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EXECUTIVE SUMMARY
Analysis of trends data by the first group of Study Units has demonstrated the benefit of completing studies of chemistry and changes in chemistry along inferred ground-water flow paths (also called FSSs or Flow-System Studies) within land-use studies that are part of the national ground-water trends network.  Budget constraints, however, permit completion of FSSs in only a few carefully selected land-use studies from among the large number of candidates that are part of the national trends network.  Furthermore, increases in the cost of FSSs, especially drilling costs, and flat to possible declines in future budget allocations for GW S&T have required a re-evaluation of the NIT plan for FSSs by group 2 and 3 study units.

The purpose of this report is to present the FSS 2005 Planning Team’s: (1) evaluation of the fiscal feasibility of the NIT plan for FSSs by the group 2 and 3 study units under current and likely future budget constraints; and (2) recommendations to the NAWQA Program for locations and priorities of FSSs in the group 2 and 3 study units to enhance analysis of ground-water trends.

The scope of the evaluation and recommendations is limited to plans only for FSSs by the second and third groups of Cycle II study units and only within the budget allocation earmarked for FSSs by NIT in 2001.  Possible future recommendations for modifications to the ground-water trends design that might result in dropping some current ground-water trends activities and replacing some or all of those activities with additional FSSs, and recommendations for changes to the design of FSSs are beyond the scope of this report.  Such recommendations, if any, will be from the Ground-Water Trends Team.
The FSS 2005 planning team has 4 conclusions and recommendations:

(1) Only 2 new and 3 resampled FSSs can be afforded for Group 2 study units and these FSS will be located in study units where ACT and small-scale TANC studies are not planned.

The number of FSS is based on the NIT allocation of approximately $500,000 gross for FSSs in FY07 and updated estimates of the cost of an FSS.  

Substitution of an FSS with an ACT or TANC study is possible because the objective of explaining causes of observed trends can be achieved by those studies.  Resource constraints dictate that overlap of FSSs, ACT and TANC studies should be limited.  Where there is a choice of doing more than 1 of these studies, it is recommended that the more comprehensive study be done (generally an ACT or TANC study).  Funds not used for a dropped FSS would be used to complete the next FSS on the priority list.
 (2) The FSS 2005 planning team recommends that design of the FSS and drilling and installation of wells occur during the first year of the study and sampling occur during the second year.  Analysis and reporting would occur after the second year of study and as part of the analysis of ground-water trends.  The first year of study for group 2 study-unit FSSs is 2007.
(3) The FSS 2005 planning team re-ranked NIT’s 8 highest-ranked Group 2 study unit land-use study candidates for nested FSSs.  The 5 highest-ranked land-use study candidates are: santluscr1, linjlusrc1, pugtluscr1, umislusrc1 and lerilusrc1.  Two of these FSSs would be located in agricultural land-use studies and 3 would be located in urban land-use studies.  Two of these FSSs would be new FSSs (in linj and leri); the other 3 would be resampled Cycle I flow path studies.
(4) Given current information, there will be 21 FSSs (or comparable TANC small-area or ACT studies) completed when the group 3 study units begin their studies.  At least one FSS will have been completed in 8 principal aquifers and no FSSs would have been completed in 8 principal aquifers.  Of the 8 principal aquifers with no FSSs, 5 are hard-rock aquifers consisting of carbonate, sandstone or crystalline rocks (i.e. relatively “complex” flow systems).  Only 3 principal aquifers (California coastal basin aquifers, Coastal Lowlands aquifer system and Mississippi Embayment – Texas Coastal Uplands aquifer system) are comprised of unconsolidated deposits (i.e. relatively “simple” systems).  It is important, therefore, to complete a group 3 study unit process-based investigation (FSS, TANC small-area or ACT) in at least the 3 unconsolidated aquifer systems (how a possible process-based investigation in the California coastal basin aquifer in sana fits with California GAMA (Ground-water Monitoring and Assessment) study plans has not yet been considered).  Joint planning by the FSS, TANC and ACT teams is needed to select these studies.  If additional FSSs can be afforded, discussions of the relative feasibility of conducting studies in the hard-rock aquifers would need to be discussed further during detailed planning for group 3 study unit FSSs in about 2009-2010.
INTRODUCTION

Background
Cycle II of the U.S. Geological Survey’s National Water Quality Assessment (NAWQA) Program is the second decade of NAWQA in which 42 study units will be revisited in 3 groups of 14 Study Units on a rotational schedule (Gilliom and others, 2001).  During the 10-year period of Cycle I (1991-2000), each study unit was studied intensively for 3 years followed by 6 years of low-intensity assessment.  Largely because of budget constraints and the consequent inability to complete all work planned for the intensive period within 3 years, a 4-year intensive period of study was implemented in Cycle II.  Therefore, the duration of Cycle II is 13 years (2001 – 2013).
The goals of NAWQA Cycle II are the same as those of Cycle I (Mallard and others, 1999):
· Provide a nationally consistent description of current water-quality conditions for a large part of the nation’s water resources (occurrence and distribution)
· Define long-term trends (or lack of trends) in water quality trends)
· Identify, describe, and explain, as possible, the major factors that affect observed water-quality conditions and trends (understanding).
Although Mallard and others (1999) recommended that the 3 goals of NAWQA remain unchanged in Cycle II, they also recommended that a shift in the relative emphasis and resources directed to the 3 goals should occur in Cycle II.  Relative to Cycle I, the first goal, occurrence and distribution, should receive less emphasis and the second and third goals, trends and explanation, should receive greater emphasis.  The relative emphasis given to trends is increased in Cycle II because low-intensity phase (LIP) sampling, a key component for trends analysis, was not fully implemented during Cycle I.  These recommendations were followed by the NIT (NAWQA Implementation Team) when developing the Cycle II plan during 2000 - 2001.
In 2001, the NIT completed its plan for the design and implementation of Cycle II, including the GW S&T (Ground-Water Status and Trends) component of the program (Gilliom and others, 2001).  Although GW S&T to date has largely been implemented in accordance with the NIT plan, some modifications to improve or streamline the NIT plan and specifically the GW S&T design have occurred as a result of lessons learned during data collection, analysis and interpretation.  Examples of two modifications to date are (1) the replacement of pesticide schedule (2001) with a new, more costly analytical schedule for pesticides (SCH 2033) to enhance occurrence assessments and (2) the addition of continuous monitoring of water levels in selected trends wells.  Both of these modifications have increased costs for GW S&T.  Until now, however, the GW S&T has been able to implement the NIT plan as well as all the modifications.
Problem
Analysis of trends data by the first group of Study Units has demonstrated the benefit of completing studies of chemistry and changes in chemistry along inferred ground-water flow paths (also called FSSs or Flow-System Studies) (figs 1 and 2) within land-use studies that are part of the national ground-water trends network.  Budget constraints, however, permit completion of FSSs in only a few carefully selected land-use studies from among the large number of candidate land-use studies that are part of the national trends network.  Furthermore, likely increases in the cost of FSSs (e.g. drilling costs) that were not fully accounted for by NIT during their planning in 2000-2001 and flat to possible declines in future budget allocations for GW S&T have required a re-evaluation of the NIT plan for FSSs by group2 and 3 study units.
FSS 2005 Planning Team
To address the problem above, an ‘FSS 2005 Planning Team’ was convened in 2005.  The Planning Team consists of Neil Dubrovsky, Nutrients & Trace Elements National Synthesis; Sandra Eberts, TANC Topical Study Lead; Wayne Lapham, GW S&T Coordinator; Larry Puckett, Nutrient National Synthesis and FSS Lead; Michael Rosen, GW Trends Lead; and Jim Tesoriero, (FSS analyst; NEET study).
Purpose and Scope
The purpose of this report is to present the FSS 2005 Planning Team’s: (1) evaluation of the fiscal feasibility of the NIT plan for FSSs by the group 2 and 3 study units under current and likely future budget constraints; and (2) recommendations to the NAWQA Program for locations and priorities of FSSs in the group 2 and 3 study units to enhance analysis of ground-water trends.
The scope of the evaluation and recommendations is limited to plans only for FSSs by the second and third groups of Cycle II study units and only within the budget allocation earmarked for FSSs by NIT in 2001.  Possible future recommendations for modifications to the ground-water trends design that might result in dropping some current ground-water trends activities and replacing some or all of those activities with additional FSSs, and recommendations for changes to the design of FSSs are beyond the scope of this report.  Such recommendations, if any, will be from the Ground-Water Trends Team. 
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Figure 1. Cycle | FPSs and selected and proposed FSSs and ACT studies in agricultural areas.




Figure 1.  Cycle I FPSs and selected and proposed FSSs and ACT studies in agricultural areas.
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Figure 2.  Cycle I FPSs and selected and proposed FSSs and TANC studies in urban areas.

BACKGROUND ON THE NIT DESIGN FOR A NATIONAL GROUND-WATER TRENDS NETWORK (the following is largely excerpted from Gilliom and others, 2001)
The primary goals of the National Trends Network for ground water are to systematically assess long-term trends and changes in the quality of the nation’s ground water and to relate observed trends and changes to probable causes (Gilliom and others, 2001). In addition to addressing trend assessment goals, the intensive, long-term data collection associated with each trends network forms the foundation for spatial studies of the effects of land-use change on water quality and for targeted studies of factors that govern water quality, which are a major emphasis of Cycle II.  Because of this foundational role that the trend networks play in the Cycle II design, the requirements for these related studies are an important consideration in design of the trend networks.

Themes and Objectives
The NIT themes and specific objectives addressed to substantial but variable degrees by the ground-water trends networks are listed below.  The NAWQA Trends Network for ground water is designed to address NIT objective T1 and partially address NIT objectives T3 and T5:  
Trends and changes in status of resource. What are the trends and changes in the status of water quality since the NAWQA Cycle I status assessment and before?
NIT Objective (T1) Determine long-term trends and changes in the concentrations of NAWQA target constituents in (a) 16 principal aquifer systems of the U.S. that have high use for drinking water and are representative of major aquifer lithologies, and (b) recently recharged ground water up-gradient of these principal aquifers in a nationally representative range of hydrologic and land-use settings
Response to urbanization.  How has water quality changed in response to urbanization?

NIT Objective (T3) - Determine the effects of urbanization on the concentrations and distributions of NAWQA target constituents in shallow or recently recharged ground water.
Response to agricultural management practices.  How has water quality changed in response to long-term changes in agricultural management practices such as tillage methods, chemical use, and crop patterns?
NIT Objective (T5) - Determine the effects of long-term changes in agricultural management practices on the concentrations and distributions of NAWQA target constituents in shallow or recently recharged ground water.

Achievement of these objectives within the NAWQA budget for ground-water trend assessment requires careful selection of relatively few studies.  For example, some study units, particularly those not overlying a principal aquifer, may not contain ground-water trend studies that are part of the NAWQA trends network.  The following characteristics, which sometimes conflict, were used by NIT in selecting studies and determining sampling strategies.

Sources

· Representative coverage of the major agricultural and urban land uses of the nation.
Transport Processes

· Representative coverage of the diversity of hydrologic environments of the nation, as represented by hydrologic landscapes and other hydrogeologic characteristics.
Effects

· Representative coverage of the principal aquifers of the nation that are most heavily used as sources of drinking water by metropolitan and rural populations.

The main focus of the NAWQA trends network design is to resample, by a three-tiered sampling strategy, selected Cycle I ground-water studies. Additional new studies (not conducted during Cycle I) are being added to the NAWQA trends network after completing their initial status assessment in Cycle II.  These selected new studies are necessary to improve coverage of the range of source, transport and effect conditions found across the United States.

Approach and Emphasis
The National Trends Network for ground water is the primary approach to addressing the three Cycle II trend themes with regard to the chemical and physical aspects of water quality.  Studies of governing factors from topical studies also will make important contributions to trend assessment, particularly in helping to explain the causes of observed trends.
Trend Network designs were developed separately for streams and ground water because of different hydrologic characteristics, temporal and spatial characteristics, and assessment requirements, but geographic correspondence among studies was a mutual goal.  Common to stream and ground-water trend networks are the objectives of (1) achieving a balanced representation of the primary hydrologic landscape, ecoregion and land-use settings in the Nation, and (2) emphasizing the most important resources for drinking water and aquatic organisms. 

Types of Ground-Water Studies

The trend network for ground water involves resampling of Major Aquifer Studies (MASs) and agricultural and urban Land-Use Studies (LUS).  MASs included assessments of the quality of ground-water resources from aquifers commonly used for drinking water.  LUSs assessed the quality of recently recharged ground water beneath targeted land uses.  Many LUSs were located up-gradient from parts of the major aquifers assessed under Cycle I of NAWQA as a way to estimate possible future contamination to these deeper ground-water resources.  Specific characteristics of ground-water studies and their role in Cycle I Study Unit ground-water assessments are described by Gilliom, Alley and Gurtz (1995). NAWQA Cycle I has advanced the understanding of what chemicals are present in recently recharged ground water beneath urban and agricultural land and in deeper drinking-water supplies.  Assessing changes in chemical concentration over time is a logical follow up to this understanding. 
NIT PLAN FOR FLOW-SYSTEM STUDIES FOR CYCLE II
The NAWQA trend networks for ground water monitor trends by systematic sampling over time in selected networks that represent key water resources and land uses.  Although the trends networks are the only approach in the NAWQA design to assess trends in major aquifers, they only partially address trend issues related to changes in urban and agricultural areas.  To address Cycle II trend themes focused on water-quality changes due to urbanization and changes in agricultural land and management practices, NIT planned studies that cover a range of spatial scales and that are closely integrated with the trend networks and the topical studies undertaken to examine the factors that govern water quality. 
A major component of the national trends network for ground water is the decadal resampling of land-use studies to determine changes, if any, in water quality over approximate decadal intervals.  NIT realized that resampling of land-use studies alone would not necessarily be sufficient to relate ground-water quality to changes in land use.  For this reason, additional study in some of these land-use study areas would be needed to link the history of land-use change to changes in ground-water quality in the aquifer as a whole.  Thus, FSSs (flow-system studies) are designed to help define the 3-dimensional distribution of water quality in aquifers by sampling ground water for evidence of historical changes in ground-water contamination, and where possible, by relating those changes to ancillary information on changes in land-use history and chemical use.  FSSs use interpretation of spatial patterns to evaluate temporal changes in water-quality.   Because these studies are planned as part of the trend studies, NIT planned that most FSSs would be located in land-use studies completed during Cycle I that are both part of the national trends network for ground water and that will be resampled in Cycle II.
FSS results have been reported over the past 6 years in numerous publications, including Burow and others (1999), Puckett and others (1999), Tesoriero and others (2000), Tesoriero and others (2001), Puckett and Cowdery (2002), Puckett and others (2002), Puckett (2004), Andrews and others (2005), Puckett and Hughes (2005), Tesoriero and others (2005) and Tesoriero and others (in review)

NIT Implementation Strategy for FSSs for Cycle II
During planning in 2000-2001, NIT estimated that about 16-18 new FSSs would be possible during Cycle II, not including possible resampling of existing FSSs (Gilliom and others, 2001, p. 113).   There are many more possible locations for FSSs than NAWQA can afford to complete in Cycle II.  Therefore, NIT prioritized candidate FSSs by assigning quantitative scores to land-use studies that were part of the ground-water trends network.  Highest priorities for FSSs were given to those aquifers with the simplest hydrogeology and the greatest aquifer susceptibility to recharge, aquifers that were used for drinking water and aquifers where the degree of nesting within previously sampled networks was greatest. The guidance (Gilliom and others, 2001, p. 114) for assigning quantitative scores was (table 1):
Table 1.  NIT criteria for ranking land-use studies for Cycle II nested FSSs (see Gilliom and others, 2001, p. 114).

	1. FSSs must have relatively simple and well-defined geology that is ideal for flow-system sampling as defined in the conceptual design goal of sampling over space and depth to understand water quality through time. The most susceptible environments will be targeted first.  Examples of the most susceptible Hydrologic Landscape Regions (HLR) (based on the analysis of HLR’s presented in Appendix F2 of the NAWQA Cycle II guidelines) include 1,2, 4, 5 (arid), 7, and 9.  HLR 5 typically is arid, but can become susceptible to land-applied chemicals where irrigated.  Sites in other HLRs may be selected based on recommendations from study units.

	2. FSSs will be focused in previously sampled Land Use Study (LUS) areas that are scheduled for resampling during Cycle II.  These sites should have sufficient information on hydrogeology to develop a simple 2- or 3-dimensional model of ground-water flow to help design sampling locations. In addition there must be sufficient water-quality information to indicate that there are significant concentrations of contaminants to justify the study. This requirement for locating in previously sampled areas limit flow-system studies in urban areas to the second and third group of Cycle II Study Units because no urban LUS areas were  scheduled for resampling in the first group of study units.

	3. Selected sites should be in or overlie one of the 16 principal aquifers targeted by NAWQA as important sources of drinking water.  Studies should be nested within a LUS and it is desirable to overlap with Major Aquifer Studies (Cycle I Study-Unit Surveys) and flow-path studies sampled during Cycle I.

	4. A reasonable National distribution of studies should be maintained for considerations of synthesizing findings across a broad range of climatic and hydrogeologic environments. 


The NIT strategy was to focus the FSSs in agricultural areas in the group 1 study units, in a combination of agricultural and urban areas in the group 2 study units, and in urban areas in the group 3 study units.

Furthermore, NIT promoted completing FSSs within topical study areas as a highly desirable approach to enhancing the ability to address understanding objectives and indicated that co-location of FSSs in areas where a topical study (TANC or ACT) was occurring might override some of the preceding selection criteria.  Evaluation of the merit of co-location was to be evaluated on a case-by-case basis.

NIT also planned that target analytes be determined from the analysis of data previously collected and from resampling all wells in the nested land-use study.  For all flow-system studies, NIT expected that target source contaminants would need more extensive review historically than routinely done for the decadal analysis of trends.
NIT Priorities for FSSs for Cycle II
The priority candidate LUS (land-use study) networks in which NIT proposed FSSs during Cycle II are shown in the table TgwFSS on the NAWQA Internal Web page under GW Status and Trends/GW Status & Trends Assessment Design.  This NIT table is duplicated in the tab “TgwFSS (original ~2001) in the excel spreadsheet ‘FSS Plans Jan 18 2006’ that accompanies this Word document.  The tab ‘TgwFSS sorted by Rank by Group’ in the accompanying spreadsheet shows the NIT priorities for FSSs for group 1, 2 and 3 study units in Cycle II.  This tab is a duplicate of TgwFSS (original ~2001) but resorted by overall rank for each of the 3 groups of study units.
NIT Priorities for FSSs for Cycle II Group 1 Study Units and FSSs selected
NIT’s 7 highest-ranked land-use studies for Cycle II flow-system studies by group 1 study units are all located in agricultural areas (table 2).   Four of these 7 FSS were selected as cycle II group 1 study unit FSSs.

Table 2.  NIT’s 7 highest-ranked land-use studies for flow-system studies by cycle II group 1 study units and cycle II group 1 study unit FSSs selected.

[NIT, NAWQA Implementation Team; FSS, flow-system study]

	Land-use study in which FSS is located


	Type of land-use study
	Principal aquifer
	Cycle I flow path study completed?
	Cycle II FSS selected?

	acfblusag1 (acfbluscr1)
	agricultural
	Surficial aquifer system
	yes (acfbfpsag1a )
	yes (acfbfpsag1), resampled Cycle I FPS

	sanjlusor1a
	agricultural - vineyards
	Central Valley
	yes (sanjfpsag1)
	yes (sanjfpsor1), resampled Cycle I FPS

	albelusag1
	agricultural
	Northern Atlantic Coastal Plain
	yes (albefpsag1)
	yes (albefpsag1h), resampled Cycle I FPS

	gaflluscr1
	agricultural
	Surficial
	no
	no 

	sanjlusor2a

	agricultural - vineyards
	Central Valley
	no
	no

	sanjluscr1a
	agricultural
	Central Valley
	no
	no, but an ACT study is ongoing

	wmiclusag2
	agricultural
	Glacial deposits
	no
	yes (wmicfpsag2), a new FSS


The 3 other candidate land-use studies for FSSs that were among the 7 highest-ranked land-use studies were located in the gafl and sanj study units (table 2).  These 3 FSSs were not done because of the large workload in those two study units.  However, as discussed in the section “Group 1 study unit TANC and ACT studies’, several TANC and ACT studies, including a TANC study in gafl and TANC and ACT studies in sanj, were selected as cycle II group 1 study-unit studies.  Data collected in these topical studies, including the ACT study in sanjluscr1a noted in table 1, can be used for FSS analysis.
NIT Priorities for FSSs for Cycle II Group 2 Study Units

As part of NIT planning in 2000-2001, NIT ranked land-use studies that are part of the ground-water trends network for possible nested FSSs by Cycle II group 2 study units.  The 8 highest-ranked land-use studies for possible FSSs by group 2 study units are located in 4 agricultural and 4 urban areas (table 3). 

Table 3.  NIT’s 8 highest-ranked land-use studies for flow-system studies by Cycle II group 2 study units.
[NIT, NAWQA Implementation Team; FSS, flow-system study]

	Land-use study in which FSS would be located


	Type of land-use study
	Principal aquifer
	Cycle I flow path study completed?

	santluscr1
	agricultural
	Surficial aquifer system
	yes (santfpsag1)

	umislusrc1
	urban (Minneapolis, MN)
	Glacial deposits
	yes (umisfpsur1)

	linjlusrc1
	urban (Glassboro, NJ)
	Northern Atlantic Coastal Plain
	yes (linjfpsot1 + ot2 + ot3 )

	lerilusrc1
	urban (Detroit, MI)
	Glacial deposits
	no

	santlusrc1
	urban (Columbia, SC)
	Southeastern Coastal Plain aquifer system
	no

	umisluscr1
	agricultural
	Glacial deposits
	no

	eiwaluscr1
	agricultural
	Glacial deposits
	no

	pugtluscr1
	agricultural
	Glacial deposits
	yes (pugtfpscr1)


NIT Priorities for FSSs for Cycle II Group 3 Study Units
As part of NIT planning in 2000-2001, NIT also ranked land-use studies that are part of the ground-water trends network for possible nested FSSs by Cycle II group 3 study units.  The 8 highest-ranked land-use studies for possible FSSs by group 3 study units are located in 7 urban areas and 1 agricultural area (table 4).   Note that only one Cycle I flow path study was completed in these 8 highest ranked land-use studies for FSSs.
Table 4.  NIT’s 8 highest-ranked land-use studies for flow-system studies by Cycle II group 3 study units.
[NIT, NAWQA Implementation Team; FSS, flow-system study]

	Land-use study in which FSS would be located


	Type of land-use study
	Principal aquifer
	Cycle I flow path study completed?

	sofllusrc1a
	urban (Miami, FL)
	Biscayne aquifer
	no

	uirbluscr1
	agricultural
	Glacial deposits
	no

	grsllusrc1
	urban (Salt Lake City, UT)
	Basin and Range basin-fill aquifers
	no

	necblusur1
	urban (Boston, MA)
	Glacial deposits
	no

	sanalusrc1 (soca)
	urban (Los  Angles, CA)
	California coastal basin aquifers
	yes (sanafpsur2).  Soca study unit has recommended not to resample the LUS, just do an FSS.

	sofl new UrLUS
	urban (in either Fort Myers or West Palm Beach, FL)
	Surficial aquifer system
	no

	uirblusrc1
	urban (Chicago, IL)
	Glacial deposits
	no

	mobllusrc1
	urban (Montgomery, AL)
	Southeastern Coastal Plain aquifer system
	no


CYCLE II GROUP 1 STUDY UNIT TANC AND ACT STUDIES
TANC large-area and large-area+small-area studies and ACT ground-water studies have been undertaken by some group 1 study units (table 5).  Data collected in TANC small-area studies and in ACT ground-water studies generally are suitable for FSS analysis; therefore, the objectives of an FSS can be met using data from these studies.  Note that the TANC large-area studies are not substitutes for an FSS and that the ACT study in whmi study unit does not include ground water (table 5).
Table 5.  Cycle II group I study-unit TANC and ACT studies selected.
[TANC, Transport of contaminants to supply wells; TANC L only, TANC large-area study only; TANC L+S, TANC large + small-area study (TANC small-area study data are suitable for FSS analysis); ACT, Agricultural chemicals transport and fate studies; LUS, land-use study; MAS, major aquifer study]

	Land-use study in which TANC or ACT study was located


	Type of land-use study
	Principal aquifer
	TANC or ACT study?

	ccyklusag2b
	agricultural
	Columbia Plateau basin-fill aquifer
	ACT

	cnbrluscr1
	agricultural
	Glacial deposits
	ACT

	connlusrc1
	urban (Southbury, CT)
	Glacial deposits
	TANC L+S

	gafllusrc1
	urban (Tampa, FL)
	Floridan aquifer
	TANC L+S

	grsllusrc1 (2007 study unit)
	urban (Salt Lake City, UT)
	Basin and Range basin-fill aquifers
	TANC L only

	hpgwsus4 (an MAS, not an LUS)
	urban (York, NE)
	High Plains aquifer
	TANC L+S

	podlluscr1
	agricultural
	Northern Atlantic Coastal Plain
	ACT

	nvbrlusrc1
	urban (Spanish Springs / Eagle Valley, NV)
	Basin and Range basin-fill aquifers
	TANC L only

	sanjluscr1a
	agricultural
	Central Valley
	ACT

	sanjsus1 (an MAS, not an LUS)
	urban (Modesto, CA)
	Central Valley
	TANC L+S

	whitluscr1
	agricultural
	Glacial deposits
	ACT, but no ground-water study.

	miamlusrc1
	urban (Dayton, OH)
	Glacial deposits
	TANC L only


FSS 2005 PLANNING TEAM PRIORITIES FOR CYCLE II GROUP 2 STUDY UNIT FSSs
FSS 2005 Planning Team Selection Criteria for FSSs
The FSS 2005 Planning Team used the following criteria (table 6) to re-rank the NIT 8 highest-ranked (table 3) candidate land-use studies for FSSs by group 2 study units.  These criteria are largely the same as the criteria used for NIT’s ranking, with the exception of criteria 1, which was added to avoid an excessive workload that was experienced by several group 1 study units who tried to complete more than one FSS, TANC or ACT study.

Table 6. FSS 2005 Planning Team criteria for re-ranking the 8 land-use studies ranked highest by NIT in 2001.

	Criteria


	1) Select only 1 FSS per study unit and to do, at most, only one small-area TANC study, ACT study or FSS in each group 2 and 3 study unit.

Note: These criteria were adopted because the objective of explaining causes of observed trends can be achieved with any of these studies and resource constraints dictate that overlap of FSSs, ACT and TANC studies should be limited.  Where there is a choice of doing more than 1 of these studies, it is recommended that the more comprehensive study be done (generally an ACT or TANC study).  Funds not used for a dropped FSS would be used to complete the next FSS on the priority list.



	(2) Achieve a balance (i.e. about an equal number) of Ag and Urban FSSs by the group 2 SUs.

Note: NIT planned an Ag emphasis for FSSs by the first group of SUs, a balance of Ag & Urban FSSs by the second group of SUs, and an urban emphasis for FSSs by the third group of SUs.


	(3) Take advantage of TANC & ACT studies when possible to substitute for an FSS (For example, ACT study in eiwa substitutes for an FSS; sctx TANC study in San Antonio substitutes for an FSS).


	(4) Study "simple" flow systems.  For example, those systems where fractures are not likely to influence flow paths.


	(5) Leverage the number of possible FSSs that can be done by Group 2 SUs by considering use of existing Cycle I FPS networks (those that don't need wells installed).


	(6) Achieve a distribution of Group 2 FSSs among PAs and across the Nation, to the extent possible.


	(7) Consider the distribution of all FSSs that will be completed over Cycle II, to the extent that this is currently known.



Criterion 5 in table 6 also was given strong consideration by the FSS 2005 planning team when re-ranking group 2 study unit FSS candidates because of cost and other advantages.  Resampling Cycle I flow path studies increases the number of possible FSSs that can be done by group 2 study units because little or no well drilling and installation would be required.  The FSS 2005 planning team weighed the advantages and disadvantages of resampled flow path studies versus new FSSs when considering priorities for resampling Cycle I flow path studies and completing new FSSs (table 7).

Table 7.  Advantages and disadvantages of resampling Cycle I flow path studies and completing new FSSs.

	Advantages of resampling Cycle I FPSs:

(a) Resampling a flow path study is the best way to prove out predictions on the rate of change based on indirect lines of evidence (such as ages, vertical position, distinctive chemistries) that were observed during the first sampling (see sanj FSS results for an example of the benefits of resampling an FPS).

(b) Resampling an existing FPS also helps understand the findings from the resampled LUS that the FPS is nested in.

(c) Little or no drilling would be required; hence the Program could afford more FSSs.



	Advantages of completing new FSSs:

(a) Provides the opportunity to gain understanding in a new area / hydrogeologic setting.
(b) Increases the spatial coverage of FSSs.
Disadvantages of completing new FSSs:

(a) Drilling and installing a new network of monitoring wells would be required; hence the Program could afford fewer FSSs.  


Cycle II Group 2 Study Unit TANC and ACT Studies

TANC large-area and large-area+small-area studies and ACT studies that the group 2 study units will complete (table 8) need to be considered when prioritizing FSSs for the group 2 study units because data collected in the group 2 study unit TANC small-area studies and in ACT studies generally are suitable for FSS analysis.
Table 8.  Group 2 study unit TANC and ACT studies.
[TANC, Transport of contaminants to supply wells; TANC L only, TANC large-area study only; TANC L+S, TANC large + small-area study (TANC small-area study data are suitable for FSS analysis); ACT, Agricultural chemicals transport and fate studies]

	Land-use study in which TANC or ACT study is located


	Type of land-use study
	Principal aquifer
	TANC or ACT study?

	eiwaluscr1
	agricultural
	Glacial deposits
	ACT

	linjlusrc1
	urban (Glassboro, NJ)
	Northern Atlantic Coastal Plain
	TANC L only (starts in FY09)

	lirblusrc1
	urban (likely in Champaign / Urbana, IL, but no decision yet)
	Glacial deposits
	TANC L only (starts in FY09)

	mise  
	no agricultural land-use study completed
	Mississippi Embayment / Mississippi River valley alluvium
	ACT (note: no FSS substitute ground-water component in this ACT study)

	rioglusrc1
	urban (Albuquerque, NM)
	Rio Grande basin fill / Basin and Range basin-fill aquifers
	TANC L+S

	sctxlusrc1
	urban (San Antonio, TX)
	Edwards aquifer
	TANC L+S


Number of Cycle II Group 2 Study Unit FSSs that GW S&T Can Afford

Costs for FSSs differ depending on factors such as hydrogeology, flow-system wells already available, and the number, depths and associated costs of drilling and installing new monitoring wells.  The cost of drilling and installing new monitoring wells is a major constraint on the number of FSSs that can be completed by a group of study units.

During planning in 2000-2001, NIT estimated that about 16-18 new FSSs would be possible during Cycle II, not including possible resampling of existing FPSs (Gilliom and others, 2001, p. 113).  However, NIT assumed that the Program would receive budget increases that would compensate for inflation.  Subsequent (2002 ff) re-evaluations of the cost of implementing the NIT plan for GW S&T, assuming no inflationary increases, indicated that NAWQA likely could afford to complete a maximum of only 4 new FSSs / resampled FPSs by the group 1 study units, 7 new FSSs / resampled FPSs by the group 2 study units, and 4 new FSSs / resampled FPSs by the group 3 study units.  Indeed, 4 FSSs by group 1 study units are ongoing: 3 resampled FPSs and 1 new FSS (table 1).  

NIT allocated approximately $500,000 gross for FSSs in FY07.  The FSS 2005 planning team recommends that design of the FSS and drilling and installation of wells occur during the first year of the study and sampling occur during the second year.  Analysis and reporting would occur after the second year of study and as part of the analysis of ground-water trends.  The first year of study for group 2 study unit FSSs is 2007.

Estimated gross cost for FSS design and for drilling and installation of about 20 wells for a new FSS could be as much as $270,000 based on current study-unit estimates of drilling costs.  It is assumed that drilling and installation costs for a resampled Cycle I FPS (flow path study) would be much less than a new FSS; requiring on average no more than about 5 new or replacement wells.  Gross FSS sampling costs, including laboratory analyses, during the second year of study are estimated to be about $90,000. 

Given current costs, the FSS 2005 planning team believes that, at most, only 2 new FSSs plus 3 resampled FPSs can be started by the group 2 study units.  Clearly, if FSS design and well drilling / installation during the first year of study for each new FSS cost more than $250,000, only one new FSS would be feasible in FY07 with the NIT FY07 FSS allocation of $500,000.     
FSS 2005 Planning Team Priorities for FSSs

The FSS 2005 planning team re-ranked NIT’s 8 highest-ranked land-use study candidates (table 3) for flow-system studies by group 2 study units based on the criteria in table 6.  Two other group 2 study unit land-use studies that are possible areas for nested FSSs (rioglusag1 and sctxlusrc1 (San Antonio)) were not considered by NIT during planning in 2000-2001 for unknown reasons.  Both of these land-use studies also were removed from consideration for nested FSSs by the FSS 2005 planning team for the reasons stated below (table 9) (it is important to note, however, that data from both of the TANC studies in Albuquerque and San Antonio can be used for FSS analysis).  Consequently, the resulting 8 highest-ranked candidate land-use studies for nested FSSs are the same 8 as identified by NIT in 2001 (table 3).  
Table 9. Reasons why the FSS 2005 planning team removed rioglusag1 and sctxlusrc1 from consideration for nested FSSs.
	Rioglusag1: Removed from consideration for an FSS because the riog study unit already has large- and small-area TANC work in Albuquerque that began in FY2005.  One selection criterion (table 6) is to do at most only one TANC, ACT or FSS in each group 2 study unit.



	Sctxlusrc1 (San Antonio):  Removed from consideration for an FSS for the same reason that rioglusag1 was removed - because the sctx study unit already has large- and small-area TANC work that began in San Antonio in 2005.  Additionally, San Antonio is located on the Edwards aquifer, a carbonate system that would be difficult to complete an FSS in given funding constraints.



The re-ranking of NIT’s 8 highest-ranked land-use study candidates for flow-system studies by group 2 study units are shown in Table 10.  As indicated earlier, the Program can probably afford only 4-5 FSSs by the group 2 study units and these FSSs must be an approximately equal mix of new FSSs and resampled Cycle I flow path studies.  The 5 highest ranked FSS candidates by the FSS 2005 planning team consists of 3 existing flow path studies that would be resampled and 2 new FSSs.  Of these 5, 2 are FSSs nested in agricultural land-use studies and 3 are nested in urban land-use studies.

	Table 10.  NIT rankings for 8 cycle II group 2 study unit land-use studies for FSSs and the re-ranking by the FSS 2005 planning team.
[See tabs in associated spreadsheet “FSS Plans Jan 18, 2006” for additional information.

	
	
	
	
	
	Criteria / reasons for ranking by FSS 2005 Planning Team

	Group 2 Study Unit FSS Candidates (top 8 as ranked by NIT)
	Original (~June 2001) NIT Priority among Group 2 Study Unit FSS Candidates
	Nested in what LUS?
	Number of FSS 2005 Planning Team Criteria met
	SUMMARY


 FSS Planning Team priority
 (Oct 2005)
	(1)
Only 1 FSS Selected For Each SU & only 1 small-area TANC, ACT or FSS / SU.
	(2)
Achieve balance of Ag and Urban FSSs by 2nd SU group.
	(3)
TANC & ACT studies in the SU are not viable substitutes. 
	(4)
Study "simple" flow systems.  For example, systems where fractures are not likely to influence flow paths.
	(5)
Existing FPS network is available (little or no drilling) 
	(6)
In PA where FSSs have not yet been conducted.
	(6,7)
Achieve PA & National distribution of Group 2 FSSs & distribution of all FSSs over Cycle II

	Sant Ag (Corn, soy, cotton) FSS
	1
	santluscr1
	5
	1st Ag
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Does not meet criteria.    See spreadsheet tab “ FSS, TANC, ACT by PA” to address this issue.
	  See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Linj Ur FSS in Glassboro, NJ
	3
	linjlusrc1
	4
	1st Ur
	Meets criteria.  Note only a large-area TANC is planned in Glassboro.
	Meets criteria
	Meets criteria. Large-area TANC that is planned for FY09 will complement, but not be a substitute for, an FSS.
	Meets criteria
	Does not meet criteria.  First of 2 new FSSs that we can afford to drill in FY07.
	Does not meet criteria.    See spreadsheet tab “ FSS, TANC, ACT by PA” to address this issue.
	  See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Pugt Ag (Raspberries, hay, potatoes, corn) FSS
	8
	pugtluscr1
	5
	2nd Ag
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Does not meet criteria.    See spreadsheet tab “ FSS, TANC, ACT by PA” to address this issue.
	    See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Umis Ur FSS in Minneapolis, MN
	2
	umislusrc1
	5
	2nd Ur
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Does not meet criteria.    See spreadsheet tab “ FSS, TANC, ACT by PA” to address this issue.
	    See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Leri Ur FSS in Detroit, MI
	4
	lerilusrc1
	4
	3rd Ur
	Meets criteria
	Meets criteria
	Meets criteria
	Meets criteria
	Does not meet criteria.    Second of 2 new FSSs that we can afford to drill in FY07.
	Does not meet criteria.    See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.
	    See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Sant Ur FSS in Columbia, SC
	5
	santlusrc1
	2
	Don't do.
	Does not meet criteria. Already have selected higher NIT priority Sant Ag FSS.
	Does not meet criteria. Already have 3 Ur FSSs.
	Meets criteria
	Meets criteria
	Does not meet criteria
	Does not meet criteria.      See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.
	  See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Umis Ag FSS
	6
	umisluscr1
	2
	Don't do.
	Does not meet criteria.  Already have selected higher NIT priority Umis Ur FSS.
	Does not meet criteria.  Already have 3 Ag FSSs (including Eiwa ACT study).
	Meets criteria
	Meets criteria
	Does not meet criteria
	Does not meet criteria.      See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.
	  See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.

	Eiwa Ag FSS
	7
	eiwaluscr1
	3
	Don't do.
	Meets criteria
	Meets criteria
	Does not meet criteria.  ACT study is a viable substitute.
	Meets criteria
	Does not meet criteria
	Does not meet criteria.      See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.
	  See spreadsheet tab “FSS, TANC, ACT by PA” to address this issue.


SUMMARY OF GROUP 1 AND 2 STUDY UNIT FSSs, TANC AND ACT STUDIES BY PRINCIPAL AQUIFER AND SUGGESTIONS BY THE FSS 2005 PLANNING TEAM ON POSSIBLE FSSs BY GROUP 3 STUDY UNITS
As indicated in tables A1 and E, a goal of planning FSSs is to complete at least one FSS (or comparable TANC small-area or ACT study) in each principal aquifer by the end of Cycle II.  Therefore, priorities for possible FSSs by the group 3 study units at a minimum need to consider: (1) what FSS, TANC small-area and ACT studies will be completed by the group 1 and 2 study units; (2) how these studies are distributed among the principal aquifers that are the primary focus of Cycle II GW S&T work; (3) which principal aquifers will not have at least one FSS (or comparable TANC or ACT study) and, therefore, would be high-priority candidates for a group 3 study-unit FSS, TANC or ACT study; and (4) what group 3 study units provide the only opportunity for study of the principal aquifer (for example: only soca is located in the California coastal basin aquifers and only sofl is located in the Biscayne aquifer) or provide the only opportunity for study once group 2 studies are completed (for example, no FSS, TANC small-area or ACT ground-water study will have been completed in the Mississippi Embayment – Texas Coastal Uplands aquifer system).  The other criterion to consider is the NIT recommendation (Table 2) to study “simple” flow systems - those principal aquifers where fractures are not likely to influence flow paths.
Given current information, there will be 21 FSSs (or comparable TANC small-area or ACT studies) completed when the group 3 study units begin their studies (table 11).  Cycle I FPSs are not included in table 11 because generally they do not meet data-collection criteria needed to meet FSS objectives.    At least one FSS will have been completed in 8 principal aquifers and no FSSs would have been completed in 8 principal aquifers (table 11).  Of the 8 principal aquifers with no FSSs, 5 are hard-rock aquifers consisting of carbonate, sandstone or crystalline rocks (i.e. relatively “complex” flow systems).  Only 3 principal aquifers (California coastal basin aquifers, Coastal Lowlands aquifer system and Mississippi Embayment – Texas Coastal Uplands aquifer system) are comprised of unconsolidated deposits (i.e. relatively “simple” systems).  It is important, therefore, to complete a group 3 study unit process-based investigation (FSS, TANC small-area or ACT) in at least the 3 unconsolidated aquifer systems.  Joint planning by the FSS, TANC and ACT teams is needed to select these studies.  If additional FSSs can be afforded, discussions of the relative feasibility of conducting studies in the hard-rock aquifers would need to be discussed further during detailed planning for group 3 study unit FSSs in about 2009-2010.
Table 11.  Summary of cycle II group 1 and 2 study-unit FSSs or comparable TANC small-area and ACT studies that will be completed, and suggestions for cycle II group 3 study-unit FSSs  (Cycle I FPSs are not included in this table because generally they do not meet data-collection criteria needed to meet FSS objectives).    
	Principal Aquifer or Aquifers 
	Number of FSSs - 1st SU Group
	Comments on FSSs in 1st Group
	Number of FSSs - 2nd SU Group
	Comments on proposed FSSs in 2nd Group
	Number of small-area TANCs - 1st SU Group
	Comments on TANCs in 1st Group
	Number of small-area TANCs - 2nd SU Group
	Comments on TANCs in 2nd Group
	Number of ACTs - 1st SU Group
	Comments on ACTs in 1st Group
	Number of ACTs - 2nd SU Group
	Comments on ACTs in 2nd Group
	Number of FSSs by 1st & 2nd Group
	Number of small-area TANCs by 1st & 2nd Groups
	Number of ACTs by 1st & 2nd Groups
	Total FSSs, small-area TANCs & ACTs by 1st & 2nd Groups
	Comments on possible 3rd group FSSs to fill data gaps in PAs, address spatial distribution, etc

	Glacial Deposits aquifers 
	1
	Ag FSS by wmic.
	3
	Ag FSS by pugt.
Ur FSS by umis in Minn/St Paul, MN.
Ur FSS by leri in Detroit, MI.
	1
	Ur TANC nr Southbury, CT.
	0
	 
	2
	Ag (corn, soy) ACT nr Maple Cr, NE.
Ag (corn, soy) ACT nr Sugar Cr, IN.
	1
	Ag ACT in EIWA.
	4
	1
	3
	8
	 

	California Coastal Basin aquifers 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	A sana (3rd SU Group) FSS in LA is a strong candidate FSS to fill the void in the Calif Coastal Basins

	Basin and Range alluvial and carbonate-rock aquifers (includes Rio Grande  aquifer system) 
	0
	 
	0
	 
	0
	 
	1
	Ur TANC nr Albuquerque, NM.
	0
	 
	0
	 
	0
	1
	0
	1
	A large-area TANC study has been completed by grsl study unit. 

	Floridan aquifer system and overlying Surficial aquifer system2 
	1
	Ag FSS by acfb in Surficial aquifer.
	1
	Ag FSS by sant in Floridan / Surficial.
	1
	Ur TANC nr Tampa / St Pete, FL.
	0
	 
	0
	 
	0
	 
	2
	1
	0
	3
	 

	Coastal Lowlands aquifer system 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	Coastal Lowlands has a relatively high rank for drinking water.  Select a 3rd Group Ur FSS in acad or mobl?

	Northern Atlantic Coastal Plain aquifer system (NACPAS) 
	1
	Ag FSS by albe.
	1
	Ur FSS by linj  in Glassboro, NJ.
	0
	 
	0
	 
	1
	Ag (corn, soy) ACT nr Morgan Cr, MD.
	0
	 
	2
	0
	1
	3
	 

	Central Valley aquifer system 
	1
	Ag (Orchard) FSS by sanj.
	0
	 
	1
	Ur TANC nr Modesto, CA.
	0
	 
	1
	Ag (or, vin, row crops) ACT nr Merced R., CA.
	0
	 
	1
	1
	1
	3
	 

	Cambrian-Ordovician aquifer system 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	This is a deep aquifer system that might not be amenable (cost, feasibility, etc) to an FSS.  Need to confer with C-O Lead Scientist.

	Mississippi Embayment-Texas Coastal Uplands aquifer system 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	1
	Ag ACT in MISE (no FSS-type ground-water component.
	0
	0
	1
	0
	No large-area land-use study exists or is planned for by NIT in this aquifer in acad or mobl study units.

	Biscayne aquifer 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	An Ur FSS in Miami was NIT's highest priority 3rd Group FSS.

	Edwards-Trinity aquifer system 
	0
	 
	0
	 
	0
	 
	1
	Ur TANC nr San Antonio, TX.
	0
	 
	0
	 
	0
	1
	0
	1
	 

	High Plains aquifer 
	0
	 
	0
	 
	1
	Ur TANC nr York, NE.
	0
	 
	0
	 
	0
	 
	0
	1
	0
	1
	 

	Piedmont and Blue Ridge crystalline and carbonate rock aquifers 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	This crystalline aquifer system might not be amenable (cost, feasibility, etc) to an FFS.  Need to confer with Piedmont Lead Scientist.

	New York and New England crystalline-rock aquifers 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	This crystalline aquifer system might not be amenable (cost, feasibility, etc) to an FFS.    Need to confer with NE Crystallines Lead Scientist.

	Columbia Plateau basin fill and basaltic-rock aquifers 
	0
	 
	0
	 
	0
	 
	0
	 
	1
	Ag (or, vin) ACT nr Granger Drain.
	0
	 
	0
	0
	1
	1
	 

	Denver Basin aquifer system 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	0
	0
	0
	No group 3 study unit overlies this aquifer.

	TOTAL
	4
	 
	5
	 
	4
	 
	2
	 
	5
	 
	2
	 
	9
	6
	7
	21
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