Proposed Regional Synthesis Report

Northern Atlantic Coastal Plain Aquifer System

Proposed Title: Use of Conservative Mixing Models to Evaluate Contributions from Multiple Aquifers to Coastal Plain Streams
Background / Problem Statement:

Understanding and quantifying ground-water contributions to surface waters is fundamental to water-resources management. Ground-water discharge provides the majority of flow in streams in the Northern Atlantic Coastal Plain (Sinnott and Cushing, 1978). Unconfined ground water in many areas contains nutrients, pesticides, and other chemicals from human activities (Debrewer and others, in press), however, and represents a considerable source of such chemicals to streams, down-stream estuaries, and other receiving waters (Bachman and Phillips, 1996; Bachman and others, 2002; Ator and others, 2005). Ground water provides 40 percent of the nitrogen load from the Delmarva Peninsula to Chesapeake Bay (Bachman and Phillips, 1996), for example, and represents a significant source of nitrogen to New Jersey’s Barnegat Bay (http://www.bbep.org/char_rep.htm). 
The unique hydrogeologic setting in parts of the Coastal Plain complicates the interpretation and understanding of ground-water contributions to streams. An unconfined surficial aquifer in some areas is underlain at relatively shallow depths by impermeable sediments and underlying confined or semi-confined aquifers. Even relatively small streams in such areas may therefore receive ground-water discharge from multiple aquifers with very different ground-water quality. Interpreting variability in stream chemistry and – by extension – sources of flow and chemicals to such streams is complicated by such multiple sources of base flow. Seasonal variability in nitrogen concentrations in the Pocomoke River are related to variable discharge from multiple aquifers, as well as potential biologic or other influences (Ator and others, 2005).
Mixing models may be useful for quantifying and analyzing contributions of flow from multiple sources to streams. Flow contributions to streams from m sources may be estimated on the basis of concentrations of m-1 chemical tracers that are assumed to mix conservatively in the stream. Predictions are based upon the simultaneous solution of m independent conservation of mass equations, such as:
QS = QA + QB + QR





(1)

QSC1S = QAC1A + QBC1B + QRC1R



(2)

QSC2S = QAC2A + QBC2B + QRC2R



(3)

where Q is discharge and C1 and C2 are tracer concentrations in the stream (subscript S), multiple aquifers (A and B), and rainfall and associated surface runoff (R). Given C1S and C2S measured in individual stream samples, QS measured at the time of sampling, and the distribution of C1 and C2 in each source (C1A, C1B, C1R, C2A, C2B, and C2R), the relative contributions of flow from each source (QA, QB, and QR) can be computed from equations (1) through (3). Such approaches have been used previously for similar applications in hydrology (Bazemore and others, 1994; Ribolzi and others, 2000; Ladouche and others, 2001), geochemistry (Faure, 1986), and ecology (Phillips and Koch, 2002). Although previous hydrologic applications of this technique have typically been employed to analyze various contributions to streams over individual precipitation events, NAWQA data from fixed sites (Cycle I) and trend sites (Cycle II) are ideal for extending the technique for evaluation of seasonal and longer term flow-related variability in stream chemistry. Unlike some other hydrograph separation techniques, this approach may be used to estimate contributions from multiple ground-water sources.

Objectives: 

1) Estimate contributions of ground water from multiple aquifers (as well as precipitation and associated runoff) to selected streams in the Northern Atlantic Coastal Plain during selected periods
2) Evaluate and interpret observed seasonal and flow-related variability in stream chemistry in light of estimated contributions from multiple sources during sampling periods

3) Evaluate the utility of conservative mixing models for providing such estimates of seasonal and long-term variability in ground-water discharge in selected hydrogeologic settings
Scope (NAWQA components/constituents):


Study Units: ALBE, PODL, LINJ, DELR (potentially)


Time Period: Pilot phase to Present


Land Uses: primarily agriculture, potentially also urban or mixed


Constituents: Major ions and nutrients, to estimate ground-water discharge to streams, may also use estimates to interpret concentrations of pesticides or other constituents in streams
Expected Authors: Scott Ator, Judy Denver, others(?)
Data Interpretation Approach and Feasibility:

Primary steps:

1) evaluate NAWQA trends sites in the NACP for possible inclusion in light of watershed hydrogeologic conditions, availability of suitable stream flow and chemistry data, and knowledge of (or availability of data on) watershed ground-water quality.

2) Compile necessary data

3) Apply mixing model approach to estimate contributions of ground water to each stream over the sampled period

Number of sites: At least two NAWQA streams in the PODL (Pocomoke River at Willards, MD and Chesterville Branch near Crumpton, MD) are suitable in light of watershed hydrogeologic conditions and available stream and ground-water quality data. Other likely candidates may include Morgan Creek near Kennedyville, MD (also an ACT site) and Sandy Run near Lizzie, NC.

Methods (standard/new?): The use of conservative mixing models for quantifying contributions of different sources to a mixture is well established, in hydrology and other applications (see references in Background, above). Application of the approach for seasonal and similar time scales (rather than over individual storm events) is somewhat more novel.
Data Availability: Sufficient ground-water and stream data, and hydrogeologic and geochemical information are available for consideration of at least three sites in the PODL and one site in the ALBE. Other potential sites may be investigated for inclusion.
Staff Availability: Staff expected to be available for FY08 and FY09.
Complexity: Moderate(?). Potential evaluation of variability in model estimates in light of selected model assumptions and/or uncertainty in tracer concentrations in various sources may be the most complex.

Risks/contingencies:  Modeling approach may not be useful in all cases, due (for example) to data availability, or hydrogeologic or geochemical conditions. Preliminary application of the approach for two PODL streams as part of analyses for a previous report (Ator and others, 2005), however, produced favorable results. The applicability of the approach to other streams will depend on a variety of factors, including local hydrogeology and geochemistry, and data availability. The modeling approach may be more or less useful in different areas. Modeling effort may produce useful results, however, even if the flow contributions from different sources are difficult to estimate for certain streams.
Other Program Contacts: NAWQA MRB1 and MRB2 lead scientists, HST (?)
Expected Outcome: The relative contribution of ground water discharge from different aquifers varies seasonally and with flow regime. During late winter and early spring when the water table is highest, for example, ground water discharge is dominantly from surficial aquifers that may contain anthropogenic influences. When the water table is lower during late summer, however, contributions from underlying confined or semi-confined aquifers with potentially different water chemistry may be more significant.
Why is this topic important to report on?

Ground-water contributions to surface waters are particularly important in the Coastal Plain, but are often poorly understood. Ground water in the surficial aquifer often contains nutrients, pesticides, or other human contaminants. Many estimates suggest this ground water contributes the majority of flow to most Coastal Plain streams, although estimates for discharge from different aquifers are uncommon.
Why does this topic need to be addressed now?

Many current regulatory issues (such TMDLs and agricultural management) depend on knowledge of often complex ground-water contributions to streams. This is particularly important in the Coastal Plain, where ground water is a major source, and often contains anthropogenic chemicals.
Why is this appropriate for USGS? NAWQA? This regional team?

USGS is uniquely capable of demonstrating the importance of complex seasonal and flow-related variability in ground-water discharge to understanding streamflow generation and the related transport of contaminants to surface waters. The NAWQA program is particularly well suited to demonstrate the utility of water-quality data for addressing these issues. The unique geology (including variable near-surface geology and geochemistry) and geography (particularly the close proximity to sensitive and important coastal estuaries) of the Coastal Plain make this issue particularly relevant for study by the NACPAS regional team.
Who cares and why?

Improved understanding of seasonal and flow-related variability in ground-water contributions to streams from different aquifers can be useful for a variety of applications. For example, USDA-ARS researchers have expressed interest in this type of improved understanding of hydrology for evaluating effects of agricultural conservation and management practices on water quality. Also, a major objective of USGS Chesapeake Bay studies over the next several years is to “…improve monitoring and simulation of, and further define the processes affecting, the occurrence, transport, residence time, and change of nutrients…in the watershed…” (Phillips, 2005). Ground-water discharge is a known source of nitrogen to Chesapeake Bay and other coastal estuaries, although variable contributions from different aquifers are often poorly quantified. Such quantitative estimates could be useful for calibration of regional water-quality models, or for other regional interpretations and analyses.
Estimated Budget

FY08:
0.30 FTE, lead author

$33,605
0.15 FTE, coauthor

$17,052
0.15 FTE, coauthor

$15,061
Travel



$16,848

Subtotal


$82,655
FY09:
0.25 FTE, lead author

$?
0.10 FTE, coauthor

$?
0.10 FTE, coauthor

$?
Travel



$?
Publication charges

?
Subtotal


$? (+ publication charges)
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