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Introduction 

The Kirkwood-Cohansey aquifer and its overlying watersheds (aquifer system) are included in 
the Delaware River Watershed Initiative, an effort in the Delaware River Basin initiated by the 
William Penn Foundation and aimed at protecting and restoring the Basin’s water quality and 
overall ecological health. Geographic areas of interest within the Initiative are known as 
‘clusters,’ and conservation organizations within each cluster work collaboratively toward 
restoration or protection goals.  One goal of the Kirkwood-Cohansey Cluster is to develop a 
comprehensive monitoring plan to assess and communicate the health of the aquifer system 
over a long time horizon. 
 
This report recommends long-term Monitoring Strategies for the Kirkwood-Cohansey aquifer 
system that will enable agencies and nongovernmental organizations to evaluate and report on 
the health of the aquifer over time.  This report is intended to be a living document that should 
be periodically updated and expanded to advance monitoring efforts and ultimately achieve the 
goal of a healthy Kirkwood-Cohansey aquifer system.  This document was initially drafted by 
Princeton Hydro and was further developed and refined by the Pinelands Preservation Alliance, 
working closely with the Partnership for the Delaware Estuary and other members of the 
Kirkwood-Cohansey Cluster. 
 
To initiate the Kirkwood-Cohansey long-term monitoring plan effort, The Partnership for the 
Delaware Estuary (PDE), New Jersey Conservation Foundation (NJCF), Pinelands Preservation 
Alliance (PPA), the USGS New Jersey Water Sciences Center, and Princeton Hydro organized 
two expert workshops held on September 9, 2014 and November 6, 2014.  The purpose of 
these workshops was to solicit the best available expertise and input from scientists of 
government agencies, academe, and others that have worked in the Kirkwood-Cohansey cluster 
area.  Representatives from the United States Geological Survey (USGS), New Jersey 
Department of Environmental Protection (NJDEP), the Pinelands Commission, and other groups 
actively participated in both of the workshops.  Attendee lists from both workshops are 
provided in Appendix A of this report.   
 
For the purpose of developing a comprehensive monitoring strategy to assess the health of the 
aquifer system over a long time horizon, the following definition of a healthy aquifer was put 
forward by workshop participants: 
 

A healthy Kirkwood-Cohansey aquifer provides water of sufficient 
quantity and quality to meet the needs of both humans and the 
unique ecological systems it sustains for the present and future. 

 
The indicators and metrics identified in this report aim to provide a picture of the state of the 
aquifer that speaks to this definition of aquifer health. 
 
These strategies recognize and build upon existing government monitoring and reporting 
programs.  The most comprehensive of these existing programs are elements of the state’s 
initiatives to meet requirements of the federal Clean Water Act.  The Clean Water Act of 1972 is 
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the primary federal law in the United States governing water pollution.  The objective of the 
Clean Water Act is to restore and maintain the chemical, physical, and biological integrity of the 
nation's waters by preventing point and nonpoint pollution sources, providing assistance to 
publicly owned treatment works for the improvement of wastewater treatment, and 
maintaining the integrity of wetlands.  In compliance with the Act, NJDEP, like environmental 
agencies of other states, submits biennial reports to the U.S. EPA describing the quality of the 
state’s waters.  The biennial “Statewide Water Quality Inventory Report” or “305(b) Report” 
includes the status of principal waters in terms of overall water quality and support of 
designated uses.  As part of the “Integrated Report,” the list of Water Quality Limited Waters or 
“303(d) List” identifies waters that are not attaining designated uses because they do not meet 
surface water quality standards despite the implementation of technology-based effluent 
limits.  The last updated 2012 303(d) list contains the impaired waterbodies throughout the 
State, including the Kirkwood-Cohansey region.  Additional government monitoring programs 
that play a key role in this strategy are the Pinelands Commission science program’s ecological 
monitoring program and various studies carried out by USGS and its partners in state 
government. 
 
This report provides strategies for evaluating and reporting the long-term health of the 
Kirkwood-Cohansey aquifer system using data and models that are currently available. 
Participants in this process also identified gaps within the current monitoring efforts and 
proposed specific additional projects that would improve our ability to understand and report 
on the health of the aquifer.  These projects, as well as additional water quantity and water 
quality indicators to be considered should funding become available, are incorporated in the 
following strategies as well, dependent on new/additional funding beyond what is currently 
available 

Monitoring Strategies 

These Monitoring Strategies identify water quantity and water quality indicators that should be 
evaluated on a periodic basis in order to assess the current and long-term health of the 
Kirkwood-Cohansey aquifer.  Indicators were selected from a pool identified by the workshop 
participants (see “Indicators of Aquifer Health” for the full list) based on their relevance, utility, 
current monitoring status, and scope.  They are listed within the strategies below with 
descriptions of each indicator. It is hoped that some of these strategies will be supplemented 
by citizen science monitoring efforts where appropriate.  
 

Strategy I – Continue and Enhance Existing Water Quantity Monitoring Using Selected 
Indicators 

 
1. Water table elevation 
2. Streamflow metrics: baseflow, streamflow statistics, and seasonal characteristics 
3. Wetlands and vernal pool habitat 
4. Tidal wetlands 
5. Trends in water use 
6. Trends in agricultural water use 
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1. Indicator:    Water table elevation 

 
Category:   Aquifer depletion indicator 

Type:     Condition 

Measurement:   Direct measurement in wells 

Display:   Numerical measurement; change over time 

Source of Data:   NJDEP/USGS Ambient Ground Water Quality Network  

(AGWQN); New Jersey Pinelands Commission Pinelands-
wide water quality sites, Forest Plot Wells, and 
Intermittent Ponds 

Coverage/Frequency:   NJDEP/USGS AGWQN: Sampled on a 3-year cycle 

Currently, there are 150 shallow wells statewide, 50 of 
which are in the Kirkwood-Cohansey aquifer.   

Pinelands Commission: Coverage is restricted to the 
Commission’s study area, but monthly and continuous 
levels are sampled at Intermittent Ponds and sampling 
occurs monthly at Forest Plot Wells. 

Relevance/Rationale:  Water table elevation should be maintained at levels that 
will not have adverse impacts on the critical habitats, 
stream eco-flow metrics, and human uses. 

Data Gaps/Deficiencies:  The network of monitoring locations is not referenced to a 
consistent elevation datum. 

Data Improvement   Reference monitoring locations to a consistent elevation  
Suggestions: datum.  Elevation estimates from topographic mapping are 

too crude (+/- 5-10 ft) for modeling and budget studies. 

Other Notes:   Although the DEP/USGS Ambient Ground Water Quality 
Network is a water quality program; water levels are 
collected at the time of sampling.  The Pinelands 
Commission’s wells are low-tech, vulnerable, one-inch 
PVC; more permanent well installation at these sites 
would make the wells more stable, durable, and reliable.  

 

2. Indicator:    Streamflow Metrics: Baseflow, Streamflow statistics,  
Seasonal characteristics 

Category:   Aquifer depletion indicator 

Type:     Condition 

Measurement:  Direct measurement with stream gages, noting seasonal 
timing characteristics and discharge-duration relationships 
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Display:   Numerical measurements; changes over time 

Source of Data:  USGS Stream Gage Network 

Coverage/Frequency: Approximately 15 gages in the study area 

Relevance/Rationale:  Streamflow metrics should be maintained such that 
impacts to in-stream habitat (eco-flow), location of the salt 
water interface and stream geomorphologic 
characteristics are not degraded. 

Data Gaps/Deficiencies:  Limited spatial coverage; headwater areas are under-
represented; the data record at many gages may not be 
sufficiently long enough. 

Data Improvement   Expand stream gage monitoring network to include more 
Suggestions: headwater stream segments. 

Other Notes:     None 

 

3. Indicator:    Non-Tidal Wetlands and Vernal Pool Habitat 

Category:   Aquifer depletion indicator 

Type:     Condition 

Measurement:  Remote sensing; plant communities 

Display: Area of extent; change in area of extent over time; type of 
wetland (forested, herbaceous, etc.) 

Source of Data:  New Jersey Fish & Wildlife; Center for Remote Sensing and 
Spatial Analysis (CRSSA) Vernal Pool Mapping 

Coverage/Frequency: Vernal habitat and potential vernal habitat were mapped 
statewide in 1986 and 2001, respectively.   

Relevance/Rationale:  Critical ecological and water quality functions of wetland 
and vernal pool habitats should be sustained. 

Data Gaps/Deficiencies:  The data is outdated, as the latest wetlands data is from 
1986, and vernal pool data from 2001.   

Data Improvement   Create a new wetlands mapping, and revisit mapped  
Suggestions: vernal pools and quantify any changes; update vernal pool 

maps in the study area.   

Other Notes:     None 

 

4. Indicator:    Tidal Wetlands 

Category:   Aquifer depletion indicator 

Type:    Condition 
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Measurement: Ecosystem health (biological, chemical, physical, and 
geomorphological metrics) 

Display: Area of extent; change in area of extent over time; change 
In plant productivity over time; change in ecosystem 
resilience over time 

Source of Data: Mid-Atlantic Coastal Wetland Assessment (Partnership for 
the Delaware Estuary, Barnegat Bay Partnership, Academy 
of Natural Science of Drexel University, and Villanova 
University), NOAA C-CAP, USFWS NWI 

Coverage/Frequency: Established tidal wetland stations (N=15) in the Delaware  
(along the salinity gradient) and Barnegat Bay 
Estuaries/Annual monitoring of indicators of health; extent 
of tidal wetlands is reassessed in intervals of 
approximately 4-5 years, depending on NOAA C-CAP and 
NWI data updates from satellite imagery analyses. 

Relevance/Rationale: Critical ecological and water quality functions of tidal 
wetlands should be sustained. 

Data Gaps/Deficiencies: Little research focuses on the direct relationship between 
Tidal wetland condition and aquifer health.  

 Data Improvement  Continued long term monitoring; studies that research  
 Suggestions:   relationships between tidal wetlands and aquifer health 

 

5. Indicator:    Trends in Water Use 

Category:   Water budget indicator 

Type:     Stressor 

Measurement:  Direct metering 

Display: Numerical, water use by sub-watershed in millions of 
gallons per day 

Source of Data:  NJDEP Water Allocation; NJDEP Agricultural Certification 

Coverage/Frequency: Annual self-reporting of withdrawals to NJDEP 

Relevance/Rationale:  This is a major component of the water budget. 

Data Gaps/Deficiencies:  Agricultural withdrawal reports are considered inexact; 
private well data is not reported, so must be estimated. 

Data Improvement  Evaluate the impact of forecasted consumptive water use  
Suggestions: scenarios. 

Other Notes:     None 
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6. Indicator:    Trends in  Agricultural Water Use 

Category:   Water budget indicator 

Type:     Stressor 

Measurement:  Direct monitoring 

Display: Numerical, agricultural water use by sub-watershed in 
millions of gallons per day 

Source of Data:  NJDEP Agricultural Certification 

Coverage/Frequency: Annual self-reporting of withdrawals to NJDEP 

Relevance/Rationale:  This is a primary usage of water in the aquifer with 
potential direct human and ecological impacts. 

Data Gaps/Deficiencies:  Agricultural withdrawal reports are considered inexact. 

Data Improvement  Refine estimates of current usage and define estimates for 
Suggestions: unreported usage.  Examine the differences in spray and 

drip irrigation with respect to export from local sub-
watersheds and associated recharge from these practices.  
Farms on public land can provide good study areas for 
budget analysis. 

Other Notes:     None 

 

Strategy II – Continue and Enhance Existing Surface Water Quality Monitoring Using 
the Selected Indicators  

1. Temperature, alkalinity, specific conductance, TSS/turbidity 
2. pH 
3. Dissolved oxygen 
4. Nutrients: NO3, PO4, organic N, organic P 
5. Enterococcus bacteria 
6. Arsenic, lead, mercury 
7. Macroinvertebrates 
8. Fish assemblages 
9. Plant communities 

 

1.   Indicators:    Temperature, alkalinity, specific conductance,  
TSS/turbidity (measured as a suite of parameters) 

Category:   Field parameters 

Type:     Condition 

Measurement:  Direct field measurements 

Display: Numerical; graphical change over time 
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Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN); Pinelands Commission (Watershed 
Assessment Sites – specific conductance; Pinelands-wide 
Water Quality Sites); Mid-Atlantic Coastal Wetland 
Assessment (MACWA) Site Specific Intensive Monitoring 
(Partnership for the Delaware Estuary, Barnegat Bay 
Partnership, Academy of Natural Sciences of Drexel 
University, and Villanova University) 

Coverage/Frequency: NJDEP/USGS ASWQMN: There are 112 statewide 
monitoring sites, sampled quarterly for 
conventional/nutrient parameters, twice a year for metals, 
and once every one to two years for pesticides and 
sediment parameters (metals, sediment, and pesticides 
are only monitored at a subset of stations). 

Pinelands Commission: Periodic sampling of Watershed  
Assessment Sites; Bimonthly sampling of Pinelands-wide 
Water Quality Sites. MACWA SSIM: Established tidal 
wetland stations (N=15) in the Delaware and Barnegat Bay 
Estuaries, assessed three times annually for TSS, NOx, NHx, 
orthophosphates, alkalinity, temperature, salinity, and 
conductance. 

Relevance/Rationale:  These are critical water quality parameters that have 
direct impact on the ecological health of streams and 
should be maintained at levels that do not impair 
ecological and human usage. 

Data Gaps/Deficiencies:  Potential spatial and temporal limitations  

Data Improvement  Expand the sampling area   
Suggestions:  

Other Notes:     None 

 

2. Indicator:    pH 

Category:   Field parameter 

Type:     Condition 

Measurement:  Direct field measurement 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN); NJ Pinelands Commission 
(Watershed Assessment Sites; Pinelands-wide Water 
Quality Sites) 
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Coverage/Frequency: NJDEP/USGS ASWQMN: There are 112 statewide 
monitoring sites, sampled quarterly for 
conventional/nutrient parameters, twice a year for metals, 
and once every one to two years for pesticides and 
sediment parameters (metals, sediment, and pesticides 
are only monitored at a subset of stations). 

 Pinelands Commission: Periodic sampling of Watershed 
Assessment Sites; Bimonthly sampling of Pinelands-wide 
Water Quality Sites 

Relevance/Rationale:  pH has been identified as a critical indicator for Pine 
Barrens water quality. 

Data Gaps/Deficiencies:  Potential spatial limitations 

Data Improvement   Pinelands Preservation Alliance may be able to work with 
Suggestions:   partners to expand pH sampling. 

Other Notes:   pH is likely to be most useful as a water quality indicator in 
Pine Barrens areas. 

 

3. Indicator:    Dissolved Oxygen 

Category:   Field parameter 

Type:     Condition 

Measurement: Direct field measurement; dissolved oxygen models 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN); NJDEP Bureau of Surface Water 
Permitting 

Coverage/Frequency: There are 112 statewide monitoring sites, sampled 
quarterly for conventional/nutrient parameters, twice a 
year for metals, and once every one to two years for 
pesticides and sediment parameters (metals, sediment, 
and pesticides are only monitored at a subset of stations). 

Relevance/Rationale:  DO has direct impacts on the ecological health of surface 
waters. 

 

Data Gaps/Deficiencies:  Unknown 

Data Improvement  Unknown 
Suggestions:  

Other Notes:     DO is likely to be more relevant in the non-Pinelands  
waters of the study area. 
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4. Indicator:    Nutrients: NO3, NH4, PO4, organic N and P 

Category:   Nutrients 

Type:     Condition 

Measurement:  Direct analytical measurement and hyporheic zone 
processes 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN); NJDEP Bureau of Surface Water 
Permitting); Mid-Atlantic Coastal Wetland Assessment 
(MACWA) Site Specific Intensive Monitoring (Partnership 
for the Delaware Estuary, Barnegat Bay Partnership, 
Academy of Natural Sciences of Drexel University, and 
Villanova University) 

Coverage/Frequency: NJDEP/USGS ASWQMN: There are 112 statewide 
monitoring sites, sampled quarterly for 
conventional/nutrient parameters, twice a year for metals, 
and once every one to two years for pesticides and 
sediment parameters (metals, sediment, and pesticides 
are only monitored at a subset of stations). MACWA SSIM: 
Established tidal wetland stations (N=15) in the Delaware 
and Barnegat Bay Estuaries, assessed three times annually 
for TSS, NOx, NHx, orthophosphates, alkalinity, 
temperature, salinity, and conductance. 

Relevance/Rationale:  These parameters have direct ecological health 
implications. 

Data Gaps/Deficiencies:  Unknown 

Data Improvement  Sample sediment in hyporheic zone research to complete 
Suggestions: characterization of near streambed transport and 

biochemical processes. 

Other Notes:   Stoichiometric ratio of nutrient loadings (N:P) in the 
Pinelands may be a primary factor defining effects on 
aquatic ecosystems.   

 

5. Indicator:    Enterococcus bacteria 

Category:   Bacteria 

Type:     Condition 

Measurement:  Direct analytical measurement 

Display: Numerical; graphical change over time 
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Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN) 

Coverage/Frequency: There are 112 statewide monitoring sites, sampled 
quarterly for conventional/nutrient parameters, twice a 
year for metals, and once every one to two years for 
pesticides and sediment parameters (metals, sediment, 
and pesticides are only monitored at a subset of stations). 

Relevance/Rationale:  These organisms have a direct impact on human health. 

Data Gaps/Deficiencies:  Unknown 

Data Improvement  Unknown 

Suggestions: None 

Other Notes:     None 

 

6. Indicator:    Contaminants in water and sediment: Arsenic, Lead,  
Mercury 

Category:   Trace elements 

Type:     Condition 

Measurement:  Direct analytical measurement of water and sediment 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Surface Water Quality Monitoring 
Network (ASWQMN) 

Coverage/Frequency: There are 112 statewide monitoring sites, sampled 
quarterly for conventional/nutrient parameters, twice a 
year for metals, and once every one to two years for 
pesticides and sediment parameters (metals, sediment, 
and pesticides are only monitored at a subset of stations). 

Relevance/Rationale:  These contaminants have both human and ecological 
health implications. 

Data Gaps/Deficiencies:  The potential effect of contaminant matrices on toxicology 
in the Pinelands is not well studied. 

Data Improvement  Unknown 
Suggestions: None 

Other Notes:     None 

 

7. Indicator:    Macroinvertebrates 

Category:   Ecological 

Type:     Condition 
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Measurement:  Direct field sampling, region-specific IBI 

Display: Species presence/absence and associated indication of 
water quality 

Source of Data:  NJDEP Ambient Macroinvertebrate Network (AMNET), 
Partnership for the Delaware Estuary’s Freshwater Mussel 
Recovery Program 

Coverage/Frequency: AMNET: 750 sites distributed through five basins 
statewide. Numerous sites exist in the study area.  PDE: 
freshwater mussel surveys in some areas of the Delaware 
Estuary watershed by academic institutions, nonprofits, 
and volunteers. 

Relevance/Rationale:  This is a classic measurement of aquatic ecological health. 

Data Gaps/Deficiencies:  Additional aquatic ecosystem metrics need to be 
developed. 

Data Improvement  Evaluate the relation to other indicators and potentially 
Suggestions: expand efforts. 

Other Notes:   Region-specific species must be used as indicators.  There 
is a specific protocol for using macroinvertebrates as 
indicators in Pinelands waters. 

 

8. Indicator:    Fish Assemblages 

Category:   Ecological 

Type:     Condition 

Measurement:  Direct field sampling, region-specific IBI 

Display: Species presence/absence; native/non-native species 

Source of Data:  NJDEP Bureau of Freshwater & Biological Monitoring 
(BFBM) 

Coverage/Frequency: Unknown 

Relevance/Rationale:  Direct measurement of ecological health 

Data Gaps/Deficiencies:  Unknown 

Data Improvement  Unknown 
Suggestions:  

Other Notes:   Appropriate species assemblages will vary across the 
region (i.e. Pinelands species will be different from non-
Pinelands species). 
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9. Indicator:    Plant Communities 

Category:   Ecological 

Type:     Condition 

Measurement:  Direct field sampling, region-specific IBI 

Display: Species presence/absence; native/non-native 

Source of Data:  Pinelands Commission: Watershed Assessment Sites 

Coverage/Frequency: Coverage is restricted to Watershed Assessment Sites 
study area. 

Relevance/Rationale:  Direct measurement of ecological health 

Data Gaps/Deficiencies:  Restricted spatial coverage 

Data Improvement  Expand the sampling area 
Suggestions:  

Other Notes:   Appropriate species assemblages will vary across the 
region (i.e. Pinelands species will be different from non-
Pinelands species). 

 

Strategy III – Continue and Enhance Existing Ground Water Quality Monitoring Using 
Selected Indicators 

 
1. Temperature, dissolved oxygen, alkalinity, specific conductance 
2. Nutrients: NO3, NH4 
3. Arsenic, lead, mercury 
4. Salinity, specific conductance 

 
 

1. Indicator:    Temperature, dissolved oxygen, alkalinity, specific  
conductance (measured as a suite of parameters) 

Category:   Field parameters 

Type:     Condition 

Measurement:  Direct field measurements 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Ground Water Quality Network 
(AGWQN); NJDEP Private Well Testing Act; USGS National 
Water-Quality Assessment Program (NAWQA) 
investigations 

Coverage/Frequency: NJDEP/USGS AGWQMN: There are approximately 50 
shallow wells in the Kirkwood-Cohansey sampled on a 3-
year cycle. 
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 NJDEP Private Wells: 106,000 total data sites statewide 

USGS NAWQA: Shallow Land Use Survey Wells, Deeper 
Observation Wells, Public Supply Wells, Domestic Wells 

Relevance/Rationale:  These are critical water quality parameters that have 
direct impact on the geochemical characterization of the 
aquifer. 

Data Gaps/Deficiencies:  Potential spatial and temporal limitations. For NJDEP 
Private Wells, data are only available where private wells 
are present and are of limited frequency.  For USGS 
NAWQA, the program scope has been largely scaled back. 

Data Improvement  Better understand how sorption affects the storage in 
Suggestions: sediments within the contributing area.  Occurrence may 

be underestimated with aqueous-only sampling.  Evaluate 
NAWQA data to further investigate detections. 

Other Notes:     None 

 
2. Indicator:    Nutrients: NO3, NH4 

Category:   Nutrients 

Type:     Condition 

Measurement:  Direct analytical measurement 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Ground Water Quality Monitoring 
Network (AWGQMN); NJDEP Private Well Testing Act 

Coverage/Frequency: NJDEP/USGS AGWQMN: There are approximately 50 
shallow wells in the Kirkwood-Cohansey sampled on a 3-
year cycle. 

 NJDEP Private Wells: 106,000 total data sites statewide 

 

Relevance/Rationale:  These parameters have direct human and ecological 
health implications. 

Data Gaps/Deficiencies:  Potential spatial and temporal limitations. For NJDEP 
Private Wells, data are only available where private wells 
are present and are of limited frequency.   

Data Improvement  Better understand how contaminant transport, particularly 
Suggestions: the movement of nitrate in agricultural watersheds, is 

accelerated within well contributing areas. 

Other Notes:     None 
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3. Indicator:    Contaminants: Arsenic, Lead, Mercury 

Category:   Trace elements 

Type:     Condition 

Measurement:  Direct analytical measurement of groundwater 

Display: Numerical; graphical change over time 

Source of Data:  NJDEP/USGS Ambient Ground Water Quality Monitoring 
Network (AGWQMN); NJDEP Private Well Testing Act 

Coverage/Frequency: NJDEP/USGS AWQMN: There are approximately 50 
shallow wells in the Kirkwood-Cohansey sampled on a 3-
year cycle. 

 NJDEP Private Wells: 106,000 total data sites statewide 

Relevance/Rationale:  These trace elements have both human and ecological 
health implications. 

Data Gaps/Deficiencies:  Potential spatial and temporal limitations. For NJDEP 
Private Wells, data are only available where private wells 
are present and are of limited frequency.   

Data Improvement  Unknown 
Suggestions: None 

Other Notes:     None 

 

4. Indicator:    Salinity, specific conductance 

Category:   Salt water interface 

Type:     Condition 

Measurement:  Direct field measurements of salinity and specific 
conductance in coastal regions 

Display: Numerical; graphical map showing salt water interface 
boundary along the study area 

Source of Data:  There is an extensive program in place to monitor aquifer 
sea water intrusion by NJ Geological and Water Survey. 

Coverage/Frequency: Unknown 

Relevance/Rationale:  This has both human and ecological health implications. 

Data Gaps/Deficiencies:  Potential spatial and temporal limitations  

Data Improvement  Unknown 
Suggestions: None 

Other Notes:   This indicator is most relevant along the coastal portions 
of the study area.  Also, consider measuring chloride ion 
concentration separately from specific conductance. 
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Strategy IV: Use/Improve Modeling To Provide Additional Data and 
Develop/Incorporate New Monitoring Strategies  

The workshop group noted that various modeling approaches would provide additional data 
regarding water quantity and quality in the Kirkwood-Cohansey aquifer.  Incorporation of these 
approaches into a monitoring strategy would likely require additional staff and funding inputs.  
Modeling methodologies relevant to monitoring the health of the aquifer are discussed below. 

 
Use MODFLOW to simulate interactions between groundwater, surface water and recharge 

 
MODFLOW, developed by the U.S. Geological Survey, was originally used to simulate 
groundwater flow through aquifers, but also can simulate interactions between groundwater 
and surface water, variable-density flow (i.e., saltwater intrusion), evapotranspiration, and 
effects of wells.  In a 2012 study – one of several studies produced under the Kirkwood-
Cohansey Project directed by the New Jersey Pineland Commission (see “Prior Studies of the 
Kirkwood-Cohansey Aquifer System”) – Charles and Nicholson demonstrated the use of 
MODFLOW to simulate effects of groundwater withdrawals from the Kirkwood-Cohansey 
aquifer on the water table in wetlands and on baseflow under different withdrawal scenarios in 
three sub-basins.  In the “best-case,” minimum withdrawal scenario (withdrawal equal to 5 
percent of overall sub-basin recharge and deep wells located far from wetlands), the area of 
wetland water-level decline that exceeded 15cm was 1.5 percent of the total wetland area, but 
in a “worst-case” scenario with a high withdrawal rate (withdrawal equal to 30 percent of 
overall sub-basin recharge and shallow wells close to wetlands), as much as 84 percent of the 
total wetland area was predicted to experience water-level decline that exceeded 15cm.  
Charles and Nicholson (2012) also found that baseflow reduction was up to 30 percent in “best-
case” simulations and 51 percent for “worst-case” simulations.  For the purposes of monitoring 
the health of the Kirkwood-Cohansey aquifer system, this type of modeling can be done for 
more sub-watersheds throughout the study area. 
 
Recent enhancements to MODFLOW allow for a quilt work definition of the land surface 
boundary.  This would allow for spatially variable incorporation of the effects of various land 
uses on recharge.  For example, the effect of drip and spray irrigation practices and other 
conditions on sub-watersheds can be theoretically evaluated. 
 
Use the Gompertz model to estimate impacts of withdrawals and wetlands 
 
Charles and Nicholson (2012) also demonstrated the use of the Gompertz model (a 
simplification of MODFLOW) to measure water withdrawal impacts on wetlands.  The Gompertz 
model provides a regional scale analysis of wetland drawdown by estimating the percentage of 
wetland area affected by drawdown and the magnitude of the drawdown effect, taking into 
account a wetland vulnerability index as well as sub-basin withdrawal rates as a proportion of 
recharge.  The wetland vulnerability index is itself a composite of the average distance between 
wetlands and surface water, the average distance between wetlands and the nearest pumped 
well, and average composite vertical conductance.  In the Charles and Nicholson (2012) report, 
the Gompertz model was used at the scale of the HUC-14 sub-basin.  The model can be 
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manipulated in terms of withdrawal and recharge inputs, simulating a variety of scenarios such 
as increased water use and drought, therefore providing some estimate of future water 
withdrawal effects on wetlands. 
 
Use withdrawal:recharge ratios to assess vulnerabilities from pumping 
 
Though not as robust as MODFLOW or the Gompertz model, quantifying water withdrawal as a 
percentage of sub-basin recharge can provide a simple index of watershed vulnerability to 
withdrawal impacts on ecological indicators.  The New Jersey Pinelands Commission science 
program has shown that increasing sub-basin withdrawal as a percentage of recharge is 
associated with impacts to different ecological metrics, most notably wetland class and wetland 
conversion to upland.  Pinelands Preservation Alliance applied a simple withdrawal:recharge 
analysis to 223 HUC-14 sub-basins in the Pinelands area to assess vulnerabilities of current 
pumping on wetlands.   Using well withdrawal data from 2012, PPA found that 38 sub-
watersheds had withdrawal rates in the range of 10% to 52% of recharge, which is likely 
resulting in impacts to the local ecosystem. 
 
Explore other vulnerability models 
The application of other vulnerability models to the Kirkwood-Cohansey aquifer was proposed.  
The EPA model DRASTIC uses seven parameters of the aquifer system (depth to water, net 
recharge, aquifer media, soil media, topography, impact of unsaturated zone, and hydraulic 
conductivity) to characterize the hydrogeological setting and evaluate aquifer vulnerability to 
contamination.  The USGS model SPARROW (SPAtially-Referenced Regression On Watershed 
attributes) is a modeling tool for the regional interpretation of water-quality monitoring data.  
The model relates in-stream water-quality measurements to spatially referenced characteristics 
of watersheds, including contaminant sources and factors influencing terrestrial and aquatic 
transport.  SPARROW empirically estimates the origin and fate of contaminants in river 
networks and quantifies uncertainties in model predictions. 
 

Strategy V: Improve Data for Monitoring Strategy Indicators 

 
Expand pH sampling   
pH sampling lends itself to citizen science because it is relatively simple and inexpensive to 
obtain reliable data.  Pinelands Preservation Alliance (PPA) has suggested it may be possible for 
nonprofits working in the region to coordinate such an effort to complement and expand data 
collection by government agencies.  PPA has suggested using sites from the Pinelands 
Commission’s ecological monitoring reports and following the sampling protocol of the 
Commission’s science program, selecting a sampling frequency for sufficient monitoring.  Given 
the great utility of pH as an indicator of water quality in the Pinelands region, this proposal 
would represent a value-added component to the Monitoring Strategy. 

 
 
Improve Agricultural water usage data 
Indicator: Trends in agricultural water use 
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In agricultural regions, irrigation withdrawals from the Kirkwood-Cohansey, and the subsequent 
loss of water from local watersheds through evapotranspiration, are major stressors that can 
potentially lead to impacts to the local groundwater table and ecologically significant 
reductions in baseflow.  Estimates for irrigation withdrawals are available from NJDEP.  
However, agricultural water-use information is not nearly as accurate as is the information for 
public supply wells, and, as was discussed in the workshops, work is needed to modernize 
agricultural usage data and address data gaps.  Addressing this issue would increase the utility 
of the indicator of agricultural water use in assessing the long-term health of the aquifer. 
 
Agricultural water-use information could be improved through better quantification of 
unreported irrigation and refinement of estimated withdrawals.  This would be an important 
step to improving our understanding of the overall impact of agriculture on the long-term 
health of the aquifer, and would also be useful to planners. Investigators for this proposed 
project would work in cooperation with NJDEP to ensure synergy with the ongoing efforts of 
this agency.   
 
A relevant study currently underway in certain Kirkwood-Cohansey Aquifer system watersheds 
evaluates water use against streamflow during ecologically-critical low flow periods. The study 
uses the ‘low flow margin’ method (as established in NJ DEP Technical Memorandum 13-3: 
Using the Low Flow Margin Method to Assess Water Availability in New Jersey’s Water-Table 
Aquifer Systems, 2013), which helps to quantify how much water can be 
consumptively/depletively used from a watershed’s streams without severely stressing the 
aquatic resources in that watershed. The study uses the low flow margin method along with 
public data obtained from NJ DEP to estimate whether and where certain watersheds are 
stressed, and to identify the entities causing stress in the watersheds. So far, having examined 
one watershed, the study has identified agricultural water withdrawals as one of the largest 
cumulative water use categories as based on reported use. Results from this project will be 
used for targeted water conservation outreach efforts and could be used to help direct future 
monitoring efforts. 

 
Additionally, recent enhancements to the groundwater flow model MODFLOW allow for the 
simulation of various crop covers.  Such modeling could provide theoretical estimates of 
evapotranspiration and recharge as a function of irrigation method and crop cover, allowing for 
refinement of small-scale watershed budgets.  MODFLOW is a public domain computer code; 
therefore, although USGS and NJDEP would endorse and likely participate in such a modeling 
effort, independent scientists could also carry out this portion of the project with agency 
cooperation. The different impacts of spray and drip irrigation with respect to export of water 
from sub-watersheds and the effect of these different irrigation practices on recharge are 
understudied issues within the Kirkwood-Cohansey aquifer. 
 
 
 
 
Expand the existing stream gaging network 
Indicator: Streamflow metrics 
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The implementation of several potential projects proposed by workshop participants involves 
the installation of additional stream gaging stations.  As discussed in the workshops, streamflow 
data gaps exist for watersheds within the Kirkwood-Cohansey.  Streamflow metrics were 
identified as a primary condition indicator for aquifer depletion.  This proposed gaging network 
expansion would address the indicator category of aquifer depletion by providing additional 
streamflow measurements that can be used to estimate baseflow and runoff. 
 
Additional gage locations would help quantify hydrologic budgets for smaller sub-watersheds 
and determine the effects of understudied terrains on hydrologic budget.  Understudied 
terrains include small headwater watersheds, areas dominated by compacted soil and 
impervious surfaces, urbanized areas with stormwater management facilities, agricultural areas 
of various crop covers, and wild land forest fires. Added stations would also help monitor 
reduced baseflow due to groundwater usage for any un-gaged watershed where future eco-
flow studies are proposed.  
 
For stream gaging data to be recognized and be widely accessible to the scientific community at 
large, any new gaging station should be installed and operated by USGS.  The estimated 
standard installation cost (FY15) for a continuous-record gaging station is $23,300.  The annual 
operations and maintenance (FY15) cost is $16,9001.  Projects involving additional gaging 
stations are typically long-term as an extended period of record needs to be obtained for 
runoff/baseflow trends to be established.  It should also be noted that some USGS stream gages 
(Figure 6) are partially installed, but inactive, having no sampling equipment inside.  Restoring 
these existing sampling stations would be less expensive than building entirely new stations. 
 
Alternatively, USGS has used partial-record stream measurements in conjunction with 
continuous gages to develop synthetic streamflow records for the partial-record sites.  If 
feasible, and if the estimates are accurate enough, this approach would likely be less costly 
than installing new continuous gages, and could effectively expand the monitoring network 
area. 
 
Correct Surficial aquifer synoptic and monitoring well elevation issues  
Indicator: Water table elevation 
 
Observation wells installed under the auspices of the Pinelands Commission (and to some 
extent for the NJDEP) typically are not referenced to a common elevation datum.  Data from 
these wells are therefore generally just useful for comparing long-term trends at the 
monitoring well location itself.  Depth to groundwater measurements from these wells cannot 
be used in a larger scale modeling effort where comparison to other monitoring wells is 
necessary.  This limits the usefulness of these observation wells as unreferenced water level 
data are not accurate enough to be used for flow modeling or contribute to a water table 
elevation synoptic.  Also, it should be noted that over-reliance on the current Pinelands 
Commission monitoring wells is risky, as these are low-tech, shallow wells made of one-inch 
PVC, making them vulnerable to prescribed burns, vandalism, and potential movement through 
freezing and thawing processes.  Installation of more stable, durable, and reliable wells at these 

                                                      
1 Heidi Hoppe, USGS NJ Hydrologic Data Assessment Program Chief, personal communication 
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sites should be carefully considered.  Correcting these issues would address the primary 
indicator category of aquifer depletion by directly providing water-table elevations and 
indirectly providing depth to water information relating to headwater locations and to wetlands 
and vernal pool habitats.  
 
The cost of surveying monitoring wells would be justified if the well locations were determined 
to be useful for studies other than those for which they were installed.  It is curious that this 
surveying has not been commissioned to date.  An investigation examining the utility of this 
added information is strongly recommended.  Furthermore, this effort would be relatively 
inexpensive and require a relatively small time allocation and possibly lead to future project 
efficiencies.  This additional monitoring effort was supported by many workshop attendees. 

 
Improve understanding of contaminant transport within well contributing areas and the 
hyporheic zone  
Indicator: Nutrients: NO3, NH4, PO4, organic N and P 
 
The transport of contaminants, particularly the movement of nitrate in agricultural watersheds, 
is accelerated within well contributing areas.  This may cause nutrients to travel deeper into the 
Kirkwood-Cohansey, especially in agricultural areas where fertilizer-derived nutrients can be 
drawn toward the well.  Nitrate transport from shallow groundwater to ecologically sensitive 
streams passes through the geochemically active hyporheic zone within which significant and 
predictable attenuation of nutrients can occur.   
 
The effect of sorption and storage in sediments within the contributing area is not well 
understood.  The aqueous/sediment partitioning characterization for major agricultural 
chemicals such as nutrients and pesticides has not been investigated in the Kirkwood-Cohansey 
aquifer system.  It is suspected that significant contaminant storage resides sorbed with aquifer 
sediments and occurrence is underestimated with aqueous-only sampling.  
 
Due to the scale of the aquifer, it is recommended that specific areas of interest where these 
processes would be expected to be significant be the focus of any initial monitoring efforts.  
This research would address the indicator category of nutrients by better quantifying nutrient 
contaminants in the aquifer.  
 
Improve understanding of nutrient stoichiometric ratios  
Indicator: NO3, NH4, PO4, organic N and P 
 
In the Pinelands, nutrient ratios (i.e., N:P) may be the primary factor defining effects on aquatic 
ecosystems; more so than the occurrence/concentration of the individual nutrient species (eg. 
NO3, NH4, PO4).  Research regarding the impact of nutrient stoichiometric ratios on ecosystem 
properties and processes would add to the utility of the nutrients indicator in respect to water 
quality monitoring. 
 
Improve understanding of salt water/freshwater interfaces  
Indicator: Salinity, specific conductance 
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The time dependence of the position of the salt/fresh water interfaces on the major Kirkwood-
Cohansey river systems including the Maurice, Salem, and Cohansey are unknown as their 
gaging stations are all located inland above the interface or head of tide.  The movement of 
these interfaces in response to seasonal weather change, drought, flood and perhaps climate 
change will affect transitional ecosystems.  Further research of these interfaces, with a focus on 
tracking tidal wetland change, would greatly improve our understanding of water quality in the 
coastal regions of the Kirkwood-Cohansey. 

 

Strategy VI: Develop and Use a Central Data Portal 

Assembling all relevant data under a single unified data portal for future cluster investigations 
was strongly suggested by the workshop group.  This type of data portal will facilitate data 
dissemination and trend identification.  However, such a project would likely involve critical 
decisions regarding data standards, metadata requirements, accessibility, and hosting.  The use 
of already-established data systems was also suggested.  The national Water Quality Portal 
(http://www.waterqualitydata.us/) is one such data system; water data can be retrieved from 
the EPA and USGS as well as state and local entities, and data can be uploaded to the EPA’s 
WQX/STORET (Water Quality Exchange/STOrage and RETrieval) system.  Another suggested 
database is New Jersey’s Water Quality Data Exchange (http://www.nj.gov/dep/wms), which 
also feeds into the EPA STORET database and the national Water Quality Portal.  A central data 
portal dedicated to monitoring the health of the Kirkwood-Cohansey aquifer could pull 
information directly from STORET and the USGS NWIS (National Water Information System). 
 
The Central Data Portal would be web-based and accessible to the public. It must be designed 
to house and display the data in a way that is useful for four key audiences: the conservation 
community, decision makers, researchers/academics, and the general public.   Given the 
different needs of each of the audiences, the site would need to be carefully designed to ensure 
that it is useful.  Some of the key elements include: 
 
Dashboard 
Key indicators are displayed in real time and time series to give the readers a quick and 
engaging look at a dynamic system.  This is particularly useful to highlight certain indicators that 
fall in and out of established thresholds and thus providing a snapshot view of the state of the 
aquifer.  A good example to such a dashboard system is Springshed dashboard administered by 
the Southwest Florida Water Management District (Figure 1).  This element is a relevant for all 
audiences but it is particularly useful for the general public where a large array of information is 
presented in an easy to digest format.   
 

http://www.waterqualitydata.us/
http://www.nj.gov/dep/wms
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Figure 1. Screenshot of the Southwest Florida Water Management District Springshed Dashboard for Homossassa 
Springs. (www.swfwmd.state.fl.us/springs/homosassa/dashboard/) 

 
Data Viewer 
For more sophisticated users, a customizable data viewer would allow for more detailed 
analyses of the long term datasets.  Users can choose the data sets, time frames for display and 
export the resulting charts.  This will allow for the initial identification of trends, outliers and 
other obvious signals that arise from a visual inspection of the data.  While not scientifically 
rigorous, it provides a rapid assessment of the data and can signal the need for more analysis.  
An example of this would be the Great Lakes Dashboard (Figure 2). 
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Figure 2. Screenshot of the Great Lakes Dashboard showing long-term data trends. 
(http://www.glerl.noaa.gov/data/dashboard/portal.html) 

 
Data Export 
Finally, all data collected through this monitoring effort will be available for export for use in 
analyses by researchers, academics and others looking to preform unique analyses.  Care 
should be taken to provide all associated documentation as to the source of the data and 
collection methodology.  The aim is to have a reliable and trusted aggregation of aquifer data 
that researchers can rely upon to add more detailed analyses to our understanding and 
interpretation of the monitoring data. 
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Strategy VII: Create a Working Group to Adaptively Manage Monitoring Strategies  

 
Members of the workshop group suggested creating a working group of lead agencies and 
NGOs in carrying out and updating this Monitoring Strategy.  Agencies would include, at a 
minimum, the USGS, NJDEP, and the NJ Pinelands Commission.   
 
An additional suggestion was that all those who implement this Monitoring Strategy maintain 
contact and coordinate with the NJDEP and USGS monitoring programs, as well as the NJ Water 
Monitoring Council (http://www.nj.gov/dep/wms/wmcchome.html) for information about 
water monitoring work happening statewide and in the Kirkwood-Cohansey aquifer system as 
well as opportunities to raise awareness about the Monitoring Strategy.  
 
The working group could work toward prioritizing and identifying leads and funding needs for 
enhancing existing monitoring and improving data as described in the strategies above. This 
group could also play a lead role in addressing the following needs and other considerations. 
 
Data analysis and thresholds  
Even once all of the relevant indicator data are collected, centralized, and shared, a monitoring 
plan will ultimately need to include an analysis component in order to determine what these 
data mean.  What story do they tell about the health of Kirkwood-Cohansey aquifer?  Although 
the analysis component is beyond the current scope of this strategy proposal, it is important to 
note it as a critical future step.  Such analysis will likely necessitate the establishment of 
indicator thresholds – the range of measurements beyond which the health of the aquifer 
would be considered to be at risk. 
 
Vulnerability and undocumented sources of contamination 
The Kirkwood-Cohansey aquifer is thought to be vulnerable due to the fact that it is a surficial 
aquifer and soils are generally permeable and of low organic content.  Unquantified sources of 
contamination were identified and include nutrient releases from septic systems, municipal 
infiltration lagoons, older unregulated landfills, turf, and agricultural and industrial land uses.  
Other contaminants could be released from roadway deicing, atmospheric deposition, sand and 
gravel mining, and conversion of abandoned mines to landfills.  Understanding the impacts of 
these different contaminant sources on the aquifer and ecosystems is needed.   

 
Eco-flow 
Aquatic ecosystem metrics for the Kirkwood-Cohansey need to be further developed.  The 
indicator species for impacted and unimpacted streams should be further defined.  
Understanding eco-flow metrics specific to the aquifer will provide a critical linkage to 
surface/groundwater interactions and potential acceptable groundwater withdrawal scenarios.  
This will be an important part of how potential baseflow reduction due to groundwater 
withdrawal will be understood and viewed. 

 
Dike/dam removal 
Some ecologists have proposed removing dikes and dams along coastal draining rivers and 
streams in order to recover saltwater wetlands, improve flood storage, restore anadromous fish 

http://www.nj.gov/dep/wms/wmcchome.html
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populations, and promote denitrification in restored wetlands.  However, it should be noted 
that other ecologists would recommend leaving dams in place, especially on tributaries that 
feed the Delaware River, because of the potential for invasive fish to move further upstream.  
Research proposed to evaluate this agenda involves hydrologic modeling to predict physical and 
ecosystem evolution.  Also discussed in the workshops was the potential social/political aspects 
related to such removals.   
 
Adaptive Management of Indicators 
Workshop participants identified candidate indicators of aquifer health in addition to those 
selected for the Monitoring Strategy.  However, several of these indicators are limited by their 
current scope of sampling or a lack of existing programs already measuring these indicators.  
Others are redundant or have reduced utility when compared to other candidates included in 
the Monitoring Strategy, and are therefore considered to be of lower priority for immediate 
monitoring efforts.  However, should staff and funding resources become available, these 
indicators should certainly be considered for validity/reliability enhancement and inclusion in a 
broader, long-term aquifer monitoring plan.  This section highlights these remaining indicators 
identified by workshop participants, organized by the primary reason for their exclusion from 
the Monitoring Strategy. 
 
Indicators limited by current scope 
 
Aquifer depletion indicators: 

 Water table elevation – USGS NWIS.  In addition to water table elevation measurements 
through the DEP/USGS Ambient Ground Water Quality Network and the Pinelands 
Commission’s Forest Plot Wells and Intermittent Ponds (which are included in the 
Monitoring Strategy), workshop participants noted that the USGS NWIS Groundwater 
Monitoring Network also measures water table elevation.  However, of the nine wells 
located in the Kirkwood-Cohansey area and monitored by this program, most are in the 
confined aquifer system. Because of the limited scope of this program as it relates to 
water table elevation monitoring, this particular measurement has been excluded from 
the Monitoring Strategy. 

 
Indicators limited by lack of existing monitoring programs 
Aquifer depletion indicators: 
 

 Stream reach (gain/loss).  Transitioning stream reaches from gain to loss and historically 
perennial reaches becoming ephemeral due to withdrawals or loss of recharge should be 
prevented.  Direct measurement with piezometers and groundwater modeling were 
proposed as methods for measuring this indicator.  However, no programs that currently 
measure stream reach were identified. 

 Headwater locations. The upstream location and extent of headwater areas should not 
migrate down-gradient.  Direct seasonal field measurements, remote sensing, plant 
community indices, and groundwater modeling could be used to measure this indicator.  
No existing programs were identified. 
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 Sewers and drains/ditching.  Field measurement and remote sensing could be used to 
measure this indicator.  No existing measurements were identified. 

 
Water budget indicators: 
 

 Rainfall runoff relationship.  Changes in rainfall runoff relationships directly influence 
aquifer recharge, and therefore long-term shifts to greater surface runoff should be 
prevented.  This indicator can be measured by hydrologic modeling that relies on stream 
flow measurements and rain gage/radar rainfall data.  However, stream and rain gage 
coverage is limited, as are adequate data for headwater catchments.  No program 
currently measuring this indicator was identified. 

 Land use change, impervious cover, and soil compaction.  Changes in land use, soil 
compaction, and urbanization can result in more frequent and serious floods and 
decrease recharge into the aquifer.  These indicators could be measured through direct 
field measurement and remote sensing.  The workshop group proposed evaluation of the 
effectiveness of stormwater management and the role of soil compaction, but an existing 
monitoring program was not identified.   

 Evapotranspiration.  This is a critical component of the hydrologic cycle, and can be 
measured through various models.  The group proposed developing a better 
understanding of the relationship between evapotranspiration and various parameters 
including land use, vegetation communities, and forest fires. 

 Saltwater intrusion.  Saltwater intrusion should be prevented as it has a direct impact on 
domestic wells and impacts ecological communities on the saltwater/freshwater fringe.  It 
can be measured directly through groundwater modeling and through changes in the 
biotic community.  The workshop group suggested evaluation of the influence of climate 
change and potential withdrawal scenarios on the location of the saltwater/freshwater 
interface. 

 
Water quality indicators: 
 

 Emerging contaminants.  These have both human and ecological health implications and 
can be monitored through direct analytical measurement.  The group noted that the 
occurrence, transport, and relevance of newly produced and yet to be regulated 
pesticides and fungicides and other emerging contaminants is unknown. 

 Diatoms and other algal species.  This is a direct measurement of ecological health 
assessed with region specific IBI and native/non-native species presence and abundance.   

 Saltwater interface in tidal streams.  The movement of the saltwater interface in response 
to seasonal weather change, drought, flood, and perhaps climate change will affect 
transitional ecosystems.  It can be measured through direct field sampling of salinity and 
specific conductance and modeling.  The saltwater/freshwater interface of coastal plain 
rivers is unknown as their gaging stations are all located inland and above the interface or 
head of tide.  The group suggested determining how the dependence of the interfaces 
could be monitored, and also evaluating the role of existing impoundments. 
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Indicators limited by relevance, utility, or practicality 
 
Aquifer depletion indicators: 

 Ecological communities.  Unique ecological communities dependent on aquifer health 
should not be adversely impacted.  These communities could be measured using species 
IBI and native/non-native species sampling.  The NJDEP AMNET program has 750 sites in 
five basins statewide, with numerous sites in the Kirkwood-Cohansey study area. 
Adequately sampling ecological communities at appropriate frequencies for consistent 
monitoring is time-consuming, and the wetlands and vernal pools indicator included in 
the Initial Monitoring Plan may be of greater practicality.  The workshop participants 
suggested that the potential to expand this program’s efforts should be evaluated, as 
should alternate measurements of ecological communities. 

 
Water quality indicators: 
 

 Pesticides and VOCs.  These parameters have direct human and ecological health 
implications.  They can be assessed through direct analytical measurement, and are 
already a component of the NJDEP Ambient Surface Water Quality Monitoring Network 
and USGS NAWQA investigations.   However, the USGS NAWQA program scope has been 
largely scaled back, and no sampling coverage or frequency was identified, limiting the 
utility of this indicator.  The group suggested evaluating NAWQA data to further 
investigate detections. 

 Fish tissue: mercury, PCB, chlordane.  These contaminants have both human and 
ecological health implications and could be measured through direct analytical 
measurement in fish tissue samples.  Programs exist within the NJDEP and the USGS 
NAWQA investigations, but no sampling coverage or frequency was identified, limiting the 
utility of this indicator. 

 Groundwater: pH.  pH in groundwater is also an indicator of mineral composition and 
background chemistry and can be measured directly in the field.  The NJDEP Ground 
Water Quality Network and the NJ DEP Private Well Testing Act monitor groundwater pH.  
Given the greater relevance of pH for surface waters in the Pinelands, this indicator has 
been excluded from groundwater monitoring to limit redundancy. 

 Groundwater: dissolved oxygen. The NJDEP Ambient Ground Water Quality Network and 
NJDEP Bureau of Surface Water Permitting collect groundwater dissolved oxygen data, 
but, as with pH, this indicator is likely more relevant for surface waters. 

 Groundwater: radionuclides.  Radionuclides have direct human and ecological health 
implications; radium and gross alpha can be measured directly.  NJDEP Ambient Ground 
Water Quality Network monitors this indicator.  Compared to other indicators of 
groundwater quality, however, this is arguably of lower priority because radionuclides are 
naturally-occurring and do not necessarily represent human impacts to aquifer health. 
The group suggested determining how increased pumping impacts the movement of 
naturally occurring radionuclides. 
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Background: The Kirkwood-Cohansey Aquifer System 

The Kirkwood-Cohansey aquifer system refers to the large surficial aquifer system beneath 
most of southern New Jersey, as illustrated below in Error! Reference source not found..  The 
quifer underlies major watersheds including the Cohansey, Maurice, Mullica, Toms, and Great 
Egg Harbor Rivers.  The Kirkwood-Cohansey aquifer system encompasses the Pinelands 
National Reserve, which occupies 22% of New Jersey's land area and it is the largest body of 
open space on the Mid-Atlantic seaboard between Richmond and Boston2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 
Figure 3. Surficial Kirkwood-Cohansey Aquifer extent. 

Historically, many areas in the region have relied on the confined Potomac-Raritan-Magothy 
aquifer system for most of their public water supply.  Excessive pumping from this aquifer 
system has resulted in substantial water-level declines.  These water-level declines prompted 
the NJDEP to impose reductions of groundwater withdrawals in 1989 in the Potomac-Raritan-
Magothy aquifer system, the Englishtown aquifer system, and the Wenonah-Mount Laurel 
aquifer in Middlesex, Monmouth, and Ocean Counties as Water-Supply Critical Area #1.  Then 
in 1993, in an effort to restrict further withdrawals from the confined Potomac-Raritan-
Magothy aquifer system, Water-Supply Critical Area #2 was designated in Burlington, Camden, 
Gloucester, and Atlantic Counties and small parts of Ocean, Salem, and Cumberland Counties.  

                                                      
2 http://www.state.nj.us/pinelands/ 
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The growing population and State-imposed restrictions on withdrawals from the confined 
Potomac-Raritan-Magothy aquifer system have caused local water managers to seek 
alternative sources of water supply.  One alternative is further development of the surficial 
Kirkwood-Cohansey aquifer system (Stackelberg and others 2000). 
 
Water withdrawals from the Kirkwood-Cohansey aquifer system in 2005 were 15,767 million 
gallons per year, with the majority of those withdrawals (64%) for public supply.  Approximately 
29% of those withdrawals were for irrigation purposes.  The majority of the public supply 
withdrawals occur in more populated areas in the western portion of the aquifer.  Agricultural 
withdrawals occur throughout the aquifer system with irrigation usage focused in highly 
agricultural areas (Pope and others 2012). 
 
A detailed description of the geologic formations and variability of the Kirkwood-Cohansey 
aquifer system is provided by Zapecza (1989).  The base of the surficial Kirkwood-Cohansey 
aquifer system is formed by the Kirkwood Formation.  Plates 23 and 24, from Zapecza (1989) 
show the depth of the base of the surficial aquifer (top of Kirkwood Formation) (Plate 23) and 
the thickness of the Kirkwood-Cohansey aquifer system (Plate 24).  The Kirkwood-Cohansey 
generally thickens in the southeast direction toward the Atlantic Ocean.  It is thickest just 
northwest of the extent of the confining unit overlying the Atlantic City 800 Foot Sand which 
forms the base of the Kirkwood-Cohansey toward the Atlantic Ocean.  An excerpt from Zapecza 
(1989) Plate 24 which depicts the thickness of the Kirkwood-Cohansey aquifer system is 
provided below in Figure 4. 
 

 
Figure 4. Thickness of Kirkwood-Cohansey system, excerpt from Zapecza 1989, Plate 24. 
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A cross sectional view of the aquifers of the southern New Jersey Coastal Plain from 
Philadelphia to the Atlantic Ocean is provided in Figure 5 (from DePaul and others 2003).  The 
representative cross section depicts the Kirkwood-Cohansey aquifer system from west (left) to 
east (right) across the State.  The transition of the base unit from the Kirkwood Formation to 
the confining unit above the 800 foot sand (just west of Egg Harbor) is shown in the cross 
section below (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 5. Cross section of aquifers of the southern New Jersey Coastal Plain, from dePaul and others (2003). 

Unconsolidated sands and gravels combined with a generally shallow water table render the 
Kirkwood-Cohansey vulnerable to contamination introduced at or near the land surface.  
Contaminants can enter the aquifer system from either point or nonpoint sources.  Point 
sources are local sources of contaminants, such as leaking underground storage tanks, sewer 
lines, effluent from septic systems and landfills, accidental spills, and areas where chemicals 
have been disposed of improperly.  Individual point sources typically contaminate relatively 
small volumes of the aquifer system; however, they may introduce a wide variety of chemicals 
at highly elevated concentrations to the ground-water system.  Nonpoint sources, in contrast, 
are areally extensive sources of contaminants, such as the widespread application of fertilizers 
and pesticides in agricultural areas and automobile emissions in urban areas.  Nonpoint sources 
typically contaminate large, areally extensive volumes of the aquifer with low-level 
concentrations of specific compounds (Stackelberg and others 2000). 
 
The Kirkwood-Cohansey aquifer plays a key role in supporting the unique ecosystems of the 
New Jersey Pine Barrens.  The low topographic relief typical of the Coastal Plain, coupled with 
the common shallow depth to ground water, creates low gradient streams and unique wetland 
habitat.  The majority of the wetland habitat in the Pinelands is associated with streams 
(Zampella and others 2008).  Surface water in the Pinelands is almost exclusively in direct 
hydraulic connection with the surficial Kirkwood-Cohansey aquifer.  Soil in the Pine Barrens is 
typically acidic, sandy in texture and of naturally low nutrient content (Wieben and others 
2013).  The unique soil conditions, along with historically frequent fires, have fostered the 
unique plant communities found in the Pinelands.  The ecological significance of the Pinelands 
is evidenced by its designation as a National Reserve and a United Nations International 
Biosphere Reserve.  The surficial Kirkwood-Cohansey aquifer is a major factor that has shaped 
the unique ecosystems of the Pinelands. 
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The development of a monitoring strategy for an aquifer presents some unique challenges.  
Unlike monitoring of surface water bodies, an aquifer cannot be defined as having a finite inlet 
or outlet and the aquifer is only accessible where it intersects with the land surface or at 
isolated locations at depths where monitoring wells exist or can be installed. 
 

Prior Studies of the Kirkwood-Cohansey Aquifer System 

The Kirkwood-Cohansey Study 

In 2001, the State of New Jersey provided $5.5 million for a comprehensive study of the 
Kirkwood-Cohansey aquifer.  The New Jersey Pinelands Commission, in cooperation with the 
U.S. Geological Survey, Rutgers University, the NJDEP, and the US Fish and Wildlife Service were 
directed, through N.J.P.L. 2001 c. 165, to:  
 

“prepare a report on the key hydrologic and ecological information needed  
to determine how the current and future water-supply needs within the  
Pinelands area may be met while protecting the Kirkwood-Cohansey aquifer  
system and avoiding any adverse ecological impact on the Pinelands area.” 

 
The Kirkwood-Cohansey Study  was, in effect, a response to concerns regarding water quantity 
and water quality in the aquifer, in terms of both sustainable human use and maintenance of 
the region’s ecological integrity.  Its key elements included hydrologic modeling, ecological 
impact studies, landscape-level modeling of the impacts of withdrawals, and a build-out 
analysis.   
 
In March 2012, Pinelands Preservation Alliance held a Science-Policy Forum on the Kirkwood-
Cohansey aquifer, focusing on the presentation and discussion of expert research from the 
Kirkwood-Cohansey Study towards the goal of developing consensus policy for the sustainable 
use of the aquifer.  The Forum Briefing Report3 for this event, prepared by Pinelands 
Preservation Alliance and various participants in the forum, succinctly summarizes the results of 
the Kirkwood-Cohansey Study.  Results of each component of the Study, as they are described 
in this Forum Briefing Report, are briefly summarized below. 
 
Hydrologic modeling 
This component of the Kirkwood-Cohansey Study, conducted by the USGS and the NJ Pinelands 
Commission, characterized the hydrology of three drainage basins in the Kirkwood-Cohansey 
system:  McDonalds Branch, Albertson Brook, and Morses Mill Stream.  The information from 
this hydrologic assessment was then used to develop groundwater-flow models to evaluate the 
sensitivity of hydrologic responses to well position, pumping rate, and well depth.  The Charles 
and Nicholson (2012) publication, cited earlier throughout this document, was a result of this 
work.  Key findings from this modeling work include: 

 Groundwater withdrawals in a given basin will result in hydrologic effects in that basin 
and will also result in hydrologic effects in adjacent basins. 

                                                      
3 http://www.pinelandsalliance.org/downloads/pinelandsalliance_763.pdf 
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 Withdrawals equal to 5 percent of recharge resulted in the following effects: 
o Water-level decline exceeding 15cm over as much as 1.5 percent of the total 

wetland area in the “best-case” simulations and as much as 10 percent of the total 
wetland area in the “worst-case” simulations. 

o Baseflow reduction as much as 5 percent in the “best-case” simulations and as 
much as 9 percent in the “worst-case” simulations. 

 Withdrawals equal to 30 percent of recharge resulted in the following effects: 
o Water-level decline exceeding 15cm over as much as 70 percent of the total 

wetland area in the “best-case” simulations and as much as 84 percent of the total 
wetland area in the “worst-case” simulation. 

o Baseflow reduction as much as 30 percent in the “best-case” simulations and as 
much as 51 percent in the “worst-case” simulations. 

 Withdrawals equal to 10 and 15 percent of recharge resulted in water-level decline and 
baseflow reductions that were intermediate between those simulated for withdrawals 
equal to 5 and 30 percent of recharge. 

 
Ecological impacts studies 
The NJ Pinelands Commission science program conducted this component of the Kirkwood-
Cohansey Study, which investigated the likely effects of groundwater withdrawal from the 
aquifer and resulting groundwater level reductions on several aspects of the Pinelands biota.  
Key findings were: 
 

 Simulated water-level drawdown at varying levels indicated that a relatively small 
drawdown of 15cm exposed more than 30% of Swamp Pink (Helonias bullata), a State-
Endangered plant, to extreme hydrologic conditions.  A larger drawdown of 30cm 
exposed all or nearly all of Swamp Pink cluster area to extreme conditions (Laidig et al. 
2010b). 

 At simulated groundwater drawdowns greater than 10cm, impacts to the metamorphosis 
of pond-breeding frogs occurred, with impacts to egg deposition resulting from a 20cm 
reduction.  Water depth level reductions of 50cm were show by simulations to shorten 
the hydroperiod enough to practically eliminate larval development and metamorphosis 
for all three frog species, with the greatest impacts to Pine Barrens Treefrog (a State-
Threatened species) (Bunnell and Ciraolo 2010). 

 Effects of groundwater withdrawals and associated groundwater level reductions on 
intermittent pond plant communities were demonstrated by simulations of reduced 
water depth by 5cm intervals up to 50cm. Aquatic- and wetland-herbaceous vegetation 
patch types were the most sensitive to simulated drawdowns and were reduced at even 
the smallest simulated reduction. The results suggest that permanent water-level 
reductions due to groundwater withdrawals will lead to progressive change and, in the 
extreme case, replacement of intermittent pond vegetation with adjacent forest woody 
vegetation (Laidig 2010). 

 Streamflow reduction scenarios showed reduction in Pinelands aquatic-invertebrate taxa 
richness by 0.75 percent (with a loss of 5 percent of average annual streamflow) to 5.7 
percent (with 30 percent loss of average annual streamflow), reduction in coastal plain 
fish species richness of 1.4 percent to 10.1 percent, and greater vulnerability to  aquatic 
invertebrate and fish species losses in smaller streams than larger streams (Procopio 



  

34 
 

2010). 

 Models of groundwater-level declines can be used to predict changes in vegetation 
community type in wetland forests as wetter cedar swamps, hardwood swamps, and 
pine-hardwood lowlands transition to more xeric pitch pine lowland and pine-oak 
uplands (Laidig et al. 2010a). 

 
Landscape-level modeling of the impacts of withdrawals 
This component of the Kirkwood-Cohansey Study modeled the effects on vegetation of 
potential declines of groundwater due to pumping, and is discussed further in Lathrop and 
colleagues (2010).  This work was conducted by Rutgers University and combined the Pinelands 
Commission’s modeling of the effects of water table change on wetland forest types and 
species composition with the USGS modeling of the impacts of various water withdrawal 
scenarios on the water table in three study basins, as described above.  The study used GIS to 
map vegetation changes that were expected to occur under water withdrawal scenarios of 5 
percent, 10 percent, 15 percent, and 30 percent of recharge volume for wetlands located far 
from wells and wetlands located near wells.  Key findings of this study include: 
 

 All scenarios showed lowering of the water table and significant loss and fragmentation 
of wetlands vegetation and forest types. 

 The greater the percent of recharge pumped, the greater the resulting change. 

 At the higher levels of groundwater withdrawal, the decline of wetland area will be 
especially severe in the upper headwaters of the basins, and there will be “retreat” of 
existing wetlands to a narrower streamside corridor. 

 Cedar and hardwood swamps were the most sensitive to water table change. 

 Even the 5 percent of recharge scenario showed major loss (50 percent of cedar swamp) 
and fragmentation in one of the three basins, and substantial loss (10-15 percent of 
cedar swamp) in the other two. 

 Location of wells made no significant difference in two of the three basins.  Location 
made a bigger difference in one of the basins, but even there the amount of pumping 
was the critical driver of the degree of impact. 

 The basins showed some differences in their sensitivity to withdrawals, so degree of 
impact will vary with the topography and hydrology of each basin. 

 
 

Build-out analysis 
This component of the Kirkwood-Cohansey Study served as a water demand analysis and was 
conducted by the NJ Pinelands Commission’s Planning staff and GIS staff of the Land Use and 
Technology Programs department.  This analysis took into account water consumption, water 
loss, land use, and infrastructure, population, and economic projections.  A baseline estimate of 
current water demand was developed and GIS models were created to calculate additional 
development generated in three build-out scenarios: high, medium, and low.  Future water 
demands were estimated in light of these build-out scenarios.  The results of the current and 
future water use calculations will be used as a tool to assist planning efforts in the Pinelands 
Area by helping planners estimate the numbers and locations of future wells. 
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Land Development Effects on Water Resources of the Pinelands 

In cooperation with New Jersey Future, Van Abs and colleagues produced the 2014 report 
“Effects of Land Development on Water Resources of the Pinelands Region.”  This study 
assessed how water and water-related resources in the Pinelands are affected by land 
development – both urban and agricultural.  Three study areas were used:  Medford Lakes 
Borough, Medford Township and Evesham Township; Town of Hammonton; and Tuckerton 
Borough and Little Egg Harbor Township.  All three study areas are within the Kirkwood-
Cohansey aquifer system.   
 
All sub-watersheds in the Medford/Evesham study area, characterized by low to moderate 
density suburban development, violated the Surface Water Quality Standards for pH, and have 
had significant losses of groundwater recharge areas.  In Hammonton, significant surface water 
quality problems were found, many resulting from the large area of agricultural lands.  
Additionally, groundwater showed evidence of elevated nitrate levels, likely the result of 
fertilizer application. Water withdrawals in this region were shown to likely have large impacts 
on wetlands. Development in the Little Egg Harbor/Tuckerton study area was associated with 
increases in impervious surface and loss of recharge areas.  Surface water quality problems 
were seen in some sub-watersheds of this study area. 
 

Pinelands Commission Watershed Studies 

Between 2001 and 2006, the Pinelands Commission produced four watershed-scale studies that 
looked at the effects of land-use patterns on aquatic and wetland resources in the Mullica River 
Watershed, the Rancocas Creek Watershed, the Great Egg Harbor River Watershed, and the 
Barnegat Bay Watershed.4  In general, these studies showed that stream basins with a high 
percentage of altered land (urban or agricultural) were associated with elevated water pH, 
specific conductance, nitrate concentrations, and nonnative plant and animal species, while 
those with more unaltered lands were characterized by naturally acidic waters and typical 
native Pinelands plant and animal communities (Zampella et al. 2001, 2003, 2005, 2006).   
 
This correlation between altered lands and water pH, specific conductance, nitrate 
concentration, and nonnative biotic communities supports the inclusion of these characteristics 
as indicators of water quality for the Monitoring Strategy described herein.   
 

Stressors of Aquifer Health 

Changes in land use result in impacts to water resources with respect to both water quantity 
and water quality.  Stressors are the specific activities associated with land use changes causing 
the specific impact.  In this context, monitoring aquifer health provides measurement of 
parameters to assess the severity of these changes with scientifically established metrics. 
 
Land use change includes both urban and agricultural development.  Stressors due to urban 
land development include housing and industrial development, roads, and increased 
                                                      
4 http://www.state.nj.us/pinelands/science/complete/watershed/ 
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groundwater withdrawals to supply a growing population.  Furthermore, the installation of 
sanitary and storm sewers alters the hydrologic cycle by re-routing water flow.  These changes 
have a tendency to create “short circuits” within the hydrologic cycle, with resulting decreases 
in evapotranspiration and recharge and increases in surface runoff.  Soil compaction, 
impervious surfaces, and altered landscaping can all increase runoff and reduce recharge.  
Groundwater withdrawn for agricultural crop irrigation can increase evapotranspiration. All 
these changes can affect the hydrologic budget.  
 
Groundwater withdrawal from wells situated in the Kirkwood-Cohansey can potentially reduce 
baseflow to streams within the contributing area of the well (Franke and others 1998).  The 
influence of pumping groundwater from a particular well is predicted through mathematical 
modeling.  For example, Kauffman and others (2001) used MODFLOW to predict the shape and 
extent of the contributing area for public supply wells in the Kirkwood-Cohansey.  This study 
also demonstrated how well withdrawal alters natural groundwater flow paths, drawing down 
recently recharged groundwater deeper into the aquifer.  Charles and Nicholson (2012) 
conducted similar numerical groundwater flow modeling to determine the potential impact of 
various levels of groundwater withdrawals from the shallow unconfined aquifer, as discussed 
above (“Additional Proposed Strategies”: “Modeling”).   
 
Stressors also affect water quality by introducing chemicals to the hydrologic cycle.  The 
application of fertilizers and pesticides in agricultural areas can cause shallow groundwater 
contamination, as discussed by Stackelberg and others (1997).  Septic systems, roadway 
deicing, landfills, municipal wastewater discharge to streams, and runoff from urban land use 
are other potential sources that can degrade water quality. 
 
Continental and global scale phenomena also affect water quantity and quality.  For example, 
atmospheric deposition as measured by the National Atmospheric Deposition Program causes a 
regional loading of nitrate and sulfate in New Jersey5 - which, in addition to increasing nutrient 
loads, can cause acidification.  Climate change-induced droughts and floods can potentially alter 
water resources into the future. 
 
During both of the workshops held in Fall 2014, stressors of aquifer health were discussed in 
detail.  These stressors were separated into two broad categories; stressors that impact water 
quantity and those impacting water quality.  The following list summarizes the stressors to the 
Kirkwood-Cohansey aquifer system identified by workshop participants. 
 
Water Quantity Stressors: Groundwater withdrawals (public supply wells, irrigation wells) 
 Impervious surfaces 
 Soil compaction 
 Sanitary sewer diversions 
 Storm sewers 
 Droughts 
 
 

                                                      
5 http://nadp.sws.uiuc.edu/ 
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Water Quality Stressors: Agricultural fertilizers and pesticides 
 Septic systems 
 Stormwater runoff 
 Municipal infiltration lagoons 
 Wastewater discharges 
 Roadway deicing 
 Landfills and historic unregulated landfills 
 Turf management 
 Atmospheric deposition 
 Sand and gravel mining 

Indicators of Aquifer Health 

The ultimate goal of long-term aquifer health can be further refined into different goal or 
condition statements that relate directly to various aspects of aquifer health.  Each desired 
condition or goal can then be related to an indicator of aquifer health.  This type of indicator is 
referred to as a condition indicator.  The previously listed water quantity and water quality 
stressors can also be measured/quantified directly.  These indicators are referred to as stressor 
indicators, where the indicator is a direct measurement of the stressor itself and not the 
condition/system response. 
 
Therefore, one of the primary goals in the development of a monitoring strategy is the 
compilation of an appropriate list of indicators.  The purpose of long-term monitoring is to 
observe trends as they relate to aquifer health.  Indicators should be able to directly address 
the issue of aquifer health and be based on scientific, practical, and programmatic 
considerations.  The fundamental characteristic of useful indicators is that they must be 
measurable or otherwise directly quantifiable.  Appropriate indicators should also be 
representative, reproducible and directly relevant to the ultimate goal of aquifer health.  There 
are also numerous practical considerations including accessibility and cost considerations that 
often dictate which indicators are focused on for long-term monitoring efforts. 
 
One of the key deliverables in this effort is the creation of a comprehensive indicator table.  
This table has been provided as Appendix B of this report.  Similar to the stressors, this table is 
divided into separate tables for water quantity and water quality.  For each condition indicator, 
a condition or goal statement is provided.  This statement relates each individual indicator to 
some component related to the definition of a healthy aquifer as was previously discussed.  
Indicators that represented similar aspects of aquifer health were then grouped together into 
various common categories. 
 
As was previously discussed, an indicator must be quantifiable.  In many cases this may simply 
entail a direct measurement.  However, in other cases it may require measurement by proxy.  
Furthermore, due to the inherent complications of monitoring an aquifer, the indicator may be 
most effectively and efficiently quantified through modeling.  The indicator table has a column 
which describes whether each indicator can be directly measured or is best quantified through 
modeling.  The indicator table also lists relevant existing monitoring programs which currently 
provide information on each indicator.  It should be noted that these existing programs were 
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not explicitly designed to address the health of the Kirkwood-Cohansey aquifer, however many 
of them are still relevant to this effort.  The indicator table briefly summarizes the coverage and 
frequency of these programs and states where gaps in existing data programs exist related to 
aquifer system health.  The final column lists specific projects that were proposed during the 
workshops to address individual indicators.   
 
The indicator table does not specifically address the issue of regional significance.  A review of 
both the stressors and indicators suggests that the relative importance of each stressor or 
indicator is strongly related to both the location/region and scale of the condition.  Within the 
area encompassed by the Kirkwood-Cohansey aquifer there is a wide variety of both natural 
conditions (Pinelands vs. Coastal/Bayshore) and human-induced conditions linked to land use.  
The variety spans from the relatively pristine core Preservation Areas within the Pinelands to 
the more urbanized Regional Growth Areas and intensive Agricultural Areas. 
 
The goal of the indicator table was to provide a relatively comprehensive summary list of 
indicators of aquifer health.  The following list summarizes indicators to the Kirkwood-Cohansey 
aquifer system identified by workshop participants. 
 
Water Quantity Indicators:  

Aquifer depletion indicators: 
Water table elevation   (condition) 
Streamflow metrics   (condition) 
Stream reach (gain/loss)  (condition) 
Headwater locations   (condition) 
Wetlands and vernal pool habitat (condition) 
Ecological communities  (condition) 
Sewers and drains/ditching  (stressor) 
 
Water budget indicators: 
Trends in water use   (stressor) 
Agricultural water use   (stressor) 
Rainfall runoff relationship  (condition) 
Landuse change/impervious  (stressor) 
  cover/soil compaction 
Evapotranspiration   (condition) 
Salt water intrusion   (condition) 

 
Water Quality Indicators:  

Surface Water: 
Temperature    (condition) 
Alkalinity    (condition) 
pH     (condition) 
Specific conductance   (condition) 
TSS/turbidity    (condition) 
Dissolved oxygen   (condition) 
Nutrients: NO3, NH4, PO4,   (condition) 



  

39 
 

organic N and P 
Pesticides and VOCs   (condition) 
Emerging contaminants  (condition) 
Bacteria : Enterococcus,   (condition) 
   indicator organisms 
Fish tissue: mercury, PCB, chlordane 
Trace elements: arsenic, lead, (condition) 

mercury, and others 
Macroinvertebrates   (condition) 
Fish assemblages   (condition) 
Diatoms and other algal species (condition) 
Plant communities   (condition) 
Salinity, specific conductance  (condition) 
 
Ground Water: 
Temperature    (condition) 
Dissolved oxygen   (condition) 
Alkalinity    (condition) 
pH     (condition) 
Specific conductance   (condition) 
Nutrients: NO3, NH4; possibly  (condition) 
 PO4, organic N and P 
Pesticides and VOCs   (condition) 
Emerging contaminants  (condition) 
Radionuclides: radium, gross alpha (condition 
Trace elements:  arsenic, lead, (condition) 
 mercury, and others 
Salt water interface: salinity,   (condition) 
 specific conductance 
 

Overview of Existing Programs 

As previously discussed, numerous monitoring programs exist to assess aquifer health.  The 
majority of these programs are not focused directly on aquifer health as defined here; however 
they all provide useful information related to the identified indicators of aquifer health and in 
many cases originated with mandates from the Clean Water Act.  This section briefly 
summarizes some of the relevant programs that were discussed during the workshops. 
 

Water Quantity Monitoring Programs 

The following section summarizes existing monitoring programs that focus on water quantity-
related aspects of the Kirkwood-Cohansey aquifer system. 
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USGS stream gaging and measurements stations 
(Relevant indicator: Streamflow metrics) 
The USGS stream gaging network provides streamflow measurements at gaging stations 
throughout the State.  Approximately 25 gaging stations exist for the Kirkwood-Cohansey 
system.6  Four gaging stations exist for the Cohansey/Maurice River Basins combined, 11 for the 
Mullica/Toms River Basins combined, and five for the Great Egg Harbor River Basin.  The 
locations of USGS stream gages in the vicinity of the Kirkwood-Cohansey aquifer system are 
shown below in Figure 6. 
 

 
Figure 6. Locations of USGS stream gages 

                                                      
6 http://waterdata.usgs.gov/nj/nwis/sw 
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Workshop participants acknowledged a general lack of coverage in headwater areas (small 
watersheds).  This identified gap in the current network prevents adequate monitoring of 
changes in flow in headwater.  Streamflow data, together with precipitation data, allow for the 
computation of some basic terms needed to develop watershed hydrologic budgets 
(Precipitation = Recharge + Direct Runoff + Evapotranspiration), which can be used to evaluate 
long-term change.  Focusing on headwaters may provide valuable data for assessing the 
hydrologic effects of climate change and groundwater withdrawals; specifically gaging at the 
HUC-11 scale was suggested. 
 
As was discussed in the “Additional Proposed Strategies” section, additional gaging locations 
would allow for evaluating the effect of land use on recharge, evapotranspiration, and direct 
runoff (basic components of hydrologic cycle).  Workshop participants noted that basic budget 
information is unavailable for specific terrains such as wild land forest fires, compacted soils, 
headwater sub-basins, and urbanized areas.  Additionally, gaging locations do not exist for small 
watersheds in agricultural areas.  Water budgets for these areas may allow for comparison of 
spray and drip irrigation and various types of crops on recharge and evapotranspiration. 
 
USGS continuous groundwater monitoring wells 
(Relevant indicator: Water table elevation) 
Currently only 22 wells statewide provide continuous groundwater level data under this 
program, with only five total wells in the Kirkwood-Cohansey.7  Lack of coverage in Kirkwood-
Cohansey was noted by workshop participants as most wells are situated in confined systems. 
 
Workshop participants proposed the initiation of a Kirkwood-Cohansey surficial aquifer 
synoptic, analogous to the confined aquifer synoptic conducted every five years by 
USGS/NJDEP.  The elevations of many existing monitoring locations maintained by NJDEP and 
the Pinelands Commission have not been accurately determined by surveying.  Such surveying 
efforts, in a common datum, would be required if these locations are used in the proposed 
synoptic. 
 
Water use 
(Relevant indicators: Trends in water use; Trends in agricultural water use) 
Stressors affecting water demand include climate, population, land use change, economic 
trends, and gain or loss of other water sources.  For example, withdrawal restrictions from 
confined aquifers required by previous state-mandated critical area definitions resulted in 
increased Kirkwood-Cohansey withdrawals.  Additionally, contamination, including natural 
contamination, can degrade supply. 
 
The primary data source for water usage in New Jersey is the NJDEP - Division of Water Supply 
and Geoscience.  The Division of Water Supply and Geoscience maintains a freshwater usage 
spreadsheet tool that summarizes withdrawals on a HUC-11 scale (DGS13-1 Computer 
Workbook Summarizing New Jersey Withdrawals and Discharges on a HUC-11 Basis).  The 
Division of Water Supply and Geoscience also recently released a spreadsheet tool for 
evaluating water availability on a Watershed Management Area (WMA) basis (DGS14-1 

                                                      
7 http://waterdata.usgs.gov/nj/nwis/current/?type=gw&group_key=basin_cd 
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Computer Workbook Investigating Water Availability in New Jersey on a Watershed 
Management Area Basis).  This tool is based on an analysis of stream baseflow and specifically 
focuses on the availability of unconfined/stream baseflow sources and does not include 
confined aquifer sources.8 
 
The USGS website also provides a summary of usage data acquired through the NJDEP.  County-
specific usage data is specified by usage category, e.g. public supply, commercial, industrial, 
etc.9 
 
Due to the agricultural nature of much of the region, irrigation withdrawals are significant.  
Estimates for irrigation withdrawals are available from NJDEP, but efforts to refine usage –  
particularly unreported usage – will be useful.  Workshop participants also identified an existing 
data gap related to differences in spray and drip irrigation with respect to export from local 
sub-watershed and associated recharge from these practices.  Recent enhancements to the 
groundwater flow model MODFLOW allow for the simulation of various crop covers.  Such 
modeling could provide estimates of evapotranspiration and recharge as a function of crop 
cover, allowing for refinement of small-scale watershed budget. 
 
During the workshop, representatives from the NJDEP provided the following inventory for 
recent groundwater withdrawals from the Kirkwood-Cohansey: 26 million gallons per day in the 
Pinelands area and 71 million gallons per day outside of the Pinelands, for a total of 97 million 
gallons per day, not including unreported usage.  It was suggested that domestic well 
withdrawals (that is, those from individual home wells) are generally small by comparison and 
may not typically result in net water export from the aquifer due to the prevalence of on-site 
wastewater recharge (septic systems) where domestic wells tend to be prevalent.  Direct 
stream withdrawals are also considered negligible for Kirkwood-Cohansey streams. 
 
USGS Groundwater Model Maintenance Program 
The USGS Groundwater Model Maintenance Program was outlined during the workshop.  This 
program has been ongoing since 1995.  The purpose of this program is to maintain and update 
groundwater flow models using standardized procedures.  These previous studies should be 
referenced for any potential future modeling study.10 
 
Pinelands Commission monitoring 
(Relevant indicators: Water table elevation; pH; Plant communities) 
The Pinelands Commission collects water quality, water quantity (water level), and detailed 
ecological data throughout the Pinelands.  Monitoring wells exist as part of the various ongoing 
monitoring efforts of the Pinelands Commission.  The Pinelands Commission separates their 
existing monitoring efforts into the following four categories: Watershed Assessment Sites, 
Pinelands-Wide Water Quality Sites, Intermittent Ponds, and Forest Plot Wells.  The frequency 
of these data collection efforts varies from continuous level recording for some Intermittent 
Ponds to periodic sampling at Watershed Assessment Sites.  Also, it should be noted, as in 
“Additional Proposed Strategies” above, that over-reliance on the current Pinelands 

                                                      
8 http://njgeology.org/geodata/index.htm#grndwatr 
9 http://waterdata.usgs.gov/nj/nwis/water_use/ 
10 http://nj.usgs.gov/special/mod_maint/ 
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Commission monitoring wells for the purpose of monitoring under the proposed Monitoring 
Strategy is risky, as these are low-tech, shallow wells made of one-inch PVC, making them 
vulnerable to prescribed burns, vandalism, and potential movement through freezing and 
thawing processes.  A graphical summary of the Pinelands Commission monitoring efforts is 
shown below in Figure 7. 
 

 
Figure 7. Summary of Pinelands Commission monitoring sites. 

 

Symbol   Monitoring Site Details 

Circle:   Watershed Assessment Sites 

Periodic pH, SC, plants, fish, frogs and toads 

Circles with dot: Pinelands-wide WQ Sites 

Bimonthly pH and SC, periodic nutrients 

Stars:   Intermittent Ponds 

Monthly and continuous water level 

Diamonds:  Forest-plot Wells 

Monthly water level 
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Typically, the elevations of monitoring wells maintained by the Pinelands Commission are not 
referenced to an elevation datum.  As was previously noted, this limits the usefulness of the 
water level information for potential modeling and water budget studies as elevation estimates 
from topographic mapping are too crude (± 5-10 ft) for these applications.  The value of 
surveying the elevation of these monitoring wells or a selected subset of these wells should be 
considered, as should the possibility of constructing more stable, permanent wells in their 
place.  Some of these wells may be useful for supporting a water level synoptic for the surficial 
Kirkwood-Cohansey. 

Water Quality Monitoring Programs 

The following section summarizes existing monitoring programs that focus on water quality-
related aspects of the Kirkwood-Cohansey aquifer system. 
 
NJDEP Ambient Ground Water Quality Monitoring Network 
(Relevant indicators: Water table elevation; Temperature, Dissolved oxygen, Alkalinity, Specific 
conductance; Nutrients; Contaminants) 
The NJDEP and USGS cooperatively maintain the Ambient Ground Water Quality Monitoring 
Network (AGWQMN).11  The network consists of approximately 150 shallow monitoring wells 
statewide.  Approximately fifty wells are located in the Kirkwood-Cohansey aquifer system and 
are sampled on a three-year cycle.  Constituents analyzed in this program include: pH, specific 
conductivity, dissolved oxygen, temperature, alkalinity, major ions, trace elements, nutrients, 
gross-alpha particle activity, volatile organic compounds (VOCs), and pesticides; depth to water 
table is also measured.  The locations of monitoring wells included in the Ambient Ground 
Water Quality Monitoring Network are depicted on Error! Reference source not found. below. 
 

                                                      
11 http://www.nj.gov/dep/dsr/trends/pdfs/groundwater.pdf 
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Figure 8. Ambient Ground Water Quality Monitoring Network. 

 
NJDEP freshwater surface water monitoring 
(Relevant indicators: Temperature, alkalinity, specific conductance, TSS/turbidity; pH; Dissolved 
oxygen; Nutrients; Enterococcus; Contaminants) 
The NJDEP and USGS cooperatively manage the Ambient Surface Water Quality Monitoring 
Network (ASWQMN), which has been in existence since 1976. This network consists of 112 
statewide monitoring sites (Figure 9) that are sampled quarterly for conventional/nutrient 
parameters, twice a year for metals parameters, and once every two years for pesticides and 
sediment parameters (metals, pesticides, and sediment are only monitored at a subset of 
stations). In addition to the cooperative network, NJDEP manages a Regional Targeted Water 
Quality Network consisting of approximately 12 stations in a specific region or water basin 
(currently the Raritan region, but, beginning in 2016, also in the Lower Delaware). These 
stations are sampled ten times per year for conventional/nutrient parameters and four times 
per year for metals parameters. NJDEP is also conducting focused monitoring in the Barnegat 
Bay Long-Term Ambient Monitoring program, which consists of both freshwater and marine 
water sampling stations. On the freshwater side, there are 14 sampling stations that are 
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sampled fourteen times per year for conventional/nutrient parameters. Finally, NJDEP manages 
the statewide Probabilistic Water Quality and Biological Network, which consists of 51 stations 
selected probabilistically, using the U.S. EPA’s statistical survey techniques.  In addition to 
biological monitoring, these sampling stations are monitored quarterly for 
conventional/nutrient parameters, and twice a year for metals parameters. 
 

 

 

Figure 9. Ambient Surface Water Quality Monitoring Network. 
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NJDEP Ambient Macroinvertebrate Network 
(Relevant indicator: Macroinvertebrates) 
In 1992, the NJDEP reactivated AMNET, which uses the U.S. EPA's Rapid Bioassessment 
Protocol.12 Network sites are sampled once every five years on a rotational water 
basin/regional cycle. Workshop participants discussed the need to expand the AMNET program.  
The locations of AMNET sampling stations are shown in Figure 9 above. 
 
NJDEP Private Well Testing Act 
(Relevant indicators: Temperature, dissolved oxygen, alkalinity, and specific conductance 
(groundwater); Nutrients (groundwater); Contaminants (groundwater)) 
The Private Well Testing Act (PWTA) is a program that currently includes approximately 106,000 
total data points statewide.13  While a similar program previously existed in Ocean County, the 
Private Well Testing Act has required the analysis of up to 32 water quality parameters since 
September 2002.  However, it is noted that this program only applies to properties with private 
wells and therefore provides poor spatial coverage in relatively undeveloped areas. 
 
USGS National Water Quality Assessment Program 
(Relevant indicators: Temperature, dissolved oxygen, alkalinity, and specific conductance 
(groundwater)) 
The Coastal Plain of New Jersey and Long Island is a study unit of the USGS National Water-
Quality Assessment (NAWQA) Program.  Under the NAWQA program, water quality related 
studies are conducted to document how human activities are impacting water quality 
conditions.14  There are various NAWQA studies that are relevant to the health of the Kirkwood-
Cohansey aquifer system.  One such study entailed the sampling of 72 shallow groundwater 
monitoring wells over a 380 square-mile portion of the Kirkwood-Cohansey aquifer around 
Glassboro.  Wells were installed in agricultural, old urban, new urban, and undeveloped land 
within the study area.  Perhaps the most important finding of this study was that shallow 
groundwater beneath agricultural areas can be expected to exceed the drinking water standard 
of 10 mg/L of nitrate.  Various stream monitoring and ecological studies have also been 
conducted as part of the NAWQA program in the Kirkwood-Cohansey aquifer system. 
 
USGS surface water/groundwater interaction models 
Multiple USGS studies discuss the application of surface water/groundwater interactions.  This 
is an especially critical topic in the Kirkwood-Cohansey aquifer system due to the flat terrain 
and shallow groundwater table typical of the New Jersey Coastal Plain.  The most recent 
reference is the Charles and Nicholson (2012) study entitled “Simulation of groundwater flow 
and hydrologic effects of groundwater withdrawals from the Kirkwood-Cohansey aquifer 
system in the Pinelands of southern New Jersey” and cited throughout this document.  This 
reference also includes a summary table of similar previous investigations.  Other notable 
references which include specific surface water/groundwater interaction models include 
Kennen and Riskin (2010) and Walker and others (2011).  These investigations should be 
reviewed to determine the areal extent of individual well withdrawals on wetlands and 
streamflow depletion. 

                                                      
12 http://www.nj.gov/dep/wms/bfbm/amnet.html 
13 http://www.nj.gov/dep/watersupply/pw_pwta.html 
14 http://water.usgs.gov/nawqa/ 



  

48 
 

 
Another ongoing effort by the USGS is the creation of a comprehensive hydrologic model of the 
Delaware Basin.  This model will ultimately be used as a decision support tool to relate the 
availability of water resources in the Delaware Basin to stressors including population growth, 
land-use, and climate change.15  Unfortunately, the model only covers a small part of the 
Kirkwood-Cohansey system. 

Summary 

Two project workshops were held as part of this work effort.  The workshops were attended by 
leading scientists and professionals from the U.S. Geological Survey, NJ Department of 
Environmental Protection, NJ Pinelands Commission, and NJ Geological & Water Survey as well 
as from non-governmental organizations and academic institutions, all of which have direct 
knowledge of and experience with the Kirkwood-Cohansey aquifer system, including the 
Academy of Natural Sciences of Drexel University, American Littoral Society, ANJEC, Barnegat 
Bay Partnership, New Jersey Audubon Society, New Jersey Conservation Foundation, 
Partnership for the Delaware Estuary, Pinelands Preservation Alliance, Richard Stockton 
College, Rutgers Cooperative Extension, Rutgers University, and South Jersey Land & Water 
Trust.  Based on feedback gathered at both workshops, a definition of a healthy aquifer was 
constructed.  Specific stressors of aquifer health were identified.  The effects of these stressors 
were related to individual quantifiable indicators, which are summarized in the indicator table 
and discussed in detail earlier in this report.  While multiple existing monitoring programs exist, 
current data gaps were identified, and proposed modifications to existing programs and new 
monitoring efforts were proposed to address these gaps. Finally, a Monitoring Strategy for the 
Kirkwood-Cohansey aquifer was developed through the selection of appropriate water quantity 
and water quality indicators.   
 
It is the intention of this work that the discussion of long-term aquifer health be continued for 
the foreseeable future.  The ultimate goal of this effort is that there is further expansion and 
coordination of monitoring programs so that the Kirkwood-Cohansey aquifer system can 
achieve and sustain the status of a “healthy aquifer” for the long term. 
  

                                                      
15 http://water.usgs.gov/watercensus/delaware.html 
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KIRKWOOD-COHANSEY LONG-TERM MONITORING PLAN EXPERT WORKSHOP #1: 
SEPTEMBER 9, 2014 
 
 
Name Job Title Organization 
Art Baehr Hydrologist Consultant 

Richard Bizub Director for Water Programs Pinelands Preservation Alliance 

Nathan Boon Program Associate William Penn Foundation 

Renee Brecht Program director American Littoral Society 

John Bunnell Chief Scientist New Jersey Pinelands Commission 

Jody Carrara Project Director ANJEC 

Mary Chepiga Supervisory Hydrologist US Geological Survey 

Kathryn 
Christopher 

Staff Scientist Academy of Natural Sciences of Drexel University 

Jennifer Coffey Executive Director ANJEC 

Carol Collier Senior Advisor for 
Watershed Mgt. & Policy 

Academy of Natural Sciences of Drexel University 

Tom Davidock Senior Coordinator, 
Schuylkill Action Network 

Partnership for the Delaware Estuary 

Emile DeVito Manager of Science and 
Stewardship 

New Jersey Conservation Foundation 

Clay Emerson Senior Project Manager Princeton Hydro 

Claude Epstein Professor Emeritus Richard Stockton College 

Jeff Fischer Hydrologist US Geological Survey 

Shane Godshall Coordinator American Littoral Society 

Jeff Hoffman Section Chief NJ DEP 

Heidi Hoppe Supervisory Hydrologist US Geological Survey 

Richard Horwitz Professor Academy of Natural Sciences of Drexel University 

Christopher Jage Assistant Director for South 
Jersey 

New Jersey Conservation Foundation 

Sarah Johnson Research Scientist New Jersey Pinelands Commission 

Danielle Kreeger science director Partnership for the Delaware Estuary 

Stefanie Kroll Project Science Director Academy of Natural Sciences of Drexel University 

Eleanor Krukowski Environmental Specialist 4 NJ DEP 

Pierre Lacombe Supervisory Hydrologist US Geological Survey 

Sal Mangiafico Env. and Resource Mgmt. 
Agent 

Rutgers Cooperative Extension 

Suzanne McCarthy President South Jersey Land & Water Trust 

Leslie McGeorge Administrator NJ DEP 

Robert Miskewitz Assistant Research Professor Rutgers University 

Carleton 
Montgomery 

Executive Director Pinelands Preservation Alliance 

Robert Nicholson Associate Director US Geological Survey 



 

 

Christine Nolan Executive Director South Jersey Land & Water Trust 

Helen Pang Research Scientist NJ DEP 

Daryll Pope Groundwater Specialist US Geological Survey 

Nicholas Procopio Research Scientist NJ DEP 

Cheryl Reardon South Jersey Bayshore 
Coalition Coordinator 

ANJEC 

Erin Reilly Field and Lab Coordinator Barnegat Bay Partnership 

Jaclyn Rhoads Assistant Executive Director Pinelands Preservation Alliance 

Sari Rothrock Watershed Program 
Specialist 

Partnership for the Delaware Estuary 

Daniel Van Abs Associate Research 
Professor 

Rutgers University 

Rick VanVranken Agricultural Agent Rutgers Cooperative Extension - Atlantic County 

Quinn Whitesall Coordinator American Littoral Society 
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Name Job Title Organization 
Arthur Baehr Hydrologist Consultant 

Clare Billett Program Officer William Penn Foundation 

Richard Bizub Director for Water Programs Pinelands Preservation Alliance 

Jody Carrara Coastal Project Manager ANJEC 

Mary Chepiga Hydrologist US Geological Survey 

Kathryn 
Christopher 

Staff Scientist Academy of Natural Sciences 

Emile DeVito Manager of Science & 
Stewardship 

New Jersey Conservation Foundation 

Clay Emerson Senior Project Manager Princeton Hydro 

Jeff Fischer Hydrologist US Geological Survey 

Jeff Hoffman Section Chief NJ Geological & Water Survey 

Chris Jage Assistant Director, South 
Jersey 

New Jersey Conservation Foundation 

Sarah Johnson Research Science NJ Pinelands Commission 

Danielle Kreeger Science Director Partnership for the Delaware Estuary 

Stefanie Kroll Project Science Director Academy of Natural Sciences of Drexel University 

Eleanor Krukowski Environmental Specialist 4 NJDEP 

Kim Laidig Principal Research Scientist New Jersey Pinelands Commission 

Jean Lynch Stewardship Project 
Director--South Region  

New Jersey Audubon Society 

Leslie McGeorge Administrator NJDEP - Freshwater & Biological Monitoring 

Robert Miskewitz Assistant Professor Rutgers, Dept. of Enviro. Sciences 

Carleton 
Montgomery 

Executive Director Pinelands Preservation Alliance 

Bob Nicholson Associate Director USGS/NJWSC 

Helen Pang Research Scientist NJDEP 

Nick Procopio Research Scientist NJDEP 

Cheryl Reardon Project Director ANJEC 

Sari Rothrock Watershed Planning 
Specialist 

Partnership for the Delaware Estuary 

Daniel Van Abs Associate Research 
Professor 

Rutgers University 

Quinn Whitesall Coordinator American Littoral Society 

  



 

 

 

 

 

 

 

 

 

APPENDIX B: INDICATOR TABLE 



Water Quality

Surface Water Quality

Goal Statement / Relevance Category Indicator Type Measurement / Models Existing Programs Coverage / Frequency Gaps / Deficiencies Project Proposal Reference

These are critical water quality parameters 

that have direct impact on the ecological 

health of streams and should be 

maintained at levels unimpaired ecological 

and human useage.

Field parameters
Temperature, alkalinity, specific 

conductance, TSS/turbidity
Condition Direct field measurement.

NJDEP Ambient Water Quality Monitoring 

Network

There are 200 surface water monitoring 

sites measured quarterly, not all of these 

sites are in cooperation with USGS. +/- 40 

stations within study area.

Potential spatial and temporal limitations.

Pinelands Commission

- Watershed Assessment Sites (pH, SC)

- Pinelands-wide WQ Sites

Watershed Assessment Sites - Periodic

Pinelands-wide WQ Sites - Bimonthly

Mid-Atlantic Coastal Wetland Assessment 

(MACWA) Site Specific Intensive Monitoring 

(Partnership for the Delaware Estuary, 

Barnegat Bay Partnership, Academy of 

Natural Sciences of Drexel University, and 

Villanova University).

MACWA SSIM: Established tidal wetlands 

(N=15) in the Delaware and Barnegat Bay 

Estuaries, assessed three times annually for 

TSS, Nox, NHx, orthophosphates, alkalinity, 

temperature, salinity, and conductance.

pH has been identified as a critical indicator 

for Pinelands water quality.
pH Condition Direct field measurement. See both programs above. See both programs above.

Has direct impact on ecological health of 

surface waters.
DO Condition

Direct field measurement.

DO models.

NJDEP Ambient Water Quality Monitoring 

Network

NJDEP Bureau of Surface Water Permitting

See both programs above.

These parameters have direct ecological 

health implications.
Nutrients NO3 , NH4 , PO4 , organic N and P        Condition Direct analytical measurement. See both programs above.

Stoichiometric ratio of nutrient loadings 

(N:P) in the Pinelands may be a primary 

factor defining  effects on aquatic 

ecosystems.

Hyporheic zone processes.

Sample sediment in hyporheic zone 

research to complete characterization of 

near streambed transport and 

biochemical processes.

Mid-Atlantic Coastal Wetland Assessment 

(MACWA) Site Specific Intensive Monitoring 

(Partnership for the Delaware Estuary, 

Barnegat Bay Partnership, Academy of 

Natural Sciences of Drexel University, and 

MACWA SSIM: Established tidal wetlands 

(N=15) in the Delaware and Barnegat Bay 

Estuaries, assessed three times annually for 

TSS, Nox, NHx, orthophosphates, alkalinity, 

temperature, salinity, and conductance.

These parameters have direct human and 

ecological health implications.
Pesticides and VOC's Various Condition Direct analytical measurement.

NJDEP Ambient Water Quality Monitoring 

Network

USGS NAWQA investigations       Stream indicator and integrative sites. Program scope is largely scaled back.
Evaluate NAWQA data to further 

investigate detections.

Human and ecological health implications. Emerging contaminants Various Condition Direct analytical measurement.

The occurrence, transport, and relevance 

of newly produced and yet to be 

regulated pesticides and fungicides and 

other emerging contaminants is 

unknown.

Direct impact on human health. Bacteria Enterococcus, indicator organisms Condition Direct analytical measurement.
NJDEP Ambient Water Quality Monitoring 

Network

See above, with sampling 5 times/30 days 

in growing season.

Have both human and ecological health 

implications.
Fish tissue e.g.. Mercury, PCB, Chlordane Condition Direct analytical measurement.

NJDEP

USGS NAWQA investigations

Have both human and ecological health 

implications.
Trace elements

Contaminants in water:

e.g.. Arsenic, Lead, Mercury and others
Condition Direct analytical measurement.

NJDEP Ambient Water Quality Monitoring 

Network
See above.

The potential effect of contaminant 

matrices on toxicology in Pinelands is not 

well studied.                                                                                                                                 

Have both human and ecological health 

implications.

Contaminants in sediment:

e.g.. Arsenic, Lead, Mercury and others
Condition Direct analytical measurement.

NJDEP Ambient Water Quality Monitoring 

Network
See above.

Evaluate the fate and transport of 

sediment bound contaminants within 

aquifer.                                                                         

Vulnerability models Various parameters. SPARROW model and others.

Direct measurement of ecological health. Ecological Macroinvertebrates Condition
Region specific IBI.

Native/non-native species.

NJDEP AMNET; Partnership for the Delaware 

Estuary’s Freshwater Mussel Recovery Program.

750 sites distributed through five basins 

statewide with numerous in study area. 

PDE: freshwater mussel surveys throughout 

the Delaware Estuary Watershed from 

2007 on by academic institutions, 

nonprofits, and volunteers.

Additional aquatic ecosystem metrics need 

to be developed and recent program 

cutbacks.

Evaluate the relation to other indicators 

and potentially restore or expand efforts.



Direct measurement of ecological health. Fish assemblages Condition
Region specific IBI.

Native/non-native species.
NJDEP BFBM

Direct measurement of ecological health. Diatoms and other algal species Condition
Region specific IBI.

Native/non-native species.

Direct measurement of ecological health. Plant communities Condition
Region specific IBI.

Native/non-native species.

Pinelands Commission.

- Watershed Assessment Sites
Coverage restricted to study area.

The movement of these interfaces in 

response to seasonal weather change, 

drought, flood and perhaps climate change 

will effect transitional ecosystems. 

Salt water interface in tidal streams Salinity, specific conductance Condition
Direct field measurement.

Modeling.

The salt water/freshwater interface of 

coastal plain rivers are unknown as their 

gauging stations are all located inland 

above the interface or head of tide. 

How can the time dependence of the 

interfaces be monitored and what is the 

role to existing impoundments?

Ground Water Quality

Goal Statement / Relevance Category Indicator Type Measurement / Models Existing Programs Coverage / Frequency Gaps / Deficiencies Project Proposal Reference

These parameter are critical water quality 

parameters that have direct impact on 

geochemical characterization of the 

aquifer.

Field parameters
Temperature, DO , alkalinity, specific 

conductance  
Condition Direct field measurement. NJDEP Ambient Ground Water Quality Network

Currently there are~50 shallow wells in 

Kirkwood Cohansey sampled on a 3yr cycle 

(pH, SC, DO, gross alpha, major ions, 

nutrients, pesticides).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Potential spatial and temporal limitations.

How does sorption effect the storage in 

sediments within the contributing area?                                         

Occurrence may be underestimated with 

aqueous only sampling.                                                                                                                                           

NJDEP Private Well Testing Act 106,000 total data sites statewide.
Data is only available where private wells 

are present, limited frequency.

USGS NAWQA investigations       

Shallow Land Use Survey                                                  

Deeper Observation Wells                              

Public Supply Wells   

Domestic Wells

Program scope is largely scaled back.
Evaluate NAWQA data to further 

investigate detections.

pH in groundwater is also a indicator of 

mineral composition (background 

geochemistry).

pH Condition Direct field measurement.
NJDEP Ambient Ground Water Quality Network

NJDEP Private Well Testing Act
Same as above. Same as above.

This indicator influences transport of 

naturally occurring water quality 

parameters.

DO Condition Direct field measurement.

NJDEP Ambient Water Quality Monitoring 

Network

NJDEP Bureau of Surface Water Permitting

See both programs above.

These parameters have direct human and 

ecological health implications.
Nutrients

NO3 , NH4, and to a lesser extent in ground 

water: PO4 , organic N and P        
Condition Direct analytical measurement.

NJDEP Ambient Ground Water Quality Network

NJDEP Private Well Testing Act
Same as above. Same as above.

How is contaminant transport, 

particularly the movement of nitrate in 

agricultural watersheds accelerated 

within well contributing areas?

These parameters have direct human and 

ecological health implications.
Pesticides and VOC's Various Condition Direct analytical measurement.

NJDEP Ambient Ground Water Quality Network

NJDEP Private Well Testing Act (VOCs)
Same as above. Same as above.

This indicator has human and ecological 

health implications.
Emerging contaminants Various Condition Direct analytical measurement.

The occurrence, transport, and relevance 

of newly produced and yet to be 

regulated pesticides and fungicides and 

other emerging contaminants is 

unknown.

This indicator has human and ecological 

health implications.
Radionuclides e.g.. Radium, gross alpha Condition Direct measurement. NJDEP Ambient Ground Water Quality Network Same as above. Same as above.

How does increased pumping impact the 

movement of naturally occurring 

radionuclides?

Have both human and ecological health 

implications.
Trace elements e.g.. Arsenic, Lead, Mercury and others Condition Direct analytical measurement.

NJDEP Ambient Ground Water Quality Network

NJDEP Private Well Testing Act
Same as above. Same as above.

Vulnerability models Various parameters. DRASTIC model and others.

Have both human and ecological health 

implications.
Salt water interface Salinity, specific conductance Condition Direct field measurement.

Extensive program in place to monitor aquifer 

sea water intrusion.
Potential spatial and temporal limitations.



Water Quantity

Goal Statement / Relevance Category Indicator Type Measurement / Models Existing Programs Coverage / Frequency Gaps / Deficiencies Project Proposal Reference

Water table elevation should be 

maintained at a levels that will not have 

adverse impacts on the critical habitats, 

stream eco-flow metrics, and human uses.

Aquifer depletion indicators Water table elevation Condition
Direct measurement in wells.

Remote sensing.
USGS NWIS Groundwater Monitoring Network                                                                                                                                                                                  

Continuous at 22 locations across 

the State, 9 wells located within 

Kirkwood Cohansey aquifer area. 

Most wells in confined system.

Spatial coverage of monitoring 

locations is not adequate for 

contour mapping.

Develop a surficial aquifer synoptic 

analogous to the confined aquifer 

synoptics conducted every five years.  

	DEP/USGS Ambient Ground Water Quality 

Network

Sampled on a 3yr cycle - although 

this is a water quality program, 

water levels are collected at time of 

sampling.  Currently there are 150 

shallow wells Statewide, 50 of 

which are in Kirkwood Cohansey.

Network of monitoring locations 

are not referenced to a consistent 

elevation datum.

Pinelands Commission shallow wells.

- Forest Plot Wells

- Intermittent Ponds

Coverage restricted to study area.

Monthly and continuous level at 

Intermittent Ponds and monthly at 

Forest-Plot Wells.

Network of monitoring locations 

are not referenced to a consistent 

elevation datum. 

Typically the elevations of monitoring 

wells maintained by the Pinelands 

Commission and NJDEP (above) are 

not referenced to an elevation datum. 

Elevation estimates from topographic 

mapping are too crude (+/- 5-10 ft) for 

modeling and budget study.

Groundwater modeling.

Kirkwood-Cohansey study:

Regional and local models.

USGS Groundwater Model Maintenance Program 

should be referenced for any future modeling 

study.

Comprehensive modeling to 

predict water table elevation 

under future scenarios does not 

exist.

Role of modeling needs to be further 

developed.

Stream flow metrics should be maintained 

such that impacts to in-stream habitat (eco-

flow), location of the salt water interface 

and stream geomorphologic characteristics 

are not degraded.

Stream flow metrics:

Baseflow

Streamflow statistics

Seasonal characteristics

Condition

Direct measurement with stream 

gages.

Useful statistics include seasonal 

timing characteristics, discharge-

duration relationships and others.

Groundwater modeling

USGS Stream Gage Network

NJ StreamStats (peak flow only)

Somewhat limited coverage ~15 

gages in study area.

Headwater areas are under 

represented. Data record at many 

gages may not sufficiently long 

enough.

Expand stream gage monitoring 

network to include more headwater 

stream segments.

Transitioning stream reaches from gain to 

lose and historically perennial reaches 

becoming ephemeral due to withdrawals 

or loss of recharge should be prevented.

Stream reach (gain / loss) Condition Direct measurement with 

piezometers.

Groundwater modeling.

The upstream location/extent of 

headwater areas should not migrate 

downgradient.

Headwater locations Condition

Direct seasonal field 

measurements.

Remote sensing.

Plant community indices.

Groundwater modeling.                                                                

Critical ecologic and water quality functions 

of wetland and vernal pool habitats should 

be sustained.

Wetland and vernal pool 

habitat
Condition

Remote sensing.

Plant communities.
NJ F&W/CRSSA Vernal Pool Mapping



Critical ecological and water quality 

functions of tidal wetalands should be 

sustained.

Tidal Wetlands Condition

Ecosystem health (biological, 

chemical, physical, and 

geomorphological metrics)

Mid-Atlantic Coastal Wetland Assessment 

(Partnership for the Delaware Estuary, Barnegat 

Bay Partnership, Academy of Natural Science of 

Drexel University, and Villanova University), 

NOAA C-CAP, USFWS NWI

Established tidal wetland stations 

(N=15) in the Delaware (along the 

salinity gradient) and Barnegat Bay 

Estuaries/Annual monitoring of 

indicators of health; extent of tidal 

wetlands is reassessed in intervals 

of approximately 4-5 years, 

depending on NOAA C-CAP and 

NWI data updates from satellite 

imagery analyses.

Little research focuses on the 

direct relationship between tidal 

wetland condition and aquifer 

health.

Unique ecological communities dependent 

on aquifer health should not be adversely 

impacted.

Ecological communities Condition
Species IBI and natvie/non-native.

Eco Flow.

Sewers and drains/ditching Stressor
Field measurement.

Remote sensing.

Goal Statement / Relevance Category Indicator Type Measurement / Models Existing Programs Coverage / Frequency Gaps / Deficiencies Project Proposal Reference

Major component of water budget. Water budget indicators Trends in water use Stressor Direct metering.
NJDEP Water Allocation

NJDEP Agricultural Certification

Evaluate the impact of forcast 

consumptive water use scenarios.

Primary usage in the aquifer with potential 

direct human and ecological impacts.
Trends in agricultural water use Stressor

Direct monitoring.

Irrigation (spray/drip) estimates.

Crop usage estimates.

NJDEP Agricultural Certification Varies

Refine estimates of current usage 

and define estimates for 

unreported usage.

Examine the differences in spray and 

drip irrigation with respect to export 

from local sub watershed and 

associated recharge from these 

practices. Farms on public land can 

provide good study areas for budget 

analysis.

Changes in rainfall runoff relationships 

directly influence aquifer recharge and 

therefore long-term shifts to increased 

surface runoff should be prevented.

Rainfall runoff relationship Condition

Hydrologic modeling relies on 

stream flow measurements and 

rain gage/radar rainfall data.

Stream and rain gage coverage is 

limited.

Adequate data for headwater 

catchments is limited.

Changes in land use, soil compaction, 

urbanization can result in more frequent 

and serious floods and decrease recharge.

Landuse change

Impervious coverage

Soil compaction.

Stressor
Direct measurement.

Remote sensing.

Evaluate the effectiveness of 

stormwater management and the role 

of soil compaction.

Critical component of the hydrologic cycle. Evapotranspiration Condition
Measurement

Various models

Provide a better understanding of the 

relationship between ET and various 

parameters including land use, 

vegetation communities, forest fires 

and others.

Salt water intrusion should be prevented as 

it has a direct impact on domestic wells and 

impacts vegetation communities on salt 

water / freshwater fringe.

Salt water intrusion Condition
Direct measurement.

Groundwater modeling.

Evaluate the influence of climate 

change and potentential withdrawal 

scenarios on the location of the 

salt/freshwater interface. 


