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Draft Report

A National Framework for Ground-Water Monitoring
In the United States

Executive Summary

Introduction

In 2007, the Subcommittee on Ground Water (SOGW) estiablished by the Federal Advisory
Committee on Water Information (ACWI) to develoframework that establishes and encourages
implementation of a long-term national ground-wajpeantity and quality monitoring network. This
network could provide data and information necgsiarplanning, management, and development of
ground-water resources in a sustainable mannerST@&W, which together with its working groups,
includes more than 70 people representing the terseector and 54 different organizations, including
nongovernmental organizations, State and local@genFederal agencies, and academia (Figure ES-
1). The proposed National Ground-Water Monitorirgfwbrk (NGWMN) is envisioned as a voluntary,
integrated system of data collection, managemeuity@porting that would provide the data needed to
help address present and future ground-water mamageguestions raised by Congress, Federal, State,
and Tribal agencies and the public.

Federal
Government

NGO's 2%

&
Private Sector
40%

Academia
6%

Figure ES-1: Organizational distribution of SOGW membership and Work Group participants.

The need for national ground-water monitoring isfpund and has been recognized by
organizations outside government as a major dagdagananaging ground-water resources. Our

1
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country's communities, industries, agriculture,rgggroduction, and critical ecosystems rely onewat
being available in adequate quantity and suitabldity. Ground water is the source of drinking wate
for 130 million Americans each day and provides 4#%he Nation’s irrigation water (Hutson and
others, 2004). Ground-water levels have declined,gaound-water quality changes have been
documented in every State. Because surface wdidtjisllocated in many parts of the Nation,
increased ground-water demand is expected in etibseof water use, including the heavy use sectors
of irrigation and public supply. New factors exdiae these trends. Biofuel production likely will
increase ground-water irrigation demand and themi@t for contamination from agrichemical
applications. Proposals for geologic sequestraifararbon dioxide to mitigate climate change présen
the potential to acidify ground waters used fonkiimg water and other purposes if migration of the
carbon dioxide to overlying aquifers occurs. Aduhtilly, brackish and saline ground water may now be
drawn on to supply greater uses after treatmewater-deficient areas and may compete as locations
for carbon sequestration. All of these activitieseaten both actively used aquifers and the basedffo
the streams they support.

Current Ground-Water Monitoring Efforts

Ground-water level monitoring has been conductednfany decades in many States. Data from
these networks have been used to help identifygeldpyand manage ground-water supplies. Ground-
water quality monitoring programs have been dewedapore recently in response to the focus on water
quality that resulted from passage of the SafeKdmgpnWater Act; the Clean Water Act; the
Comprehensive Environmental Response, Compensatoin.iability Act; and other environmental
laws. As of 2007, 37 States operated statewidegional ground-water level monitoring networks, and
32 States have at least one active statewide mna@gground-water quality monitoring program. The
State monitoring networks are funded using a coatlon of State and Federal funds. The networks are
operated by a variety of State agencies, manyewhtim cooperation with the U.S. Geological Survey
(USGS).

Interstate aquifer management is complicated herilig State objectives and reporting
protocols for ground-monitoring networks and growuvater use. This circumstance precludes regional
or national evaluations of ground-water availapjliates of use, and sustainability. Because many
aquifers support multiple jurisdictions, a focusrmoanitoring at the aquifer level rather than at a
political subdivision is critical to facilitate stasnable ground-water use.

Description of the Proposed National Ground-Watenbring Network

The proposed NGWMN may be thought of as a compitadif selected wells across the Nation
that will take advantage of, and enhance, exishtage and Federal monitoring efforts. The NGWMN is
not intended to replace existing State or Fedemalitoring networks, nor is it intended to addrexsal
issues. The network is designed to focus on mangaground water from the Nation’s most productive
aquifers and aquifer systems. The USGS definemaipal aquifer as a regionally extensive aquifer o
aquifer system that has the potential to be usedsasirce of potable water over broad areas. Other
important aquifers, as identified by the State$rdves, also will be included in the network. Tloeds
of the network will be on assessing the baselimalitimns and long-term trends in water levels and
water quality. Final designs for the monitoringweitk for each aquifer may differ depending on a
number of factors, including aquifer lithology,dkness, degree of aquifer confinement, degree of
aquifer development (i.e., pumping), climate, ptitdrior adverse impacts to water quality, and othe

2
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hydrogeologic factors. The final network designdach aquifer or aquifer system likely will be an
approach that specifies a minimum number of moimitpsites for a given aquifer/aquifer system and an
approach that determines the number of monitoriteg sequired for an aquifer/aquifer system to
achieve a predetermined sampling density.

As proposed, the NGWMN would include two monitorggonetworks: a subnetwork that
focuses on monitoring unstressed parts of prin@paifers and aquifer systems, and a subnetwotk tha
targets areas of concern within aquifers and agsifstems (typically contaminated areas and areas
where water-level declines are of concern). NGWMbhitoring will include three different categories:
trend monitoring, surveillance monitoring, and spkestudies monitoring. Any given monitoring
location could be included in one or more categoi@equency of monitoring for any given
aquifer/aquifer system will be determined based®ability to adequately detect short-term and
seasonal changes and to discriminate betweenfédesebf short- and long-term hydrologic stresses.
For water-quality monitoring, the analytes to bepked are based on the subnetwork, the monitoring
category, and the monitoring frequency. Detailéddrimation contributed to the NGWMN about a
monitoring site and the contributing aquifer wid b critical component for management and
subsequent analysis of data. The national framewaisikrecognizes that selected ancillary infornmatio
will be required to answer important water-managangeestions. Common data-collection techniques
will be established to ensure comparability of dat will be provided by a wide variety of Federal
Tribal, State, and local organizations. The NGWMMbagnizes that new sampling, measuring, and
analytical technologies will continue to be deved@mand improved. These new technologies may result
in significant cost savings for ground-water monitg programs and will be incorporated into the
NGWMN as appropriate.

Ground-Water Data Management

Another essential part of the proposed NGWMN wdlébdata-management system to receive
network data. Data systems in the United States akimany organizational levels (local, State,
national, academia, and private sectors), but lsscatimany factors, including historical differeace
purpose, the data cannot easily be shared and cedthga overcome this problem, several national
private and governmental organizations have evollagd standards and a common vocabulary to
facilitate data sharing. As new databases are dpgdland old systems are updated, the standards
gradually are being incorporated into these systeitany different agencies and academia will
continue to improve technology and software forabkection, retrieval, display, and interpretatioin
data. As a result, the focus of a data-managenystéra will be on developing applications that
facilitate the retrieval of and access to datamasneeded basis from multiple, dispersed data
repositories, allowing the data to continue to baded and managed by the data provider while being
accessible for purposes of a national monitorimp@am. A Web-based portal will allow the diverse
network stakeholders to search and retrieve dadateto address the many questions related to the
monitoring of the Nation’s ground-water resourdegufe ES-2).

3
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2. Portal filters request to query
only sites with appropriate
supporting criteria

National
databases

1. Public user makes query to 3. Data request sent to all
NGWMN Data Portal appropriate databases

Public NEWMN State
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106
107 Figure ES-2: Steps taken and information flow froma public data request to the proposed NGWMN data @rtal.

108 Value of a National Ground-Water Monitoring Network

109

110 The proposed NGWMN would provide an improved foummaand context, at the national and
111 regional multistate scale, within which to interfpdata from various data-collection effort$ie

112  networkwill generate an ongoing time series of ground-wigeels and water-quality data necessary to
113  evaluate the status and trends of the Nation’srgitemater resources. The network will provide data
114 that can be used to answer questions at a vafistyates, though the primary focus will be on nadio
115 or regional interstate scales. Because the indalichonitoring programs may have differing objective
116  and produce data not sufficiently compatible fogr@gation into a national data set, establishmeat o
117  consistent national design and standards for grovatdr monitoring will allow selected wells in many
118 of these monitoring programs to be included in @onal program that does have consistent goals,
119  procedures, and data-quality standards. A set tricaevill be developed to track the success of a
120 NGWMN. These metrics would be based on NGWMN goélga) full participation by the principal
121 ground-water data producers in the United Stabgdu(l acceptance by these producers of the

122 NGWMN goals and recommendations, and (c) inclusioadequate distribution of monitoring

123 locations so that meaningful interpretations camiaele regarding the status and trends for ground-
124  water levels and quality. The framework will includtrategies for assuring adequate communication,
125 coordination, and collaboration with all Federdht8, Tribal, and local stakeholders. To implement
126  these strategies, a network management structlirbendleveloped, and adequate funding will be

127  required. To support an efficient implementatiomdGWMN, the SOGW recommends that pilot

128 projects be conducted in selected areas of thetigotmwork out the details of incorporating paots

129  existing State ground-water monitoring programe ehational network.

130 Recommendations of the Subcommittee on Ground Water

131 Based on the work completed by the SubcommitteBranind Water, the following
132 recommendations are presented for consideratiadhéopdvisory Committee on Water Information:
133

134 1. Establish a National Ground-Water Monitoring Network, according to the design-
135 parameters in the Framework Document, including:
136 a. A network management structure;
137 b. A national ground-water data portal; and,
138 c. The collection and contribution of data from various data-sources, including States,
139 Federal agencies, regional entities, and other org&ations;
4
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A three-tiered structure is recommended: (a) comtithe Subcommittee on Ground Water to serve as
an interface between the ACWI and the NGWMN on Fadssues and identify directions and
priorities for the NGWMN, (b) establish a Managetamnd Operations Group in the U.S. Geological
Survey to handle day-to-day management and opesatibthe NGWMN, and (c) establish a Program
Board to provide guidance and input regarding scpperities, and overall direction to the
Management and Operations Group. Members will sbiasiNGWMN data providers.

| Management of the National Ground-Water Monitoring Network (NGWMN) |

Data Providers
[Networks and Individual Sites That Meet NGWNIN Criteria]
| Federal | [ State | | Tribal | | Regional | | Local | | oOther |
Advisory Committee on Water Information U.S. Geological Survey NGWMN Program Board
Subcommittee on Ground Water Management and Operations Group [Representatives from Data Providers]
[Federal Interface] [Day-to-day operations] [Guidance and Direction]

Figure ES-3: Management of the proposed National ®und-Water Monitoring Network.

The network will consist of two parts—a ground-wdexel network and a ground-water quality
network. The network will make available internatignsistent data and information for planning,
management, and development of ground-water resgatcthe national scale to meet current and
future water needs. There will be two types of amwmorks—unstressed (background) and targeted.

2. Explore and facilitate Federal funding opportunities, cooperative agreements, and any and
all feasible options to help support the Network; ad

Possible funding models include one or more ofitlewing: Federal Monitoring Programs and
Federal-to-Federal collaboration; the U.S. GeolalgBurvey Cooperative Program; a modified
STATEMAP program; and U.S. Environmental Protec#@ency grants supporting monitoring.

3. Initiate Pilot Projects to:
a. Test the National Ground-Water Monitoring Network concepts, and
b. Produce recommendations leading to full-scale imptaentation.

As a first step toward development of a NGWMN, pdtudies would be implemented by initiating
dialog with selected data producers to evaluaté metvorks, their coverage of major aquifers, water
level and sample collection and analysis methaas data-management systems. This should be
pursued through the solicitation of expressionsi@rest in pilot studies from willing participarftem
various Federal, Tribal, and/or State data netwodrkese pilot studies would lay the ground work for
future implementation of the full network.
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Chapter 1 — Introduction

Water is one of the Nation’s most essential nattesburces. Our country's communities,
industries, agriculture, energy production, anticai ecosystems rely on water being available in
adequate quantity and suitable quality. Ground miatihe source of drinking water for more than 130
million Americans each day and provides about 42%h@ Nation’s irrigation. Although overall water
use has been relatively steady for more than 26sygeound-water use has continued to increase,
primarily for public supply and irrigation. Of tf/&3,300 million gallons per day (Mgal/d) of ground
water used in 2000, 68% was used for irrigatiooual23% was used for public supply and domestic
use, 4% for industrial use, and the remainderiV@stock, aquaculture, mining, and power generation
(Hutson and others, 2004). In addition to humars us@any ecosystems are dependent on direct access
to ground water or on ground-water discharge astis, lakes, and wetlands.

The Nation’s ground water is under stress and reguimmediate attention at the local, State,
interstate, and national level. State and Fedgeh@es have measured ground-water level declines i
nearly every State. Ground-water quality changes fthemical use and waste disposal have occurred
in all States. Climate change through increaseatifftoy may significantly affect ground-water quality
and through drought significantly affect ground-erdevels. Because surface water is fully allocated
existing uses in many parts of the Nation, incrdageund-water demand is expected in all sectors of
water use, including the heavy use sectors ofatiegn and public supply. Energy and biomass
production for biofuels likely will increase stress ground water used for growing crops and prauyci
and refining fuels. Associated increases in agnuhal application and residuals disposal also may
have a deleterious effect on ground water. Propdsalgeologic sequestration of carbon dioxide to
mitigate climate change present the potential idifgaground waters used for drinking water andesth
purposes if migration of the carbon dioxide to dwieg aquifers occurs. Additionally, brackish and
saline ground waters may now be drawn on to sugyasiter uses after treatment in water deficient
areas and may compete as locations for carbon seegtien. All of these activities threaten both
actively used aquifers and the baseflow of theastiethey support.

Interstate aquifer management is severely chalttbgemonitoring networks that end at State
borders and have different objectives, designshats, and reporting requirements. The levels and
guality of ground water are monitored by many wettworks, but these networks do not have common
objectives or reporting requirements. This situapoecludes fundamental regional and national scale
evaluations of the resource with assessments bésad on local use of portions of aquifers undeglyi
many jurisdictions. Coordinated monitoring needprvide the basis for regional and national
resource perspectives as a foundation for infordesmision making at all levels. Because many agaiifer
support multiple jurisdictions, a focus on monibgyiat the aquifer scale rather than at the politica
subdivision scale is a critical need to foster ainstble ground-water use.

To successfully manage present ground-water ressaned ensure effective planning for future
ground-water needs, an understanding of the preses®l properties of the ground-water systems
containing the water is required. This includesdedl information on ground-water levels because
ground-water level measurements are the sole direasure available to evaluate aquifer conditions.
Increases in ground-water levels demonstrate iseckguantities of water stored within an aquifer.
Decreases in water levels demonstrate decreasaditqgsaof water in storage. Uses of ground-water
level monitoring data are critical to evaluate:
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short-term and long-term changes in ground-watgrasge and storage;

short-term and long-term impacts from climate Maitity (especially droughts);
regional interstate and regional intrastate effe€ground-water development;

the water-level surface (potentiometric surfacethefwater table or confined aquifers;
changes in ground-water flow directions;

interactions between ground water and surface waie¥/'or

ground-water flow and contaminant transport throagimputer modeling.

Not only must ground water be present in sufficgumantity, but the water also needs to be of
suitable quality for the intended use. Suitabitifithe ground water may depend on factors, such as
taste and odor; presence of naturally occurringttuents, such as radionuclides or arsenic; miatob
content; or presence of nitrates, pesticides, #mer @anthropogenic constituents. Saltwater or bsaick
water may contaminate water supplies in coastalsa@s a result of the excessive withdrawal of gioun
water. Extended road salting along major corrigord in urban areas can contaminate aquifers. Aguife
contamination sources may be site specific (pangiffuse (non-point). Commonly, contaminants are
detected by monitoring wells, and contaminant tpansis modeled by computer using ground-water
level data to determine flow direction. The monitgrof spatial and temporal changes in ground-water
quality must go hand-in-hand with ground-water lewenitoring if the Nation is to evaluate the
usability of its ground-water resources.

Despite the fact that ground-water level monitoli;gone in many places at many scales, a
comprehensive repository of ground-water level navimg data does not exist. In fact, the avail&pili
of ground-water levels and rates of change is auaquate for national reporting” according to the
report, “The State of the Nation’s Ecosystems” {bhn Heinz 11l Center for Science, Economics and
the Environment, 2002). A follow-up report from tHeinz Center (H. John Heinz 11l Center for
Science, Economics and the Environment, 2006) iiikethiground-water levels as “one of the 10
highest priority data gaps that must be filledniprove the Nation’s ability to report on ecosystem
conditions and use, and to make sound policy aedabipnal decisions.” The President’s National
Science and Technology Council (NSTC) Committe&ownironment and Natural Resources (CENR)
Subcommittee on Water Availability and Quality (S\WAcited three broad categories of scientific and
technical challenges that the Nation must meetderto ensure an adequate water supply. The first
category challenges the United States tatcurately assess the quantity and quality of &ew
resources...” (NSTC, 2007). These are but two eXesrifpustrating that a National Framework for
ground-water monitoring worthy of ground-water’spontance to the Nation is needed. The Framework
should recognize ongoing monitoring at many scgesyide mechanisms through which suitable data
can be collated at the national scale, and alsagedor collection of these data from critical ase
where there are no existing networks.

1.1 Organization of this Report

This report consists of an Executive Summary, aveis Chapters and Appendixes. Chapter 1
provides background, purpose and limitations ne¢ato the National Ground Water Monitoring
Network (NGWMN), and an introduction to the propodsetwork design. Chapter 2 is an overview of
State, multicounty, and National monitoring progsam 2007. Chapters 3, 4, 5, and 6 present the
National Network goals and management issues, ebggapresentation of network design and
specifications, common field practices and compétgband data standards and data exchange goals.
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Chapter 7 highlights major recommendations and esiggoptions for management of the proposed
NGWMN. Appendix 1 is a list of contributors. Appexres 2 through 7 provide a glossary of terms and
information that amplifies on the recommendationd eoncepts presented in Chapters 2 though 7.

In this report, the term “monitoring” may refergoound-water level monitoring, ground-water
quality monitoring, or both.

1.2 Background

The Advisory Committee on Water Information (ACVid)a federal advisory committee that
has a membership representing Federal and nondtealerests with a wide range of expertise in and
responsibilities for water resources. ACWI overdbesactivities of a number of subcommittees,
including one for water-quality issues, which iledhthe National Water Quality Monitoring Council
(NWQMC). The NWQMC has designed an excellent nekwibat provides information about how
near-shore inland activities affect the healthwf@ceans and coastal ecosystems. Because theafcope
that effort is essentially limited to coastal ecgisyns and because ground water is a minor panaof t
effort, ACWI formed the Subcommittee on Ground W480OGW) in 2007 to address U.S. ground-
water level and ground-water quality monitoringaieat a national scale. More than 70 individuals
representing the private sector and 54 differegaoizations, including nongovernmental organizatjon
State and local agencies, Federal agencies, adéraéa worked together through the SOGW to
discuss ground-water monitoring needs at the naltiecale and develop the national framework for
ground-water monitoring that is described in treswment. Appendix 1 lists the individuals and
organizations instrumental in the discussion armdtidig process of this report.

Federal
| Government
20%

NGO's
&
Private Sector
40%

6%

Figure 1.2.1 Organizational distribution of Subcommitte&m@und Water membership and Work
Group participants.
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1.3 Purpose and Scope

The overall goal of the Subcommittee on Ground WEOGW) is to develop and encourage
implementation of a nationwide, long-term groundevajuantity and quality monitoring framework.
The purpose of this document is to provide a fraor&vior a National Ground-Water Monitoring
Network. The network would provide information @#l to national-scale decisions about current
ground-water management, and future ground-watezldement while recognizing that the resource
must continue to meet ecosystem requirements.

In undertaking its work, the SOGW considered pe8¢ciprograms, and funding for the
collection, analysis, assessment, distributionomépgy, management, and use of ground-water data at
all levels of government and in the private secitbee SOGW obtained information about Federal and
State monitoring programs, and reviewed produatisaativities of the ACWI or ACWI subgroups and
their predecessors relevant to ground-water mangpdata acquisition, or storage and retrieval oAl
this information contributed to the recommendatiprevided in this document.

1.4 Network Design Features

The National Ground-Water Monitoring Network (NGWNIIS conceptualized as selected
wells from Federal, multistate, State, and locaugid-water monitoring networks brought together
under the defining principles presented in thisuheent. The SOGW recognizes that many wells used
for monitoring within the various networks alreadyexistence within the country can help generage t
data required to address important questions @heuwdvailability and quality of the Nation’s ground
water.

The principal design features for a National GroAater Monitoring Network will be:

1. Identification of the aquifers to be monitored. Algusystem boundaries, not political
boundaries, are the natural spatial units aroundwthe conceptual models and network
design are organized. Ground water and surfaceraeggart of the same hydrologic
system. Therefore, NGWMN aquifer definition alsoghconsider spatial relations
between the selected aquifers and surface-wateitonog network(s);

2. Definition of a core set of data elements, inclgdieographic data, well construction
requirements, and measured parameters;

3. Definition of comparable field methods;

4. Defined protocols for selection of monitored looas in three dimensions within
aquifers;

5. Specification of monitoring time frames and freqcies based on site characteristics and

purpose. Specific network design issues, sucheaspgétial density and frequency of data

collection, are tailored to conditions within eaduifer, such as aquifer heterogeneity,
recharge and discharge areas, withdrawals, conédimmextents, and other
hydrogeologic factors;

Definition of water-quality analytes;

Definition of agreements with data providers thrdowghich data are made available to

the national network; and

8. A data management system that allows national acogbe data.

N o
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The NGWMN is envisioned as a voluntary, cooperatinegrated system of data collection,
management, and reporting with a limited set afdaads that provides the data needed to help asldres
present and future ground-water management questaised by Congress, Federal, State, and Tribal
government agencies, the public, or others. Suelstgpns include, but are not limited to:

Where is ground-water use greater than can beisedtan a long-term basis?

What areas are most promising for future grouncewstipply development?

Where is ground-water use creating unacceptablagtepn surface water or on ecosystems?
What are the effects of climate variability on gnduwater levels across the country?

What are the trends in ground-water levels andityualr major aquifer systems?

Thus, the NGWMN may be thought of as an aggretaifaelect wells across the Nation. It
takes advantage of, but also seeks to enhancénexiederal, multistate, State, Tribal and local
monitoring efforts. The NGWMN is not intended t@lace existing monitoring systems, nor is it
intended to address local issues, such as conteedimalustrial sites or regulated facilities. Rathieis
focused on assessing the baseline conditions aigdtésm trends in water levels and water quality in
important aquifers. The NGWMN is expected to prevash improved foundation and context within
which to interpret data from various data-collectedforts. The network design is based on the
following organizing principles:

The NGWMN should be established within the cont®dquifer conceptual models. Resulting
data would, in turn, support improvement in theseceptual models, allowing improvement of
the original monitoring system design.

Aquifer system boundaries, not political boundaréee the natural spatial units around which
the conceptual models and network design shoulatdenized. Where needed, and if not
already in existence, cooperative programs shoellddveloped to address aquifers that cross
political boundaries.

Ground water and surface water are part of the $gmlogic system. Therefore, the ground-
water monitoring network must be integrated withfate-water monitoring network(s).

Specific network design issues, such as the véditd horizontal spatial density and frequency
of data collection, are tailored to the needs cheaquifer depending on the thickness and areal
extent of the aquifer, the use of ground watehaaquifer, and other hydrogeologic factors.

The overall network elements include:

Conceptual modeling

Monitoring design

Field data collection

Laboratory analysis

Data transfer, storage, and dissemination
Interpretation and reporting

The Network is intended to produce data of suffitiguality and spatial/temporal distribution to
support periodic evaluation of:

Spatial and temporal patterns of ground-water keaald quality
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The extent to which ground-water levels and qualitgnges are related to human activity
Responses to climatic variation

The extent to which ground-water availability andlity changes affect human activities or
ecosystems

1.4.1 Guidance

Numerous reports provided useful guidance for #mgh of the NGWMN. The National
Research Council (NRC) report “Investigating Growater Systems on Regional and National Scales”
(NRC, 2000), a U.S. Geological Survey (USGS) refoancepts for National Assessment of Water
Avalilability and Use" (USGS, 2002), and a reporttbg Intergovernmental Task Force on Monitoring
Water Quality (1997), “Conceptual Frameworks foo@rdwater Quality Monitoring,” provide
valuable guidance for defining the questions taddressed. However, none of the reports directly
address network design. In the last decade, thepéan Union (EU) recognized the need for and
established a ground-water monitoring network fordpe. A series of European Commission (EC)
reports on the common implementation strategy forirective 2000/60/EC established a framework
for community action in the field of water poliagpmmonly known as the EU Water Framework
Directive (WFD), including EC Guidance Document NpMonitoring Under the WFD; Ground-Water
Monitoring: Technical Report on ground-water mornitg as discussed at the workshop of June 25,
2004; and EC Guidance Document No. 15, Guidandgroand-Water Monitoring Directive
2006/118/EC on the protection of ground water agggiollution and deterioration. Although there are
numerous differences in design details, the Eunopesawvork with itsnember-nation to Europe-as-a-
wholerelation provides an excellent model for the NGWHkIBtates-to-natiomelation.

EC Guidance Document No. 15 outlines a flexible imwimg approach designed to answer a set
of core questions similar to the approach of theNWB\. On an EU-wide scale, this flexible approach
can be thought of asreetwork-of-networksn which individual national networks are requiite
address a set of EU-wide questions/issues, butatsayaddress specific needs of the member nation.
Each member nation is required to prepare repagsdon data from their own monitoring networks
(Article 15), and the EC is required to prepare poghensive summary reports initially within 12 ysear
of the WFD effective date and every 6 years théeedArticle 18).

Although ground-water monitoring in the United $&atloes not have the legal framework that
exists within the EU, the network-of-networks apgrio used by them is relevant in the United States
and serves as a conceptual basis for the appreoasbarped herein.

1.4.2 Network-of-Networks

The term “network-of-networks” sometimes is usedéscribe efforts to “roll up” existing
networks operated over smaller areas into an in@usetwork operated over a larger area. In the cas
of the proposed NGWMN, this usage is informal agféns to the logical linking through access to data
of comparable quality from monitoring efforts aldgaongoing at national, regional interstate, State,
Tribal, and local levels. This usage can causeusiofi, however, because it can imply thabalhe
wells monitored in all of the combined networks m@uded in the larger-scale network. That is thet
situation intended for this network. The propos&aVMMN will combine_selectvells from networks
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operated at smaller scales into a national-scdleank. To avoid potential confusion, the “network-o
networks” terminology is not used in this report.

1.4.3 Unstressed and Targeted Monitoring Netsvork

Monitoring points designated for the NGWMN will belected using the criteria listed above,
which include evaluation of conceptual ground-wéitaw models within aquifer systems.
Wells/springs included in the NGWMN will be flaggemllogically designate one of two subnetworks:
(1) unstressed (background), for monitoring polatsited within unstressed portions of aquifers, and
(2) targeted, for monitoring points located in are&focused interest, such as area of current or
emerging ground-water development or land-use ahavignitoring points must have attributes that
meet the network design criteria appropriate feirtborresponding network designation. The
unstressed or targeted flag is determined by theemtavider, in consultation with the NGWMN
management and operation entity (see ChaptertiAg atational level. The subnetwork flag also can
change if local conditions change as determinethéyata provider.

1.4.3.1 Unstressed Network

The Unstressed Subnetwork includes monitoring pdimt provide data from unstressed (or
minimally stressed) aquifers or parts of aquifeasally, this network ensures that a consistent g af
wells or springs is regularly monitored to generaser-level or water-quality data from non-
withdrawal and uncontaminated areas. However likédy that total network-wide isolation from land
use and developmental pressures is not possiblie. [Bactice, unstressed areas are those that eithe
have limited stress or have been minimally affe@tgthuman activities.

1.4.3.2 Targeted Network

The Targeted Subnetwork includes monitoring pdinés provide data from aquifers that (1) are
known to be heavily pumped, (2) have experiencédtantial recharge-altering land-use changes, or
(3) are located in areas with managed ground-wasgurces (e.g., artificial recharge or enhanced
storage and recovery). The Targeted Subnetworkimtéades monitoring points that are (4) known to
have degraded water quality from human activibegb) are in an area expected to soon be developed

Because aquifers can be affected by either withalaar contamination, a monitoring point
may carry more than one flag designating whethigriit the Targeted or Unstressed Subnetwork. For
example, a well in an undeveloped portion of anifaqmay be flagged as Unstressed regarding
contamination but as Targeted because of effeats fegional pumping. As stated previously, the
flagging effort is determined by the data provigteconsultation with the management and operation
entity.

1.4.4 Network Types and Monitoring Categories

Monitoring points within each subnetwork (Unstrekse Targeted) will be assigned to at least
one monitoring category by the data provider instdtation with the management and operation entity
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(Chapter 7). Monitoring categories are not necédgsautually exclusive. For example, a well may be
assigned to the Unstressed Subnetwork for watetdeand simultaneously produce data useful in the
Targeted Subnetwork for water quality. Each momtprategory is discussed in detail in the follogvin
sections and presented in figure 1.4.4.1. The sigdanonitoring frequencies are discussed in
Chapter 4.

Unstressed Subnetwork
(nonpumped or uncontaminated aguifers)

Baseline Period

(5 years of data)
 Sunveillance ‘ Trend
Monitaring Points ] Manitoring Paints
| (Synoptic wells) ; {Backbone wells)
Y

3 ; EXPLANATION
Special Studies
{Rare in this netwark) At least 5 years of data are collected

to establish background conditions

Periadic census of ground-water levels
and/or quality (i.e., "mass measurements”

Targeted Subnetwork for potentiometeric surface mapping)
(affected aquifers)

Fewer wells monitored regularly (i.e.,
seasonal variability of water levels
and/or quality)

3 = Smaller areas to evaluate ground-water
Baseline Perind resources at risk of depletion or
(5 years of data) ; d
impairment

v | e

Surveillance Trend
Monitaring Points ‘ Monitoring Points
: '1|$ﬁdpﬂfml (Backbaore wells)

A

Special Studies

Figure 44m11 Network types and relation among networks.

1.4.4.1 Baseline Monitoring

If baseline (historic) data do not already existiratial baseline monitoring period for up to
5 years would be conducted on new monitoring pdmtiéefine water-level and/or water-quality
conditions and to account for natural variabil®nce baseline data are available (either from h¢sto
data or after 5 years of NGWMN data collectiontadaroviders review the data to determine whether
the monitoring point should be assigned to theeillance or trend monitoring groups, or whether the
baseline phase should be extended.
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Data from baseline monitoring provide an initialmitoring period that can, in conjunction with
other hydrogeologic or climatologic information, bsed to determine “initial” aquifer water levelsda
“initial” ground-water quality. These data can thsnused to examine changes and trends in water
levels and water quality over time. When baselimamoring is completed, wells are available for
Surveillance and Trend monitoring.

1.4.4.2 Surveillance Monitoring

Surveillance monitoring provides data to assesg-term natural trends or the effect of slowly
changing anthropogenic activities. Ground-wateelesurveillance monitoring is sometimes described
as periodic aquifer “mass measurements,” or “syingpeasurements.” Surveillance monitoring would
be used in conjunction with Trend monitoring toipeically report on the overall water-level and
water-quality conditions, or status, of the Nateground-water resources over time. NGWMN
surveillance monitoring can be thought of as aqukci “census” of ground-water level and quality. It
may not be possible to regularly monitor all suifeaece wells due to cost limitations, but an aquife
census could be taken on a rotating basis. An twrapshot of ground-water conditions in an aquife
is obtained with Surveillance monitoring. Over tingairveillance monitoring can be thought of as a
series of “tie points” of the Nation’s efforts tcomitor its ground-water resources. The frequency of
Surveillance monitoring generally is much less thand monitoring.

1.4.4.3 Trend Monitoring

Trend monitoring is similar to Surveillance monitay; however, monitoring generally is more
frequent on a reduced number of measurement p&atause long-term monitoring at these
measurement points is extremely valuable, a sudfgbe trend monitoring wells would be designated
as the “backbone” wells/springs of the NGWMN. Thds&ckbone” monitoring points are carefully
selected core sites that would be fully supporteédderal funds. In instances where “backbone$site
are operated by NGWMN cooperators, Federal fundssyres that data collection and delivery follow
NGWMN requirements. Every consideration possibleide given to continuing the long-term
record from these wells.

Measurement frequencies for trend monitoring mesafipropriate to determine long-term
trends and seasonal variability in water levelquality at selected locations.

1.4.4.4 Special Studies Monitoring

Special studies monitoring is a secondary aspeitteoNGWMN. This monitoring would be
most often associated with the Targeted Subnetandkwould be used to evaluate the status of ground-
water resources at risk, or potential risk, frorpldgon or impairment. Special studies would beliggp
as needed and most likely are at the local, rdattear multistate or national scale. However, special
studies may be necessary to evaluate ground-veatels|or ground-water quality conditions across
State and, occasionally, national borders. The taong frequency would vary, depending on the
study.
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1.4.4.5 Subnetwork and Monitoring Category Syymma

In summary, Surveillance and Trend monitoring arécgated to be ongoing efforts and would
represent the core of the NGWMN. Surveillance naymg would be conducted at as many NGWMN
wells in as many aquifer systems as practical,evhiend monitoring would be conducted at a selected
subset of these wellk1 addition, a subset of the trend wells would besidered to be the “backbone”
of the NGWMN. Baseline monitoring is a startup watyi that creates an initial data set used to eatalu
where a monitoring well/spring may fit within theehd and Surveillance groups and to assist in
evaluating changes in ground-water levels and tyualier time. Special studies monitoring depends on
individual issues identified by the NGWMN as theiomal program develops. The spatial density for
Unstressed and Targeted Subnetworks and the mioigitoequency for Surveillance and Trend
monitoring are, in part, determined by regional kuél aquifer characteristics.

1.4.5 Ground-Water Management and Decision Mgakin

The NGWMN contains a strong analytical componesigieed to link national ground-water
data with complementary data sets so that suffiecirdarmation could be provided to policy makers to
support informed decision making. Figure 1.4i8usktrates the role of the NGWMN data and other
data in addressing ground-water assessment ancysrarat issues.
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Figure 1.4.8.1 The role of the National Ground-Water Mongd¥etwork data and other data in
addressing ground-water assessment and managerssmnes.

1.5 Network Limitations

Without ancillary information, data collected byytNGWMN cannot help answer important
ground-water management questions. For examplstiqne pertaining to human health, agricultural
impacts, effects of climate change, emerging grewatkr availability and quality problems, the
economic value of ground water, the adequacy akatiland future ground-water supplies, and the
development or protection of ground water couldalbddressed by the NGWMN, but in order to do
so, supplemental data sets may be required. Thiergfee NGWMN program must work cooperatively
with many other programs in order to be able taappately address these important issues.
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Chapter 2 — A Summary of Statewide, Regional, atidrzl Ground-Water
Monitoring Programs in the United States, 2007

The development of a national framework for growater monitoring will require appropriate
collaboration among Federal, State, local, andal'giopound-water monitoring programs. To develop,
manage, and operate a ground-water monitoring anogt the national level, it will be necessary to
incorporate appropriate monitoring locations and@ang schedules of existing Federal, State, local,
and Tribal programs and develop agreements, furatirajngements, and working relationships with
these programs. This section of the report desstite statewide and regional ground-water programs
that were operating in 2007.

Ground-water monitoring programs have been in placa number of years in most states, and
ground-water level monitoring has been conductedniany decades in some States. Data from ground-
water level monitoring networks are useful in hegpto identify and develop ground-water supplies.
Ground-water quality monitoring programs have baeveloped more recently in response to the focus
on water quality that resulted from passage ofeSdat Federal environmental legislation, such as th
Safe Drinking Water Act; the Clean Water Act; then@prehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and thesBarce Conservation and Recovery Act
(RCRA).

Data and information about State ground-water nooini and sampling programs are
summarized in a report entitled State/Regional Gdoater Monitoring Networks (Association of
American State Geologists, the Ground Water Prote@ouncil, the Interstate Council on Water
Policy, and the National Ground Water Associat@®d07). This report was key to the SOGW analysis
of the current status of ground-water monitoringpas the Nation. The data and information were
obtained from two questionnaires sent to all 5@eStan September 2007 by the Association of
American State Geologists (AASG), the Ground WRretection Council (GWPC), the Interstate
Council on Water Policy (ICWP), and the Nationab@nd Water Association (NGWA). One hundred
and seventy-four questionnaires were sent to pnognanagers and staff in State agencies that have
roles and responsibilities in ground-water managenlavo separate questionnaires were sent: the firs
requesting information on water-level monitoringwerks and the second requesting information on
water-quality sampling programs. Forty-five respeswere received from 41 States for the ground-
water level monitoring questionnaire and 60 respstisom 49 states were received for the ground-
water quality questionnaire. The U.S. GeologicalvBy also provided information about networks in
States where the Survey has Cooperative Water &rsgyrA copy of the questionnaire is included in
Appendix 2, and the questionnaire results are abi@lfrom the NGWA at
http://www.ngwa.org/ga/gwmonitoring.html

Based on these available information and origieséarch, the SOGW developed the following
assessment of State ground-water level and qumabtyitoring networks. The highlights of that
assessment are included in Chapters 2.1-2.3. Befdihe assessment are available in Appendix 2.
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2.1 Ground-Water Level Monitoring Programs

Ground-water level monitoring programs vary sigrafitly among States. Some States, such as
Texas and Montana, have comprehensive, well-orgdmater-level networks operated solely by the
State. Some States, such as Maryland and New J&isey strong water-level monitoring programs
operated cooperatively with the USGS. Many Stase® lwater-level monitoring programs that are less
comprehensive. Some States do little or no stategidund-water level monitoring.

In total, 37 States have some type of statewideitoramg program. Based on the information
gathered for this report, the current status otigdbwater level monitoring can be summarized as
follows (fig. 2.1.1).

Twenty-two States have one or more statewide grouatdr level monitoring network.

Fifteen States have one or more statewide andstatearegional ground-water level monitoring
networks.

Five States have only intrastate regional grountemlavel monitoring networks.

Eight States have no statewide or intrastate rediground-water level monitoring network.
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Figure 2.1.1 Ground-water level networks bg Statn questionnaire of State monitoring programs
led by the Association of American State GeologisesGround Water Protection Council, the Intezsta
Council on Water Policy, and the National GroungkiMessociation.

A complete summary of State and intrastate reginatdorks is included in Appendix 2, and
includes information on the following topics:

Water-level network objectives;

The agency operating the water-level monitoringvoek;

The agency funding the water-level monitoring netwo

The design criteria for the water-level monitormegwork;

The measurement frequency for the wells in the mlateel monitoring network;
The personnel who collect the water-level data;

The standard operating procedures used for watet-tiata collection;

The database used for the water-level informatoia;

If the water-level data are available to the pubiacthe Internet
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2.1.1 Ground-Water Level Data Gaps

During the compilation and evaluation of the daathgred by the questionnaire, six significant

data gaps were identified:

1.

Thirteen States were identified as lacking Stateagad/operated statewide networks. Eight had no
networks, and five had only intrastate regionalwoeks. Of these 13 States, however, USGS
operates statewide networks in five of them. Thiklsaves a significant gap.

The lack of written Standard Operating Proceduoes$-feld Data Collection in eight States is a
significant limitation in their efforts, as is arsilar lack in data management and storage cagabilit
in 12 States. There is also an almost completed&ckirrent activity in development of Standard
Operating Procedures in any of the States.

Of the four States considering development of aiiale networks, only one, Washington, is among
the eight States that currently do not manage/opénair own statewide network.

There is a distinct lack of information about thenber and purpose of intrastate regional networks.
In great part, this is due to the questionnaireifigally seeking information about statewide
networks. A follow-up questionnaire would be requito help fill this information gap. For
example, in an area that has a climate/droughtor&tua its unconfined aquifers, the State may lack
a network to monitor underlying confined aquifedgmilar gaps may also exist in statewide
networks.

The frequencies of well measurements vary acregg@spectrum, from a 5-year interval to real-
time instrumentation. The contrasting frequencresaaconsequence of the purpose of the individual
networks, and perhaps available funding. Becaus&®BWMN is expected to be multipurpose,

with unstressed and targeted subnetworks, somawealfurement frequencies will be more suitable
for the designated purpose than others. These tmitgaps would need to be identified and
evaluated.

There is a lack of direct information in the questiaire about the partnerships between the USGS
and State, regional intrastate, and local agenSi@sie of these cooperative arrangements were
reported in the results and some were not. Thas imformation gap that should be explored more
fully.

Because information abourndividual wells and springs was not collected in this effadditional
work is needed with network collaborators to essibihe location of wells in three dimensions with
respect to principal and major aquifers, and grewater use.

2.2 Ground-Water Quality Monitoring Programs

Because a primary purpose of the National Netwarkld/be to assist in assessments of the

guantity of U.S. ground-water reserves as constthby ground-water quality, it will be important to
understand the quality of ground water in the aggibeing monitored for water levels. Sixty ressmn
were received from 49 States to the questionnageiiing about ground-water quality sampling
programs. A single response was received from dteStind multiple responses were received from 8
States Delaware (2), Florida (2), Idaho (4), lll;¢3), Louisiana (2), Minnesota (2), Montana (2),
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Tennessee (Rwho each have multiple monitoring programs. N@#rolina did not respond to the
guestionnaire. Responses were received from atyafi&State agencies, including state environmental
agencies, water resources agencies, agriculturessge geological surveys, and public health agenci

The data from the questionnaires indicate that&®2s currently have at least one active ground-
water-quality sampling program, either a statewidevork or one or more regional intrastate networks
(figure 2.2.1). Seventeen states reported thathhsg a statewide ground-water-quality monitoring
program, 5 states reported that they have one o regional intrastate ground-water-quality
monitoring program, and 10 states reported actatewide and regional intrastate ground-water-
quality monitoring programs. Eleven states indiddtet they currently have no ground-water-quality
sampling program, and 5 states (Kansas, Michig&taf@ma, Virginia, and Wyoming) reported that a
ground-water-quality monitoring network exists ke program is currently inactive.
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Figure 2.2.1 Ground-water quality networksdtg Stom questionnaire of State monitoring program
led by the Association of American State GeolodisesGround Water Protection Council, the Intezsta
Council on Water Policy, and the National GrounttkMessociation.
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A comprehensive summary of State and regionalstata water-quality networks is included in
Appendix 2, including information on the followirigpics:

Water-quality network objectives;

The agency operating the water-quality network;

The agency funding the water-quality network;

The design criteria for the water-quality network;

The measurement frequency for the wells in the maguality network;
The personnel who collect the water-quality samples

The standard operating procedures used for sampling

The database used for the water-quality data; and

Whether the water-quality data are available topiliglic via the Internet.

2.2.1 Ground-Water Quality Data Gaps

1. The questionnaire results show that ground-watepsag frequencies vary widely in the 32
States that have ground-water quality monitorirggpams. However, the questionnaire
responses do not provide the detail necessanjlyoassess the frequency and specific analytes
for the State ground-water quality monitoring progs. This is a significant data gap.

2. Because information from individual wells and sgsrwas not collected in this effort,
additional work is needed with network collaborattw establish the location of wells in three
dimensions with respect to principal and major tegsj and ground-water use. Detailed data on
the location of ground-water monitoring locations $tate programs will be necessary for
helping determine which/how many wells should beuded in the NGWMN.

3. Standard Operating Procedures and specific analytiethods were not defined in the
guestionnaire responses. These data will be retjtorbelp determine which wells/springs in a
State program should be included in the NGWMN.

4. One State did not respond to the AASG, GWPC, ICH#i,NGWA questionnaire. Direct
follow-up is necessary with this State.

2.3 Federal Ground-Water Monitoring Programs

The SOGW also acquired information from Federahages about Federal monitoring programs
that met the criteria of the State questionnaieprBsentatives from the Army Corps of Engineers,
Bureau of Land Management, Bureau of Reclamati@patment of Energy, Environmental Protection
Agency, Forest Service, Geological Survey, ParkiSeyand Natural Resource and Conservation
Service were contacted for information about loagr, non-regulatory ground-water networks. The
following information was reported.

National Park Service: The National Park Service (NPS) collects groundewkgvel and ground-water
quality data to meet a number of objectives inglgdong-term monitoring and some water rights
issues. The primary repository for NPS ground-wkteel data is the park unit where the data were
collected, though some ground-water level datgpeveessed through and stored in the NPS Water
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Resources Division Office in Ft. Collins, CO. Grouwater quality data collected as part of the Vital
Signs monitoring program are generally stored eNPSTORET database in Ft. Collins. Ground-water
guality data collected for other purposes are gtare¢he individual park units (Glenn Patterson S\IP
written communication, 2008).

U.S. Forest ServiceThough there may be a few exceptions, ground-wateitoring taking place
within the U.S. Forest Service (USFS) typicallprgented around addressing site-specific or preject
specific issues, such as mine cleanups, CERCLAiaesi, snow making, water rights, drinking-water
system operation, or particular Forest Serviceareseprojects. With the exception of drinking-water
data, which are stored in a national databaseg ikaro systematic method for storing and accesbimg
resulting information. Most data reside at the timitt collected the data. Some ground-water
information is collected at Long Term Ecologicalsearch and Experimental Watershed sites located
on Forest Service lands, but these data generalgl#tained for research purposes and are notlyeadi
available (Christopher P. Carlson, USFS, writtemwnication, 2008).

U.S. Geological SurveyThe U.S. Geological Survey (USGS) monitors growader levels, spring
discharge data, and ground-water quality primahipugh agreements with State and local cooperators
under the USGS Cooperative Water Program. Watetddrvom about 800,000 wells and water-quality
data from more than 300,000 wells are stored inX86S database. Federally directed water-quality
monitoring is done through the USGS National W&eglity Assessment Program (NAWQA), and
water-level monitoring is done in a small numbewetls through the USGS Ground Water Resources
Program. Appendix 2 provides a state-by-state sumwofahe total number of wells for which ground-
water level measurements are made (more than 2Q;00in 2007) and ground-water quality
measurements (more than 3,000 in 2006) are calldgtehe USGS or cooperators, stored in the USGS
database, and made available on the Internet.

U.S. Environmental Protection Agency The U.S. Environmental Protection Agency (USEPA)
maintains two data management systems containitgrigaality information: the STORET Legacy
Data Center (LDC) and Water Quality Data Exchany®K). The LDC is a static, archived database,
and WQX is an operational system actively beingutated with water-quality data from a variety of
organizations across the country. LDC and WQX prilpare surface-water quality systems, but
ground-water quality data from approximately 75,0@ls are availableh{tp://www.epa.gov/storgt/

2.4 Key Concepts and Recommendations

Because a primary purpose of the NGWMN is to agsiassessments of the quantity of U.S.
ground-water reserves as constrained by groundr\gatdity, it will be important to understand the
quality of ground water in the aquifers being mored for water levels.

Information included in the 2007 questionnaire neeg from State monitoring programs
provided an excellent summary of the monitoringgoams across the Nation, including the program
operator, the program purpose, funding sourcespeuf monitoring points, the frequency of
measurements, and program standard proceduresinidnsation allowed the SOGW to evaluate the
feasibility of a National Ground Water Monitoringetwvork.
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The questionnaire provided information on some kateground-water monitoring programs.
Some State programs are operated cooperativelytmgt) SGS, and some are operated solely by
individual States. It is likely that a number oflimidual monitoring points in networks from many
States could contribute directly to a NGWMN throwggineful selection from the wide variety of State
network wells. Preliminary indications are that felanges to the standard operation procedures at th
State level would be necessary.

Some States have regional intrastate networkg)dostatewide network. Some States have
neither. When taken in sum, existing Federal, Staibal, and other ground-water level and ground-
water quality networks create an extensive “patakvauilt” of ground-water monitoring programs.
Individual patches in the quilt differ in spatiawerage, measurement frequency, quality-assurance
documentation, and data availability. There iseagneed for a coordinating infrastructure through
which data can be aggregated at the national lanel new monitoring sites will be needed.

The questionnaire did not attempt to gather desditsut individual wells, well locations, or
aquifers monitored. The NGWMN will need to work witetwork collaborators to establish the three-
dimensional relation of the wells and their netwgotdx principal and major aquifers, and to relage th
wells and networks to water use to help deterntieeappropriate subnetwork for each well.

More effective collaboration is needed among maimtpprograms within Federal agencies.
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Chapter 3 — Network Goals, Objectives, and Manag¢issues

The NGWMN is a logical framework of monitoring stt'om which consistent, representative,
long-term water level and quality records descglgnound-water resources are generated, made
available, and evaluated.

3.1 Network Goals and Objectives

The NGWMN would provide water-quantity and -qualigta that could be used to answer
guestions at a variety of scales, though the pgirf@ous would be on national or regional interstate
scales. Because the existing individual State mdni programs may have differing objectives and
produce data not sufficiently compatible for ag@témn into a national data set, establishment of a
consistent national design for ground-water momtpwill allow selected wells in many of these &tat
monitoring programs to be included in a nationalgpam that does have consistent goals, procedures,
and data-quality standards. The national desighregbmmend monitoring of principal and major
aquifers in both unstressed and stressed hydrogje@avironments. It also will recommend
monitoring parameters, well-selection criteria, swament and sampling standards, and measurement
frequencies that will minimize data incompatibilissues within a national data set.

The major goals of the NGWMN are to:

Compile the water-resources data that can be oseefine the status and trends of ground-
water availability at the national scale;

Identify areas where additional monitoring is nekde

Provide data to support regional interstate, aribnal management actions; and

Provide a data-management framework to receiveaggrand distribute data.

3.1.1 Define Status and Trends of Ground-WasglaBility Nationwide

The NGWMN will generate the time series ground-wégeel and water-quality data necessary
to evaluate the status and trends of the Natiom@argl-water resources. Ground-water resource
guestions that can be addressed by a national retmaude:

What is the current water quality of the Nation’ajar aquifers¥status)

What are current water levels or pressures in #igoN's major aquifers(status)

What are the concentrations and spatial distrilbubioselected analytes in the Nation’s major
aguifersqstatus)

How are ground-water levels and quality changintheNation’s major aquiferg®&end)

3.1.2 Identify Potential Problem Areas whereithoichl Monitoring is Needed

A nationwide ground-water monitoring network canused to identify areas where ground-
water levels or quality may be at risk, or whereréhare insufficient data to evaluate ground-water
availability. These areas may then be identifiadafitditional ground-water monitoring activities.
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If the need for additional monitoring activitiesidentified, data providers may identify existing
monitoring points that meet network criteria, ahdge sites would be incorporated. In the absence of
existing monitoring points, the installation andmioring of new dedicated monitoring wells would be
supported so that new sites can be added to trietWhere more frequently collected data are
necessary, the frequency of monitoring would begased.

3.1.3 Provide Data to Support Multiple-Scale &@ment Actions

Although data collected by the national network \wé useful at regional interstate and local
scales, States and local management entities maytfinecessary to collect additional data to paevi
the level of detail necessary to address their isames. Management issues that national netwosgk dat
used in conjunction with ancillary data sets, mdgirass are summarized in Section 3.1.5 (Level Il
guestions).

3.1.4 Provide a Data-Management Framework te,JRetrieve, and Distribute Data

An essential part of the NGWMN will be a data-magragnt portal system to retrieve network
data. The web-based portal will allow the diversenwork stakeholders to search and retrieve data
needed to address many of the Nation’s ground-weaseurce questions.

Data are intended to be retrievable over user-ddftrme scales and geographic areas to allow
data analysts to conduct evaluations at the ndtiondtistate, State, and major aquifer scales.aBee
of the national focus of the network, it is likehat the information collected from the network|vai
most useful at the national and regional interstatdes. Spatial retrievals of nationwide dataeodéd
at known times provide snapshots of ground-watantty or quality, and the ability to roll up gradmn
water information to the national level providesoaerall status of the Nation’s ground-water
availability.

3.1.5 Network Design as Related to Network Qives

The objectives of the network can be thought dhasjuestions that the network is designed to
answer. Some ground-water questions need to bess#dr at the national scale, while others arerbette
addressed at the multistate, State, or local scataae potential questions will require high-freqeie
monitoring, while others can be addressed with fiezgient monitoring. Finally, some questions can b
addressed from data generated directly by the ni&fwdile others require NGWMN data plus data
from other sources. Not all ground-water resourgestjons can be answered using the same set of
monitoring sites. It is believed that presenting tietwork objectives as types of questions wilphel
clarify how the objectives are to be addressedtlfisrreason and to assist the reader in better
understanding the design of the NGWMN, key questioom section 3.1.1 are slightly revised and
presented in table 3.1.5.1. Questions are categgbeg Level | (A and B) or Level Il

The NGWMN is designed to help answer Level | questi Level | questions are subdivided (A
and B) based on whether or not supplemental dataeded. Level IA questions are answered using
data directly obtained from the NGWMN and addrdssolute change over time in both ground-water
levels and quality. Level IB questions require dappental data. Climate, land use, and water use are
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the major types of supplemental data. Becausernipsrtant to understand why ground-water changes
are occurring, Level IB questions provide some gjgatems that potentially can be addressed. For
example, aquifer storage near a group of wells imergase or decrease over an observed timeframe. In
order to determine the reason for the change, nktgenerated data must be compared to other data
sets. If changes in pumping are suspected as tlse cd long-term water-level change, the waterileve
record may need to be compared to pumping datandgher example, if climate variability is

suspected of causing water-level changes, thewdler-level records must be compared to
precipitation and recharge data if available. lRese reasons, data users need access to as much
ancillary data as possible in order to appropryadsiswer the “whys” associated with the questitias t

the network is helping to address.

Level Il questions are questions that the netwoaly tve able to help answer but require
supplemental data not obtained directly from the/W&N. Level Il questions require additional
resources above and beyond those necessary fdayh®-day operation of the network. Nevertheless,
they are important and should be answered throagtparison of NGWMN data with other data sets.
The ability to answer Level Il questions will depeon their applicability to particular data provide

Table 3.1.5.1 Major questions addressed bydtierd| Ground-Water Network.

Level IA — Example of Questions Addressed UBMYMN-Generated Data
(National, Regional Interstand Statewide Scales)
What are baseline ground-water level conditionsregavhich future changes can be measured?
What are baseline quality conditions against wifithre changes can be measured?
How are ground-water levels changing over time?
How is ground-water quality changing over time?
What proportion of ground water is unsuitable fonmtan consumption?
What is the uncertainty in the information from tietwork?
Level IB — Example of Questions AddresseddUBWMN-Generated Plus Supplementsg
Data (National, Regional Interstate, and Statevwidales)
What are the effects of climate variability on gnduwvater resources?

What are the status and trends of the levels aalitgjof the Nation’s ground water in relation {o
land use or water-use categories?

What are the major causes of problems relatedaongl-water resources?
What are emerging problems related to ground-weatels and ground-water quality?
Level Il — Example of Questions That Can Beegskd but Require Additional Resources gand

Supplemental Data (National, Regional Interstat® Statewide Scales)
Does each State (and the United States) have empaghd water available to meet human and
ecosystem needs today and into the future?

Can the Nation meet its projected ground-water siged the future?

What is the economic value of ground water todayiato the future?

How does the Nation respond to ground-water lendlguality issues?

What are the high-priority ground-water resources?

What are the impacts to ground water and surfa¢erwdae to pumping of aquifers?
How do we optimize our ground-water resources?

Overall, how effective are ground-water programpriotecting ground water?
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The NGWMN would provide the fundamental data withich to help answer these questions.
Ground-water availability questions cannot be adégly addressed without the data described in the
NGWMN. But ground-water availability is a complearncept, and supplemental information is needed
to address all of the relevant questions associaithdground-water availability.

3.1.6 Goals and Assessment

Figure 3.1.6.1 shows how water-level and wateritudata generated by NGWMN could be
used to address resource issues. The data flovoda@malysis of unstressed and targeted areas. For
ground-water availability evaluations, the netwsrikindamental products are ground-water levels and
statistical interpretations of ground-water levatal Supporting information, such as well constounct
and data pertaining to aquifer properties suchoasgity or hydraulic conductivity, is to be inclutim
the national network, depending on availabilityd @amimportant to fully analyze the primary water-
level and water-quality data sets.

Water-level data and subsequent interpretationggespatial, temporal, and trend descriptions
of changes in ground-water storage or head thabeavaluated to identify areas that have (1) aatequ
ground-water supplies under various usage scendgpdeclining ground-water supplies under various
usage scenarios, and (3) insufficient data fronctvibd evaluate the status of ground-water avaitgbil

For water-quality evaluations, the network’s prisnproducts will be chemical, physical, and
occasionally biological data. Over time, the prddwatlow for the spatial descriptions of water-djyal
variability, temporal descriptions of water qualitycluding trends, and statistical analyses thatha
comparison of ground-water quality from area t@ak&¥hen used as part of ground-water level
evaluations, water-quality data may often placestramts on how much water is actually available fo
various uses. For example, if an aquifer suppartskithg-water supplies, areas of high dissolveddsol
concentrations may limit the amount of water a\@édor public water supplies. Increases in dissdlv
solids concentrations with time may indicate salewatrusion limiting the amount of water calcelat
to be in storage for drinking-water supply purpoged ultimately limiting the amount of high-quality
water that can be withdrawn.
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973
974  Figure33116611 National Ground Water Monitoring Netdak and how these data may be used to
975 support national ground-water availability and aursbility evaluations.
976
977 The analysis of water-level data in conjunctionhwitater-quality data provides the fundamental
978 information necessary to understand water avaitghélative to natural and human factors, the
979 identification of causes of observed spatial amapi@ral variation, and the basis for predicting the
980 effects of water management actions. The NGWMN balkter the visibility of monitoring nationally
981 and assist States and the Nation to make sounetéongnatural-resource management and
982 environmental protection decisions with regardrougd-water resources.
983
9sa 3.2 Key Concepts and Recommendations
985
986 The NGWMN will provide water-quantity and -qualidiata that can be used to answer questions
987 at a variety of scales. The national design wdbremend monitoring of major aquifers in both
988 unstressed and stressed hydrogeologic environments.
989
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990 The major goals of the NGWMN are to compile theexaiesources data that can be used to
991 define the status and trends of ground-water avisitiaat the national scale; identify areas where
992 additional monitoring is needed; provide data tppsut local, regional interstate, and national
993 management actions; and provide a data-managenaem\ivork to receive, manage, and distribute
994 data.
995
996 An essential part of the network will be a propodath-management portal system, which will
997 retrieve network data directly from data providdrise Web-based portal will allow the diverse netvor
998 stakeholders to search and retrieve data needattitess the many questions related to the monitorin
999 of the Nation’s ground-water resources.
1000
1001 The network is designed to address the baselmengrwater level and quality conditions
1002 against which future changes can be measured amdjtound-water levels and ground-water quality
1003 are changing with time. Another key aspect of teevork is that it will document the uncertaintytire
1004 information within it.
1005
1006 The NGWMN will bolster the visibility of monitorgynationally and assist States and the Nation
1007 to make sound long-term natural-resource manageamehénvironmental protection decisions with
1008 regard to ground-water resources.
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Chapter 4 — Network Design Features and Speciboati

4.1 Aquifers Monitored

The NGWMN is designed to focus on monitoring growater from the Nation’s most
productive aquifers and aquifer systems. Theseidecl(1) the Nation’s principal aquifers (USGS, 200
and fig. 4.1.1), (2) major aquifers listed in theo@d Water Atlas, produced by the USGS (tablels,. 1.
and (3) other important aquifers as defined byeStat Tribes. General descriptions of each of the
principal aquifers of the Nation are found at
(http://capp.water.usgs.gov/aquiferBasics/alphalztigdml).

Figure 4.1.1 Principal aquifers of the Unita St
(http://www.nationalatlas.gov/wallmaps.html#aqgsifer

Note that the principal aquifers depicted in fig4rd.1 could be, but are not necessarily, the same
aquifers described in the Ground Water Atlas. Dpsons of aquifers in the atlas are found at the
following Web site {ttp://pubs.usgs.gov/ha/ha730rhe Web sites describe both the rock type aad th
general hydrogeologic properties of the aquifei$ aguifer systems. Table 4.1.1 lists the StatesreaV

by each regional atlas (segment).
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Table 4.1.1 Ground Water Atlas report segnlettips//pubs.usgs.gov/ha/ha730/gwa.html)

Introduction and National Summary Published 1999
HA 730-B | California, Nevada Published 1995
HA 730-C | Arizona, Colorado, New Mexico, Utah Published 1995
HA 730-D | Kansas, Missouri, Nebraska Published 1997
HA 730-E | Oklahoma, Texas Published 1996
HA 730-F | Arkansas, Louisiana, Mississippi Published 1998
HA 730-G | Alabama, Florida, Georgia, South Carolina Publish@@0
HA 730-H | Idaho, Oregon, Washington Published 1994
HA 730-I Montana, North Dakota, South Dakota, Wyoming Piialis 1996
HA 730-J | lowa, Michigan, Minnesota, Wisconsin Published 1992
HA 730-K | lllinais, Indiana, Kentucky, Ohio, Tennessee Puidis 1995
HA 730-L \?i?lg]ailmg,r?/’\lgﬂs?r\)//:%nigi’al\lew Jersey, North Carolina,iglvania, Published 199
HA 730-M Connecticut, Maine, Massachusetts, New Hampshiesy Mork, Published 1995

Rhode Island, Vermont
HA 730-N | Alaska, Hawaii, Puerto Rico and the U.S. Virgiratgls Published 199p

States also may designate other important aquibdss included by the NGWMN, but to meet
the purposes of the NGWMN those aquifers woulddggiired to meet one of the following conditions:

the aquifer must support abstraction of regionsiliynificant quantities of water, or support
critical ecosystems;

the aquifer crosses State or national boundarres; o

the aquifer contributes flow to, or receives flawrh, surface-water bodies of regional or
national importance.

The significant abstraction/critical ecosystem a@nce criterion is vital so that monitoring
data from NGWMN wells/springs support resource eatabns at the multistate and national levels.
However, it should be reiterated that importantii@gs, not listed below but deemed important by
individual data providers, can be included in tt@WMN. In addition, if future evaluations identify
other aquifers that provide critical data for natibscale interpretation, monitoring sites for #os
aquifers can be added to the NGWMN. Thus, it iseetgd that over time data providers will add
additional aquifers into the NGWMN.

4.2 Principal Aquifers

The USGS (2003) defines a principal aquifer as Histate aquifer or aquifer system that has
the potential to be used as a source of potablerwBhe aquifers and aquifer systems shown inégur
4.1.1 are the uppermost aquifer for a given rediocally, a principal aquifer may have a variety of
names. Sixty-seven aquifers and aquifer systems been identified by the USGS as principal
aquifers. Many principal aquifers are aquifer syggecomposed of two or more aquifers that, although
they might be separated by confining units, hageorel interstate hydraulic continuity. Other prped
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aquifers consist of aquifers that are not connebtegdhare common geologic and hydrologic
characteristics and would best be studied and itbesctogether.

An example from the Northern Atlantic Coastal PIBNACP) principal aquifer illustrates this

concept. The map view of the North Atlantic Coa8tiain covers parts of six States from North
Carolina to New York (fig. 4.2.1).

Figure 4.2.1 The Northern Atlantic Coastal &itfier system (Trapp, 1992).
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1078 Five aquifers make up the NACP principal aquifesteyn, including the surficial, the

1079 Chesapeake, the Castle Hayne-Aquia, the Severndlggnd the Potomac aquifers. The aquifers
1080 generally overlie each other (fig. 4.2.2), but tleeeal extents differ. A correlation chart disigalge
1081 relation between the five aquifers of the principquifer (an aquifer system) and the corresponding

1082  stratigraphic units (fig. 4.2.3).
1083
1084

1085
1086

1087 Figueed22 The thickening wedge of aquifers anfiring units that compose the Northern Atlantic
1088 Coastal Plain aquifer system (Trapp, 1992).

1089

1090 A key opportunity within the NGWMN is the abilitp tcreate links between local aquifers, as
1091 defined by States and others, with correspondimgipal aquifers. Figure 4.2.3 shows an example of
1092  how this works for the NACP. Through the correlaichown in figure 4.2.3, data collected from wells
1093 completed in local aquifers have significance toWI@N at all scales.
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Figure 4.2.3 Correlation chart for the aquéfiedsconfining units included in the Northern Attant
Coastal Plain aquifer system (Trapp, 1992).

4.3 Network Scales

The NGWMN is proposed as an aquifer-based netwbik designed at the scale of principal
and major aquifers. Because most monitoring netsvark State-based, the NGWMN will be able to
provide data at three scales: (1) national, (2ipreg interstate (multistate), and (3) statewidee T
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network is designed to address national-scale munsstHowever, intrastate, including local scale,
guestions also may be addressed with NGWMN dataddiition, international transboundary questions
between the United States and Canada and the Ustitdels and Mexico could be addressed utilizing
data from the NGWMN.

4.4 Distribution and Number of Monitoring Sites

At a minimum, the number of monitoring sites in thestressed and Targeted Subnetworks
need to be sufficient to address the Level | qoastof the NGWMN. The actual number of wells
needed to address each question is expected iglidg tariable based in part on the hydrogeologic
setting, water use distribution, and climate candg. The NGWMN’s management and operations
group in conjunction with the national board (Cleapt) will assist States and other data providers i
determining the number of monitoring sites needeaddress national questions within each principal
aquifer. The number of wells/springs required tdrads local-scale questions would be determined by
each State and the data and information maintam8&tate and local databases.

Final designs for the water-level network and wapeality network for each aquifer may differ
depending on a number of factors. Factors likelgeBult in design differences include the relativel
lower cost of obtaining water-level measurementamared to water-quality measurements, the
differences in spatial variability of ground-watevels compared to that of water quality (i.e.,Jpble
need for different spatial sampling densities, famtally and vertically), and the suitability of an
existing well for inclusion in the water-level neivik compared to that for inclusion in the waterdgya
network (for example, selection criteria might aiyah well for inclusion for water levels but nairf
water quality).

Final network designs also might differ among aepsif Factors likely to result in design
differences among aquifers include aquifer transivity, degree of aquifer confinement, degree of
aquifer development (i.e., pumping), variabilityaquifer water quality, climate, and other hydratog
factors.

The spatial distribution of monitoring likely wile sparse relative to the spatial variability of
ground-water levels and ground-water quality iragnifer. Consequently, a general goal of the nation
network should be to measure water levels andrtpkawells for water quality in as many locations
within an aquifer as feasible. Given likely fundiognstraints, consideration of the trade-offs betwa
design that includes a greater number of monitosites but fewer measurements versus that of arfewe
number of monitoring sites but more measuremerttsose sites will be necessary.

4.4.1 Distribution of Monitoring Points

There are various probability designs for spatiahitoring, including among others: (1) simple
random sampling, (2) stratified random sampling sf&tematic grid sampling, and (4) random
sampling within blocks (Gilbert, 1987; Alley, 1993)he four design approaches are shown in figure
4.4.1. Alley (1993) provides detailed discussiorthalse and other probability designs.
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Figuedl#i1l Examples of two-dimensional probadalmpling designs over space (modified from
Gilbert, 1987).

Generally, stratified random sampling (fig. 4.4.¢eherates more precise estimates of
population statistics than simple random samplBtgdrt, 1976; Alley, 1993). Grid-based approaches
(fig. 4.4.1c and d) help ensure that measureméniesations are areally distributed across thé eini
interest. This helps avoid possible biases in sagolesign because of an unequal areal distribution
existing, clustered measurement sites. Thus, rarsdonpling within blocks (fig 4.1.1d) helps produce
more uniform distribution of sites across the arkmterest and tends to reduce spatial correlation
among wells (Alley, 1993). Within this probabilitiesign, it is important to note the three-dimenaion
nature of aquifers, particularly at the scale pfiacipal aquifer. Distribution of monitoring posin the
NGWMN must account for this in some aquifers arsb ahust consider some of the known hydrologic
features, such as aquifer recharge and dischaggs.ar

The suggested general design for distributing nooinig sites for the NGWMN s stratified
random sampling within blocks. The stratificationwd be by aquifer, part of an aquifer, or other
defined unit. This combines the statistical strargftstratified random sampling and the distribatio
strength of grid-based approaches. Monitoring @ that apply this general design include, for
example, McKenna and others (1990) and Gilliom ethers (1995)Exceptions to this general design
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likely will occur when building the network. For @xple, a well that has a long-term historic reaufrd
water levels and/or water quality and that is p&hfor continued long-term measurement might be an
important enough well to include in the networkaetiess of how it fits within the overall design
approach.

4.4.2 Number of Monitoring Points

It is difficult to determine the number of wellsathare needed in a national-scale network, and it
is likely that, by necessity, much if not all okthetwork will be populated through the voluntaifpes
of data providers at the Federal, State, and lewal. This section describes the goals of the NGWM
for the number of monitoring sites (wells/springsressary to evaluate water quality and waterdevel
The number of sites necessary for adequate mamitoffi water levels and water quality would differ.

4.4.2.1 Water Quality

Two possible approaches for determining the nuroberonitoring sites needed for the national
network are: (1) an approach that specifies a minilmumber of monitoring sites, by aquifer or other
unit; and (2) an approach that determines the nuwi@onitoring sites required in an aquifer oreth
unit given a prescribed sampling density. It shdadchoted that neither of these approaches atteempt
describe spatial density in the vertical dimensidme relative importance of spatial density in the
vertical dimension varies among aquifers, thusiapdénsity should be addressed individually among
aquifers in the NGWMN.

For many populations, “a sample size of about 3fdrsidered large enough for the sampling
distribution of the sample mean to be approximétethe normal distribution” (Alley, 1993, p. 65).
Alley (1993, p. 71) also notes that “it is not unooon to hear sampling surveys criticized becausg th
only sampled a very small percentage of the pojauidbut] ... the size of the sample, not the
proportion of the population it contains, generalgtermines the precision of the estimate [of the
standard error of the sample mean].” The approéspecifying a minimum number of measurement
sites in a defined unit regardless of the area®ilnit is an approach used by some monitoring
programs (Gilliom and others, 1995). The Statelofiéfa ground-water monitoring program is included
as an example in Appendix 4. The approach of sgagifa minimum number of measurement sites for
ground-water quality sampling also is a requirentérihe USGS National Water-Quality Assessment
(NAWQA) Program for those studies that have theegalnobjective of providing a broad overview of
ground-water quality. A minimum of 20-30 wells exjuired to be sampled by NAWQA in each aquifer
“subunit,” with 30 wells prescribed for subunits evh the “greatest variability in ground-water qtyali
is expected” (Alley and others, USGS, written comination, June 15, 1992; Gilliom and others,
1995).

The second approach of using a prescribed samgingity also is employed by some
monitoring programs (Gilliom and others, 1995). Erample, the USGS NAWQA Program also has a
general goal of a spatial density of one well (@0 $quare kilometer (kKinof aquifer when the
sampling objective is to provide a broad overvidwmund-water quality (Gilliom and others, 1995).

Examples of applying the two design approachesritiestabove for determining the number of
wells are shown in Appendifor 67 principal or other aquifers in the Unitect®s and for those 67
aquifers combined. The example shows both thetreguhonitoring well spatial densities given a
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1215  prescribed minimum number of monitoring wells (36l per aquifer) and the resulting number of
1216 monitoring wells required given a prescribed sampliensity (one well/100 Kin Results of the two
1217 approaches can be compared in terms of numbersmitonng wells and/or sampling densities by
1218 aquifer and for all 67 aquifers combined.

1219

1220 Nationally, at the principal-aquifer scale, a taaR,010 monitoring wells would be required in
1221 the national network to achieve a minimum of 30 itwimg wells required for each of the 67 principal
1222 or other aquifers (Appendix 4). Spatial densitiemonitoring wells would range from one well/3 km
1223 in the Kingshill aquifer (Virgin Islands) to one 82,288 knf in the Glacial aquifer system. An

1224  average spatial density for all 67 aquifers of wedl/5,755 kni would result.

1225

1226 Approximately 115,670 monitoring wells would be wegd in the national network if a spatial
1227  density of one well/100 khfor each of the 67 principal or other aquifers Wasdesign approach

1228 (Appendix4). The number of wells in each aquifer would rafrgen one well in the Kingshill aquifer
1229  (Virgin Islands) to 24,687 wells in the Glacial #gusystem (note, as previously discussed, onéiwel
1230 the Kingshill aquifer would not provide sufficiemeasurements for statistical analysis of the Kiillgsh

1231 aquifer itself).
1232

1233 The numbers of wells discussed above do not condhideneed for measurements at various
1234  depths, in addition to an areally distributed $eheasurements. If a spatial density of one well/Rof
1235 was the design target, but at three general dépédas the top, middle, and bottom of each aquifer),
1236  about 347,000 monitoring wells would be requirethi& national network (Append#).

1237

1238 The final network design for each aquifer or agusfgstem likely will be some combination of
1239 the two design approaches discussed above. Aneamion of the network would establish a target
1240  minimum number of monitoring sites in an aquifeodrer unit. Over time, and as funding permits,
1241 additional wells would be added to meet targetiapand vertical sampling densities in each aqguofer
1242  other unit.deally, the network design for each aquifer oreothnit will need to be developed

1243 individually to account for and accommodate thegqurifeatures of each aquifer.

1244

1245 4.4.2.2 \Water Level

1246

1247 The number of observation wells or springs necgdsa a ground-water level network typically
1248 is not determined a priori. Heath (1976) providdat@ad, general design for ground-water level

1249  monitoring based on specific network objectivesilsinto those of the NGWMN. Heath (1976)

1250 suggested a density of wells of 2 to 100 wellslp@00 square miles (Anin a network that is designed
1251 to evaluate the status of ground-water storagegripg on the complexity of the aquifer. Frequently
1252  existing networks are analyzed statistically, hgglaphs are compared, and the network is optimized
1253 based on this statistical analysis (e.g., SophasletO83).

1254

1255 Ideally, ground-water modeling and monitoring avaleated together to determine the

1256 adequacy of monitoring activities. Ground-water elow) places current conditions defined by

1257 monitoring data in the context of the usually ey slow changes that may be taking place in the
1258 hydrologic system. Many aquifer systems have urategeveral decades of development and may be
1259 far from equilibrium. Data on current conditionsymeot indicate, for example, how future streamflow
1260 depletion will evolve from the pumping that haseally occurred, but this can be estimated by the use
1261  of models. Monitoring and computer modeling are plamentary activities, but too often are treated
1262 separately, ignoring important linkages and feekbagn idealized framework for integration of
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monitoring and modeling in the context of groundievassessment is illustrated in figure 4.4.2.
Monitoring data serve as primary information folilmation of computer models. Conversely, the
process of model calibration and use provides hisigto the adequacy of and gaps in monitoring.dat
This is shown by the arrows representing long-teromitoring as input to modeling and a feedback
loop to evaluate long-term monitoring networks loa basis of modeling (Reilly and others, 2008).

Figure4.4.2 A framework for integration of monitoring and miadeReilly and others, 2008).

Regional interstate ground-water flow models ara@lable for several of the Nation’s principal
aquifers, but coverage is not comprehensive. Wime tools are available, ground-water level
monitoring will be distributed based on the purposthe network and conceptual model of the aquifer
system, including the position of the wells in fluav system (recharge areas, discharge areas), the
degree of confinement of the aquifer (confined,amfimed, or leaky), topographic and climate
characteristics, and the hydraulic characterisAtshe national and regional interstate scalesathr
well and spring coverage over these various settshguld be adequate.

4.5 Frequency of Monitoring

Because the primary focus of the NGWMN is to mangimund-water conditions in principal
and major aquifers, the frequency of measuremetesgyned to adequately detect short-term, segsonal
and long-term ground-water level fluctuations dénest and to discriminate between the effects of
short- and long-term hydrologic stresses. As withriumber of necessary monitoring points,
NGWMN'’s management and operations group and bdandfter 7) would assist States in determining
the measurement frequency necessary to addressalajuestions within each principal aquifer. The
frequency of monitoring required to address locals questions would be determined by each State or
other data provider.

40
Subcommittee on Ground Water Draft for the AdvisGBgmmittee on Water Information— Do not cite oessle.



1293
1294
1295
1296
1297
1298
1299
1300

1301
1302
1303

1304
1305
1306
1307
1308

1309

4.5.1 Water Quality

Table 4.5.1 displayguidelinesfor water-quality sampling frequencies for baselamd

surveillance monitoring. The table was modifiedhirthe European Commission approach. The
frequencies represent a starting point and shaatith@® considered mandatory. Over time, as NGWMN
operators begin to better understand the intrisagienonitoring the Nation’s ground-water resources

sampling frequencies will be modified as needed.

Table 4.5.1 Suggested frequencies for Survedlland Baseline Water-Quality Monitoring.
[ft/d, feet per day; in/yr, inches per year; NGWIMNational Ground Water Monitoring Network]

Flow Characteristics
Porous Porous Fractured
Meaislr;ment Aquifer Type Medium Medium Rock Karst
Deep el | STaIOW | Ajwells | All wells
Baseline Unconfined Quarterly to | Quarterly to| Quarterly | Quarterly
Measurements: twice per twice per to twice | to twice
Standard and year year per year | peryear
extended list as | Confined Twice per | Twice per | Twice per| Twice
needed year year year per year
Surveillance Unconfined
Measurements: | “low” hydraulic conductivity Annual Annual Annual Twice
Core analytes (<200 ft/d), per year
“low” recharge (<5 in/yr)
“high” hydraulic conductivity Annual Twice per | Twice per| Twice
(>200 ft/d), year year per year
“high” recharge (>5 inlyr)
Confined
“low” hydraulic conductivity Every Every Every Every
(<200 ft/d), 5 years 5 years 5 years 5 years
“low” recharge (<5 in/yr)
“high” hydraulic conductivity Every Every Every Every
(>200 ft/d), 2 years 2 years 2 years 2 years
“high” recharge (>5 in/yr)
Data made available to the NGWMN Annually Annually Annually | Annually
Surveillance All aquifer types Every Every Every Every
Measurements: | throughout range of hydraulic 5 years 5 years 5 years 5 years
Additional conductivity
analytes
Data made available to the NGWMN Every Every Every Every
5 years 5 years 5 years 5 years

'The table is applicable for water-quality samphmgere an understanding of the aquifers is adeqliatesuggested
sampling frequencies should be used as a guideawwherconceptual understanding is limited and iexjstata are not
available. Alternate monitoring frequencies will &#opted as necessary as a better understandingufd-water quality,

plus the behavior of the hydrogeologic system, rapbtained.
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4.5.2 Water Levels

A schematic diagram is shown in figure 4.5.1 tosttate factors that should be considered in
determining water-level measurement frequency.fihuge assists the participating monitoring engitie
in determining the necessary monitoring frequenf@esetwork monitoring points.

Figure 4.5.1 Factors that determine the frequeinmonitoring ground-water levels (Taylor anelyAll
2001).

Table 4.5.2 provides recommended minimum watertieeasurement frequency based on
selected aquifer properties and recharge rates.
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Table 4.5.2 Recommended minimum water-leveline@asnt frequency.
[ft/d, feet per day; in/yr, inches per year; NGWMNational Ground Water Monitoring Network]

Measurement Type

Aquifer Type

Nearby Long-Term Aquifer Withdrawals

Very Few
Withdrawals

Moderate
Withdrawals

Many
Withdrawals

Baseline
Measurements

All aquifer types

Once per month

Once per day

Once per hod

Surveillance
Measurements

Unconfined

“low” hydraulic
conductivity
(<200 ft/d),
“low” recharge
(<5 inlyr)

Once per year

Once per quarter

Once per mo

“high” hydraulic
conductivity
(>200 ft/d),
“high” recharge
(>5 inlyr)

Once per quarter

Once per month

Once per day

Confined

“low” hydraulic
conductivity
(<200 ft/d),
“low” recharge
(<5inlyr)

Once per year

Once per quarter

Once per mo

“high” hydraulic
conductivity
(>200 ft/d),
“high” recharge
(>5inlyr)

Once per quarter

Once per month

Once per day

Data made available
to NGWMN

All aquifer types,
throughout range of
hydraulic
conductivity

As stored in
local database,
but at least
annually

As stored in
local database,
but at least
annually

As stored in
local database,
but at least
annually

4.6 Analytes and Other Determinants

=

nth

nth

Many wells in the NGWMN will primarily be sampledrfwater quality. The analytes to be
sampled are grouped based on (1) the purpose afidhé@oring event, (2) the corresponding
subnetwork of the well, and (3) the frequency ohitaring (table 4.6.1). Thstandard listincludes
analytes recommended to be monitored during exanplng event. Thextended lisincludes a
greater number of analytes to be monitored onsafteguent basis. Because of the increased lalvgrato
costs associated with an increase in the numbanalf/tes, the costs are offset by the relative low
frequency of sampling for the extended li€ptionalsupplemental listalso may be used depending on
circumstances and available funding. The samplieguency for the supplemental lists is expected to

be very low.
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Trace metals are a unique suite of analytes tlgaine more involved field and laboratory
procedures. During one of the baseline surveillaarepling events, trace metals are recommended to
be analyzed in both filtered and unfiltered samplasger, they are recommended to be sampled iereith
one or the other form, depending on the specifestjan to be addressed. For example, when the
purpose of monitoring is to determine whether drtrecce metals meet Federal drinking-water
standards, the total (unfiltered) sample will balgped. When the purpose of monitoring is to
determine the natural background hydrogeochemadtayy aquifer, a dissolved (filtered) sample wél b
collected.

The analyte lists are designed to address Leveds$tipns (Section 3.1.5). Data providers can
add analytes as needed, especially for speciakstaabnitoring activities.
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Table 48611 National Ground-Water Network analyte lists.

Note the sets of

Sampling Goal Subnetwork Lists Determinants
Quantity Unstressed Standard list Ground-water level, plus
and (every visit) spring stage/discharge
Targeted (as needed)
Extended list Lake* and wetland
(Low frequency, along levels*, low flows* in
with standard list) streams
(e.g., Surveillance (as needed)
Monitoring)
Quality Unstressed Standard list Ground-water level
and (every visit) Temperature
Targeted pH

Specific conductance
Dissolved oxygen

wells used to Extended list Sodium
obtain water- (Low frequency, Calcium
quality samples | along with Magnesium
for both standard list) Potassium
Unstressed and | (e.g., Surveillance Chloride
Targeted Monitoring) Sulfate
monitoring may Alkalinity
not be the same Nitrate + nitrite as
sets as those use nitrogen
for quantity Ammonia
monitoring. Orthophosphate
Total dissolved solids
Oxygen reduction
potential
Iron
Manganese
Other analytes with
Federal Drinking Water
Standards
Supplemental (Optional) Trace metals
Synthetic organics
Emerging Contaminants
Selected Isotopes
Others
Targeted Unique to Variable; depending on
monitoring specific questions to bg

project (e.g., special
studies)

addressed.

N4

*Obtaining these measurements generally is beyoaddtope of the NGWMN. However, these measuremeptssent
ancillary data useful to network goals. Coordinagédrts among agencies that collect these dataeeded.
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4.7 Monitoring Site Attributes and Selectiorntétia

Detailed information about a monitoring site ane tontributing aquifer will be a critical
component for management and subsequent analyseatollected for the NGWMN. By including
attributes for each monitoring site, users of NGWhlia will have the maximum flexibility in terms of
addressing the many NGWMN-related questions. Mdimyjoates will be assigned to each monitoring
site as it is included in the NGWMN. Over time, thanber of attributes is expected to increase.

Ideally, NGWMN wells would be dedicated monitorisiges that were constructed specifically
for monitoring ground-water levels, ground-watealify, or both. In practice, cost control requitkat
network wells come from many sources—some areedrgpecifically for monitoring programs, but
others are former domestic wells, irrigation wetispublic supply wells. The network design must
balance the construction design and history ofafisewell with the need for adequate well coverayge.
detailed discussion of NGWMN requirements for vagttibute information is presented in Chapter 6.

4.8 Examples of State and Regional Monitorirsyge

The NGWMN will need to coordinate with many existiground-water and spring monitoring
networks established at national, regional intéest@gional intrastate, State, Tribal, and localess.
There also are monitoring efforts tracking inteimaal issues on the Canadian and Mexican borders.
While significant disparity exists among State grdwvater monitoring networks, several States, as
well as regional networks, stand out in regarchdverall caliber of their comprehensive efforfise
examples highlighted in Appendix 4 include netwaokgrating in Montana, Florida, South Dakota, and
a consortium of States and the USGS that makeaupetfional High Plains Aquifer Water-Level
Monitoring Program. While the geology, geographyedsity and distribution of land uses, and climate
vary considerably among these State examples,ae@nmon threads relate their respective network
design and operation. These include:

1. Statutory establishment of the network and funding Each of the States promulgated
legislation that formally established the netw@gsigned management and operational duties,
and provided appropriation for operation and exeoubf the monitoring plan.

2. A high number and/or density of monitoring sites The networks highlighted have from 145
(South Dakota) to 20,000 (Florida) monitoring sifEélse monitoring sites in South Dakota are
dedicated for ground-water monitoring.

3. Aquifer-based monitoring: The network designs focus monitoring on the fgsithat are
important to the State or region. For Florida, t@nitoring plan has evolved to include surface-
water monitoring, because of strong interactiortk \ground water in that environment.

4. Monitoring ground water in three dimensions The network designs incorporate wells that
tap the aquifer at varying depths in order to captariations in water levels and water quality
at different depths within the aquifer.
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5. Monitoring stressed and unstressed conditionsThe network designs incorporate monitoring
sites that represent unstressed, background consliis well environments where the ground-
water flow regime is disturbed by pumping, land, wedther conditions that affect ground
water.

6. A high measurement and sampling frequency Water-level measurement frequency is based
on the local and regional conditions and data nesmus$includes real-time, non-real-time
continuous, and manual measurements. Nearly alé waimpled for quality include the standard
field parameters, major ions, and nutrients. Enadrsampling events include natural and
manmade organics, pesticides, and radionuclides.

The proposed NGWMN incorporates the commonalities inake these networks effective and
will build on this foundation for the national frawork design, while incorporating innovations, new
technologies, and improved methods for making tita groduced by individual networks accessible
and comparable.

4.9 Key Concepts and Recommendations

The NGWMN is designed based on principal aquiferajor aquifers, and other aquifers
deemed important by the data providers.

The NGWMN is proposed as a national-scale netwddaitoring points may include wells,
springs and other important surface waters recgiglirect ground-water discharge. Monitoring points
that meet the criteria for the NGWMN can be incldidethe associated data portal even if the
monitoring points are not in a NGWMN subnetwork.

The sites in the NGWMN and the frequency of thedasurement will be different for water-
level and water-quality monitoring. Ideally, the M®IN will use dedicated wells, though that may not
always be possible. The selection of wells/spriregglires close collaboration between data providers
and the NGWMN.

The distribution of ground-water level monitoringipts will be based on the purpose of the
subnetwork, the position of the wells in the floys®em, the degree of confinement of the aquifer,
topographic and climate characteristics, and tltrduylic characteristics of the aquifer.

The number of measurement points and the measutdéragunency for the NGWMN are only
broadly known and will depend on the purpose ofrtfmitoring, the confinement of the aquifer, the
depth of the well, and the flow characteristicshaf aquifer. It is clear that tens of thousandwelfs
and springs will need to be monitored to produceférctive network.

Selected key site attributes must be known in cigiethe site to be included in the NGWMN.
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Chapter 5 — Common Field Practices to Ensure Cahilitgrof Ground-
Water Data

The purpose of this chapter is to establish a recentded framework for field collection of
ground-water levels and water-quality data to emsliat measurements and analytical results provide
an accurate representation of the water levelsaaer quality in an aquifer. This chapter and
Appendix 5 identify a selected set of practices @lethents that should be present to ensure thatwat
level and water-quality data can be incorporatéd tihe NGWMN. Common data-collection techniques
are necessary in order to ensure comparabilityatd that will be provided by a wide variety of Feale
Tribal, State, and local organizations.

The NGWMN does not propose to place strict requat® on equipment use, techniques and
methods, and the other aspects of individual dali@etion programs used by NGWMN data providers,
which will include a wide variety of Federal, Trib&tate, and local organizations. However, two
overriding philosophies guide the NGWMN: (1) comndata-collection methods are necessary to
ensure comparability of data that will be providadd (2) the data provider should be able to preduc
documentation of the techniques, methods, and agycts of individual data-collection programs so
that users of the data can make appropriate judgnadout the suitability of individual data sets fo
their needs. Under these philosophies, most egigiound-water data-collection programs should meet
NGWMN standards.

Field practices are likely to be similar, though m@ntical across different data provider
programs. A variety of instrumentation and quasigsurance procedures are used, and these varied
procedures are likely acceptable. However, docuatiemtis essential so the users of NGWMN data can
track not only the original source of the data, thettechniques used to collect the data, andubbtyr
assurance procedures that were used by the spe&ifiqrovider.

5.1 Ground-Water Level Monitoring Field Prastice

The SOGW reviewed water-level field-practices doenta from National, regional, and State
data-collection programs, including the Americari8ty for Testing and Materials (ASTM), USGS,
USEPA, National Aeronautics and Space Administra{lMASA), World Monitoring Organization
(WMO), regional water authorities, and State agendrield practices include, but are not limited to
periodic, continuous, and real-time water-level itmmg and remote sensing of ground-water levels.

Appendix 5 details the recommended minimum field data-collection standards, training,
field preparation, measurement techniques and atdagdand data handling guidelines for NGWMN
ground-water level data collection.

5.2 Ground-Water Quality Monitoring Field Pcasti

The SOGW reviewed water-quality field-practices wioents from International, National,
regional, and State data-collection programs, ohaolg, but not limited to, the Environmental Protent
Authority (Victoria, Australia), American Societgif Testing and Materials (ASTM), USGS, USEPA,
World Monitoring Organization (WMO), regional wataathorities, and State agencies.
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The field collection of ground-water samples is @tirstaged process that includes a number of
elements:

Pre-collection site review and preparation

Onsite preparation

Sample collection

Sample processing, preservation, handling, anda
Data recording

Quiality assurance/quality control (QA/QC)

Field-sampling procedures must adequately addnes® telements to ensure that

Samples are being collected at the correct locasoarce, and time

Equipment and supplies are appropriate for the 8agipeing conducted

Sample sites are prepared properly prior to samplin

Samples are handled in a manner that preserveslidéey of their analysis and data value
Data and information recorded during sampling cordidl of the information needed to
normalize and compare analytical results

Measures are taken to ensure the accuracy of aadlsgsult

The elements of a sampling program are recommetodieel documented in a written set of
procedures for field sampling. The procedures shbalapproved by the appropriate authority and
should be reviewed periodically for adequacy, appateness, and compliance with current scientific
principles. Appendix 5 outlines the onsite pregargtsample collection, documentation, and data-
recording requirements for NGWMN ground-water quyatiata.

5.3 Quality Assurance

The value of the data derived from an analysisrextly related to the measures taken to ensure
that the quality of the data is appropriate andcoobpromised by the employment of improper
measurement and sampling techniques, materiatsetirods. Additionally, quality assurance is linked
to conducting controlled checks of the data. A fyassurance plan is a formal document that
describes the management policies, objectivesciptas, organizational authority, responsibilities,
accountability, and implementation plan of the oigational unit or group that is responsible for
ensuring quality in its products. Implementatioraafuality-assurance plan helps to ensure:

Consistency (across projects);

Accountability (to data consumers);

Comparability (yields results of known quality);

Traceability (written record of how, who, and wheark was performed, training, equipment,
etc.);

Repeatability (documentation of technique that $etadthe similar results time after time with
the same accuracy).
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Such a plan provides a minimum set of guidelines@actices that are used by data producers
to assure quality in ground-water measurement anmgkng activities. The plan should cover quality-
assurance policies pertaining to the collectioncpssing, analysis, storage, review, and publicaifo
all types of ground-water data.

This framework document does not recommend theiiary specific existing quality-
assurance plan, but recommends that a plan bade fibr any data-collection activities that aret pér
the NGWMN. The plan should be available electrdiycso that a data consumer will have access to
the plan if necessary.

5.4 New Technologies

New technologies are continually being researcimelddeveloped to assess ground-water
guantity and quality. Various new technologies hlaeen developed for monitoring of water levels or
water-level changes. Non-contact methods of watestimeasurement using radar and sound waves
have been tested and used for determining liqwieldan wells. Accuracy of these devices typicadly
not as good as standard measurements of wates gl feet (ft)) but they have some advantages
over standard measurement methods in terms of sferdasurement when the water level is very
deep or in situations when access to the welmgédd.

Other methods have been or are being develope@&sume water levels on a regional intrastate
or regional interstate basis where wells may besgp&xamples are microgravity (Howle and others,
2003), interferomic synthetic aperature radar (IRS&alloway and others, 1999), and the Gravity
Recovery and Climate Experiment (GRACE), which meas the gravity field of the Earth from a
satellite platform and could be used to derivedaggale changes in ground-water storage (Han and
others, 2005).

The use of field water-quality measuring equipmeunth as meters for total dissolved solids,
pH, temperature, and dissolved oxygen, have becomenonplace and, provided the equipment is
properly calibrated, typically are accepted for t@mfiorcement purposes. Continuous water-quality
measurements using data sondes are becoming nabeby\eccepted as standard procedures for
collecting high-frequency ground-water quality ddteaddition to probes for pH, specific conduc&nc
temperature, and dissolved oxygen, ion-specifib@spsuch as for nitrate, chlorine, phosphate, and
ammonia, are more commonly being used in the f@ldontinuous measurement of ground-water
quality. Borehole hydrophysical methods are alsadédeveloped that help in the understanding of the
vertical heterogeneity of water quality within therehole, including production wells (I1zbicki, 2004

The NGWMN embraces the concept that new technedogill continue to be developed and
perfected. These new technologies may result mfgignt cost savings for ground-water monitoring
programs. New technologies will be incorporated itie NGWMN as appropriate.
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5.5 Key Concepts and Recommendations

The NGWMN does not propose to place strict requinets on specific aspects of individual
data-collection programs used by NGWMN data prawdElowever, common data-collection
techniques and adequate documentation of the pregase necessary in order to ensure comparability
of data and to assure quality in ground-water nessent and sampling activities.

The NGWMN embraces the concept that new technddogikk continue to be developed and
perfected. This may be at the scale of individuales-level and water-quality sensors, or up tosttade
of satellite-based sensors. These new technologggsresult in significant cost savings for ground-
water monitoring programs. New technologies williteorporated into the NGWMN as appropriate.
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Chapter 6 — Data Standards and Management

Detailed information about a monitoring site anel #ssociated aquifer is a critical component
of any subsequent analysis of NGWMN data. A dadadiscussion of NGWMN requirements for site
attribute information is presented in this chapter.

Ground-water scientists and engineers are keerdyeathat having adequate metadata (context
and description of the data) for water-level andliy data are critical for its long-term usefulees
Unfortunately, tens of thousands of measuremerdsamples, representing millions of dollars of time
and money, are collected every year and the resxdtstored without adequate metadata
(Intergovernmental Task Force on Monitoring Water@y, 1996). Collection and submission of these
data may satisfy a regulatory requirement or polmwever, because of inadequate metadata, this vas
store of information cannot be used for other pagso such as evaluating the conditions of a State’s
region’s ground-water resources. Two case studgdgipht this issue of consistency in data and
metadata collection and reporting.

In the first case study, a USGS NAWQA Progrstody (Lapham and others, 2000) was
conducted to evaluate chemistry data from 47 idia&i programs being conducted by Federal and
State agencies for use in a national study of tvemence, status, and distribution of volatileamig
compounds (VOCs). In this study, Lapham and ot{#2060) evaluated the presence or absence of 10
required metadata elements related to samplingaalysis and 20 metadata elements related to the
sampled well and hydrogeologic setting of the wlsubstantial portion of data from the individual
programs could not be used because of two widedpnegadata problems: (1) the VOC analyte list and
reporting limits for many of the analyses were meabrded, and (2) adequate records of the
characteristics of sampled wells (location, corgdtam, aquifer characteristics) were not kept.

In the second case study, the Delaware Geologuwake$ (DGS) evaluated chemistry data from
six programs being conducted by three Delawaree Sigeéncies and the USGS for assessing the
potential for human exposure to toxic and carcimogeompounds through shallow domestic water-
supply wells (Pellerito and others, in press). Htigly used a similar approach to metadata evaluati
as the Lapham and others (2000) study with the gfoalating Delaware observations of water quality
in shallow (<100 ft depth) domestic wells to na@ibtrends.

In the DGS case study, two of the three State agemcaintained digital databases of results of
water-quality analyses. All of the State agenciesesl metadata related to laboratory protocols,(e.g
detection and reporting limits, analytic methodsj aample handling) in hard-copy records requiang
labor intensive effort to access and use thesdtseslowever, all but one of the State programsnditl
collect any metadata regarding the wells being $asngxcept for a local well identifier. Despitefta
expertise with Delaware’s well permitting databasd access to complete consultant reports, data fro
several thousand samples collected from hundredeld were rejected for lack of basic information
on well depth or owner. As a result of these figgdinthe agencies now have a signed memorandum of
agreement to use the State-issued well permit nuagbthe primary site identifier for all ground-wat
data collected by and submitted to State agencies.

These two case studies, which report on only aetudidata evaluations, highlight common
problems with many ongoing monitoring efforts andicate the large potential pool of additional data
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that could be used if only small additional effastsre made to collect and report sufficient metadat
To the State and local agencies, the benefit aiguainationally consistent metadata set would be a
technically sound mechanism for efficient and systec comparison of their findings to regional
interstate and national trends and an importargrati means for augmentation of collaborating
organizations’ data for decision making at very lmwminimal cost (National Water Quality
Monitoring Council, 2006).

6.1 State of Ground-Water Data Systems

Data systems in the United States exist at allrorgéional levels (local, State, national,
academia, and private sectors), but because tifisharical differences in purpose, the data cannot
easily be shared and compared. To overcome thidgm several national-level private and
governmental organizations have evolved data stdedad a common vocabulary to facilitate sharing
of monitoring data. As new databases are develapddld systems are updated, the standards
gradually are being incorporated into these syst®&®asause the investment in existing databases and
data exchanges has been substantial, the procasmgfthe standards of these organizations igbein
accepted. Technology, however, also is evolvirignaihg recognition of similar data names (also
referred to as “data elements”) from different datses to establish shared data sets to promote data
sharing. Because these larger “shared” data se&tsatmily provide more complete records of leveid a
guality, spatial and temporal analyses may be msedul and credible when being applied to resource
decision making, regardless of the purpose.

Among the several Federal agencies that collecstoré ground-water data, some serve data to
the public in varying degrees. These include th6&8SUSEPA, U.S. Department of Agriculture
(USDA), U.S. Department of Energy (USDOE), U.S. Ar@orps of Engineers (USACE) and other
branches of the military, the U.S. Forest Servi¢8KS), and the National Park Service (NPS). There
also are a number of different agencies within estelte that perform monitoring and data-management
functions. For example, a summary of State progriduaiscollect and provide ground-water levels lists
almost 60 different efforts in the United Statkeg://acwi.gov/sogw/nmi-wkg/State Ground-
Water_ Level Data.htinOn another level, local, county, township, miypag watershed groups, water
purveyors, consultants, and academia may collexg,sand serve data in their own manner. Multiple
databases that essentially store the same tygkgtafthough not necessarily redundant, createsbarr
to data sharing. Some of these data sets existiohigrd copy, resulting in resources that araaiift
or impossible to access and work with. When amgitdo share and utilize these data occurs,
significant amounts of time and money often areimegl to obtain them and convert them into a usable
format.

6.1.1 Standards for Federal-State Data Exchange

Fundamental to implementation of an exchange fgrsats of data are agreements on data
elements and conditions for exchange and formatieisas willing and capable data exchangers. At th
Federal and State levels, agreements on data eie@areth conditions are occurring, such as through th
Environmental Data Standards Council (EDSC). Tradlehge for wider use of data, including level
and quality data, is the knowledge of the existesfdbese agreements on standards and conditions of
exchange and the applicability to a particularriegéor need for data.
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The EDSC established that: “Data standards arermdected agreements on representations,
formats, and definitions of common data. Data staa&limprove the quality and share-ability of
environmental data by: (1) increasing data comp#yip(2) improving the consistency and efficiency
of data collection, and (3) reducing data redungdrteurther, “Data standards establish a common
language across organizations and can facilitatieleand more accurate information exchange among
environmental agencies. Data standards are docethagteements on formats and definitions of
common data. Key elements of a data standard cafigista element names, definitions, data typd, an
formatting prescriptions. A data standard may alstude some guidance for usage to facilitate and
promote its widespread use” (Environmental Data&ieds Council, 2007). Lack of data standards
introduces substantial risk of inaccuracy and/eslof information in the exchange of data.

In the United States, the Federal and State govemtsrhave participated in several efforts to
establish agreements to facilitate data exchangenadly. These efforts include:

The USGS’s National Water Information System (NVWN%gb data dictionary available online
at http://waterdata.usgs.gov/nwis/help/?codes_help

USEPA’s Water-Quality Data Exchange (WQX) dataiditary accessible online at
http://www.exchangenetwork.net/schema/WQX/1/WQX_DET.0.xls

EDSC data standards accessible online at http:/\exehangenetwork.net/standards/
Federal Geographic Data Committee’s (FGDC) Nati@gatial Data Infrastructure (NSDI)
accessible online at http://www.fgdc.gov/nsdi/nsainl

Additionally, the Federal government has collabedawith the ASTM to develop standards
specific to monitoring that include standards fatadelements. These standards are available to ASTM
member organizations and individuals of ASTM or barmpurchased from ASTM. These standards are
widely used in the water industry and governmeutlzave been incorporated into some databases,
such as NWIS.

The International Organization for Standardiza(ik30), an international standard-setting body
composed of representatives from 157 national st@sdorganizations, also establishes industrial and
commercial standards recognized around the wdddtandards are not law but are incorporated into
national standards and often are referred to iis Jaggulations, and treaties. ISO has established
standards for geographic data useful in data stparin

Many data systems were evaluated for this framewodument. Details about ASTM and
EDSC standards, and standards applied by USEPAIS@GE are presented in Appendix 6. Appendix 6
also includes a comparison of State systems fromtd@, Florida, and Washington. Details about
USEPA, USGS, and Consortium of Universities for Agzancement of Hydrologic Science, Inc.
(CUAHSI) data systems also are provided.

6.2 Assessment of Data Standards and ExchanggsNer a National Ground-Water
Monitoring Network

Data and metadata standards are developed to ghsuggality, efficiency, and accuracy of the
processes of data and metadata entry, storagefdaraand reporting. The process of analyzing data
related to and dependent on, but wholly separata,fthese processes. Data analysis is the bushess
the end user, and the needs are specific to the a&tshand. In this regard, one size does noll.fika
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1785 policy maker and legislative aide have different¢agethan the scientists responsible for conducting
1786 regional interstate or national assessments ofngkovater conditions.

1787

1788 It is clear that there are adequate metadata s@sdsailable and already in place at the USGS,
1789 USEPA, and with the CUAHSI initiative. The bodyA$TM standards related to collection of ground-
1790 water data and conducting ground-water studiesciwviere developed with the assistance of USGS,
1791 USEPA, as well with representatives of other gowental, academic, and private concerns, provide
1792 detailed documentation that supports the aforemeeati metadata standards. It is likely, though not
1793  absolutely certain, that many existing State agibrel interstate monitoring networks follow thege
1794 similar standards and as a result generate signifiguantities of high-quality information.

1795

1796 6.2.1 Unique Identifier

1797

1798 An absolute necessity for a national ground-watenitoring network is that each site has a
1799 unique identifier. A consistent method of creatidgntifiers distinct from that used by NWIS (unique
1800 identifier consisting of the site latitude and Idnge) is needed because the public water-supply
1801  security policies of many States do not permit fimres of public water-supply facilities to be pudhied.
1802

1803 6.2.2 Aquifer Naming (Hydrostratigraphy)

1804

1805 At this time there is a lack of a peer reviewed pablished procedure or code for naming,
1806 mapping, and classifying aquifers and confiningsthroughout the Nation. This creates some
1807  significant problems for the design of a natiormaund-water monitoring network and subsequent
1808 analysis of the collected ground-water monitoriagad The North American Commission on

1809  Stratigraphic Nomenclature (NACSN) and the Intaoratl Subcommission on Stratigraphic

1810 Classification (ISSC), which are the scientific sdthat were created for dealing with issues edl&b
1811 classification and naming of bodies of rock andrsedt, have long recognized the need for a

1812 classification system for hydrostratigraphic uniteere were attempts to address this issue inGBést
1813 however, members of the NACSN did not completenthek needed to establish a code of

1814 hydrostratigraphic nomenclature and left practigienwith this guidance in Article 22 of the North
1815 American Stratigraphic Code:

1816  “(g) Economically exploited units. Aquifers, oilrsds, coal beds, and quarry layers are, in general,
1817 informal units even though named. Some such umitwever, may be recognized formally as beds,
1818 members, or formations because they are imponahiei elucidation of regional stratigraphy (NACSN,

1819  2005).”
1820

1821 In the absence of a formal system, the USGS hasett@ classification scheme and

1822 promulgated names for many aquifers, confining padd sample intervals described in Chapter 4.
1823 NWIS contains data elements for “Principal” or naail aquifers and “Local” aquifers. In practiceg th
1824  Geologic Names Committee of the USGS is chargel mdintaining lists of geologic unit names and
1825 metadata, and together with the 7th edition ofUB&S Suggestions to Authors (Hansen, 1991) there is
1826  a formal mechanism to classify hydrologic units asthblish names within the USGS. In practice,

1827 however, the lack of a formal national system leastb authors creating multiple names for the same
1828 physical entities (e.g., aquifers and confiningd)edlthough this is a problem, it does not warrant

1829 stopping the development of a national ground-watenitoring network until a formal naming system
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can be developed. Thus, this exemplifies the needdmprehensive metadata so wells can be
associated with the proper aquifer once formal bgtlatigraphic assignments are complete.

In the absence of consensus national aquifer naamidgnapping standards, some States have
developed their own naming and mapping framewarkassist with regulatory and resource evaluation
programs. One key finding of these efforts that &l needed in a national ground-water information
system is that the data structure needs to havabihty to identify three levels of aquifer clasation
rather than the two levels being used by NWIS erahe level in USEPA’'s STORET water-quality data
system.

6.2.3 Approaches to Facilitate Data Exchange

It is clear that in the future there will continteebe multiple monitoring networks operating
across the country. The data will continue to beagad in distributed databases. Though it is ahwort
goal not to promote the creation of an ever-indrepsumber of databases, there is no need forghesin
database or to overly penalize States or othergtataders whose data needs are not met by orfeeof t
national standards. The challenge is to foster si&aoonnect the distributed databases and exchange
information among all of the entities generatintpd&round-water program managers should be
strongly encouraged to follow these standards empte effective data use. In this regard, theee is
need for training and professional developmenhtodase awareness and utilization of these stasmdard

It is clear that many different agencies and acaaevill continue to improve technology for the
collection and interpretation of data and the safewdeveloped to store, retrieve, analyze, andajisp
ground-water data and interpreted information. Assallt, there may be no need to develop a single
Web-based comprehensive database for the stoetgeyal, and analysis of data or to focus resairce
on one agency to develop applications for sucht@adae. Rather, the focus should be on developing
applications that facilitate the access, retriesatj collation of data on an as-needed basis from
multiple, dispersed data repositories, allowingdh& to continue to be housed and managed by the
data provider while being accessible to anyone witleed for it. A review of data portals, electooni
Web access sites receiving and serving water blatigates that at a national level, USEPA, CUAHSI,
and USGS could potentially manage access to grawatdr data in this way (Section 6.3).

One step that emerges from Chapters 4 (Design kvarkgand 5 (Field Practices) in
combination with this chapter on Data StandardsMadagement is an agreement on a common
minimum set of data elements to facilitate dateherge and comparison. Agreement on a minimum set
of data elements by all ground-water monitoringens expands the amount of data each agency can
use with minimal cost, allows comparison of dataecing larger or adjacent areas, and provides more
complete coverage where data are collected by pheikigencies for different purposes at different
locations in the same area (ACWI, 2006). A listdafa elements that emerged among the data models
and standards reviewed previously is presentecppeAdix 6. Agencies that agree to use a common
minimum set of data elements may desire to cofladtstore additional data and metadata for their ow
purposes, but common elements facilitate exchangebow other agencies to decide whether the
metadata meet their needs. Additionally, a commonmum data element set enables assembly of a
consistent data set for national, regional intéestand statewide purposes that did not exist puesly.

To maximize existing data sets that use differeat,substantially similar data elements, the
technique of mapping of data elements of one datatmthose of another should facilitate excharige o
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data without having to restructure existing databaProviding data to other agencies mapped to the
common minimum data elements saves resources axichinas previously collected as well as future
data to be used for other purposes.

6.3 NGWMN Data Portal

A publically accessible data portal is proposed asimary product of the National Ground-
Water Monitoring Network. Data from the NGWMN subnerks will be available from the NGWMN
data portal, as well as contributions from othdagaoviders that meet NGWMN criteria, but may not
be selected for a specific national subnetwork. @ésc requirements for a data exchange and access
system for ground-water data are envisioned asvist!

1. The ground-water levels, quality, and assodiatetadata should be of documented quality based
on field practices and the core set of data elesneetessary for basic comparison of results.

2. The processes employed in the NGWMN data systeruld allow for the most current data
practical to be submitted, including submissiomeafl-time or near-real-time data such as daily or
weekly results for ground-water levels and quality.

3. The data system (comprised of a portal andnlyidg database, databases, or links to databases)
is proposed to be as automated as feasible. Alththeye will be an initial investment in

establishing an automated method to obtain dataentdoy data providers, once the mechanism is
established, there should be minimal effort onghe of the data provider to participate in

managing the data flow. The full functionality gadisuch a data system is to have a measurement
in the data provider’'s database be transferredddNtGWMN data system without human
intervention (either pushing to a central databpa#ed into the central database, or retrieved on-
the-fly using Web services).

4. The data-flow manager for the NGWMN data systalhmaintain an inventory of wells
identified to be in the national network and othvedtls as appropriate. Data providers will be
responsible for maintaining the quality of the datthe NGWMN system.

5. There will be a map-based graphical user iater{ GUI) for retrievals from the data system.

6. The GUI will provide some indication of the datvailable in the data system, and the
“conditions” reflected by the most recent measumshavailable in the data system.

7. The retrieval times from the NGWMN data systgithbe acceptable for its designed use(s).

8. The data system will be maintained indefinitely

57
Subcommittee on Ground Water Draft for the AdvisGBgmmittee on Water Information— Do not cite oessle.



1919 Other more detailed functional requirements willdeeeloped based on the performance of

1920 several field pilot efforts to implement the NGWMdcommendations. Figure 6.3.1 illustrates the steps
1921 taken and flow of information for a data requestifrthe public for one approach to the proposed

1922  NGWMN data portal. A user selects a well or weltati the portal GUI and requests water-level data,
1923  water quality data, or both. The portal evaluabesrequest, and sends a data request to the ajgpeopr
1924 database or databases. The results are returmieel portal, compiled, and provided to the publierus
1925

1926

1927  Figure 6.311 Steps taken and information flow from a@dhlia request to the proposed NGWMN
1928 data portal.

1929

1930 6.4 Key Concepts and Recommendations

1931

1932 Data systems in the United States exist at allrorgéional levels (local, State, national,

1933 academia, and private sectors), but because diisharical differences in purpose, the data cannot
1934 easily be shared and compared. To overcome thidgm several national level private and

1935 governmental organizations have evolved data stda@dnd a common vocabulary, in this case

1936 applying to monitoring data, to facilitate datarshg. As new databases are developed and existing
1937 systems are updated, the standards gradually arg ineorporated into these systems.

1938

1939 It is clear that there are adequate metadata s@mdsailable and already in place at the USGS,
1940 USEPA, and with the CUAHSI initiative. Many exiggilstate and regional interstate monitoring
1941 networks follow these or similar standards and eessalt generate significant quantities of highigya
1942  information.

1943

1944 The focus of the NGWMN data system should be oreldg@ing applications that facilitate the
1945 access, retrieval, and collation of data on anessied basis from multiple, dispersed data reposstor
1946 allowing the data to continue to be housed and gethay the data provider while being accessible to
1947 anyone with a need for it. To maximize existingadsets that use different, but substantially simila
1948 data elements, the technique of mapping of dataeziés of one database to those of another should
1949 facilitate exchange of data without having to nestre existing databases.

1950
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To support data exchange without modifying existliagg structures, translation tools that allow
mapping or relating data elements from one datatzadata elements in another database, simildreto t
approach CUAHSI is developing in its Hydrologicdnhation System, are recommended. To
encourage this exchange mechanism, efforts she@utdbtinued to map data elements between
STORET and NWIS and other existing databases gppbsuefforts on the State level to map their
databases and incorporate XML tags in the metaddtee STORET and/or NWIS models.

Agreement on a minimum set of data elements bgralind-water monitoring partners will
expand the amount of data each agency can usenintinal cost, allowing comparison of data
covering larger or adjacent areas, and providingensomplete coverage where data are collected by
multiple agencies for different purposes at differecations in the same area.

It is not the intent of the SOGW to recommend ang existing data standard or data model
(e.g., NWIS, STORET, and CUAHSI) over another @oramend development of a new data standard
and model. Rather, it is recommended that an dfi®rhade to standardize data element names and
definitions, allowed values, and XML data tag valu€his standardization of data element names
should be based on existing data models and s@smdaviewed previously. Agreement on a minimum
set of common data elements for ground-water mongdrom these models and standards should
facilitate data exchange. A key step to the exchariglata would be for the USGS to develop a unique
site identifier that does not conflict with secyniequirements for public water supplies.

At this time, there is a lack of a peer reviewed poblished procedure or code for naming,
mapping, and classifying aquifers and confiningsithroughout the Nation. It is recommended that a
minimum of three aquifer naming fields be includedll databases and data models meant to serve a
national audience. In this regard, it is recommentiat efforts to map and classify aquifers and
develop a consistent national hydrostratigraphimernclature be encouraged.

A publically accessible data portal is a primargdurct of the National Ground-Water
Monitoring Network. Data from all of the NGWMN suéivorks will be available from the NGWMN
data portal, as well as contributions from datavjglers that meet NGWMN criteria, but may not be
selected for a specific national subnetwork. TheMNEN data portal will be a mechanism for the
public, as well as for data providers, to acces$\WMBN data. With this portal, data providers who do
not already have information systems that provideigd-water data to the public via the Web willrgai
a significant capability by participating in the M@®/N.
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Chapter 7 — Network Implementation

This chapter provides a summary of important desa@rcepts in the NGWMN,
recommendations for management of the network agoath forward for network implementation.

7.1 National Network Design

The NGWMN takes advantage of, but also seeks tara#) existing Federal, multistate, State,
and local monitoring efforts. The NGWMN is not intked to replace existing monitoring programs nor
is it intended to address localized issues sudoatminated industrial sites. Rather, it is focuse
assessing the overall status of major aquifergoifer systems and changes as they occur. The
NGWMN is expected to provide an improved foundaami context at the national and regional
multistate scale within which to interpret datanfrearious data-collection efforts. The network dasi
includes an Unstressed Subnetwork and a TargetedeS8uork.

The Unstressed Subnetwork will include monitorimgnps that provide data from unstressed (or
minimally stressed) aquifers. Ideally, this subretnensures that a consistent group of wells is
regularly monitored to generate water-level andewguality data from nonpumped and
uncontaminated areas. However, it is likely thélteubnetwork-wide isolation from land use and
developmental pressures is not possible, so irtipadity, unstressed areas are those that either ha
stress or have been minimally affected by humainiaes. The Targeted Subnetwork will include
monitoring points that provide data from aquifdratt(1) are known to be heavily pumped, (2) have
experienced recharge-altering land-use changeq3armde located in areas with managed ground-water
resources (e.g., artificial recharge or enhanomége and recovery). The Targeted Subnetwork also
will include monitoring points that are (4) knowmhave degraded water quality from human activity o
(5) are in an area expected to be developed sosabget of the trend monitoring wells within these
subnetworks would be designated as the backbons/sgings of the NGWMN. These backbone
monitoring points are carefully selected core dites would be fully supported by Federal funds. In
instances where “backbone” sites are operated BWM®G cooperators, Federal funding assures that
data collection and delivery follow NGWMN requirente. Every consideration possible would be
given to continuing the long-term record from thess!s.

7.2 Incorporating Selected Wells from Existingnibring Programs

The NGWMN is planned as an aggregation of seleatdt from multistate, State, and local
ground-water monitoring networks brought togethedar the defining principles presented in this
document. It is recognized that many wells witlia various networks already in existence within the
Nation can collectively produce most or all of tteta required to address important questions aheut
availability and quality of the Nation’s ground weat
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7.3 Inventory of Current Monitoring

When taken in sum, existing Federal, State, Tridwadi other ground-water level and ground-
water quality networks create a “patchwork quilt’hational ground-water monitoring. The design of
these programs varies greatly among States. Someestrang ground-water level programs; some have
strong ground-water quality monitoring programswvHFeve both, and some have neither. Eight States
have no statewide or regional intrastate groundemlaizel monitoring network, and 33 States have no
active statewide ground-water quality network. Ehiera lack of written standard operating proceslure
for field data collection in at least eight Stateth monitoring programs, and a lack of data
management and storage capabilities in at leaStdt2s that have monitoring programs.

Water-level measurement frequencies vary sigmtigafrom a 5-year interval to real-time
instrumentation. The different frequencies are@sequence, in great part, of the purpose of the
individual networks. There is even less consistenayonitoring frequency among State water-quality
monitoring programs. It will be a challenge to congbdata from these disparate monitoring networks
into a coherent national program. There will be satata gaps, but the amount of existing ground-
water monitoring across the Nation is impressivel &ith a clear sense of purpose such a network can
be built.

7.4 Metrics

A large number of metrics could be developed tokitae success of the NGWMN. These may
include goals for participation by Federal, Stawghal, and other organizations. The metrics could
include the number of monitoring sites, length afedrecords at network wells, data storage, and the
ability to provide the ground-water data necessaiyelp answer the key questions outlined in Chrapte
1 of this document. However, the principal metdas be summarized in three goals for the NGWMN:

(1) Full participation by the principal ground-watert@@aroducers in the United States;

(2) Full acceptance by these data producers of the NGW#dommendations for data-
collection techniques, data elements, and docurientaf these techniques and data-storage
methods; and

(3) Inclusion of an adequate distribution of wells apdings within the major aquifers and
aquifer systems throughout the United States sonmgful interpretations can be made on
the status and trends of ground-water levels aadrgl-water quality in these major
aquifers.

A successful NGWMN is nearly assured if these tigeas are met. This will enable the United
Stated to meet the challenge for ground water @tethe Subcommittee on Water Availability and
Quality to “...accurately assess the quantity andityuaf its water resources...” (NSTC, 2007). But
even without fully meeting the goals, progress talthem will move the Nation closer to a more full
understanding of its ground-water resources. Avdnefits of the network become apparent, additiona
participation is expected to be realized.
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7.5 Network Products

The NGWMN is both a concept for a common monitorpgroach and a mechanism for the
compilation of ground-water level and ground-wageality data. The NGWMN is not designated to be
an interpretive product, but an information toarfr which coherent and systematic data can be
obtained by all parties in order to generate mymaerpretive products at a variety of scales. Tigloa
data portal on the Internet, the NGWMN would pr@vatitical information necessary for the planning,
management, and development of ground-water sialieneet current and future water needs and
ecosystem requirements. The information availdirieugh the NGWMN is expected to be used to
assist in assessments of the quantity of U.S. grovater resources, as constrained by ground-water
guality. Interpretive products can be generatenhftibe data provided by the NGWMN by anyone
interested in ground-water resources.

The importance of the NGWMN data portal as a progbould be emphasized. Many data
providers do not serve their data to the publith@ninternet. Some serve their data on the Intebugt
the information systems and Web pages used to sesw@ata are not robust. The NGWMN will be
constructed with a national focus, but for someagmoviders, the NGWMN data portal will provide a
new tool for their customers to access State aral ground-water data.

7.6 Communication, Coordination, and Collalmorati

The National Water Quality Monitoring Council placgreat emphasis on the need for
communication, coordination, and collaborationdocessfully implement the National Water Quality
Monitoring Network for Coastal Waters and theirbltaries work, stating that “There will need to be
considerable communication, coordination, and boltation among all members of the monitoring
community to implement the Network design...” (NWQMZDO06). Given the immense scope of the
NGWMN, this concept is just as critical.

The NGWMN should be based on a cooperative apprimedfederal, regional interstate, State,
Tribal, and local stakeholders to collaborate oplementing ground-water monitoring programs. To be
successful, all stakeholders (Federal, State, stalé, Tribal, regional cooperatives, local ages)cie
academic, and private sector partners) who operatetoring networks and collect ground-water level
and -quality data have to be committed to the NGWa#d to their own monitoring programs by
sharing data that will help serve both local nesat those of the Nation. The SOGW expects that a
successful network will involve many data providansl stakeholders, likely more than 100.

7.7 Recommendations for Network Management

The proposed structure of the NGWMN makes gainmdjraaintaining the cooperation of
various entities overseeing these current netwioelysdo successful implementation. The following are
identified as necessary precursors for gainingraathtaining this cooperation and achieving an
effective and efficiently operating NGWMN, as sat o this document:

A voice in the process for stakeholders;
Incentives that recognize the contributions of gataviders;
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Flexibility to accommodate differences among dataviglers; and
Clear direction, informed by stakeholder input, anthority for an entity to undertake day-to-
day operations.

7.7.1 Structure

A three-tiered structure is recommended with thevabn mind.

1. The Subcommittee on Ground Water should continué ws current structure of public and

private sector data providers and data users. T8 would undertake activities, such as:

Interface with the Advisory Committee on Water Imf@tion, share information
regarding NGWMN goals, achievements, and hurdlegedisas identifying areas for
potential cooperation and collaboration with otA€@WI efforts;

Provide advice to the NGWMN on Federal issues aiggeast directions and priorities
for the NGWMN,;

Assist in program evaluation and provide feedbadké NGWMN; and

Assist in program startup and outreach.

2. A Program Board or Boards should be established.Frogram Board would be composed of

3.

NGWMN data providers. Because of the potentiabftairge number of stakeholders nationally,
a two-tiered system of national and regional boandg be necessary to adequately solicit input
at every level. The Program Board(s) would under@itivities, such as:

Provide input regarding the program’s scope, dresj and overall direction;

Assist in the evaluation of funding proposals; and

Undertake outreach and communication with curradt@otential data providers on
national issues.

An agency should be named to provide day-to-dayagament of the NGWMN as well as
provide guidance to NGWMN data providers. The SOf@ddommends, based on experience
and mission, that the USGS be considered for diesand that within the USGS a distinct
Management and Operations Group be created to:

Implement the startup of the program, includingedeping a solicitation for
participation and organizing stakeholders;

Coordinate and consult with the Program Board(d)tae SOGW,

Create and manage the data portal;

Evaluate and recommend new technologies;

Provide program guidance and technical adviceake$tolders;

Identify funding priorities, administer funding gn@ms, and coordinate with other
funding sources;

Disseminate data and interpretive reports as neiedsa open and flexible system;
Assist in developing report findings, answeringibasiestions, promoting the program
with relevant and timely technical results; and
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Insure that backbone data are collected by allogdtederal funds or coordinating with
other agencies to allocate Federal funds througibrt#olio of funding options.

Figure77771111 Management structure of the proposeidMatGround-Water Monitoring Network.

7.7.2 Funding Models:

The SOGW recommends a portfolio of funding optionerder to have the necessary incentives

to achieve nationwide coverage in a cost-efficraahner that builds on existing efforts and levesage
federal and cooperator resources (table 7.7.2t9.mModels are not exclusive of one another. The
models provide the flexibility to tailor potentiinding options to the interests, capability, aoig-
term monitoring missions of potential NGWMN coopera. The SOGW recognizes that all
funding/data gathering models are affected by Wbdiiyain Federal and non-Federal funding.

1.

2.

3.

VariousFederal ProgramsandFederal-to-Federal collaborationcanprovide for direct
Federal monitoring dbackbone network sites, such as those in the USE&E Response
Network or NAWQA water-quality monitoringgr for monitoring sites at locations with
restricted access, such as in national parks atamyilinstallations.

USGS Cooperative Water Programagreements are appropriate for cooperators thvat ha
funding for long-term monitoring but lack the teatal expertise or personnel to collect the data.
A modified STATEMAP/NGWMN funding option is appropriate for cooperators wave an
existing long-term ground-water monitoring netwaakyeed to enhance their infrastructure,
instrumentation, or frequency of data collectidie technical expertise and personnel to
successfully collect the data; long-term groundewvatonitoring funding; and a mission closely
aligned with that of the NGWMN.

USEPA funding for NGWMN has great potential to add data-collettites, enhance
infrastructure, and provide for more frequent measient and instrumentation. However,
USEPA and USGS must coordinate closely at the aglenel so that duplication of effort is
minimized.
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Table 7. 22

Critical cooperative agreement factors andMNiBI funding/data gathering applicability.

Funding/data-
gathering
model

Data collection,
storage, and transfe

Work assignment,
funding flow, and
cooperator support

Long-term, not issue
driven monitoring

NGWMN
applicability

Federal
Programs

USGS personnel colleg
and manage NGWMN
data. If other Federal
agencies have data-
collection and
management capability
agreements address
how these data are
transferred to or
accessed by USGS or
NGWMN data systems

t USGS bears costs for
monitoring backbone
network wells. If USGS

services to the other

, agency in conjunction
with NGWMN
monitoring, cost
sharing offsets some of
the cost. If another

data for NGWMN and
their own use, that
agency absorbs the
monitoring cost.

provides data-collection have a monitoring

Federal agency collects

Long-term monitoring
could be an issue if a
cooperator does not

mission strongly
aligned with the
objectives of the
NGWMN.

Backbone sites would
be a key component of
the network.
Collaboration among
agencies is most
necessary where acceg
to monitoring sites on
Federal lands or at
Federal facilities may
be restricted such as
military reservations or
national parks.

USGS
Cooperative
Water Program
(CWP)

Data are collected by
USGS employees or
cooperator staff but are
managed within NWIS.
If cooperators use CWH
data for non-CWP
purposes, the data mug
be retrieved from
NWIS and integrated
with non-CWP data.

Monitoring costs are
shared between the
cooperator and the
USGS. Total project
P cost includes State
share, Federal share,
tand Federal
administrative charges,
For projects where
USGS personnel do th¢
work, non-Federal
funds are paid to the
USGS. For projects
where work is shared,
the cooperator may
provide in-kind services
in lieu of funds.

CWP requires funds
from the Federal and
non-Federal partners.
Project development is
driven by the non-
Federal agency and
those interests may
change, depending on
local issues. Successful
> use of CWP for
NGWMN requires non-
Federal cooperators to
dedicate funds to long-
term ground-water
monitoring.

CWP most applicable
for State agencies,
Tribal governments,
municipalities, and
local governments that
need long-term data,
but do not choose to
collect them. Federal
CWP resource
allocations depend on
CWP funding and non-
Federal interest and
resources dedicated to
long-term monitoring.

Modified
STATEMAP

Data are collected by
cooperators and are
managed with
provisions to either be
transferred to the USG
management and
operations group or be
accessible to NGWMN
Data are available at th
cooperator level
without the need for
retrieval from other
data systems such as
NWIS.

Data are collected by
the cooperators. Funds
for NGWMN data
collection are from the
SUSGS to the cooperatg
but require a 50-percen
match by non-Federal
funds. The cooperator
eshare represents the
value of the data to the
cooperator.

Cooperators must have
an aligned mission to
collect ground-water
data similar to that of

rNGWMN and the

tdedicated long-term
funding to support the
data collection.

Best application is with
State agencies, Tribal
governments,
municipalities, and
local governments that
have the capability to
collect and manage
long-term data.
Cooperators with long-
term monitoring
missions similar to that
of the NGWMN are
most desirable.

EPA grants
supporting
monitoring

Data are collected by
cooperators and are
managed with
provisions to either be

Data are collected by
cooperators. Funds for
NGWMN data
collection are from the

transferred to the EPA

Cooperators must have
an aligned mission to
collect ground-water
data similar to that of

USEPA to designated

NGWMN, reflecting a

USEPA-funded
cooperator agency and
USGS management an
operations group
cooperation at the
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Funding/data-
gathering
model

Data collection,
storage, and transfe

Work assignment,
funding flow, and
cooperator support

Long-term, not issuef

driven monitoring

NGWMN
applicability

Water Quality
Exchange, the USGS
NWIS or otherwise be
accessible to NGWMN
Data are available at th
cooperator level

agency(s) or to
cooperators through
State-level direct
grants. Matching funds
eare required at the
cooperator level as

priority for ground-
water monitoring
recognized by the State
cooperator agency.

agency level is essential
to coordinate effort.
> Historically, these
funds have been
exclusive to water-
quality monitoring.

without the need for
retrieval from other
data systems such as
NWIS.

defined by USEPA. A
State-level grant
program would create
another forum where
decisions about how
and who operates
NGWMN are made.

7.8 Recommendations and Next Steps

Water is needed for a growing U.S. population, grudind-water use is increasing. Ground-
water level declines have been documented in neadyy area of the Nation. Ground-water quality
deterioration is apparent in some regional intéesaguifers. Despite the fact that ground-wateellev
monitoring is done in many places at many scalesngprehensive repository of ground-water level
monitoring data does not exist. The concept of adNal Ground-Water Monitoring Network is not a
new one. Past efforts have cited valid justificatior such a network, and the reasons for such a
network have not diminished over time but in faxdreased in importance. Increasing water demands,
climate change, and energy development and theacaded effects underscore the need. Past efforts
have been hamstrung by the difficulty in combindaga from many networks into one data system. The
need for a NGWMN has not gone away.

Increased use of computer data systems and devetamhinternet technologies have made it
much easier to combine data from myriad sourcegoMdeps already have been achieved with recent
links between water-quality data in USGS and USKERB#abases. Although there is a “patchwork quilt”
of networks across the Nation, it is clear that patar systems have progressed to the point whesg mo
data producers are storing information in compd&abases, and many serve those data to the public
via the Internet. These data systems typicallylmnonfigured in such a way to document the sooirce
the data and the methods used to collect those Tagafeasibility of Internet portal systems fotala
distribution has been documented commercially lmhs|ystems as travel Web sites, and
environmentally by systems like the CUAHSI Hydrabtmformation System. Portal systems may
obviate the need for centralized data systems. Eatdbe maintained where it should be—by the data
producer. With the cooperation of data producepréal system can reach out to obtain the necgssar
data at the State, regional interstate, and ndtgmade.

The SOGW recommends that the ACWI pursue a Nati@nalind-Water Monitoring Network
through the use of a national data portal. Sesteqis are necessary to establish such a network:

1. The Subcommittee on Ground Water should coatimith its current structure of public and
private sector data providers and data users.
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. A National Program Board, possibly supportediegional Program Boards, composed of

NGWMN data providers should be established.

. An agency should be named to provide day-tordagagement of the NGWMN as well as

provide guidance to NGWMN data providers. The SOf@ddmmends, based on experience
and mission, that the USGS be considered for tdiesand that within the USGS a distinct
management and operations group be created.

. The management and operations group shoula loggjog with data producers to evaluate

existing well networks and their coverage of maquifers. This should be pursued through
the solicitation of expressions of interest in pgtudies from willing participants from various
Federal and/or State/Tribal data networks. Thelse¢ gtudies will lay the ground work for
future implementation of the full network.

. Protocols for site selection for the NGWMN slabloe developed, and gaps in the network

should be identified.

. An Internet portal system should be developddthk ground-water data systems from across

the Nation. Such a system requires the developofahe portal itself, but also translation
software that will allow the portal to communicatih the data systems of the data producer.
The pilot studies proposed in recommendation 4 alvail provide an opportunity for testing
approaches for a NGWMN data portal.

. The NGWMN cannot be completed without Fedaratls to support it. The ACWI should

facilitate the Federal funding opportunities owlinn this chapter. Federal funding sources
would assure participation by data providers, djp@naof backbone wells/springs,
management and operation of the network, and deredat and operation of a data portal.
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