger transit {local and interurban)

Veterinary services

INDUSTRIAL SOURCES

Material stockpiles (coal, metallic
ores, phosphates, gypsum)

Wastae tailing ponds (cdmmonly for
the disposal of mining wastes)

Transport and transfer stations (truck-
ing terminals and rall yards)

Above-ground and undel;ground
storage tanks and containers

Storage, treatment, and disposal
ponds, lagoons, and other surface .
impoundments -

Chemical fandlills

Radioactive waste disposal sites

Unattended wet and dry excavation
sites (unregulated dumps) ’

Operating and abandoned produc-
tion and exploratory wells (for gas,
oil, coal, geothermal, and heat re-
covery); test hole wells; monitering
and excavation wells

Dry wells
Injection wells

Well drilling operations

Any wastes from businesses'® and households;? oils
Gunpowder and ammunition; rocket engine fuel; model airplane glue

Heating oil; diesel fuel; gasoline; other petraleum products; other commercially used
chemicals

Waste oil; solvents; gasoline and diesel fuel from vehicles and storage tanks; fuel oil;
other automotive wastes’

Solvents: infectious materials; vaccines; drugs; disinfectants (quaternary ]
ammonia, hexachlorophene, peroxides, chlornexade, bleach); x-ray developers
and fixers" :

Acid drainage; other hazardous and nonhazardous wastes'®

Acids; rirgetals: dissolved solids; radicactive ores; other hazardous and nonhazardous
wastes .

Fuel tanks; repéir shop wastes;’ other hazardous and nonhazardous wastes'®

jo—

Heating oil; diesel and gasoliné fuel; other petroleum products; hazardous and
nonhazardous materials and wastes'

'Hazardous and nonhazardous liquid wastes;'® septage; sludge™

Leachate; hazardous and nonhazardous wastes;'® nitrates

Radioactive wastes from medical facilities, power plants, and defense operations;
radionuclides {uranium, plutonium)

A wide range of substances; solid and liquid wastes; oil-fisid brines; spent acids from
steal mill operations; snow removal piles containing large amounts of sait

Metals; acids; minerals; sulfides; other hazardous and nonhazardous chemicals'®

-..

Saline water from wells pumped to keep them dry
Highly toxic- wastes; hazardous and nonhazardous Industrial wastes; '® oil-field brines

Brines associated with oil and gas operations

INDUSTRIAL PROCESSES (PRESENTLY OPEFIATED OR TORN-DOWN FACILITIES)"

Asphalt plants

Communications equipment
manufacturers

Electric and electronic equipment
manufaclurers and storage facililies

Electroplaters

Foundries and metal fabricators

Petroleum derivatives

Nitric, hydrochloric, and sulfuric acid wastes; heavy metal sludges; copper-
contaminated elchant (e.g., ammonium persulate); cutting oil and degreasing solvent

" {trichloroethane, Freon, or trichloroethylena); waste oils; corrosive soldering flux; paint

sludge; waste plating solution

Cyanides; melal sludges; caustics (chromic acid); solvents; oils; alkalls; acids; paints
and paint siudges; calcium fluoride sludges; methylene chloride; perchloroethyleng;
trichloroethane; acetone; methanol; toluene; PCBs

Boric, hydrochlorie, hydroftuoric, and sulfuric acids:; sodium and potassium hydroxide;
chromic acid; sodium and hydrogen cyanide; melallic salts

Paint wastes; acids; heavy metals; metal sludges; plating wastas; oils; solvents;
explosive wastes
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Table 4-4. Potential Sources of Ground Water Contamination (continued)

Source

Health, Environmental, or Aesthetic Contaminant’?®

Fumniture and fixtures manutacturers

Machine and metalworking shops

Mining operations (surface and
underground), underground storage
mines

Unsealed abandoned mines used as
waste pits

Paper mills.

Patroleum production and storage
companies, secondary recavery of
petroleum :

Industrial pipelines

Photo processing laboratories

Plastics materials and synthetics
producers

Primary metal industries (blast fur-
naces, steel works, and rolling mills)

Publishers, printeis, and alfied
industries

Public utilities {phone, electric power,
gas)
Sawmills and planers

Stone, clay, and glass manufacturers

Welders

Wood preserving facilities

Paints: solvents; degreasing sludges; solvent recovery sludges

Solvents: metals; miscellaneous organics; sludges; oily metal shavings; fubricant and
cutting oils; degreasers {tetrachlorethylene); metal marking fluids; mold-release agents

Mine spoils or tailings that often contain metals; acids; highly corrosive mineralized
waters; metal sulfides

Metals; acids; minerals; sulfides; other hazardous and nonhazardous chemicals'®’

Metals; acids; minerals; sullides; other hazardous and nonhazardous chemicals'®
organic sludges; sodium hydroxide; chlarine; hypochlorite; chigrine dioxide; hydrogen
peroxide ‘

Hydrocarbons; oil-field brines (nighly mineralized salt solutions)

Corrosii\.ifie fluids; hydrocarbons; other hazardous -and nonhazardous materials and
wastes : '

Cyanides; biosludges; silver sludges; miscellanecus sludges

Solvents; oils; miscellanecus organics and inorganics {phencls, resins); paint wastes;
cyanides; acids; alkalis; wastawater treatment sludges; cellulose esters; surfactant;
glycols; phenols; formaldehyde; peroxides; elc.

Heavy metal-wastewater treatment sludge; pickling liquor; waste oil; ammonia
scrubber liquor; acid tar sludge; alkaline cleaners; degreasing solvents; slag; metal
dust

Solvents; inks; dyes; oils; miscellaneous organics; photographic chemicals

-

PCBs from transtormers and capacitors; oils; solvents; sludges; acid solution; metal
plating solutions {chromium, nickel, cadmium}; herbicides from utility rights-ol-way

Treated wood residue {copper quinolate, mercury, sodium bazide}); tanner gas; paint
sludges; solvents; creosote; coating and gluing wasles : :

Solvents; oils and grease; alkalis; acetic wastes; asbastos; heavy metal sludges;
phenalic solids or sludges; metal-finishing sludge ‘ :

L

Oxygen, acelyléne .

Wood preservatives; creosote

'In general, ground walter contamination stems from the misuse and improper disposai of liquid and solid wastes; the lllagal durnping or abandonment

of household, commercial, or industrial chericals; the accidental spilling of chemicals from trucks, railways, alreraft, handling facilities, and storage
tanks; or the improper siting, design, construction, operation, or maintenanca of agricultural, residential, municipal, commercial, and industrial drinking
water wells and liquid and solid waste disposal facilities. Contaminants alsa can stern from atmospheric poliutants, such as airborne sulfur and
nitrogen compounds, which are created by smoke, flue dust, aerosols, and automobile emissions, fall as acid rain, and percolate through the soil.

When the sources llsted in this table are used and managed propery, ground waler cantamination is not likely to occur.

20ontaminants can reach ground water from activities oceurring on the land
surface but above the water table, such as septic systems; from structures

water.

3This tabile lists the most common wastes, but not all potential wastes, For example,

beneath the water table, such as wells; or from contaminated recharge

in storm waler runoff or research laboratory wastes.

“Coliferm bacteria can indicate the presence of pathogenic (disease-caus

such as typhoid fever, hepatitis, diarrhea, and dysenlery can result from sewage contamination of water supplies.

5peslicides Include herbicides, insecticides, rodenticides, fungicides, and
products for use in the United States. Many are highly texic and-quite m
pesticides found in drinking water wells were DCPA (dacthal) and atrazine, which EPA classifies as modera

{class 4) malerials, respectively.

8The EPA Natlonal Pasticldes Survey lound that the use of fertilizers carrelates to nitrate conlamination of ground water supplies.
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surface, such as industrial waste storage; from sources below the land

it is not possible to list al potantial contaminants contained
ing} microorganisms that may be transmitted in human feces. Diseases

avicides. EPA has registered approximately 50,000 different pesticide
obile in the subsurface. An EPA survey found that the most common
tely toxic (class 3) and slightly toxic



Appendix 5. Potential Sources of Ground Water Contamination

'

Tautomotive wastes can include gasoline; antifreeze; automatic transmission fluid; battery acid; engine and radiator flushes; engine and metal
degreasers; hydraulic (brake) fluid; and moler oils. : o
®Toxlc or hazardous components of common household products are noted in Table 3-2.
%common hausehold pesticides for conlrolling pests such as ants, termites, bees, wasps, fligs, cockroaches, silverfish, mites, ticks, fleas, worms,
rats, and mice can conlain active ingredients including napthalens, phosphorus, xylene, chloroform, heavy meftals, chlcrinated hydrocarbons, arsenic,
strychnine, kerosene, nitrosamines, and dioxin. :
©®Common pesticides used for lawn and garden maintenance (Le., weed Killers, and mile, grub, and aphid controls) include such chemicals as
2,4-D; chlorpyrifos; diazinen; benomyl; captan; dicofol; and methoxychlor.
USwimming pool chemicals can contain free and cambined chlorine; bromine; lodine; mercury-based, copper-based, and quaternary algicides:
cyanuric acid; calcium or sodium hypochlorite; muriatic acid; sodium carbonate.

5gptic tank/cesspeol cleansrs Include synthetic organic chemicals such as 1,1,1 trichloroethane, tetrachloroethylene, carbon tetrachloride, and
methylene chloride. :

95 ommon wastes from public and commercial buildings include automolive wastes; rock salt: and residues from cleaning products that may contain
chemicals such as xylenols, glycol esters, Isopropanal, 1,1,1-trichloroethana, sullonates, chlorinated phenolys, and cresols.
“municipal wastewater treatment sludge can contaln organic matter; nitrates; inorganic salts; heavy metals; coliform and nancoliform bacteria; and
viruses. )
punicipal wastewater treatment chemicals include calcium oxide; alum; activated alum, carbon, and silica; palymaers; ion exchanga resins; sodium
hydroxide; chlorine; ozone; and corrosion Inhibitors. .
4¥The Resource Conservalion and Recovery Act (RCRA) defines a hazardous waste as a solid waste that may cause an Increase in mortality or
serious Hiness or pose a substantial threat to human health and the environment when improperly treated, stored, fransported, disposed of, or
otherwise managed. A waste is hazardous if it exhibits characterislics of ignitabillty, corrosivity, reactivity, and/or toxieity. Not covered by ACRA
regulations are domestic sewage; Irrigation waters or industiial discharges allowed by the Clean Water Act; certaln nuclear and mining wastes;
househald wastes; agricultural wastes (excluding some pesticides); and small quantity hazardous wastes {l.e., less than 220 pounds per month}
generated by businesses. E

7%-ray developers and fixers may contain reclaimable silver, glitaldehyde, hydroguinene, phenedene, potassium bromide, sodium sulfite, sodium
carbonate, thiosulfales, and potassium alum.
This table lists potential ground water contaminants from many cammaon industries, but it does not address ali Industries.

SOURCES

Cralley, Lewis J. and LV. Cralley. 1984. Industrial Hyglene Aspects of Plant Operations. MacMillan Publishing Co. New York.

Dadd, Debra. 1986. The Nontoxic Home. Jeremy P. Tarcher, Inc. Los Angeles.

Dadd, Debra. 1984, Nontoxic and Nalural. Jerermy P. Targher, Inc.. Los Angeles.

Horsley and Witten, Inc. 1989. Aquifer Protaction Seminar-Publication: Tools and Options for Aclion at the Local Government Level. Bamstable
Village, Massachusetts. :

MacEachern, Diane. 1990. - Save Our Planel. Dell Pubiishing. New York.

Massachusetls Audubon Sociaty. 1987. HAoad Saft and Ground-Water Frotection. Ground-Water Information Flyer #9.

Massachusetts Audubon Society. 1086. Landlills and Ground-Water Protection. Ground-Water Information Flyer #8.
. Massachusetts Auduben Society, 1985. Protecting and Maintalning Private Wells. Ground-Water Information Fiyer #6.

Massachusatts Audubon Society. 1984, Underground Storage Tanks and Ground-Waler Proteclion. Ground-Water information Flyer #5.

Maister Publishing Company. Farm Chemicals Handbook, 1991. Willoughby, Chlo.

Metcall & Eddy. 1989, A Guide lo Waler Supply Management in the 1990s. Wakefield, MA. _

¥U.5. Environmental Protection Agency. 1986. Solving the Hazardous Wasle Problem: EPA's ACAA Program. EPA Ofiice of Solild Waste.
Washington, D.C. EPA/530-SW-86-037. . . o
U.S. Environmental Protection Agency. 1989. Wellhead Protection Programs: Tools for Local Governments. EPA Office of Water and Office of
Ground-Water Protection. : 4

U.S. Environmental Protection Agency. 1990, Citizen’s Guide to Ground-Waler Prolsciion. Office 'of Water, Washington. D.C. EPA 440/6-90-004.
U.S. Environmental Prolection Agency. 1990. National Pesticide Survey Project Summary. EPA Office of Water and Office of Pesticides and Toxic
Substances. .

1.8. Environmental Pratection Agency. 1990, Handbook—Ground Waler, Volume I Ground Water and Contarnination. Cffice of Research and
Development, Washington, D.C. EPA 625/6-90/016a.

U.S. Environmental Protection Agency. 1991. EPA’s Peslicide Programs.

U.S. Environmental Protection Agency. 1992. Nalional Pesticide Survey Update and Summary of Phase Il Results. EPA Cffice of Water and Office
of Pesticides and Toxic Substances. EPA/570/9-91-021. _

U.S. Environmental Protection Agency, et al. n.d. Companion Workbook for “The Power fo Profact.”

54



Appendix 6. Potentially Harmful Components of Common Household Products

Table 3-2. Potentially Harmful Components of Comman Household Products

Product Toxic or Hazardous Components

Antifreeze (gasoline or caolants systems) Methanol, ethylené glycol ,

Automatic transmission fluid | ’ Petroleum distillates, xylene

Baltery acid (slectrolyte) Sulfuric acid

Degreasers for driveways and garages Petroleum solvents, alcohals, glycol ether

Degreasers for engines and metal Chlorinated hydrocarbons, toluene, phenals, dichloroperchlorasthylene

Engine and radiator tlushes Petroleum saolvents, ketones, butanol, glycol ether '

Hydraulic fluid {brake flutd) Hydrocarbons, flucrocarbons

Motor oils and waste oils Hydracarbons

Gasoline and jet fuel Hydrocarbons

Diesel fuel, kerosene, #2 heating ail Hydrocarbons

Graase, lubes _ Hydrobarbons

Rustproofers Phenols, heavy metals

Car wash detergents Alkyl benzene sulfonates

Car waxes and polishes Petroleumn distillates, hydrocarbons

Asphalt and roofing tar Hydrocarbons

Paints, varnishes, stains, dyes -Heavy metals, toluens

Paint and lacquer thinner Acelone, benzens, loluene, butyl acetéte. methyl ketones

Paint and varnish removers, deglossers Methylene chloride, toluene, acetone, xylene, ethanol, benzene, methanol

Paint brush cleaners Hydrocarbons, toluene, acetone, methanol, glycol ethers, methyl ethyl
ketones ‘

Floor and furniture strippers Xylene

Metal polishes Petroleum distillates, isopropanal, petroleum naphtha

Laundry soil and stain removers " - Hydrocarbons, benzene, trichloroethylene, 1,1,1-trichlorosthane

Other solvents Acelone, benzene

Rock salt Sodium concentration

Refrigerants 1,1,2-trichlore-1,2,2-trifluorosthane

Bug and lar removers Xylene, petraleum distillates

Household cleansers, oven cleaners Xylenols, giycol ethers, Isopropanol

Drain cleaners 1, 1-trichloroethane

Toilet cleaners . Xylene, sulfonates, chlerinated phenols

Cesspool cleaners : - Tetrachloroethylene, dichlorobenzene, methylene chioride

Disinfectants : - Cresol, xylenols ' _

Pesticides (all iypes) ‘ " Naphthalene, phosphorus, xylens, chloroform, heavy metals, chlorinated
hydrocarbons

Photochemicals ’ Phenols, sodium sulfite, cyanide, silver halide, potassium bromide

Printing ink " Heavy metals, phenol-formaldehyde :

Wood preservatives {creosole) Pentachlorophenols

Swimming pool chiorine ' . Sodium hypochlorite

Lye or caustic soda " Sodium hydroxide

Jewelry cleaners Sodium cyanide

Source: “Natural Resources Facts: Household Hazardous Wastes," Fact Sheet No. 88-3, Department of Natural Science, University of Rhode Istand,
Augus! 1988. ‘ '
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Appendix 7. Example of a Standard Operating Procedure

1.

. SAMPLING STANDARD OPERATING PROCEDURES

PROCEDURES FOR LOW-FLOW SAMPLING WITH PUMP'

The main steps are outlined below. Start with least contaminated well.

A. Before Day of Sampling:

1.
2.
3
4.

Sound well bottom.

Calculate screen depth interval.

Determine pump rate that achieves drawdown of less than 0.3 feet
Decontammate water-level probe between wells.

B. Day of Sampling:

1.

w

9.

To avoid disturbing particulates, complete a round of water levels before sampling; record water levels and
measuring point in logbook.

Calibrate field water quality instruments at the beginning of each sampling day (see section 3)

Position a clean 4-foot square sheet of plastic on the ground around the well over which to work.

Wearing gloves, install tubing and/cr pump equipment and slowly lower until intake is positioned at selected
depth.

Measure water level again before starting pump.

Purge well; if using an adjustable rate pump, adjust pump rate to achieve minimal drawdown (preferably <0.3
feet); water level should not drop to the intake level; (target pump rate is 0.1 - 0.4 /min).

Every 5 minutes measure watet levels (using an electric water level probe) and pumping rate (using a bucket
graduated for volume measurement).

Monitor indicator parameters every 3 to 5 minutes by placing probes in a clean container of the purge water.
Stabilization is considered complete when three consecutive readings are within the following limits:

¢ turbidity & DO: 10% -

e SC, temperature: 3%

e pH: +/- 0.1 unit

Purge volume should be > drawdown volume plus extraction tubing volume. If well is dewatered, allow well to
recover and collect sample.

10. Collect samples from discharge line of pump:

* Label sample containers.
e Collect VOCs fitst; keep tubing full of water; allow some overflow of sample to achieve a convex

meniscus on the vial; close the cap of the vial tightly; invert the vial and tap it several times to check for
trapped air; reject any vials containing air bubbles.

e Sample for remainder of parameters.

e Add preservatives to the appropriate samples unless bottles have already been prepared; place filled
containers in cooler.

s  Complete chain-of-custody and sample record.

11. Remove equipment from well:

e Ifusing dedicated submersible pump and tubing, secure tubmg to well head.
e If using portable peristaltic pump with dedicated tubing, detach tubing from pump and secure tubmg to
well head.

12. Decontaminate equipment:

s If using dedicated submersible pump and tubing, no decontamination is required.
e Ifusing portable peristaltic pump with dedicated tubing, no decontamination is required.

! Adapted from EPA Region I SOP #0001 “Low Stress (low-flow) Purging and Sampling Procedure for the Collection of Ground Water

Samples from Monitoring Wells”, July 30, 1996.
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Appendix 7. Example of a Standard Operating Procedure

e Decontamination is required of any non-dedicated equipment (non-dedicated submersible pump, non-
dedicated tubing, field instrument probes) that comes into contact with samples. :
« Decontamination procedure: potable water rinse, non-phosphate detergent wash, potable or distilled/de-
ionized water rinse, isopropyl alcohol rinse, distilled/de-ionized water rinse.
13. Rinse field water quality equipment with distilled/de-ionized water
14. Stapdardization and instrument drift checks at the end of each sampling day (see section 3)
15. Document all steps and times in logbook.
16. Lock well.

2. PROCEDURES FOR SAMPLING WITH A DEDICATED BAILER

The main steps are outlined below. Start with least contaminated well.

A. Before Day of Sampling:
Same as 2A above

B. Day of Sampling:
1. Position a clean 4-foot square sheet of plastic on the ground around the well over which to work.
2. Wearing clean gloves, remove wrapper from the dedicated bailer. :
3, Measure a piece of dedicated nylon rope long enough to reach the selected intake depth and attach this rope to
the bailer with a secure knot. ‘
Lower the bailer gently to the selected intake depth. :
Withdraw the bailer from the well, holding the rope to prevent from touching the ground.
Pour the water from the bailer into a bucket graduated for purge water volume measurement.
Repeat this operation until the correct purge volume as been withdrawn.
Field water quality parameters will be measured from the bucket into which the purge water is poured.
Measurement and stabilization of these parameters is achieved as described in 2.B.8 above.
9. Sample can be collected when field parameters have stabilized or three well volumes have been evacuated,
whichever comes first. Lower the bailer slowly into the column of water and gently pull the bailer out.
10. VOC sampling: :
« Slowly push the VOC sampler tip into the lower end of the full bailer until the sample begins ta flow
from the discharge tube. :
«  Lift a clean VOC vial around the discharge tube and fill the vial, allowing some overflow to achieve a
convex meniscus on the sample vial. Close the cap of the vial tightly. ‘
o Invert the vial and tap it several times to check for trapped air. Reject any vials containing air bubbles.
11. Remove the VOC sampler tip and fill the remainder of the sample bottles from the top of the bailer.
12. At no time should the bailer touch the ground or any surface other than the inside of the well or the gloved
hands of field sampling personnel. .
13. Secure bailer inside well with rope and lock well head.

00 = o

3. INSTRUMENT CALIBRATION AND DRIFT CHECKS

Calibration of each instrument will be performed at the beginning of each sampling day. Field sampling staff will
perform a two-point calibration of the pH meter and one-point calibrations of the conductivity and D.O. meters.
The Hach turbidimeter calibration will be checked two times daily using three secondary standards {composed of
silicon gel and metal oxide) in accordance with manufacturer's instructions.

Standardization checks will be performed at the conclusion of each sampling day. Instrument drift will be checked
by analyzing a standard at the conclusion of each sampling day.

General technical specifications and calibration procedures for the field water quality instruments are attached in the
Field Water Quality Instrument SOP. '
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Appendix 7. Example of a Standard Operating Procedure

4. CRITERIA FOR SELECTION OF TUBING OR PUMP INTAKE DEPTH

Each well will be sounded to confirm the well depth. The target intake depth will be the center of the well screen.
If a build up of silt in the bottom of the well will interfere with the proper placement and operation of a submersible
pump, the intake will be placed three feet below the top of the screen. Monitoring wells with significant amounts of
sitt will be periodically developed to remove the accumulated sediment. If excessive amounts of silt are
encountered, the well will be purged and sampled using a dedicated bailer (as discussed below).

5. SAMPLE IDENTIFICATION, TRANSPORTATION, AND CHAIN-OF-CUSTODY

Sample containers will be labeled in advance of sampling with the sample date, location (well identifier), sampler’s
initials, and project name.

Written sample custody procedures will be followed whenever samples are collected, transferred, stored, analyzed,
or destroyed, in order to trace possession and handling of a sample from collection to disposal. Accountability for a
sample begins when the sample is taken from the well. Each sample will be accounted for with the use of sample
labels, and chain-of-custody forms, a record of sample collection, and field data notebooks.

The following chain-of-custody procedures will be implemented by the field staff:

e Entries in the field notebook and chain-of-custody form will be made in ink. Documentation of each sample
must be completed at the time of sampling. :

s  The original copy of the chain-of-custody must accompany the samples at all times after collection, until receipt
at the analytical laboratory. A copy of the chain-of-custody form will be kept by the field staff until filing at
the office.

e  When the possession of samples is-transferred, the individuals relinquishing and receiving the samples will
sign, date, and note the time on the chain-of-custody form.

e If samples are shipped, strict chain-of-custody is violated. However at the discretion of the project manager the
procedures can still be followed, with one modification: the field staff will note the courier name and airbill
number on the chain-of-custody form. The field staff will keep a copy of the airbill. '

6. EQUIPMENT LIST

Equipment for Low-flow Sampling Using Pump

e Pump constructed of stainless steel or Teflon (submersible centrifugal or peristaltic).

+ Power source (matine battery). ) _

s Dedicated tubing: 1/4 or 3/8 inch ID" (pharmaceutical-grade silicone tubing around rotor head of peristaltic
pump; Teflon-lined polyethylene for submersible pump).

¢ Flow rate measurement equipment (graduated cylinder or bucket and stop watch).

Equipment for Sampling Using Bailer
» Dedicated Teflon bailer.

¢ Dedicated drop-line for bailer.

e VOC adapter tip for bailer.

Additional Equipment
s  Water level probe (accuracy =0.01 feet).
Decontamination materials if needed (non-phosphate detergent, distilled/de-ionized water, isopropy!l alcohol).

e Sample bottles, labels, cooler, and ice packs.
e Sample preservatives (unless added by lab).
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7.

Well construction data (maps, well construction reports, data from previous sampling round).
Logbook..

Quality Assurance Plan.

Well purging and sampling forms.

Chain-of-Custody.

Well keys.

Bolt cutters.

Field water quality equipment: pH, Dissolved Oxygen, Turbidity, Specific Conductance, Temperature.
Standards for field calibration. )

Gloves and plastic sheets {4-foot square to lay on ground)

FORMS

The following forms are attached:

1.

Analytical Method Details: to record details regarding each analytical method (the type and number of
containers, matrix type, preservation method, holding period) and which wells are sampled for each analytical
method :

QC Sample Form: to record information regarding each QC sample (duplicate sample, field blank, equipment
blank, trip blank) including fictitious id’s and sample description

Water Sample Record: to record all information regarding the purging and sampling each well
Chain-of-Custody Record: to record all parties who handle samples from collection to disposal
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Appendix 7.

WATER SAMPLE RECORD FORM

PROJECT NAME:

PROJECT NO.

LOCATION:

WELL IDENTIFICATION CODE -

SAMFPLE IDENTIFICATION NO.:

"ELEVATION DATA
DATE: : | TiME: WELL DIAMETER (inches);
DEPTH () + CORRECTION = TRUEDEPTH WATER COLUMN HEIGHT: (feet)
WATER LEVEL + GALFT x %:
BOTTOM OF WELL| + VOLUME T BE PURGED: (gallons)
MEASURING POINT: TPS / PVC
INSTRUMENT:
COMMENTS:
WELLHEAD CONDITION {circle items where appropriate; cross out if not applicable}
GENERAL CONDITION: GOOD { NEEDS REFAIR ISWELLPLUMB? Y / N
PROTECTIVE STEEL CASRNG: GOOD / CRACKED / BENT / LOOSE / NONE LOCK: GOOD / BROKEN / NONE
'WELL NO. VISIBLE? YIN RUSTARQUNDCAP? Y / N
WELL CAP: GOOD / BROKEN / NONE PVCRISER: GOOD / DAMAGED / NONE
RAIN WATER BETWEEN STEEL AND PYC CASINGS? YIN CONCRETE COLLAR: GOOD / CRACKED / NONE
EVIDENCE OF PONDRNG AROUND WELL? YIN EVIDENCE OF: RODENTS / INSECTS / NONE
GOPHER-TYPE HOLES AROUND COLLAR? Y/ N CURBBOX: Y / N (keyis: HEX [ PENT) -
COMMENTS: CURB BOX GASKET: GOOD / REPLACE
- PURGE DATA {circle items where appropriate; cross out if not applicable}
START TIME: - "PURGE DEVICE: . DEDICATED /- NQN-DEDICATED. .
END TIME: DEVICETYPE: BAILER / PERISTALTIC / SUBMERSIBLE / BLADDER
PURGED TIME: _ "COMMENTS: - : o '
PUMP RATE: (spm) S . o i .
VOLUME PURGED: {gallons) - WELL YIELD: HIGH /' MODERATE / LOW / DRY
SAMPLE DATA
DATE: TIME: SAMPLER: CONTAINERS QUANTITY PRESERVATIVES
SAMPLE DEPTH: (R) WEATHER: B
SAMPLING METHOD: BAILER / PERISTALTIC / CENTRIFUGAL -
BAILER TYPE: 2'SS / 125'S8S / SHORTSS / 2"PVC /- OTHER.
BAILER CABLE: DEDICATED / NON-DEDICATED Y
FILTEREDINFIELD: N Y / @WELLHEAD / @VYEHICLE
FILTRATION METHOD: PRESSURE / VACUUM / SYRENGE
PUMP ID NO.: FILTER ID NO.:
FIELD DECON.: BAILER / FILTER / TUBING / OTHER / NONE
WATER APPEARANCE (COLOR, ODOR, ETC.):
INSTRUMENT CALIBRATION
pH METER pH mV T SPECIFIC CONDUﬁIWTY {eal. saln. # meas. cal. soln,}
pH 4 buffer coll constant: 1,413 wmholem / =
pH 7 builer temp. correction (: cal. s0ln. lemp. =
pH 10 buifer f =|
FIELD PARAMETERS
: INSTRUMENT # SAMPLE SPECIFIC CONDUCTIVITY INSTRUMENT #
pH TEMPERATURE cell constant X temp. corr. (f) X measured SC =
X X @25 ¢

NOTE: 3¢ CALCULATION BASED ON TEMP. AT THE TIME OF MEASUREMENT
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