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C1 Continuous Monitoring: Past, Present, and 
Future
8:30 am – 10:00 am | Rooms 13–14

How 20th Century Technology Innovations Shaped 
the Development and Delivery of Real-Time Water 
Quality Data

Donna Myers
US Geological Survey, Reston, Virginia

Abstract
Today’s real-time water-quality monitoring systems were made possible 
by technology innovations in the 20th century. The instrument revolution 
in chemistry, the development of telecommunication systems, electronics, 
analog and digital computers, earth observing satellites, and the internet were 
antecedent innovations to the development of 21st century monitoring and 
data delivery systems. In situ water quality sensors evolved from instruments 
and wet chemical methods used in water analysis laboratories. The laboratory 
pH meter was introduced in 1934, the Wheatstone bridge for specific 
conductance in 1935, the continuous measurement turbidity meter in 1957, and 
a spectrophotometer for colorimetric water analysis in 1954. The first dissolved 
oxygen electrode and water thermistor became commercially available by 1965 
to inform water pollution studies. Field meters measuring water temperature, 
dissolved oxygen, pH, and specific conductance became widely available soon 
thereafter. The first robotic water quality network was established for the Ohio 
River in the 1960s by the Ohio River Valley Water Sanitation Commission 
as an early warning system for chemical spills. In 1968, portable fluorometers 
were introduced to detect dye concentrations for time of travel studies of river 
pollution, were adapted in 1972 to detect algal pigments in lakes, and in 1993 
and 2002 respectively, to detect dissolved organic matter and nitrate in the 
ocean. For the first time in 1967, a digital telemetry system was designed by 
the US Geological Survey (USGS) to transmit and deliver in situ sensor data 
from an Analog to Digital Recorder by wire radio, by microwave transmission, 
or by manual interrogation. In the 1980s, sensor data began to be transmitted 
over landlines. By 1991, Geostationary Operational Environmental Satellites 
continuously relayed sensor readings from Data Collection Platforms to 
Local Readout Ground Stations and from there to the USGS National Water 
Information System (NWIS) server. By 1999, real-time water-quality data 
were made available nationwide on NWISWeb within four hours of collection. 
Today, more than 2,500 USGS water-quality monitoring sites provide high 
temporal frequency data for management of drinking water, industrial uses, 
irrigation, energy production, recreation, and fisheries. These data also track 
attainment of water-quality goals and provide new insights into the hydrology 
of watersheds.

Facilitating Innovations in Environmental Monitoring 
Technologies

Beth Stauffer
University of Louisiana at Lafayette

Abstract
One of the greatest challenges facing water quality and environmental 
monitoring efforts is the availability of accurate, reliable, and affordable 
instrumentation that can provide high spatial and temporal resolution measures 
of critical parameters in real- or near real-time. To overcome this challenge, and 
ultimately to effectively and efficiently address various environmental concerns, 
there is a clear need for technology innovation enabling organizations and 
initiatives. The Alliance for Coastal Technologies (ACT, www.act-us.info) is 
one such organization, which is collaborating with several federal agencies and 
academic partners on the Nutrient Sensor Challenge (NSC, www.nutrients-
challenge.org), a global competition to bring innovation to the measurement 
of dissolved nitrogen and phosphorus in water. This presentation will discuss 
recent ACT efforts in transitioning emerging technologies to operational use 
rapidly and effectively and quantifying performance and data quality of existing 
instrumentation, while simultaneously building user awareness, confidence and 
capacity. The presentation will highlight how a market stimulation model is 
being used in the NSC to incentivize development of next-generation nutrient 
sensors. Finally, the presentation will introduce a series of National Water 
Quality Monitoring Conference roundtables designed to gather community 
insight and input on how to accelerate the development of technologies that 
meet broad user needs for rapid, in situ measurements of: (a) total nitrogen and 
total phosphorous, (b) E. coli and/or fecal indicator bacteria, (c) harmful algal 
bloom toxins, and (d) select heavy metals.

A Vision on Water Sensor Data Interoperability

Dwane Young
US Environmental Protection Agency, Washington, District of Columbia

Abstract
Sensors are getting more advanced and accurate, with increasing capability to 
measure new parameters. At the same time, efforts are under way to make some 
of these new sensors more accessible by reducing the cost. This combination 
puts us on the precipice of a proliferation of water sensors. This then raises the 
question: What do we do with all that data?

This presentation will outline the vision for how we can develop a national 
data sharing network for sensor data. This network would be integrated across 
federal, state, tribal, local, and academic data owners. The network would 
promote the use of common standards for data sharing, provide mechanisms 
for registering new sensors, define sensor metadata requirements, be integrated 
with sample data in the Water Quality Portal, and be integrated with the 
stream network (National Hydrography Dataset) to allow discovery and 
navigation of the data via the stream network.

At any given time, in any given watershed, multiple entities may be collecting 
data. One of the goals of the NWQMC is to enable the easy discovery and 
interoperability of all of that data that are being collected. Over the years, the 
focus of our data interoperability efforts have been on water quality samples, 
and ensuring the interoperability of USGS’s and EPA’s data systems. The 
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efforts of the NWQMC on the Water Quality Portal have revolutionized 
how data are shared, discovered, and utilized, and has opened up multiple new 
possibilities for how to use monitoring data. At the same time, the Consortium 
of Universities for the Advancement of Hydrologic Sciences Inc., has been 
steadily demonstrating viable, standards-based approaches for integrating 
data, with particular success in enabling the sharing of sensor data. USGS and 
NOAA have also made substantial strides in making their sensor data available 
via common and open standards. These existing approaches form the building 
blocks for this new vision.

C2 Advances in Harmful Algae Bloom Monitoring 
and Assessment Programs
8:30 am – 10:00 am | Room 18

Understanding Cyanobacterial Ecological Strategies

Barry Rosen
US Geological Survey, Orlando, Florida

Abstract
Cyanobacteria have numerous physiological and morphological features that 
allow them to thrive and often out-compete other organisms. Planktonic 
species can regulate their buoyancy; maximizing photosynthesis by day and 
sinking into the lower, nutrient-enriched water column by night. Colony 
morphology creates drag and slows sinking, and may also reduce zooplankton 
grazing. Many species produce cyanotoxins, compounds that are harmful to 
domesticated animals, wildlife and humans if ingested or inhaled. There is an 
extreme diversity in the number of species producing any given toxin. Not all 
species are toxic, and a given taxonomic species can be very diverse in its toxin 
production. For example, Dolichospermum circinale (Syn. Anabaena circinalis) 
may be nontoxic or produce microcystins, anabaeno-peptins, anatoxins or 
the PSP toxins. This has important implications for the monitoring of water 
supplies based on the morphological identification of species. Cyanobacteria 
have an array of auxiliary “antenna” pigments that can capture various 
wavelengths of light as they migrate in the water column. Phosphorus is a key 
nutrient for cyanobacteria and blooms are often an indicator of eutrophication 
as a consequence of phosphorus availability. They have the ability to store 
phosphorus internally when it is abundant, termed luxuriant uptake, which 
can be used by cells when this nutrient is no longer available. In water bodies 
that have limited supplies of nitrogen, traditionally in the form of nitrate, 
nitrite, and urea, the nitrogen-fixing cyanobacteria can dominate. Nitrogen 
fixation is typically performed in a heterocyte, a specialized cell that contains 
a nitrogenase enzyme complex that is oxygen-sensitive. The heterocyte retains 
the photosystem I (PS I) that serves as the energy source for N-fixation, but 
not the PS II, oxygen-generating portion of the photosynthetic apparatus. 
The heterocyte also has a specialized cell wall that is impervious to ambient 
dissolved oxygen. Lastly, cyanobacteria are typically thermal-tolerant, thriving 
at temperatures above 30 °C where other organisms reach their thermal limits, 
which has implications for global warming.

Changes in Bacterial Communities and Microbial 
Functional Capabilities in Relation to Cyanobacterial 
Harmful Algal Bloom Formation and Toxin Production

Carrie Givens1, Joseph Duris1, Erin Stelzer2, Christopher Ecker2, James 
Larson3, Keith Loftin4, Peter Lenaker5 and Mary Anne Evans6

1US Geological Survey Michigan-Ohio Water Science Center, Lansing, 
Michigan; 2US Geological Survey Michigan-Ohio Water Science Center, 
Columbus, Ohio; 3US Geological Survey Upper Midwest Environmental 
Sciences Center, La Crosse, Wisconsin; 4US Geological Survey Kansas Water 
Science Center, Lawrence, Kansas; 5US Geological Survey Wisconsin Water 
Science Center, Middleton, Wisconsin; 6US Geological Survey Great Lakes 
Science Center, Ann Arbor, Michigan

Abstract
The occurrence of cyanobacterial harmful algal blooms (cHABs) in eutrophic 
freshwater systems continues be an ecological, economic, and human and 
environmental health problem in the Great Lakes region. In 2014 to support 
research efforts for the Great Lakes Restoration Initiative (GLRI), the US 
Geological Survey (USGS) began work in the Western Lake Erie Basin 
(WLEB) to characterize the spatio-temporal life cycle of HABs, their 
associated toxins, the genes responsible for cyanotoxin production, and HAB-
associated microbial communities in relation to bloom formation and toxin 
production. Next-generation 16S-metagenomic sequencing was used to assess 
the bacterial community in the sediment and water column of the WLEB. 
Metagenomic sequencing provides a focused analysis of both microbial and 
Cyanobacteria community succession in the water column prior to, during, 
and after algal blooms near beaches and drinking water intakes. Metagenomic 
analysis of the sediment microbial community suggests that Cyanobacteria 
may overwinter in the sediment and act as a source population for summer 
cHAB formation. Understanding how microbial populations change over 
time combined with concurrently-collected, water-quality data will help infer 
the parameters that influence changes in the bloom and identify potential 
triggers for cHABs. In 2015, this work was continued and expanded to include 
a shotgun-metagenomic sequencing approach to evaluate the functional 
capabilities of bacterial communities during bloom formation. Data were 
analyzed to determine whether there is a correlation between shifts in bacterial-
mediated processes and biotic and abiotic factors associated with cHABs 
including initiation of algal-toxin production. Understanding the structure 
and function of bacterial communities associated with cHABs is essential to 
understanding how biotic and abiotic factors impact bloom formation and 
toxin production.

HAB Impacts: A US Army Corps of Engineers 
Perspective

Tony Clyde1, Kathryn Tackley2, Erich Emery3, and Molly Reif4

1US Army Corps of Engineers, Tulsa District, Tulsa, Oklahoma; 2US Army 
Corps of Engineers, Portland District, Portland, Oregon; 3US Army Corps 
of Engineers, Great Lakes & Ohio River Division, Cincinnati, Ohio; 4US 
Army Corps of Engineers, Engineer Research and Development Center – 
Environmental Lab, Vicksburg, Mississippi

Abstract
The US Army Corps of Engineers (USACE) manages 420 freshwater 
multipurpose reservoirs in 43 states. The authorized multiple purposes of 
these reservoirs can include some or all of the following: flood control, 
navigation, hydropower, water supply, conservation, low flow regulation, 
water-quality control, fish and wildlife, and recreation. Since the mid-1990s 
USACE Districts have observed occasional and sporadic harmful algae blooms 
(HABs). In the early 2000s, USACE Districts in the contiguous United 
States began reporting an increasing frequency and intensity of HABs. Since 
2005, the duration, magnitude, and persistence of HABs at USACE-managed 
reservoirs are reported to be increasing in general, however there is a great 
deal of geographic variability in these trends. HABs at USACE-managed 
reservoirs have resulted in pet and animal deaths and impacted authorized 
project purposes. The USACE works closely with state agency partners and 
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other stakeholders to properly advise the at-risk public, however outreach 
continues to be challenging, given the diversity in how HABs are managed 
across the nation. The USACE is also actively supporting various research and 
technological developments, such as remote sensing, to enhance the ability to 
predict HABs and track blooms over large-scale areas. This presentation will 
focus on the impacts HABs have had on USACE projects, an overview of 
the evolution of public outreach, and our path forward for focusing on future 
monitoring efforts.

Microcystin and Harmful Algae Bloom Monitoring in 
Kansas City Urban Lakes

Laura Webb and Regina Klepikow
US Environmental Protection Agency Region 7, Kansas City, Kansas

Abstract
The water monitoring team at EPA Region 7 has been monitoring over 30 
urban lakes throughout the Kansas City Metropolitan area since 2010. The 
team samples the lakes three times during the recreational season (between 
Memorial Day and Labor Day). Parameters reported include total nitrogen, 
total phosphorus, E. coli, Chlorophyll a, and microcystins (MC), along with 
in situ parameters. The team added phycocyanin probes in the 2015 sampling 
season and has also added microscopic analysis to determine blue-green algae 
(BGA) species identification.

The results from six years of data show most urban lakes exceed regional 
benchmarks for nitrogen, phosphorus, and chlorophyll. Several detections of 
microcystins have been reported to state agencies and warnings have been 
posted for harmful algal blooms (HAB). During the final sampling event in 
2015, blooms were targeted for sampling and analysis and several different 
BGA species were identified microscopically. Microcystins concentrations and 
phycocyanin probe readings were higher in targeted bloom samples than in 
grab samples taken from historic sampling locations.

Additional monitoring techniques are being evaluated to move forward in 
HAB and MC detection. Development of tools to help regional partners in 
the Tribes with drinking water analysis is underway to respond to the health 
advisory limit of 0.3 µg/L.

C3 Nutrient Reduction Effectiveness in Florida
8:30 am – 10:00 am | Room 19

Twenty Years of Success: The Everglades Agricultural 
Area Nonpoint Source Program – Contributing to the 
Restoration of America’s Everglades Ecosystem

Ximena Pernett, Jodie Hansing and Thomas Davison
South Florida Water Management District, West Palm Beach, Florida

Abstract
As part of the restoration strategies to improve water quality in America’s 
Everglades, the South Florida Water Management District (District) 
implements a regulatory source control best management practice (BMP) 
program for controlling total phosphorus (TP) in runoff from the Everglades 
Agricultural Area (EAA) Basin prior to discharge to the Everglades. This 
presentation will describe how the program combines cost-effective, technology 
based remedies with prescribed deadlines for action, water quality monitoring, 
and performance metric methodologies to ensure compliance with mandated 
water quality goals.

The EAA Basin, the largest tributary to the Everglades, is a 470,000-acre 
basin located south of Lake Okeechobee within eastern Hendry and western 
Palm Beach counties. The basin is primarily agricultural and the land has been 
historically used for sugarcane and winter vegetables. The EAA is required to 

achieve 25% reduction of the annual TP load in runoff when compared to a 
defined pre-BMP period. To determine whether the EAA has met its goal, 
the District developed a two-part (Target/Limit) methodology that accounts 
for hydrologic variability, a very important factor when calculating TP loads, 
by using a regression model to estimate future TP loads and by incorporating 
statistical uncertainty.

To evaluate compliance with the reduction requirement, water quality (flow, TP 
concentration, and rainfall) monitoring is being conducted at the EAA basin 
level by the District and at the farm level by the permittees. The primary means 
to determine basin compliance is through the analysis of the water quality data 
collected at the basin-level. However, if the EAA is determined to be “not in 
compliance” at the basin level, the water quality data collected by the permittees 
are used as a secondary means of compliance. Also, the data collected at the 
farm level are used as a general indicator of individual BMP plan effectiveness.

Water quality data collected since the District’s BMP program inception 
in 1995 show that the EAA has consistently outperformed its reduction 
requirement. To date, the District’s BMP program is responsible for preventing 
3,000 metric tons of P from entering the Everglades at a cost to the District of 
less than $10/pound of P.

Improvements to the C-139 Basin Phosphorus Source 
Control Program Through the Enhancement of 
Water Quality Monitoring Data and Farm-Scale Best 
Management Practice (BMP) Implementation

Jodie Hansing, Ximena Pernett and Thomas Davison
South Florida Water Management District, West Palm Beach, Florida

Abstract
This presentation will describe the use and enhancement of the water quality 
monitoring data and interpretation in guiding decisions for improving the 
performance of the regulatory source control program in the C-139 Basin. The 
C-139 Basin (170,000 acres) located southwest of Lake Okeechobee consists 
primarily of pasture land, row crops, citrus, and sugarcane, and is the second 
largest tributary to the Everglades. The health of the Everglades relies on an 
Everglades Forever Act (EFA) mandated regulatory program, which requires 
BMP implementation and Total Phosphorus (TP) loads leaving the basin be 
maintained at or below a pre-BMP historic period conditions.

The C-139 Basin and its sub-basins are continuously monitored for runoff 
volume and TP concentration at 18 sites, and rainfall at 4 sites, to assess 
compliance and to ensure landowners are responsible for their proportional 
share of TP in runoff. It is also used to identify future opportunities to improve 
water quality by refining BMP implementation and on-farm operation 
practices, and is evaluated for trends, changes, and significance to specific 
events. This data is available through the South Florida Water Management 
District’s (District) Dbhydro database and is leveraged to landowners which 
has been of great use in declining budgets.

The C-139 Basin source control strategy began with a tiered approach by which 
BMP implementation requirements were increased as the result of compliance 
assessments indicating TP levels had increased in comparison to historic 
conditions. Concurrent with BMP implementation, the District conducted 
hydrologic and upstream water quality evaluations which yield the importance 
of comprehensive BMP Plans, consideration for hydrologic variability, and 
prioritization of strategies within hydrologic sub-basins. Comprehensive BMP 
plans include all defined categories of BMPs (nutrient management, water 
management, and sediment controls) for all land uses, and serve to control 
the different types of phosphorus species (particulate or dissolved), sources, 
and off-site transport mechanisms. Since comprehensive BMP plans have 
been adopted, the C-139 Basin has been in compliance with the mandated 
phosphorus load limitations.
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Successful Water Quality Management in the Lake 
Okeechobee Watershed

Jeffrey Iudicello and Steffany Olson
South Florida Water Management District, West Palm Beach, Florida

Abstract
This presentation will highlight water quality management programs and 
projects developed by the South Florida Water Management District (District) 
in the Lake Okeechobee Watershed, with special focus on the S-191 Basin. 
The programs and projects were implemented by the District and other 
coordinating agencies and local stakeholders, such as ranchers and dairymen, to 
successfully achieve a major reduction in Total Phosphorus (TP) loading from 
the basin to Lake Okeechobee in South Florida. The S-191 Basin (119,400 
acres) lies on the northeast side of Lake Okeechobee and the land use in the 
basin is predominantly agricultural.

Although the S-191 Basin makes up less than 6% of the Lake Okeechobee 
watershed (LOW) area, roughly 24% of the TP input load to the lake from 
the period 1973–1987 originated from the basin, which was a far greater 
percentage than any other basin in the LOW. As water-quality conditions in 
Lake Okeechobee declined over time, the S-191 Basin became the focus of 
numerous projects and programs to improve the water quality leaving the basin. 
Subsequently, the basin experienced a decreasing trend in annual TP load: 
the most recent 5-year average load of 51.3 metric tons (mt) from 2011–2015 
represents a 68% reduction from the original 5-year average load of 161.7 mt 
from 1977–1981. This long-term reduction in runoff TP load in the basin, 
much of which can be attributed to the water-quality projects and programs, is 
truly a success story.

The presentation will further discuss several of the factors that led to the 
successful reduction in TP loads, such as accounting for hydrologic variability 
in multi-year comparisons of data, water-quality sampling programs at 
several sites throughout the basin to highlight areas of concern, interagency 
coordination of programs between state and local agencies in South Florida, 
and the positive effects resulting from the construction of large wetlands for 
water-quality treatment.

Evaluating Drawdown Effects on Nutrient Removal 
Efficiencies in a Treatment Wetland: Lake Apopka 
Marsh Flow-Way, Florida, USA

Margaret Guyette, Victoria Hoge, Jodi Slater, Paul Ek, James Peterson and 
Dean Dobberfuhl
St. Johns River Water Management District, Palatka, Florida

Abstract
The Marsh Flow-Way is a large-scale constructed treatment wetland designed 
to remove nutrients from Lake Apopka, Florida, which became hypereutrophic 
primarily through phosphorus loading from agriculture. Operational since 
November 2003, the four treatment cells cover an area of 276 hectares and treat 
approximately one-third the volume of Lake Apopka annually. Individual cells 
are shut down and drained for maintenance (e.g., mowing, clearing ditches, 
blocking short-circuits) periodically. Nutrient removal efficiencies can be low 
following these drawdown periods because dry conditions in the cells can cause 
oxidation of sediments, resulting in nutrient release upon reflooding. Two of 
the Marsh Flow-Way cells were shut down in April 2014 and remained dry or 
inundated only by rainfall for over 12 months. To mitigate the potential spike 
of nutrients released upon reflooding, we refilled the cells in early August 2015 
and retained water in the cells to allow for resettling and uptake of released 
nutrients. We monitored water quality weekly within the reflooded cells prior 
to water release and we deployed continuous sensors and autosamplers to assess 
daily water quality after the outflow structures were reopened in the fall of 
2015. We detected very high soluble reactive phosphorus (SRP) concentrations 
within the wetland cells in the first month after reflooding (0.93 ± 0.63 
mg/L, mean ± SD) that began to decline in the fifth week after reflooding 
(0.57 ± 0.35 mg/L). The dissolved fraction made up approximately 75% of 

total phosphorus (TP) within the wetland cells during reflooding, while the 
dissolved fraction typically makes up < 10% of TP during normal operation. 
To ensure that the cells would have positive nutrient removal efficiencies, we 
waited until nutrient concentrations fell below SRP, TP, and SRP:TP ratio 
thresholds before reopening outflow structures. The results from this study have 
helped inform our regular operation and maintenance schedule as we work to 
maintain or increase the efficiency of the Marsh Flow-Way.

C4 Integration of Remote Sensing into Water 
Quality Monitoring and Applications, Part 1
8:30 am – 10:00 am | Room 20

Radar Remote Sensing for Identifying and 
Characterizing Oil Spills in Coastal and Open Waters

Cathleen Jones
Jet Propulsion Laboratory, Pasadena, California

Abstract
Radar remote sensing is an important asset for oil spill monitoring and 
response because of its capability to image the surface through clouds, day or 
night, at any latitude and in any season. Similarly to oil spills, other types of 
pollution can also form slicks on the water surface. Although it has been known 
for many decades that radar can detect either mineral or biogenic slicks on 
the surface in open water through the damping effect that the oil has on the 
small-scale capillary waves, it has only relatively recently been shown that radar 
can detect oil in the smaller coastal waterways, and differentiate different oil 
thckness or volume to direct response operations to the most environmentally 
destructive, and simulataneously most easily mechanically recoverable, areas 
of oil. Here we describe studies done with a high resolution NASA airborne 
synthetic aperture radar (SAR), the UAVSAR instrument, to illustrate the 
radar remote sensing capabilities for identifying, tracking, and characterizing 
slicks in inland and coastal waterways, along shorelines, and in the open water. 
Much of the work was done during the Deepwater Horizon oil spill in 2010, 
when vast amounts of oil were released into the Gulf of Mexico, and some of 
that transported into the inland waters along the Louisiana coast.

NASA Applied Sciences Program: Water Resources 
– The Role of Remote Sensing Applied Research in 
Improving Water-Related Information Products and 
Supporting Water Resources Management

Christine Lee
AAAS / NASA, Washington, District of Columbia

Abstract
The NASA Applied Sciences Program Water Resources Application Area 
(WR) works to bridge water cycle information derived from NASA remote 
sensing assets and expertise with the water resources management community. 
This presentation will provide an overview of supported activities, highlighting 
a few key examples in the arena of water quality monitoring. Other areas 
of focus include drought, agriculture, water supply forecasting, and climate 
impacts on water both in the US and internationally.
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Using Satellite Observations of Watersheds to 
Enhance Source Water Quality Monitoring

William ( Josh) Weiss1, Benjamen Stanford1, Amita Mehta2, Monte 
McDonald3 and Christine Lee4

1Hazen and Sawyer, Baltimore, Maryland; 2University of Maryland Baltimore 
County, Baltimore, Maryland; 3Riverside Technology, Inc., Fort Collins, 
Colorado; 4National Aeronautics and Space Administration, Pasadena, 
California

Abstract
Water utility managers face the difficult daily task of safeguarding the public 
health and complying with water quality regulations while minimizing costs 
and environmental impacts. Add to that continued water quality degradation 
from human activities, and it is clear that a utility manager’s understanding 
of water quality must increasingly look beyond treatment plant intakes to the 
broader watershed, wherein physical, chemical, and biological processes are 
actively creating, transforming, and mobilizing potential contaminants.

While it is well-established that terrestrial conditions within the watershed 
influence surface water quality, most utilities are not able to monitor watershed 
sources of contamination with great temporal or spatial detail. Satellite remote 
sensing data can provide a snapshot of an entire watershed at regular intervals, 
helping utility analysts characterize watershed conditions and identify trends 
that could signal changes in water quality. Direct remote sensing observations 
of water bodies have been used previously to track water quality, most 
commonly the development and transport of algal blooms. However, there 
has been little evaluation of remote sensing observations across a watershed as 
predictors of source water quality events. Initial analyses for two geographically 
dissimilar water supply watersheds indicate that the detailed watershed 
characteristics described by remote sensing data are able to capture subtle 
variations in the formation and mobilization of nutrients and natural organic 
matter.

Based on these initial findings, our team has received funding from the 
National Atmospheric and Space Administration (NASA) to develop and 
test a Remote Sensing-Water Quality Decision Support System (DSS) that 
gives water utilities ready access to NASA’s satellite remote sensing data, 
filtered for watersheds of interest, for utility staff to analyze and summarize 
for use by decision-makers. The DSS will provide users with statistical analysis 
tools to help them identify correlations among remote sensing data sets and 
the utilities’ own in situ monitoring data. This paper gives an overview of the 
project, including initial results of statistical analyses for three water utility case 
studies. We will describe how these data could be used to fill gaps between in 
situ observations and provide predictive capability for source water quality to 
support proactive management actions.

Advances in the Development of a Statewide Aquatic 
Remote Sensing Program for Wisconsin

Steven Greb and Daniela Gurlin
Wisconsin Department of Natural Resources, Madison,Wisconsin

Abstract
Monitoring water quality is an integral part of water resource management. 
It will insure sustainable use of our aquatic resources and track short and 
long-term changes resulting from anthropogenic influences such as shoreline 
development, eutrophication, and climate change. Declines in monitoring 
budgets have led to increased efforts in the development of new cost 
efficient technologies for the assessment of ecosystem health, evaluation of 
environmental problems, and determination of the success of management 
actions. The incorporation of remote sensing technology into monitoring 
designs provides a cost efficient complementary approach for a more 
comprehensive assessment of our aquatic resources. The aquatic remote sensing 
activities at the Wisconsin Department of Natural Resources (WDNR) to 
advance the development of a statewide aquatic remote sensing program 
include the adaptation of image processing protocols for the retrieval of water 
clarity to new satellite sensors and technological advancements in GIS and 

remote sensing software packages, the systematic processing of satellite data 
for the retrieval of water clarity, the development of new interactive ways 
to present the satellite water clarity data for public use, and the optical and 
biogeochemical characterization of lakes for the development of models for the 
retrieval of the concentration of algal pigments, suspended solids, and colored 
dissolved organic matter (CDOM) for current and future satellite sensors. 
These activities are supported through volunteer monitoring data for algorithm 
calibration and validation. Insights are provided in the different aspects of 
the remote sensing activities at the WDNR and the integration of volunteer 
monitoring and remote sensing for water quality monitoring in Wisconsin.

C5 Ecological Endpoints and Modeling in Great 
Lakes Monitoring
8:30 am – 10:00 am | Room 21

Improvement in Estimated Nutrient and Sediment 
Loading to the Great Lakes Using Continuous 
Surrogate Regression Techniques

Dale Robertson1, Laura Hubbard1, David Lorenz2 and Laura DeCicco3

1US Geological Survey, Wisconsin Water Science Center, Middleton, 
Wisconsin; 2US Geological Survey, Minnesota Water Science Center, Mounds 
View, Minnesota; 3US Geological Survey, Center for Integrated Data Analytics, 
Middleton, Wisconsin

Abstract
The Great Lakes receive highly variable nutrient and sediment inputs from 
many tributaries draining areas with a wide range in land cover (e.g., forests, 
intense agriculture, and large urban centers) and watershed characteristics. 
These inputs (loading) have caused eutrophication to various degrees and scales, 
ranging from small bays to wide-scale eutrophication in much of Lake Erie, 
and excessive sediment deposition in many river mouths. Various statistical 
techniques have been used to quantify the loading of specific constituents 
(such as total phosphorus) in selected tributaries using continuously measured 
streamflow and typically very limited measurements of the specific constituent. 
To improve the load estimates without collecting extensive water-quality 
constituent data in each tributary, a new load estimation technique was 
developed that extends the traditional load estimation models to include 
water-quality parameters (surrogates) that can be continuously measured 
(such as turbidity, water temperature, specific conductance, pH, and dissolved 
oxygen) and included as potential explanatory variables in the regressions. This 
surrogate regression approach was used to estimate nutrient and sediment 
loading from 30 tributaries sampled as part of the Great Lakes Restoration 
Initiative. For each nutrient and sediment constituent, surrogate regression 
models with the same explanatory variables (from all possible variables) for 
all of the sites were chosen based on the “best” statistical model for most of 
the sites around the Great Lakes. Continuous loads (5–15 minute estimates) 
and 95% confidence intervals for each constituent were calculated using the 
US Geological Survey LOADEST program, which was modified to simulate 
sub-daily loads and include continuous surrogate variables. The loads estimated 
with surrogate regressions were then compared with loads estimated using the 
traditional regression techniques (i.e., not including surrogates as explanatory 
variables). Based on reductions in residual variance and improved model fit, the 
new surrogate regression approach improved load estimates for all constituents; 
however, the largest improvements were found for constituents related to 
particulates in the water column, such as total phosphorus and suspended 
sediment. This new approach provides improved long-term load estimation, and 
provides continuous estimates of short-term, sub-daily changes in nutrient and 
sediment loading occurring in the rivers.
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Relating Variation in Ecosystem Properties to 
Cyanobacterial Abundance Using a Common 
Consumer Approach

Mary Anne Evans1, James H. Larson2, Joseph Duris3, William B. 
Richardson2, Jeff Schaeffer1, Jon Vallazza2, Michelle Bartsch2, Lynn 
Bartsch2, J.C. Nelson2, Timothy Wynne4, Carrie Givens3, Erin Stelzer5, 
Chris Ecker5, Keith Loftin6 and Peter Lenaker7

1US Geological Survey Great Lakes Science Center, Ann Arbor, Michigan; 
2US Geological Survey Upper Midwest Environmental Sciences Center, La 
Crosse, Wisconsin; 3US Geological Survey Michigan Water Science Center, 
Lansing, Michigan; 4NOAA Center for Coastal Monitoring and Assessment, 
Silver Spring, Maryland; 5US Geological Survey Ohio Water Science Center, 
Columbus, Ohio; 6US Geological Survey Kansas Water Science Center, 
Lawrence, Kansas; 7US Geological Survey Wisconsin Water Science Center, 
Middleton, Wisconsin

Abstract
Eutrophication in Lake Erie has become an increasing concern in recent years. 
Eutrophication is particularly acute in the shallow western basin of Lake Erie. 
Hydrodynamics in the western basin are driven by mixing between the Detroit 
River (with low nutrient concentrations, but high discharge) and the Maumee 
River (high nutrient concentrations, but much lower discharge). In this study, 
we investigated the causes of cyanobacterial abundance variation within the 
western basin and whether this variation influences secondary production and 
resource quality for consumers. We assessed spatial and temporal variability 
in physical, chemical, and biological controls on cyanobacterial abundance 
at 6 stations spanning a nutrient gradient between the two dominant rivers. 
Strong gradients in phytoplankton community composition were observed 
across the nutrient concentration gradient with high temporal variability. 
Bloom conditions generally followed mixing events, which suggests benthic 
seeding of either cyanobacteria cells or nutrients. We measured spatial variation 
in secondary production and food quality by deploying a common consumer 
(Lampsilis siliquoidea) across a yet wider set of environmental gradients in 
the western basin. After a summer of exposure to field conditions, mussels 
were retrieved and their growth (as an index of secondary production) and 
fatty acid (FA) content (an index of food quality) were measured. Indices of 
secondary production and FA content suggest during the summer of consumer 
exposure the Maumee rivermouth was highly productive with high-quality 
food resources. The cyanobacterial index (derived from satellite images) was 
positively correlated to eicosapentaenoic acid (EPA) and docosapentaenoic acid 
(DPA) content in the mussels, which suggests these important FAs occurred 
in locations with more cyanobacteria. However, the cyanobacterial index was 
not related to secondary production. These indices of ecosystem process suggest 
secondary production in the western basin of Lake Erie is focused on the 
Maumee rivermouth despite high concentrations of cyanobacteria in that area.

Impacts of Lake Erie Harmful Algal Blooms on the 
Abundance and Growth of Larval Fishes and Their 
Prey Resources

Tomena K. Scholze1, William W. Taylor1, Edward F. Roseman2 and Nathan 
Williams2

1Michigan State University, East Lansing, Michigan; 2US Geological Survey 
Great Lakes Science Center, Ann Arbor, Michigan

Abstract
In Lake Erie, the recruitment of numerous fish species is likely to be affected 
by recent increases in the size and frequency of cyanobacterial (Microcystis 
aeruginosa) blooms. However, few studies have characterized the effect 
of these harmful algal blooms on aquatic biotic communities in a trophic 
cascade framework: a paradigm which links trophic levels through food web 
interactions. Microcystis blooms can initiate a trophic cascade by altering 
algal community species and size composition, which in turn limits suitable-
sized food particles available for zooplankton, causing a shift in zooplankton 

community structure. This change in the size and species composition of 
zooplankton has a direct impact on the prey resources available to larval fish 
during critical life stages, affecting their size, growth, survival and recruitment.

To characterize the effects of Microcystis blooms on aquatic food webs, we 
conducted weekly sampling at 14 sites located throughout the western basin 
of Lake Erie from June through August 2015. We collected larval fish using 
surface tows of a paired bongo net with 500 µm mesh, and concurrently 
collected zooplankton and Microcystis samples with duplicate vertical tows of 
a 112 µm mesh plankton net. We calculated the relative population abundance 
and daily average growth rates of select larval fishes that are important 
components of the Lake Erie food web dynamics: Notropis, Morone, clupeid, 
and percid species. In addition we calculated Microcystis density and evaluated 
zooplankton density and size distribution to ascertain if the development and 
persistence of Microcystis blooms altered the zooplankton community and thus 
the trophic dynamics of Lake Erie fisheries.

Initial analysis indicates a change in zooplankton size and community 
composition during Microcystis blooms. These changes are predicted to have 
a direct impact on the ability of larval prey fishes to obtain necessary food 
resources during the critical period, resulting in a decrease in the abundance of 
prey fishes for walleye (Sander vitreus) and other piscivores. Fishery managers 
need to factor into their management plans the impacts that large, increasingly 
frequent harmful algal bloom events will have on Lake Erie trophic dynamics 
and fishery ecosystem productivity.

From Monitoring to Modeling: Assessing Best 
Management Practices at Subbasin and Field Scales 
Using the SWAT and APEX Models

Katherine Merriman-Hoehne1, Amy Russell1, Prasad Daggupati2, Raghavan 
Srinivasan2, Garek Holly3, Paul Baumgart3, Kevin Ferm3 and Matt 
Komiskey4

1US Geological Survey, Urbana, Illinois; 2Texas A&M University, College 
Station, Texas; 3University of Wisconsin – Green Bay, Green Bay, Wisconsin; 
4US Geological Survey, Middleton, Wisconsin

Abstract
Phosphorus runoff from agricultural lands is considered a major factor 
influencing algal growth in the Great Lakes. As part of the Great Lakes 
Restoration Initiative (GLRI) effort, the US Environmental Protection Agency 
(EPA) and the US Department of Agriculture-Natural Resources Conservation 
Service (USDA-NRCS), is targeting Priority Watersheds (PWs) to reduce the 
amount of phosphorus (P) reaching the Great Lakes. Within the PWs, USDA-
NRCS identified small-scale subbasins with high percentage of agriculture for 
coordinated nutrient reduction efforts. The small-scale subbasins of interest 
are Eagle Creek subbasin, tributary to the Maumee River (Ohio); Upper East 
River subbasin, tributary to the Fox River (Wisconsin); and Alger Creek 
subbasin, tributary to the Saginaw River (Michigan). While USDA- NRCS 
has funded best management practices (BMPs) throughout the Great Lakes 
Basin for many years, these subbasins have received additional GLRI funding 
through USDA-NRCS to implement or install BMPs since in 2011. USGS 
initiated Soil and Water Assessment Tool (SWAT) modeling in these small-
scale subbasins to determine the impact to P runoff of GLRI and non-GLRI 
funded BMPs in the subbasins. Models were constructed with site-specific 
BMP data for each PW from 2005 to 2014, including GIS coordinates and 
acreages, from the USDA-NRCS National Conservation Planning Database 
(NCPD). Agricultural management data, including scheduling of planting and 
tillage operations and quantity of fertilizer, for each model was obtained from 
the county USDA-NRCS office for each subbasin. Models were calibrated for 
hydrology, sediment and P to the monitoring data from the subbasin and EOF 
gages. Nutrient reductions attributable to applied and planned BMPs across 
the small-scale subbasins were calculated. Many fields had multiple BMPs 
applied during the simulation period and therefore it is difficult to distinguish 
the individual effect. Because of this, APEX modeling in the Upper East River 
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subbasin in Wisconsin will focus on individual BMPs effectiveness at the EOF 
gages. Results from both SWAT and APEX will be used to assess the water 
quality impact from BMP implementation.

C6 Recovery and Use of Historic Water Quality 
Data
8:30 am – 10:00 am | Room 22

Sustainable Scientific Data Access and Management at 
the Library of Congress

Fenella France
Library of Congress, Washington, District of Columbia

Abstract
A current challenge in the scientific and cultural heritage realm is the storage 
of and access to the increasing volume of digital datasets, critical for advancing 
knowledge. The data are often rendered in diverse formats – both analog 
and digital – that need to be linked and associated. Sharing and managing 
historic and significant scientific datasets for effective mining requires 
structured and standardized metadata to ensure provenance and accuracy of 
data. The establishment of standardized digital protocols for storing, accessing 
and sustaining scientific and cultural heritage data is critical to ensuring 
interoperability between heritage institutions. The Preservation Research 
and Testing Division of the Library of Congress has moved forward with an 
initiative to standardize and make accessible scientific data, including related 
metadata files and non-proprietary file formats. The focus of this initiative 
is to integrate scientific data from international libraries, archives, museums 
and other heritage institutions. The initiative supports open exchange of 
standardized scientific data, and utilization of open technologies and data 
standards to ensure broad access and sustainability, through non-proprietary file 
standards, the establishment of standards and protocols for rigor in scientific 
practice and data collection, and a flexible database model. Advances in 
technology and digital access have improved utilization of scientific datasets. 
The expanding volume of data and the need for effective interpretation of 
this data is a major challenge for data analytics, and critical to the future 
success of a sustainable structured approach for data access. The need for 
multidisciplinary research is critical in the field of cultural heritage; where the 
integration of scientists, curators, conservators, information technology and 
data management specialists, is necessary to ensure accurate interpretation of 
collected data. In addition, the utilization of new technologies such as spectral 
imaging has evolved as an important tool for accessing previously inaccessible 
and obscured content information such as analog chart recorders and fugitive 
inks. This initiative parallels that of colleagues in the USGS rescuing and 
recovering water and water quality data, and the Library’s developments 
and standardization of protocols for archiving information can be effectively 
utilized for preservation of a range of analog and digital scientific data.

USGS Laboratory Data Rescue Project: Rescuing the 
Irreplaceable

Robert Baskin, Donna Myers, Robert Swanson, Melanie Clark, and Edward 
Stets
US Geological Survey, Reston, Virginia

Abstract
During the period 1918–73, the former Water Resources Division of the 
USGS operated 22 district-based water-quality laboratories located throughout 
the US with a total annual analytical production averaging from about 480 
“complete analyses” during 1919–28, to about 50,000 in 1970. Unfortunately, 
many of the early 20th century analytical results were archived as hand-written 
paper records that are susceptible to deterioration and loss. Searching for 
non-electronic laboratory records ranges from a hindrance to a barrier in the 

use of these data. If recovered and stored electronically, these laboratory records 
could greatly improve our ability to establish a robust baseline of the chemical, 
physical, fluvial sediment, and biological conditions of US waters to address 
many contemporary water-quality issues related to changes in climate, land use, 
and energy development.

More than 30,000 paper records of laboratory analyses have already been 
located, and preliminary responses from a data inventory request have already 
identified tens of thousands of records stored in other Water Resources offices. 
Many of those old analyses have not been published in the National Water 
Information System (NWIS) or in a USGS report, and are not available except 
to the few who know of their existence. To prevent the eventual loss of these 
irreplaceable records, the USGS “Laboratory Data Rescue Project” has defined 
a methodology to locate and digitally preserve the original water-quality 
analyses, examine the quality of the results, and reconnect the analyses with 
available metadata. Many of the water-quality records located in Utah and 
Nebraska have already been scanned for use in the development and testing 
of a web-based transcription service. This service will provide a user-friendly 
interface for transcribing scanned laboratory analysis results directly into an 
electronic database. The web-based transcription interface is in development 
and a beta version should be available for demonstration during the conference. 
Although developed for the USGS, the methodology and transcription 
interface could be used or modified to provide a similar service for other 
agencies needing to publish historic water-quality information currently stored 
in a non-digital format.

Metadata Recovery as an Important Step in Trusting 
and Using Water Quality Data

Ariel Reed1, Edward Stets (1) and Donna Myers2

1US Geological Survey, Boulder, Colorado; 2US Geological Survey, Reston, 
Virginia

Abstract
Identifying, recovering, and using older water quality data is increasingly 
important for documenting historical water quality and assessing the influence 
of anthropogenic pressures on the natural world and particularly its freshwater 
resources. The US Geological Survey (USGS) has had extensive water 
quality monitoring networks in place since the first half of the 20th century. 
The vast majority of these older data are published in reports or available in 
digital databases. However, some of the data remain undocumented in paper 
laboratory records and therefore are missing important metadata, such as 
laboratory methods and detection limits. The quality and interpretability of 
recovered data often remains in question due to the lack of important metadata 
such as laboratory methods and detection limits. As part of the USGS 
Data Rescue and Recovery Project, a novel approach was used to retrieve 
important metadata for older, unpublished data. Information about equipment, 
methodologies used, and the timing of equipment or methodological upgrades 
was published in government accounts of water quality laboratories. Often, 
information recorded on original hand-written laboratory sheets also contains 
valuable metadata about sample analyses. Merging this kind of metadata with 
the analytical results improves the utility and reliability of recovered data. 
Trial applications of this approach have been used for several historical water 
quality laboratories. Digital lookup tables linking water quality results to the 
appropriate metadata were created to facilitate this approach for a large number 
of samples. If the approach proves successful, a broader application may also 
help provide greater more detailed about metadata for older published data in 
USGS’s National Water Information System and other digital databases.
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Historical Water-Quality Data from the Harlem River, 
New York

Shawn Fisher
US Geological Survey, Coram, New York

Abstract
Data specific to the Harlem River, New York, have been summarized and 
presented in this report to illustrate improvements in the quality of water 
for the past 65 years and emphasize the importance of a continuous water-
quality record for establishing trends in environmental conditions. Although 
there is a paucity of sediment-quality data, the New York City Department 
of Environmental Protection (NYCDEP) Bureau of Wastewater Treatment 
has maintained a water-quality monitoring network in the Harlem River 
(and throughout the harbor of New York City) to which 61 combined sewer 
outfalls discharge. Water-quality data collected by the NYCDEP dating 
back to 1945 was evaluated to indicate trends in water quality and reveal a 
marked improvement following the 1972 passage of the Clean Water Act. 
These improvements were evident by the steady increase in median dissolved 
oxygen concentrations and an overall decrease in fecal indicator bacteria 
concentrations starting in the late 1970s. Further, the magnitude of the 
highest fecal indicator bacteria concentrations (that is, the 90-percentile) in 
samples collected from the Harlem River have decreased significantly over 
the past four decades. Other parameters of water quality used to gauge the 
health of a waterbody include total suspended solids and nutrient (inorganic 
forms of nitrogen and phosphorus) concentrations–mean concentrations for 
these indicators have also decreased in the past decades. The limited sediment 
data available for the Harlem River indicates concentrations of copper, zinc, 
and lead are above sediment-quality thresholds set by the New York State 
Department of Environmental Conservation. However, more data are needed 
to better understand the changes in both sediment and water quality in the 
Harlem River, both as the tide cycles and during precipitation events. As a 
partner in the Urban Waters Federal Partnership, the US Geological Survey 
has worked to address the chronic water-quality concerns of the Harlem River 
by compiling relevant data and studies, which is an important component for 
understanding and rectifying water-quality problems within a watershed.

C7 Monitoring Reefs and Other Sensitive Coastal 
Areas
8:30 am – 10:00 am | Room 23

Water Quality Monitoring of Texas Offshore Artificial 
Reefs

Michael Lee and Lee Bodkin
US Geological Survey, Shenandoah, Texas

Abstract
Artificial reefs are man-made structures that provide a habitat for marine 
organisms and abundant ecosystem services. In reef ecosystems, many 
organisms tolerate small ranges of physical water properties and any significant 
change in water quality could affect their survival. Therefore, understanding 
how these artificial reefs respond to environmental changes due to natural and 
anthropogenic causes is essential for management.

The US Geological Survey (USGS) and the Texas Parks and Wildlife 
Department (TPWD) are collaboratively monitoring artificial reefs located in 
the Gulf of Mexico in order to understand the productivity of these ecosystems, 
their response to environmental changes, as well as the general health of 
naturally occurring Texas reefs. To accomplish this, protocols developed by 
TPWD are used for biological monitoring, while the USGS collects physical 
and water quality data to provide additional context to the dataset.

The selected artificial reef sites are located nearby national marine sanctuaries 
to facilitate comparison to natural reefs, but also provide enough spatial 
variability for comparison purposes. Additionally, the sites differ in artificial reef 
foundation providing an opportunity to evaluate variability in reefing structure.

Physical water quality parameter profiles are collected at each artificial reef 
site visited to: (1) document variability of water quality between sites, (2)
characterize the environmental conditions at the artificial reefs, and (3)monitor 
the reefs for potential impacts from anthropogenic stresses. Monitors have 
also been deployed at selected locations between trips to obtain a continuous 
record of physical water quality parameters. Water quality samples for nutrients, 
chlorophyll a, Pheophytin a, and a variety of metals are also collected by USGS 
divers at the top of each artificial reef structure.

Collecting long-term monitoring data with targeted sampling for constituents 
of concern at artificial reefs may provide a foundation to determine their 
current status and establish trends that can be used for future management. 
A record of hydrographic variables could be used to explain and understand 
potential community structure changes as determined by biological monitoring 
protocols and provide information on optimal environmental conditions for 
locations of future artificial reef locations.

Techniques, methods and preliminary results of these water quality monitoring 
efforts will be discussed.

Effects of Nutrient Input on Phytoplankton 
Productivity and Community Structure in the Grand 
Bay Estuary in Mississippi

Gary Baine and Jane Caffrey
University of West Florida Center for Environmental Diagnostics and 
Bioremediation, Pensacola, Florida

Abstract
The estuarine system at Grand Bay National Estuarine Research Reserve in 
Mississippi is a near pristine wetland home to a diversity of flora and fauna. 
While seasonal fluctuations in water quality are well understood, less is known 
about the coupled dynamics of water quality and phytoplankton production. 
Light availability and nutrient levels are key factors regulating phytoplankton. 
Previous studies have revealed Grand Bay to primarily be limited by nitrogen 
rather than phosphorus or light. Since then extended phosphate inputs 
from the neighboring Mississippi Phosphates fertilizer plant have occurred 
provoking the question: will the phosphate inputs affect the growth and 
structure of the phytoplankton communities? This study is investigating the 
effects of inputs of an array of nutrients (ammonium, nitrate, silicon, and 
phosphate) on phytoplankton growth, community structure, and production 
over an annual cycle. Phytoplankton production is being monitored by 
accumulation of biomass (chlorophyll a concentration) and C14 incorporation. 
We are also evaluating changes in the phytoplankton community composition 
using Flowcam imaging over the course of the incubation. Currently the 
summer months have shown nitrogen limitation as previously observed, with 
little difference between nitrate and ammonium additions. Flowcam images 
have revealed increases in ciliate abundance in all treatments. C14 experiments 
show significant decreases in efficiency for all treatments compared to the 
initial condition, however there is no significant variation among treatments. 
The results of this study will provide a strong foundation in understanding the 
nature of phytoplankton response to various nutrient inputs in Grand Bay.
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A Coastal Water Quality and Benthic Habitat 
Assessment Program in Miami-Dade and Broward 
Counties, Florida

S. Jack Stamates1, Thomas P. Carsey1, Charles M. Featherstone1, Maribeth 
L. Gidley2, Christopher D. Sinigalliano1, Ian C. Enochs2 and Paul R. Jones2

1Atlantic Oceanographic and Meteorological Laboratory; National Oceanic 
and Atmospheric Administration, Miami, Florida; 2Cooperative Institute 
for Marine and Atmospheric Studies;Rosenstiel School for Marine and 
Atmospheric Sciencies; University of Miami, Miami, Florida

Abstract
A coastal water quality monitoring program was implemented (September 
2013–September 2015) In Miami-Dade and Broward county (Florida) coastal 
waters to measure the concentrations of key nutrients along with chlorophyll 
concentrations, microbial concentrations and physical oceanographic 
parameters. Seawater samples were taken bi-monthly at three depths, at 
selected locations along the coast of Miami-Dade and Broward counties. 
Sample locations were chosen to target important reefs and known point 
sources of land based pollutants (wastewater outfalls and coastal inlets). 
Concurrent with the shipborne sampling program, quarterly benthic habitat 
and coral health surveys were conducted at the reef locations. Acoustic Doppler 
current profiles were deployed at fixed positions to monitor the current regime 
in those areas. The project was designed to support the Florida Department of 
Environmental Protection’s Numeric Nutrient Criteria Development program.

Monitoring the Response of Water Quality and 
Nekton in the Tidal Portion of the Brazos River, Texas 
to Varying Freshwater Inflow

George Guillen, Jenny Oakley, Mandi Moss and Stephen Curtis
Environmental Institute of Houston – UHCL, Houston, Texas

Abstract
The majority of Texas Rivers discharge into coastal bays and estuaries adjacent 
to the Gulf of Mexico. However, the Brazos River discharges directly into the 
Gulf of Mexico and get be best classified as a deltaic estuary. Due to the rarity 
of this geomorphologic type of estuary, very little data has been collected on the 
influence of varying freshwater inflow on the lateral and vertical distribution of 
water quality indicators and aquatic biota. Since the lower Brazos River lacks a 
coastal bay it is unique among Texas estuaries. Future planned development and 
water use within the watershed, along with predicted sea level rise, will most 
likely lead to reduced freshwater inflow, reduced sediment and nutrient loading, 
higher salinity, more stratification and possibly higher frequencies of bottom 
hypoxia. The objectives of our study were to 1) characterize the freshwater 
inflow regime and 2) assess the influence of hydrology on water quality and 
nekton of the lower Brazos River. During November 2014 to March 2015 we 
collected data on the hydrology, water quality and nekton of the lower river. 
This information was combined with and compared to historical previously 
published data collected during January to December 2012 and during 
February 1973 to January 1975. Distinct geographical and temporal patterns 
in salinity, dissolved oxygen, and nekton communities were observed during 
the study. Based on multivariate NMDS and regression models these patterns 
were primarily related to the timing, magnitude and duration of freshwater 
discharges, and the seasonality of immigrating immature estuarine nekton. 
The diversity and richness of nekton was generally highest at the downstream 
sites closest to the Gulf of Mexico where salinity and dissolved oxygen values 
were highest. All studies documented strong vertical and horizontal salinity 
gradients and bottom hypoxia during summer low flow periods when the 
halocline extended up to 42 km upstream. During these periods catches of 
nekton were low or absent in bottom trawls.

C8 Integrated Regional Collaborations
8:30 am – 10:00 am | Room 24

Designing a Coastal Restoration Monitoring Program 
for Citizen Scientists

Danielle Donkersloot1 and Angela Padeletti2

1Department of Environmental Protection, Trenton, New Jersey; 2Partnership 
for the Delaware Estuary, Wilmington, Delaware

Abstract
In the wake of Hurricane Sandy, the New Jersey Department of Environmental 
Protection (Department) received funding to support projects and planning 
efforts designed to reduce communities’ vulnerabilities including the growing 
risks of coastal storms, sea level rise, flooding, erosion and loss of coastal 
habitat. We are encouraging the use of green infrastructure such as installing 
Living Shorelines instead of grey infrastructure like bulkheads or sea walls. This 
approach uses plants, sand, and other natural materials for bank stabilization. 
The Department’s Office of Coastal Land Use Planning has begun working 
with academic and nonprofit entities to create a frame work for monitoring 
and assessment of these coastal restoration projects. There are countless projects 
like these being funded in the mid-Atlantic region and many are on a tight 
timeline for completion. Right now there are many organizations, lots of 
resources and much attention being given to these projects. Everyone involved 
knows it is important to coordinate and collaborate between projects but what 
will happen once the funding dries up? To make these efforts successful for 
the long haul, the Department is creating a Coastal Citizen Scientist Program. 
This program will help us to identify potential future restoration sites, as well 
as monitor the current restoration efforts beyond the grant timelines. The goal 
of this presentation is to share lessons learned on designing a coastal wetlands 
restoration monitoring program and standardizing sample efforts for all 
partners involved.

Development of an Integrated Watershed-Wide 
Monitoring Program for the San Gabriel River 
(California)

Karin Wisenbaker and Scott Johnson
Aquatic Bioassay & Consulting Laboratories, Ventura, California

Abstract
The San Gabriel (California) River Regional Monitoring Program (SGRRMP) 
was developed in 2004 to address inefficiencies and improve coordination 
between existing monitoring programs. Monitoring in the watershed had 
historically been conducted by numerous agencies focused on compliance 
monitoring. This single objective monitoring was not well coordinated, had 
limited spatial coverage, and poor data comparability and redundancies 
between monitoring programs. This led the Los Angeles Regional Water 
Quality Control Board to require development of a watershed-wide monitoring 
program.

The development of the monitoring design brought together watershed 
stakeholders including regulators, NPDES permittees and citizen groups who 
are vested in water quality and ecosystem health. The first step in this process 
was for the Technical Stakeholder Group to develop a list of monitoring 
questions and assess the ability of current monitoring to answer these 
questions. Next, the workgroup recommended monitoring designs to effectively 
and efficiently answer these questions. The resulting program is a multi-level 
monitoring framework that combines probabilistic and targeted sampling 
for water quality, toxicity, bioassessment, habitat condition, bioaccumulation, 
and fecal indicator bacteria. The goals of the program are to describe overall 
watershed condition, determine whether specific water quality objectives are 
being met, and assess relative human health risks due to swimming and fish 
consumption.
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Over the ten years since this program was initiated, samples were collected at 
over one-hundred fifty probabilistic and targeted sites. Adaptive monitoring 
adjustments were made by the Stakeholder Group to station locations, 
constituents, and laboratory procedures. This included the addition of bacteria 
sampling locations, reduction of habitat assessments at targeted sites, and the 
resampling of probabilistic sites in the Station Fire burn area. The Stakeholder 
Group oversaw the design and implementation of special studies to follow-up 
on monitoring results. Special studies included method development of methyl 
mercury analysis in fish tissue using HPLC, and a proteomics study which 
provided insight into key stressors to aquatic insects.

Funding for the overall long-term program has been achieved by streamlining 
compliance monitoring programs and reducing redundancy between programs. 
Resources saved by improving efficiency have been reallocated to currently 
unfunded watershed monitoring needs or to special studies.

Integrating Citizen and Non-Traditional Monitoring 
Data into the Chesapeake Bay Program Network

Julie Vastine
Alliance for Aquatic Resource Monitoring, Carlisle, Pennsylvania

Abstract
In May 2015, an exciting initiative and partnership was funded by the 
Environmental Protection Agency – Chesapeake Bay program to integrate 
citizen and non-traditional data into the Bay program network. This 
partnership brings together four organizations across the Bay states – Alliance 
for the Chesapeake Bay, Alliance for Aquatic Resource Monitoring, the 
Izaak Walton League of America, and the University of Maryland Center for 
Environmental Science Integration and Application Network. The project 
partners work with a diverse team at the Chesapeake Bay Program to:

•	 Establish a quality assurance project plan for data integration into the Bay 
program;

•	 Create multi-tier monitoring program for new data collection;

•	 Develop a comprehensive inventory of the entities collecting data in the Bay 
watershed; and

•	 Construct a data portal for data to be entered into the Bay Program’s 
database by participating partners.

This unique project represents a case study in multi-state and diverse entities 
collaboration. During the 15-minute presentation at the National Monitoring 
Conference, participants will learn about the approach taken to establish a 
multi-state monitoring network. Attendees will learn about how the project 
team examined existing monitoring programs in the Bay states and the process 
for establishing a comprehensive strategy for data integration. For example, 
topics on comparability testing to quantify the quality of data collected using 
diverse protocols as well as merging multi-state citizen volunteer monitoring 
protocols into a monitoring strategy will be discussed. Additionally the 
structure of communication and collaboration of agency and non-agency 
project partners will be described. There are a number of lessons learned 
in building monitoring collaborations that this partnership can share with 
conference attendees that can be taken home and applied in their day-to-day 
work.

D1 Continuous Monitoring, Continually Improved
3:30 pm – 5:00 pm | Rooms 13–14

Performance Evaluation of Five Turbidity Sensors in 
Three Primary Standards

Teri Snazelle
US Geological Survey, Stennis Space Center, Mississippi

Abstract
Five commercially available turbidity sensors were evaluated by the US 
Geological Survey, Hydrologic Instrumentation Facility (HIF) for accuracy 
and precision in three types of turbidity standards; formazin, StablCal, and 
AMCO Clear (AMCO–AEPA). The Forrest Technology Systems (FTS) 
DTS-12, the Hach SOLITAX sc, the Xylem EXO turbidity sensor, the 
Yellow Springs Instrument (YSI) 6136 turbidity sensor, and the Hydrolab 
Series 5 self-cleaning turbidity sensor were evaluated to determine if turbidity 
measurements in the three primary standards are comparable to each other, and 
to ascertain if the primary standards are truly interchangeable.

Continuous Water Quality Monitor Installation 
Example: An Air Purge System to Reduce Sediment 
Fouling and Improve Data Quality

Alexandra Etheridge and Marshall Williams
US Geological Survey Idaho Water Science Center, Boise, Idaho

Abstract
The US Geological Survey (USGS) operated a continuous water-quality 
monitor at the Boise River near Parma in southwest Idaho during water-years 
(WY) 2009–10 and from WY2014–present. Water temperature, specific 
conductance, dissolved oxygen, and turbidity are measured every 15 minutes 
using a YSI 6920-V2 multi-parameter water-quality sonde. During WY2009–
10, the sonde was attached to a bank-mounted, sliding metal I-beam and was 
not enclosed in a pipe. When the sonde was re-deployed in WY2014, it was 
deployed in a bank-mounted pipe to allow easier sensor access for one person. 
Although the sonde was installed in the same location during both deployment 
periods, fouling from fine sediments became a problem following redeployment 
in WY2014. Sediment fouling may have been the result of changes in flow 
dynamics subsequent to channel scour that occurred in 2011 or the relatively 
calm environment within the deployment pipe that facilitated sediment 
deposition.

In March 2015, an air purge system was installed using about $300 in 
hardware, including an air compressor, fittings, and tubing. The system purges 
air into the end of the pipe 4 times per day for 2 minutes at a time and 10 
minutes prior to the next scheduled parameter readings. The air purge system 
reduced the number of cleaning service visits from 28 in 2014 to 12 in 2015, 
and it saved an estimated $10,000 in operational costs during 2015. Better 
data quality also was observed for turbidity and specific conductance, which 
are most affected by sediment fouling. Turbidity and specific conductance are 
used as input variables to surrogate regression models developed using 2009–10 
data and published in a peer-reviewed report. Existing surrogate models can 
be invalidated if the sonde is moved to a different location or with excessive 
fouling at the existing location, and the air purge system has allowed us to 
maintain the validity of the existing surrogate models. Design features of the air 
purge system will be discussed and examples of data-quality improvements will 
be provided.
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Continuous UV Nitrate Monitoring in Central Florida: 
Challenges and Opportunities

Brett Johnston
US Geological Survey, Orlando, Florida

Abstract
Nitrate contamination is a growing concern in central Florida, not only in 
coastal estuaries but also in numerous spring sheds. Continuous ultraviolet 
(UV) nitrate analyzers are a relatively new option for water-quality monitoring 
of this constituent, and they offer advantages when compared to traditional 
discrete sampling methods. Since the commercial release of continuous 
UV nitrate sensors in the late 2000s, the USGS in partnership with several 
state and local partners have significantly increased the continuous nitrate 
monitoring program in Florida. In central Florida, thirteen Satlantic SUNAs 
have been deployed since 2012. During that time, a number of logistical 
and quality-assurance challenges have been identified involving deployment, 
spectral interference, and data reliability. The nitrate data collected to date 
will be described and discussed in conjunction with user considerations for 
obtaining the highest quality data possible. This new technology can enable 
water-resource managers to monitor real-time events, obtain high-quality data, 
and assess continuous changes in nitrate that affect the quality of water in the 
region.

National Guidelines for Developing and Documenting 
Surrogate Regression Models to Compute Continuous 
Water Quality Concentrations

Teresa Rasmussen1, Patrick Rasmussen1, Andrew Ziegler1 and Charles 
Crawford2

1US Geological Survey, Lawrence, Kansas; 2US Geological Survey, Indianapolis, 
Indiana

Abstract
In situ monitors are becoming more common for collecting high-frequency 
data to describe water quality of streams, lakes, and groundwater resources. 
Surrogate approaches, in which regression models are developed to establish 
statistical relations between in situ measured data and discretely sampled 
data, make it possible to compute high-frequency data for water-quality 
constituents of interest (such as common ions, nutrients, and fecal indicator 
bacteria) that cannot effectively be measured directly using in situ technologies. 
The US Geological Survey (USGS) is establishing national guidelines 
for developing and documenting surrogate regression models to compute 
continuous water-quality concentrations. The guidelines are needed to facilitate 
a consistent and streamlined surrogate approach for dissolved and sediment-
associated constituents. The USGS previously had issued national guidelines 
and published techniques describing surrogate methods for suspended-
sediment concentration using in situ measured turbidity and streamflow, but 
did not address topics related to other constituents. New guidance for other 
constituents is provided for continuous and discrete data collection, model 
development and statistical considerations, steps for updating models, proper 
documentation, procedures for model review and approval, requirements for 
archiving, and methods for disseminating information to the public.

D2 Monitoring in the Mississippi River Basin: 
Efforts of the Hypoxia Task Force and Its Partners
3:30 pm – 5:00 pm | Room 18

Mississippi River Basin Monitoring Collaborative: 
Establishing a Network to Evaluate Progress Towards 
Reducing Nutrients in Streams and Rivers

Mike Woodside
US Geological Survey, Nashville, Tennessee

Abstract
In 2012, the Mississippi River Gulf of Mexico Watershed Nutrient Task Force 
established the Mississippi River Basin Monitoring Collaborative to develop 
a comprehensive and integrated multi-scale, science-based, water-quality 
monitoring collaborative for the twelve Task Force states (Arkansas, Kentucky, 
Illinois, Indiana, Iowa, Louisiana, Mississippi, Minnesota, Missouri, Ohio, 
Tennessee, and Wisconsin). The Collaborative is working toward establishing 
a nutrient monitoring network using existing long-term monitoring sites and 
resources. The goals of the Collaborative include a network that will be used 
to quantify changes in nutrient concentrations and loads in streams and rivers, 
determine data gaps, and promote a more uniform, accessible collection of 
monitoring data and information.

Existing water-quality and streamflow information was aggregating from the 
USGS National Water Information System (NWIS), the USEPA Storage and 
Retrieval (STORET) Data Warehouse and from federal, state, and regional 
governmental and non-governmental agencies. There are about 1,500 active 
stream gages in the twelve Task Force States, with nearly a third of the gages 
having more than 50 years of streamflow data. More than 670,000 nutrient 
data records collected by 48 agencies since 2000 were screened. About 1,500 
sites met initial water quality screening criteria of quarterly, bimonthly, or 
monthly sampling frequency for nitrate or total phosphorus for at least five 
years. Less than half of the water quality sites were matched to a nearby 
streamflow gage. Most of the water-quality sites that are not gage-matched 
are located in watersheds less than 100 mi2 whereas most of the sites that are 
matched to a gage are between 100 to 5,000 mi2 with a median drainage of 
about 1,000 mi2. About 360 water-quality sites with a nearby streamflow gage 
have monthly water-quality data for at least 10 years. However, a closer look 
at the data reveals a number of potential data-quality issues, such as missing 
laboratory reporting units, that will further reduce the number of sites where 
long-term nutrient trends can be assessed.

Small-Scale Watershed Monitoring

Matt Helmers
Iowa State University, Ames, Iowa

Abstract
Water quality monitoring is critical for evaluating how agricultural practices 
perform in reducing sediment and nutrient movement to downstream water 
bodies. Monitoring at the edge-of-field or at a small watershed scale allows 
for measurement at the point at which sediment and nutrients are delivered to 
the stream. As a result this scale is important for quantifying the performance 
of individual practices since results would not be confounded with in-stream 
processes. This presentation will discuss experiences with small scale monitoring 
from less than an acre to more than a thousand acres and the potential for 
quantifying sediment and nutrient export at these varying scales. This will 
include both subsurface monitoring and surface water runoff monitoring. 
Another critical aspect to this scale of monitoring is that agricultural producers 
can relate to monitoring at the individual field or small watershed scale so it 
is very important for working with farmers on increasing implementation of 
agricultural best management practices.
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High Frequency Nitrate Monitoring in the Mississippi 
River Basin

Brian Pellerin1, Robert Gilliom1, Charles Crawford2, Paul Frederick3, 
JohnFranco Saraceno1 and Jennifer Murphy4

1US Geological Survey, Sacramento, California; 2US Geological Survey, 
Indianapolis, Indiana; 3US Geological Survey, Baton Rouge, Louisiana; 4US 
Geological Survey, Nashville, Tennessee

Abstract
Recent advances in sensors and other enabling technology have changed the 
routine collection of environmental data in ways that were unforeseen just a 
decade ago. In particular, the ability to continuously measure a variety of water-
quality parameters in situ and transmit those data in real-time has the potential 
to revolutionize our understanding and management of water quality. At the 
forefront are optical nitrate sensors, which are proving critical data for real-time 
monitoring of drinking water, calculating nutrient loads to coastal ecosystems, 
assessing aquatic nutrient retention, and understanding nutrients as drivers of 
water quality impairment.

The USGS currently manages a network of nitrate sensors in the Mississippi 
River Basin for measuring nitrate concentrations and loads in the basin, with 
a focus on Gulf hypoxia and establishing targets for nutrient reductions in 
the basin. High frequency data in the lower Mississippi River (Baton Rouge) 
collected since 2011 has revealed seasonality in nitrate concentrations and 
loads, with considerable variability in concentration-discharge relationships 
over time. In particular, anomalously high daily nitrate loads relative to 
discharge were observed in the wet spring following the 2012 drought, 
consistent with the flushing of nitrate that accumulated in soil during the 
dry period. Measured and modeled (regression-based) monthly loads were 
generally comparable for much of the record, but we observed large differences 
in the spring and early summer months critical to Gulf hypoxia formation 
(with the largest differences during the flood period of 2013).

While challenges inherent in predicting the size of the hypoxic zone in the 
Gulf will likely not be alleviated solely by improving riverine nitrate loads, 
high-frequency measurements improve the accuracy and certainty of a key 
input to hypoxia models and provide a number of additional benefits for 
understanding nitrate transport to the Gulf. Sensor data from key locations 
in the basin and in real-time at multiple scales will undoubtedly yield new 
insights into the sources and processes controlling nitrate transport within the 
basin, as well as inform management actions targeted at reducing nutrient loads 
to the Gulf of Mexico.

Monitoring Impacts of the USDA-Natural Resources 
Conservation Service Mississippi River Basin Healthy 
Watersheds Initiative (MRBI)

Martin Lowenfish
USDA-NRCS, Washington, District of Columbia

Abstract
USDA-NRCS has made a $30 million dollar per year commitment to improve 
water quality in the Mississippi River Basin through the Mississippi River 
Basin Healthy Watersheds Initiative (MRBI). Launched in 2010, this 13 
state initiative builds on the cooperative work of NRCS and its conservation 
partners in the basin and offers agricultural producers in priority watersheds 
the opportunity for voluntary technical and financial assistance. Measuring on 
farm improvements and watershed level impacts is an important component of 
the MRBI. This presentation will focus on the tools and methods NRCS and 
partners use to target watersheds and measure success. NRCS works with the 
conservation partnership in each state to select targeted watersheds that align 
with the State Nutrient Reduction Strategies and focus on reducing nutrient 
and sediment loss from working agricultural lands. Each watershed project has 
identified critical acres needing treatment and a suite of conservation practices 
that address the concept for Avoiding, Controlling or Trapping pollutants. 
Within each watershed there are set of defined goals and metrics established 

that further help focus each project. Assessment of goals include geospatial 
analysis, amount and extent of conservation practices applied, modeling, and 
edge of field and watershed scale monitoring.

D3 Contaminants of Emerging Concern
3:30 pm – 5:00 pm | Room 19

Effect of Wastewater Treatment Facility Closure on 
Shallow Groundwater Pharmaceutical Contamination

Paul Bradley1, Larry Barber2, Joseph Duris3, William Foreman4, Edward 
Furlong4, Carrie Givens3, Laura Hubbard5, Celeste Journey1, Steffanie 
Keefe2 and Dana Kolpin6

1US Geological Survey, Columbia, South Carolina; 2US Geological Survey, 
Boulder, Colorado; 3US Geological Survey, Lansing, Michigan; 4US Geological 
Survey, Denver, Colorado; 5US Geological Survey, Madison, Wisconsin; 6US 
Geological Survey, Iowa City, Iowa

Abstract
Pharmaceutical contamination of shallow groundwater is a substantial concern 
in effluent-dominated streams, due to high aqueous mobility, designed 
bioactivity, and effluent-driven hydraulic gradients. The USGS conducted a 
combined pre/post-closure assessment at a long-term wastewater treatment 
plant (WWTP) site on Fourmile Creek in Ankeny, Iowa. Pre-closure results 
demonstrate the importance of effluent discharge as a driver of near-stream 
hydrologic condition and pharmaceutical contamination in the adjacent 
shallow groundwater under constant discharge conditions. The environmental 
persistence of groundwater pharmaceutical contaminants and the potential 
for near-stream ecosystem recovery were assessed by yearlong, post-closure 
synoptic monitoring of pharmaceutical contaminant concentrations in surface-
water and in shallow groundwater piezometer networks. Post-closure results 
indicate contaminant attenuation profiles ranging from rapid to not significant 
in the adjacent shallow groundwater system.

The Geographically Expansive Watershed and 
Environmental Monitoring by Citizen Scientists: A 
Perfect Storm?

Alan Kolok
University of Nebraska at Omaha, Omaha, Nebraska

Abstract
In recent years, the scope of water-quality monitoring has 
switched from being local and point source related, to a more 
regional or national focus on nonpoint source contaminants. 
As an example, nutrient and pesticide runoff in the upper 
Mississippi River watershed has been implicated as a major 
cause of the dead zone in the Gulf of Mexico thousands of 
miles downstream. Geographically expansive watersheds, such 
as the Mississippi River, present a very significant problem to 
water monitoring community, as it is virtually impossible to 
sample a large number of geographically disparate sites within 
the watershed simultaneously. Over the last four years, we have 
conducted two major projects that suggest that citizen scientists 
can be used to implement first tier screening with respect to 
water quality within major watersheds. In 2011, the Elkhorn 
River (Nebraska) watershed (315 river miles) was sampled for 
the presence of the herbicide atrazine. Atrazine was evaluated 
with the use of EPA-certified rapid detection strips that 
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discriminate between the presence and absence of atrazine at 
the drinking water standard of 3 micrograms per liter. On the 
day of sampling over 95 samples were collected across the entire 
watershed. Results indicated a statistically significant increase 
in the occurrence of the herbicide in the water as the water 
moved downstream. In the headwaters no atrazine was detected 
whereas the lower reaches of the watershed were consistently 
contaminated (> 70% of the sampled sites) with atrazine. In 
2014, the program was expanded to the entire Mississippi River 
watershed (2,320 river miles). On the day of sampling over 210 
samples were collected across the entire watershed from Lake 
Itasca, Minnesota to New Orleans, Louisiana. Results detected 
a statistically significant atrazine ‘hotspot’ in the vicinity 
of St. Louis. While positive hits were infrequently (< 26%) 
found in other regions of the watershed, almost half (45%) 
of the samples collected in the area near St. Louis detected 
atrazine. When monitoring for specific chemicals, use of citizen 
scientists can help to fill the “geographic gaps” in expansive 
watersheds. Data from these groups can help to inform further, 
more detailed sampling regimes.

Investigations of Sucralose and Select Pharmaceuticals 
and Pesticides as Tracers for Contaminants of Concern 
in Florida’s Ambient Freshwaters

Jay Silvanima and Andy Woeber
Florida Department of Environmental Protection, Tallahassee, Florida

Abstract
The Watershed Monitoring Section (WMS) conducts annual probabilistic 
surveys of Florida’s surface water resources (aquifers, rivers and streams, canals, 
and lakes). In an effort to determine the prevalence of emerging substances of 
concern in these fresh waters indicators of wastewater have been incorporated 
into these surveys. Sucralose was added beginning in 2012. Sucralose is not 
easily metabolized by our bodies and passes into our wastewater treatment 
plants and septic systems (Soh et al. 2011). The vast majority of sucralose 
passes through these treatment systems without degradation or partitioning 
to biosolids and persists in the environment (Labare et al. 1993; Soh et al. 
2011). Sucralose is detected at low levels in a large percentage of Florida’s 
ambient waterbodies. In the 2012 surveys sucralose was found in 24/226 wells 
(11%), 81/180 river and stream stations (45%), 47/74 canal stations (63.5%), 
and 84/167 lake stations (50.3%). The pharmaceuticals acetaminophen, 
carbamazepine, and primidone were added beginning in late 2014. The removal 
efficiency of acetaminophen by wastewater treatment is much higher than that 
for Sucralose, carbamazepine, and primidone (Drewes 2007; Arvai et al. 2013). 
Therefore it is of interest because it may indicate other sources of wastewater. 
The 2014–2015 surveys show similar results for Sucralose and low levels (ultra-
trace, ng/L) of the pharmaceuticals and pesticides in all water resources.

Microplastic Pollution in the Gallatin Watershed: 
Utilizing Volunteers to Study an Emerging Pollutant 
Across a Diverse Landscape

Jenna Walenga, Abigail Barrows and Gregg Treinish
Adventurers and Scientists for Conservation, Bozeman, Montana

Abstract
Since 2013, Adventurers and Scientists for Conservation (ASC) volunteers 
have collected water samples from around the world for aquatic microplastics 
research. Microplastics, plastic particles smaller than 5 mm in size, are a 

growing environmental concern on a global scale. Studies show that toxins, 
metals and microbes attach readily to these particles, which then enter the 
food chain, potentially causing serious issues for aquatic life and human health. 
While microplastic pollution in the oceans is increasingly studied, there is a 
need to understand this emerging risk upstream.

ASC has launched a targeted effort in the Gallatin Watershed near Bozeman, 
MT to identify microplastic sources at the headwaters of the Missouri-
Mississippi water system. During a pilot sampling effort (n = 10), microplastics 
were present at each site. In September 2015, ASC carefully recruited and 
trained 60 volunteers to collect samples from across the watershed. Calling 
on their strong outdoor skills, field teams traveled by foot, bike, kayak, and 
canoe to reach 70 sample locations, collecting 130 samples. Each site will be 
monitored 3 additional times during the coming year.

Our partner scientist will analyze these samples to gain an understanding of 
the abundance, distribution and types of microplastic pollution present. The 
collected results can be included in future decision making around healthy 
waters, and ASC’s project model will demonstrate a successful volunteer 
monitoring program for covering a large and diverse watershed. Early findings 
will be available for presentation at the NWQMC.

D4 Integration of Remote Sensing into Water 
Quality Monitoring and Applications, Part 2
3:30 pm – 5:00 pm | Room 20

NASA Health and Air Quality Applications: The 
Intersection with Water Quality

John Haynes1, Sue Estes2, and Ali Omar3

1NASA, Washington, District of Columbia; 2University of Alabama-Huntsville, 
Huntsville, Alabama; 3NASA Langley Research Center, Hampton, Virginia

Abstract
There is a growing body of evidence that the environment can affect human 
health in ways that are both complex and global in scope. To address some 
of these complexities, NASA maintains a diverse constellation of Earth 
observing research satellites, and sponsors research in developing satellite data 
applications across a wide spectrum of areas. These include environmental 
health; infectious disease; air quality standards, policies, and regulations; 
and the impact of climate change on health and air quality in a number of 
interrelated efforts. The Health and Air Quality focus area of the NASA 
Applied Sciences Program (http://appliedsciences.nasa.gov/) fosters the use of 
observations, modeling systems, forecast development, application integration, 
and the research to operations transition process to address environmental 
air quality and health effects. NASA has been a primary partner with Federal 
operational agencies over the past 15 years in these areas.

Waterborne pathogens (e.g., norovirus) and Harmful Algal Blooms (HABs) 
expose humans to health risks. Near-shore HABs, commonly known as 
red tide, produce toxins that can cause respiratory irritation in humans, 
contaminate some shellfish, and affect the central nervous system of fish - 
potentially causing fish kills.

The Health and Air Quality Applications program has established strong 
relationships with federal, state, local, and international partners to identify 
unique applications of NASA satellite observations and realize their 
operational use. These applications provide critical components for integration 
with various forecasts, models, and decision support systems. This will continue 
to be the case with the launch of upcoming NASA satellite missions. NASA’s 
participation in health and air quality applications research and related 
transition to operations activities currently performed with EPA, NOAA, 
CDC, and others fills a significant niche in national capabilities and is a vital 
component in current and future domestic and international programs and 
plans.
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Cyanophyte and Algal Composition of the 2015 
CyanoHAB Bloom in Sandusky Bay, Lake Erie

Joseph Ortiz1, Stephen Schiller2, Jeffery Luvall3, John Lekki4, and George 
Bullerjahn5

1Kent State University, Kent, Ohio; 2South Dakota State University, Brookings, 
South Dakota; 3NASA-NSSTC Global Hydrology and Climate Center, 
Huntsville, Alabama; 4NASA Glenn Research Center, Cleveland, Ohio; 
5Bowling Green State University, Bowling Green, Ohio

Abstract
Toxic blooms generated by cyanophytes are a growing concern world-wide 
and a serious threat to water quality. Traditional methods of identification 
of algae and cyanophytes are based on invasive water sampling and time 
consuming microscopic visual identification, or they require extensive analytical 
testing of water samples, which can delay remediation efforts. Chlorophyll a 
cannot be used as simple proxy for toxicity or the abundance of potentially 
toxic autotrophs because it is found ubiquitously, and its production is not 
directly linked to toxins such as microcystin. Hyperspectral remote sensing 
provides a means to characterize algal and cyanophyte blooms rapidly, but 
must be calibrated to yield information on bloom composition. We report 
on the development of a simple method employing specular reflectance from 
mirrored surfaces placed in a remote sensing scene, to empirically estimate 
the downwelling irradiance coincident on the scene. This data can be used 
to calculate the at-surface remote sensing reflectance. The derivative of the 
remote sensing reflectance spectra are then decomposed to provide information 
regarding the composition of the algae and cyanophytes present through 
visible derivative spectroscopy. This method enables identification of the spatial 
and temporal variability of potentially toxic algae or cyanophytes, allowing 
implementation of a targeted water quality management response. Data 
from the 2015 CyanoHAB Bloom in Sandusky Bay, Lake Erie provides a 
demonstration of the approach.

Monitoring of Lake Water Quality and Blooms Using 
Digital Imagery

Mi-Hyun Park
University of Massachusetts, Amherst, Massachusetts

Abstract
Recently, lake waters in the nation are experiencing serious eutrophication and 
algal blooms more frequently due to anthropogenic effect and climate change. 
Algal distribution often show complex spatial and temporal variations. Digital 
imagery from remote sensing can offer an efficient and effective methods for 
detecting spatial and temporal patterns of the blooms over an entire water body, 
complimenting conventional monitoring methods. These monitoring data can 
be useful for developing big data analysis for lake water monitoring.

This study applied the satellite digital imagery (i.e., Landsat ETM+) to monitor 
the distribution of algal blooms and related water quality constituents in Lake 
Champlain, the biggest inland water in New England. The monitoring data was 
also used to assess the influence of nutrients and temperature on the blooms. 
This enabled us to establish the spatial-temporal relation among the blooms 
and water quality constituents obtained from satellite imagery.

Facilitating Water Quality Monitoring in the San 
Francisco Bay-Delta Estuary with Remote Sensing: 
New Advances and Challenges

Cedric Fichot1, Christine Lee1, Michelle Gierach1, Brian Bergamaschi2, and 
Bryan Downing2

1Jet Propulsion Laboratory, California Institute of Technology, Pasadena, 
California; 2US Geological Survey, California Water Science Center, 
Sacramento, California

Abstract
The San Francisco Bay-Delta Estuary is a large inland river delta and estuary 
located at the confluence of the Sacramento River and San Joaquin River in 
California. Its watershed is a major source of freshwater for California, and 
a profoundly human-impacted and sensitive ecosystem. The water quality 
monitoring that is critical to management of this important water resource 
and ecosystem relies primarily on a system of fixed water-quality monitoring 
stations, and the limited spatial coverage often hinders understanding. Recent 
development in airborne and satellite remote sensing technology provide 
improved means to monitor important water quality parameters at high spatial 
resolution, and can help better characterize and understand the complex 
water-quality dynamics of the San Francisco Bay-Delta Estuary. Here, we show 
how these recent advances in remote sensing can enhance the current water 
quality monitoring approach used in this important region, and we also explain 
the remaining challenges and the need for improved temporal and spectral 
resolutions.

D5 Using WRTDS to Determine Long and Short 
Term Trends
3:30 pm – 5:00 pm | Room 21

A Method for Estimating the Uncertainty of Water 
Quality Trends Using Weighted Regressions on Time, 
Discharge, and Season (WRTDS)

Robert Hirsch1, Stacey Archfield1 and Laura De Cicco2

1US Geological Survey, Reston, Virginia; 2US Geological Survey, Middleton, 
Wisconsin

Abstract
Estimation of the direction and magnitude of trends in surface water quality 
remains a problem of great scientific and practical interest. The Weighted 
Regressions on Time, Discharge, and Season (WRTDS) method was 
introduced in 2010 as an exploratory data analysis tool to provide flexible and 
robust estimates of water quality trends. Since that time the software tools 
to execute this method of trend analysis have been coded in the open-source 
R software language and available through the EGRET (Exploration and 
Graphics for RivEr Trends) package. Many users of WRTDS have expressed 
the desire to have their analyses include assessments of the uncertainty of 
the resulting trends. A method to make such assessments has been published 
(in 2015) and has resulted in the R-package EGRETci. This presentation 
will introduce the WRTDS Bootstrap Test (WBT), which offers various 
approaches to quantify the uncertainty of the trend estimates produced by 
WRTDS. The presentation will describe the steps required to utilize the WBT 
functionality in EGRETci and examples of tabular and graphical outputs will 
be shown.
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Sensitivity of Trend Estimates to Sampling Frequency 
and Collection of High-Flow Samples

Henry Johnson1 and Jennifer Murphy2

1US Geological Survey, Portland, Oregon; 2US Geological Survey, Nashville, 
Tennessee

Abstract
WRTDS (Weighted Regressions on Time, Discharge, and Season) is a 
statistical model used to estimate trends in water quality in streams. This 
presentation explores the sensitivity of WRTDS trend estimates to variations 
in sampling design. Common monitoring designs were explored, including 
quarterly, bimonthly, and monthly sampling frequencies, and the impact of 
sampling during high streamflow conditions was evaluated. The sensitivity 
analyses were developed using subsamples drawn from data-rich sites from 
across the United States and were conducted for both filtered nitrate and 
unfiltered, total phosphorus to evaluate differences in behavior between 
dissolved and suspended water-quality constituents.

Trends from monthly and bimonthly subsamples were generally in agreement 
with results using the complete water-quality record for both nitrate and 
total phosphorus. Quarterly subsamples exhibited the greatest departure 
from the complete record. No systematic difference in behavior was observed 
between nitrate and total phosphorus. In general, neither the magnitude 
nor the direction of the trends was impacted in the monthly and bimonthly 
subsamples. Trend magnitudes were more variable in the quarterly subsamples, 
but the trend directions generally were consistent with the complete water-
quality record.

The number of high-flow samples had a much greater influence on trend results 
than did sampling frequency. When high-flow samples were eliminated, trend 
results showed the greatest departure from the complete record, including 
changes in the magnitude and direction of the trends. When high-flow samples 
were reduced in number but not completely eliminated, similar substantial 
differences from the complete record were observed. The dramatic differences 
observed in the high-flow sensitivity tests indicate that monitoring networks 
intended to deduce trends in water quality should ensure sufficient coverage of 
high-flow events in their sampling design.

Sediment Trends in Rivers Across the United States, 
1972 to 2012

Jennifer Murphy1 and Henry Johnson2

1US Geological Survey, Lower Mississippi-Gulf Water Science Center, 
Nashville, Tennessee; 2US Geological Survey, Oregon Water Science Center, 
Portland, Oregon

Abstract
State and Federal agencies have collected water-quality data in rivers across 
the United States for decades. Aggregating and reconciling these data allow 
for a national perspective on changing water quality. As part of a larger study 
on national water-quality trends for nutrients, common ions, pesticides 
and carbon, the United States Geological Survey’s National Water-Quality 
Assessment Program has examined national and regional-scale patterns in 
sediment trends across the conterminous US. Over 500 sites have adequate 
long-term suspended sediment concentration (SSC) and total suspended solids 
(TSS) data to evaluate trends beginning in either 1972, 1982, 1992, or 2002, 
and ending in 2012. Trends in SSC and TSS concentration and flux were 
determined using the Weighted Regression on Time, Discharge, and Season 
model (WRTDS). WRTDS was used to estimate flow-normalized trends that 
describe how water-quality has changed, controlling for changes in streamflow. 
Because most constituents are strongly correlated with streamflow, flow-
normalized trends, unobscured by streamflow variability, are useful indicators of 
factors within the drainage basin that affect sediment concentrations. We will 
describe how flow-normalized trends in SSC and TSS have varied in different 
parts of the U.S. during the most recent decade compared to earlier decades. 
We will also explore whether sediment concentrations have changed more 
during certain seasons or streamflow conditions and hypothesize changes in the 

basin, such as possible decreases in point-source discharges or implementation 
of best-management practices, that could drive the changes observed in the 
annual trends.

Load and Trend Analysis with Heterogeneous Water 
Quality Records: Is Ignorance Really Bliss?

Guoxiang Yang1, Douglas Moyer2, and Jeffrey Chanat2

1CNTS contractor to US Geological Survey, Virginia Water Science Center, 
Richmond, Virginia; 2US Geological Survey, Virginia Water Science Center, 
Richmond, Virginia

Abstract
Extracting meaningful information from long-term, large-scale water-quality 
monitoring networks typically involves analysis of data collected under 
temporally varying sampling protocols and analyzed using ever-improving 
laboratory methods. Advances in on-line data tools and statistical software now 
allow for rapid, and indiscriminate trend analyses without regard to changes in 
protocols or methods. Is it wise to be ignorant of these inconsistency issues for 
regression-based long-term load and trend analyses? This question was explored 
using 30-year records for nutrient and suspended-sediment collected at a set of 
densely sampled stations from the Chesapeake Bay Non-tidal Water-quality 
Monitoring Network (CBNWMN). Observed water-quality time series were 
manipulated to simulate abrupt changes in a) storm sampling effort and b) 
method used to estimate suspended sediment, specifically total suspended 
solids (TSS) versus suspended-sediment concentration (SSC). The Weighted 
Regressions on Time, Discharge, and Season (WRTDS) model was used to 
estimate annual loads and trends for a range of simulated scenarios. Results 
indicate that (1) absence of targeted storm sampling has a minimal effect on 
estimated total nitrogen and nitrate loads and associated flow-normalized trend 
in loads for most sites; but, (2) inconsistent storm sampling has an appreciable 
effect on total phosphorus and suspended-sediment load and trend estimation, 
which can cause the estimated trend to deviate considerably from the trend 
estimated using data representing the full range of sampled discharges. (3) 
Commingling TSS within a long-term record of SSC, for the purpose of filling 
extended data gaps, may result in under-estimated suspended-sediment loads 
for the effected years, possibly resulting in a misleading trend; and (4) such 
underestimation can be avoided by using predicted SSC regressed on TSS 
to fill extended data gaps. By understanding and addressing heterogeneities 
present in many CBNWMN water-quality monitoring records, the integrity 
of estimated nutrient and suspended-sediment loads and associated trends 
is improved; thus, enabling water-resource managers in the bay watershed to 
make more informed decisions for improving water-quality conditions.

D6 National Scale Monitoring Perspectives
3:30 pm – 5:00 pm | Room 22

Technical Approaches for Answering the Question: 
“What is the Condition of the Nation’s Waters?”

Steve Paulsen, Phil Kaufmann and Tony Olsen
US Environmental Protection Agency, Corvalls, Oregon

Abstract
The National Aquatic Resource Surveys (NARS) were designed to answer 
the question of the status and trends in the condition of each of our aquatic 
resources: coastal waters, lakes and reservoirs, rivers and streams, and wetlands. 
At the higher levels of management, the US Environmental Protection 
Agency is consistently asked a seemingly simpler question. That question 
revolves around the “all the nation’s waters,” rather than individual resource 
categories. Each of the aquatic resources on which NARS focuses are reporting 
on different dimensions of the resource, i.e., coastal waters and wetlands are 
reported as area, lakes and reservoirs are reported as numbers of systems, 
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and rivers and streams are reported as length. This presentation discusses the 
options available for taking the NARS results and combining them across 
surveys to report on all the nation’s waters. We will discuss the implications for 
policy use of the assessments and the implications for future designs.

Lakes and Reservoirs: Guidelines for Study Design 
and Sampling – A New Chapter in the US Geological 
Survey National Field Manual for the Collection of 
Water-Quality Data

W. Reed Green1, Dale M. Robertson2, and Franceska D. Wilde3

1US Geological Survey Lower Mississippi-Gulf Water Science Center, Little 
Rock, Arkansas; 2US Geological Survey Wisconsin Water Science Center, 
Madison, Wisconsin; 3US Geological Survey Office of Water Quality, Reston, 
Virginia

Abstract
The US Geological Survey (USGS) develops sampling procedures and collects 
data necessary for accurate assessment and management of our nation’s surface-
water and groundwater resources. Federal and state agencies, water-resource 
regulators and managers, and many organizations and interested parties in the 
public and private sectors depend on the reliability, timeliness, and integrity 
of USGS data and the scientific soundness of USGS data assessments and 
analyses. The standard data-collection methods used by USGS water-quality 
personnel are peer reviewed, updated as needed, and published in the National 
Field Manual for the Collection of Water-Quality Data. A new chapter in this 
national field manual has been recently released that includes guidelines for 
the design of sampling strategies for water, sediment, and biological quality 
of lakes and reservoirs. Included in this document will be a discussion of the 
differences between natural lakes and constructed reservoirs that may require 
different monitoring strategies for specific objectives. General data-collection 
considerations will include selection of sampling methods, field preparations, 
safety precautions, and documentation of quality-assurance procedures and 
onsite practices and observations.

Stream and River Condition Across the BLM’s 
National System of Public Lands

Scott Miller1, Jennifer Courtwright1, Steven Paulsen2, Anthony Olsen2, and 
Philip Kaufmann2

1BLM/USU National Aquatic Monitoring Center, Logan, Utah; 2US 
Environmental Protection Agency, Western Ecology Division, National Health 
and Environmental Effects Research Laboratory, Corvallis, Oregon

Abstract
The Bureau of Land Management (BLM), in collaboration with the US 
Environmental Protection Agency, conducted the first ever Western Rivers 
and Streams Assessment (WRSA), a survey of the condition of BLM streams 
and rivers throughout the contiguous western US. The WRSA was designed 
to answer three central questions: 1. What percentage of BLM’s streams and 
rivers are in good, fair or poor biological condition; 2. What is the linear extent 
of streams and rivers experiencing stressors such as nutrient, salinity and fine 
sediment loading; and 3. What is the risk posed by the observed stressors to 
biological condition?

West-wide, preliminary results from two out of three years of sampling suggest 
that 30% of BLM streams and rivers are in good, 23% in fair and 47% in poor 
biological condition, as measured by aquatic macroinvertebrates. The degree of 
biological departure varied geographically, with mountainous regions having 
greater proportions of stream kilometers in good condition and lowland, arid 
regions having a greater extent of poor condition. The most ubiquitous stressors 
were excessive salinity, nutrient loading and reduced levels of canopy cover 
and instream habitat complexity. These same stressors were associated with 
increased risk of poor macroinvertebrate biological condition.

In this talk, we will present final results for the chemical, physical and biological 
condition of streams and rivers across the BLM National System of Public 
Lands. In addition, we will assess the relative risk of chemical and physical 
stressors to biological condition and identify the land-uses associated with the 
most ubiquitous and biologically relevant stressors.

National Coastal Condition Assessment – What is the 
Condition of Our Nation’s Coastal Waters?

Hugh Sullivan, Treda Grayson and Sarah Lehmann
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The National Coastal Condition Assessment 2010 report provides the latest 
and most comprehensive assessment of the quality of our nation’s estuarine 
and Great Lake nearshore waters. The report present an analysis of indicators 
of ecological condition and key stressors in the coastal waters of the Northeast, 
Southeast, Gulf, West and Great Lakes regions of the conterminous United 
States. This talk will present results on biological quality, water quality, sediment 
quality, and fish tissue contaminants from the 2010 survey. It will also highlight 
a change analysis looking at data from three periods: 1999–2001, 2005–2006, 
and 2010. Finally, we will discuss the status of and timeline for data collected 
during the summer of 2015 for the next National Coastal Condition 
Assessment report.

D7 Monitoring Groundwater Quality in Areas of 
Energy Development
3:30 pm – 5:00 pm | Room 23

Design of Regional Monitoring of the Potential 
Effects of Oil and Gas Development on Groundwater 
Resources in California

Matthew Landon1, Kim Taylor2, Peter McMahon3, Justin Kulongoski1, 
Miranda Fram2, and Lyndsay Ball3

1US Geological Survey, San Diego, California; 2US Geological Survey, 
Sacramento, California; 3US Geological Survey, Denver, Colorado

Abstract
California Senate Bill 4 of 2013 requires the California State Water Resources 
Control Board to implement a Regional Monitoring Program (RMP) to 
assess potential interactions between oil/gas well stimulation treatment and 
groundwater resources. The US Geological Survey is collaborating with 
the Water Board to implement the California Oil, Gas, and Groundwater 
(COGG) RMP. The areas in which well-stimulation methods are used in 
California have long histories of oil and gas development. Consequently, 
the effects of well stimulation on groundwater resources will be difficult to 
distinguish from the effects of other past or present components of oil and gas 
development. As a result, the COGG-RMP is designed to provide an overall 
assessment of the effects of oil and gas development on groundwater quality. 
During 2015–17, the study will focus on selected priority oilfields in the 
eastern and western portions of the San Joaquin Valley in Kern County to: (1) 
produce three-dimensional (3D) salinity maps, (2) characterize the chemical 
composition of groundwater and produced water, and (3) identify the extent 
to which fluids from oil and gas development may be moving into protected 
groundwater zones at regional scales.

As part of statewide analysis done during 2014–15 to design the RMP, water 
and petroleum well-construction data were compiled and used in classifying 
the proximity of oil/gas and groundwater resources. Analysis of salinity data 
near oil/gas fields indicates there are regional patterns to salinity depth profiles; 
however, data gaps between the depths of groundwater and oil/gas wells are 
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common. These results provide a foundation for more detailed oilfield-scale 
salinity mapping, which include geophysical methods (borehole, surface, and 
airborne) to fill data gaps.

The COGG-RMP sampling-well networks are designed to evaluate 
groundwater quality along transects from oil/gas fields into adjacent aquifers 
and will consist of existing wells supplemented by monitoring-well installation 
in priority locations identified by using 3D visualization of hydrogeologic data. 
The analytes will include constituents with different transport characteristics 
such as gases, dissolved inorganic components (brines), and dissolved petroleum 
compounds. Analytes were selected because of their potential usefulness for 
understanding processes and pathways for fluids from oilfield sources to reach 
groundwater.

High Methane Concentrations in Los Angeles 
Groundwater

Justin T. Kulongoski1, Michael Land1, Peter McMahon2, Michael Wright1, 
Ted Johnson3, and Matthew Landon1

1US Geological Survey California Water Science Center, San Diego, California; 
2US Geological Survey Colorado Water Science Center, Denver, Colorado; 
3Water Replenishment District of Southern California, Lakewood, California

Abstract
In order to characterize groundwater quality near oil fields within the Los 
Angeles Basin, California, the US Geological Survey collected groundwater 
samples from 38 monitoring wells at 17 locations across the basin. This work 
was in collaboration with the California State Water Resources Control 
Board and the Water Replenishment District of Southern California. Shallow 
(~100 m), moderate, and deep (~600 m) monitoring wells within or near oil 
fields, along with three ‘control’ sites upgradient from oil fields, were sampled. 
Samples were analyzed for a comprehensive suite of analytes including 
dissolved hydrocarbon gases (C1-C6), and their isotopes.

Results show concentrations of methane gas ranged from 0.002 to 150 mg/L 
– up to five times saturation values, which suggest an external source for the 
hydrocarbon gases. Analyses of δ13C and δD of the methane ranged from 
-80.8 to -45.5 per mil, and -249.8 to -134.9 per mil, respectively, and identified 
microbial methanogenesis as the primary source of the methane, and CO2 
reduction as the main formation pathway. In addition, 14C was measured in 
the samples to provide an estimate of groundwater residence time (age); 14C 
values range from < 1 to 130.1 percent modern carbon and inversely correlate 
with methane concentration, suggesting an increase in dissolved methane with 
groundwater residence time. The methane concentrations, isotopic analyses, 
and groundwater radiocarbon results indicate that the excess methane in Los 
Angeles groundwater originated from relatively shallow microbial production, 
rather than the migration of deeper thermogenic methane associated with oil 
fields in the basin.

A Texas Study of Dissolved Methane in Freshwater 
Aquifers

Jean-Philippe Nicot1, Patrick J. Mickler1, Toti E. Larson2, Roxana Darvari1, 
and Rebecca C. Smyth1

1Bureau of Economic Geology, The University of Texas at Austin, Austin, 
Texas; 2Department of Geological Sciences, The University of Texas at Austin, 
Austin, Texas

Abstract
Many constituents typically associated with oil and gas production, such 
as methane and higher-order hydrocarbons, exist naturally in shallow 
groundwater. Recent studies of aquifers in the footprint of several gas plays 
across the US have shown that (1) dissolved thermogenic methane may or may 
not be present in the shallow subsurface and (2) shallow thermogenic methane 
could be naturally occurring and emplaced through mostly vertical migration 
over geologic time and is not necessarily a consequence of gas production from 
a gas play. A large sampling campaign across the state of Texas to characterize 

shallow methane in fresh-water aquifers overlying shale plays and other tight 
formations resulted in a total of 850+ samples in the Barnett, Eagle Ford, 
Haynesville shale areas as well as in the Delaware Basin of West Texas. The 
sampling for dissolved gas, often a delicate endeavor, is carefully performed. 
Analytical results suggest that dissolved methane is not widespread in shallow 
groundwater and that, when present at concentration greater than 10 mg/L, it 
is often of natural but thermogenic origin according to the isotopic signature 
and to the presence of other light hydrocarbons. The methane-rich water 
samples in the Barnett area show a close association with very shallow small 
gas reservoirs contained in Paleozoic rocks. The high-methane water samples 
in the Haynesville area are likely related to a fault zone whereas similar Eagle 
Ford samples seems to be associated with a linear structural feature with a clear 
microbial signal. West Texas samples high in methane are associated with a 
known well blowout.

Groundwater Quality in the Fayetteville and 
Haynesville Shale Gas Production Areas, Arkansas, 
Louisiana, and Texas

Peter McMahon1, Jeannie Barlow2, Patricia Ging3, Roland Tollett4, Timothy 
Kresse5, and Andrew Hunt1

1US Geological Survey, Denver, Colorado; 2US Geological Survey, Jackson, 
Mississippi; 3US Geological Survey, Austin, Texas; 4US Geological Survey, 
Ruston, Louisiana; 5US Geological Survey, Little Rock, Arkansas

Abstract
In 2015, the National Water Quality Assessment (NAWQA) Program of 
the US Geological Survey sampled 60 domestic wells in the Fayetteville and 
Haynesville Shale gas production areas in Arkansas, Louisiana, and Texas 
for a comprehensive suite of analytes to characterize and better understand 
the occurrence of chemicals in shallow groundwater that could be related 
to hydrocarbon production. Analyte groups included major and minor ions 
and trace elements; volatile organic compounds; C1-C6 hydrocarbon gases; 
noble gases; and selected isotopic and groundwater-age tracers. Chemical 
data will be discussed in the context of domestic well proximity to gas wells, 
hydrologic position of domestic wells in the aquifer flow system as indicated 
by groundwater age and redox conditions, and the chemical and isotopic 
composition of produced water and gas from underlying hydrocarbon 
reservoirs.
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E1 Great Lakes Restoration Monitoring
8:30 am – 10:00 am | Rooms 13–14

Water Data to Answer Urgent Water Policy 
Questions: Harmful Algal Blooms, Agriculture, and 
Lake Erie

Elin Betanzo
Northeast-Midwest Institute, Washington, District of Columbia

Abstract
Record harmful algal blooms driven by nutrient loadings to Lake Erie have 
affected water quality, fish populations, tourism and the economy across 
the entire Lake Erie region for several years. Agriculture is the dominant 
land use in the western Lake Erie drainage basin where nonpoint nutrient 
sources account for 71 percent of the nutrient load to Lake Erie (Ohio Lake 
Erie Phosphorus Task Force, 2010). Consequently, agricultural management 
practices are among the most important tools for reducing nutrient loads that 
lead to harmful algal blooms in Lake Erie. This presentation will summarize 
the results of a case study authored by the Northeast-Midwest Institute and the 
US Geological Survey evaluating available water data to answer “How effective 
are agricultural management practices at reducing nutrients from nonpoint 
sources at the watershed scale?” in the Lake Erie drainage basin. The findings 
from this study include the following observations:

•	 Only 15 of the 1,890 active and historical water quality monitoring sites 
are located in small (50 square miles and smaller) and large watersheds, 
and sampled with sufficient frequency to detect reductions in nutrient 
loads at the watershed scale. Nutrient reductions resulting from agricultural 
management practices can be measured sooner in small watersheds as 
compared to larger watersheds.

•	 There is a lack of small watershed monitoring sites in priority areas for water 
quality monitoring (areas vulnerable to soil loss and with high phosphorus 
yield), and areas with conservation incentive programs.

•	 Active monitoring sites are collecting necessary large watershed data in 
the Maumee River, Sandusky River, and the River Raisin watersheds. 
Continued, long-term water quality monitoring is essential in these large 
agricultural watersheds to detect nutrient load reductions to Lake Erie.

•	 Agricultural management practice implementation and other nutrient source 
data are needed to interpret water quality trends detected in monitored 
watersheds.

This objective and science-based analysis provides insight into the types of data 
the Northeast-Midwest region as a whole might need and describes the extent 
to which available data in the network of Federal, state, and local monitoring 
programs might be collectively used to support decision making that safeguard 
the region’s water resources in the future.

Evaluation of Storm Drain BMP Effectiveness on 
Water Quality and Environmental Health in East Bay, 
Traverse City, Michigan

Angela Brennan, Carrie Givens and Julia Giesen
US Geological Survey – Michigan Water Science Center, Lansing, Michigan

Abstract
An increased presence and abundance of pathogens and chemical contaminants 
can adversely affect both wildlife and human health if storm runoff drains to 
neighboring waterbodies used for recreation or wildlife habitat. A previous 
study completed by the Michigan Bacteriological Research Laboratory 

(MI-BaRL; USGS Michigan Water Science Center) detected the presence 
of potential waterborne bacterial pathogens such as Campylobacter spp. and 
Salmonella spp. (Givens et al., in prep) in storm drain effluent. As a follow up 
to this previous study, the US Geological Survey partnered with the Grand 
Traverse Health Department, the Watershed Center Grand Traverse Bay, 
and SampleServ, to measure nutrient concentrations, wastewater indicator 
compounds, and identify whether pathogens and contaminants known to 
adversely affect wildlife and human health are present in urban stormwater 
runoff and if stormwater Best Management Practices (BMPs) reduce these 
contaminants.

This study will evaluate the impacts stormwater BMPs (primarily 
microbiological filtration) have on the abundance and transport of 1) nutrients, 
2) chemical contaminants associated with flame retardants, herbicides, and 
other wastewater indicator compounds 3) bacterial pathogens (Campylobacter 
jejuni sp., Salmonella enterica, shiga-toxin producing Escherichia coli, and E. coli 
O157:57), and 4) fecal indicator bacteria (E. coli and enterococci). The BMP 
treatment system consists of a flow check dam and Helix antibacterial filters 
(Fabco Industries) located at East Bay Park, Traverse City, Michigan

The results of this study will help identify appropriate indicators for 
urban stormwater surveillance using the suite of analyses proposed above. 
Additionally, the study will expand on previous work assessing pathogens in 
storm drains by quantifying the concentration of viable pathogens in storm 
drains. These data will allow for the evaluation of the effectiveness of GLRI 
funded restoration urban BMPs at East Bay in Traverse City.

Monitoring Methods Used to Improve Agricultural 
Best Management Practices Evaluations at the Edge-
of-Field Scale

Matthew Komiskey1, Lisa F. Duriancik2, Todd Stuntebeck1, Cynthia 
Rachol3, Carrie Huitger4, and Martin Lowenfish5

1US Geological Survey Wisconsin Water Science Center, Middleton, 
Wisconsin; 2NRCS Acting Coordinator, Great Lakes Restoration Initiative, 
Beltsville, Maryland; 3US Geological Survey Michigan Water Science Center, 
Lansing, Michigan; 4US Geological Survey Ohio Water Science Center, 
Columbus, Ohio; 5NRCS Landscape Conservation Initiatives Team Leader, 
Washington, District of Columbia

Abstract
The Great Lakes Restoration Initiative (GLRI) is an interagency effort that 
seeks to accelerate ecosystem restoration in the Great Lakes by confronting 
threats to the region, such as nonpoint source pollution. Four Priority 
Watersheds having a high density of agricultural land use and clearly 
identified ecosystem impairments have been targeted: Fox River/Green Bay in 
Wisconsin, Saginaw River in Michigan, Maumee River in Ohio and Indiana, 
as well as Genesee River in New York. As part of GLRI, the US Department 
of Agriculture Natural Resources Conservation Service, US Environmental 
Protection Agency, and the US Geological Survey (USGS) have partnered to 
conduct environmental research on privately owned farms applying agricultural 
conservation practices. Monitoring methods are modelled after previous 
USGS studies in which locations were targeted within study watersheds that 
were directly affected by conservation efforts. This method allows for a rapid 
assessment of water-quality changes due to conservation efforts and focuses on 
the major pathways for nonpoint source pollution to enter the stream.

The principal objective of this study is to develop an understanding of the 
effect of differing agriculture practices on the quantity and quality of runoff 
water from monitored farms, including edges of fields and subsurface drains, 
and the effect of this water on receiving streams and agricultural drains. To 
meet this objective, study tasks include: quantifying annual and event-by-event 
runoff volumes and losses of sediment, nutrients, and chloride; collecting 
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meteorological data to help establish cause-and-effect relations between 
agricultural practices and water quantity and quality; and ensuring that the data 
are accurate and made available in USGS reports and databases.

This presentation will review the study design utilized and describe the 
unique settings in which edge-of-field and subsurface tile monitoring exist. In 
addition, the challenging conditions that exist for year-round monitoring in 
the Upper Midwest will be identified and approaches to overcome them will be 
suggested. We will also discuss ways in which this type of data can be used to 
inform conservation.

E2 Assessing Water Quality with Remote Sensing
8:30 am – 10:00 am | Room 18

Applied Remote Sensing for Mapping and Monitoring 
of the Great Lakes

Robert Shuchman, Michael Sayers, Laura Bourgeau-Chavez, Colin Brooks, 
and Michael Battaglia
Michigan Technological University – MTRI, Ann Arbor, Michigan

Abstract
The Laurentian Great Lakes hold 20% of the world’s fresh surface water. 
Remote sensing provides a method to accurately and rapidly assess and 
monitor many aspects of water quality, ice cover, habitat, and coastal change for 
large lakes such as Lake Michigan. Satellites and aerial vehicles with optical, 
thermal, and microwave sensors collect data that span large geographic areas 
and have been in operation for over a decade and sometimes much longer. 
These long-term data sets, once processed and classified into products, allow 
the applied analysis of time series of data to practically determine how water 
quality and ecosystem conditions are changing. This presentation reviews a 
variety of methods/products produced by Michigan Tech Research Institute 
(MTRI) that aid in environmental monitoring of the Great Lakes, including 
assessment of water quality, harmful algal blooms, invasive species distributions, 
lake temperature, ice cover, nearshore bathymetry, and shallow aquatic habitats. 
Recent projects have mapped the extent of invasive Phragmites, created a 
new bi-national coastal wetlands map, created a time series of chlorophyll 
concentrations (and other color-producing agents), and improved mapping of 
harmful algal blooms in complex inland waters. Access to these datasets will 
also be discussed. MTRI is active in developing and applying user-friendly web 
portals for sharing Great Lakes remote sensing data and derived products.

Modeling a Superbloom in a Subtropical Estuary Using 
Landsat Imagery

Rex Ellis, Ali Simpson, and Chuck Jacoby
St. Johns River Water Managment District, Palatka, Florida

Abstract
In 2011, shading from an intensive, persistent and extensive algal bloom (i.e., 
a superbloom) resulted in the loss of ~40% of the seagrass in the northern 
Indian River, Banana River and Mosquito lagoons on the east coast of Florida. 
To model the spatiotemporal progression of the superbloom, ratios of spectral 
reflectances from relevant pixels in cloud-free, multispectral Landsat images 
were regressed against concentrations of chlorophyll a measured in monthly 
water samples taken at up to 16 fixed stations in the mainstems of the northern 
Indian River and Banana River lagoons. The ratio of Band 2 to Band 1 
produced useful predictions of chlorophyll a concentrations, with auxiliary data 
explaining shifts in the slopes and intercepts of the regressions.

Development of Water Quality Products Derived from 
NOAA Operational Satellite Sensor (VIIRS) Data

William J. Hernandez1, Maria A. Cardona-Maldonado1, Roy A. Armstrong1, 
Alan E. Strong2, Menghua Wang2, Erick Geiger2, Mark Eakin2, and Robert 
A. Warner3

1University of Puerto Rico, Mayaguez, Puerto Rico; 2NOAA Center for 
Weather and Climate Prediction (NCWCP), College Park, Maryland; 3NOAA 
National Centers for Coastal Ocean Science / NOAA Center for Coastal 
Monitoring and Assessment, Silver Spring, Maryland

Abstract
US Coral Reef Task Force established several priority watershed areas, one 
of which is Guánica and associated ecosystems in SW Puerto Rico. Effective 
environmental monitoring and ecosystem management requires multiple levels 
of tools. In a NOAA multi-line collaboration led by NESDIS/STAR/CRW, 
Educational Partnership Program with CREST-UPRM, and NOS/NCCOS, 
STAR is developing a suite of coastal ocean color satellite products for 
watershed managers to monitor runoff from high precipitation events. NOAA/
STAR products will allow synoptic monitoring of the plume and its reduction 
as sediment reduction measures are implemented in the drainage basin. 
Derived products from the Visible Infrared Imaging Radiometer Suite (VIIRS), 
initially as the diffuse attenuation coefficient at 490 nm (Kd [490]), an index 
of turbidity, and chlorophyll a (Chl-a) estimates, are important for measuring 
land-based sources of pollution (LBSP) and variations in water quality, 
following major rainfall events in Puerto Rico’s coastal zone. VIIRS data are 
being used to develop algorithms to produce Kd (490) and Chl-a products in 
near-shore environments. We are deriving VIIRS climatology, time-series and 
retrospective reports to identify critical periods of time for the events as well as 
collecting in situ data, which are essential for satellite products’ calibration and 
validation, algorithm development and tailored image processing capabilities. 
The in situ component of the work will be presented separately. We will show 
the initial VIIRS derived products as well as other analysis products, such as 
anomalies, providing the requested synoptic tools for use in water quality for 
the watershed coordinator.

Virtual Buoy System (VBS) to Monitor Coastal and 
Estuarine Water Quality from Satellite Measurements

Chuanmin Hu1, Brian Barnes1, Brock Murch1, and Paul Carlson2

1University of South Florida, St. Petersburg, Florida; 2Florida Fish and Wildlife 
Conservation Commission, St. Petersburg, Florida

Abstract
There is a pressing need to assess coastal and estuarine water quality state and 
anomaly events to facilitate coastal management, but such a need is hindered by 
lack of resources to conduct frequent ship-based or buoy-based measurements. 
Here, we established a virtual buoy system (VBS) to facilitate satellite data 
visualization and interpretation of water quality assessment. The VBS is based 
on a virtual antenna system (VAS) that obtains low-level satellite data and 
generates higher-level data products using both NASA standard algorithms 
and regionally customized algorithms in near real-time. The VB stations are 
predefined and carefully chosen to cover water quality gradients in estuaries 
and coastal waters, where multi-year time series at monthly and weekly 
intervals are extracted for the following parameters: sea surface temperature 
(SST, °C), chlorophyll a concentration (Chl-a, mg m-3), turbidity (NTU), 
diffuse light attenuation at 490 nm (Kd(490), m-1) or secchi disk depth (SDD, 
m), absorption coefficient of colored dissolved organic matter (CDOM), and 
bottom available light (BAL, %). The time-series data are updated routinely and 
provided in both ASCII and graphical formats via a user-friendly web interface 
where all information is available to the user through a simple click. The VAS 
and VBS also provide necessary infrastructure to implement peer-reviewed 
regional algorithms to generate and share improved water quality data products 
with the user community.
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E3 Ecosystem Indicators of Coastal and 
Freshwater Health
8:30 am – 10:00 am | Room 19

The Role of Biological Indicators in Florida’s Numeric 
Nutrient Criteria

Daniel Hammond
Cardno, Tampa, Florida

Abstract
The use of biological indicators to characterize water quality conditions is not 
new, but their importance and value has taken center stage in Florida’s highly 
debated and newly implemented Numeric Nutrient Criteria. Compliance 
with the new criteria is determined by a long list of floral and faunal metrics, 
requiring specialized training and certification for data collection. However, 
no direct cause and effect relationship between the biological indicators and 
nutrient concentrations could be established. Therefore, the criteria were built 
on a relatively simple concept – “If the biology of a system is ok, the nutrients 
must not be causing a problem.” Issues have surfaced as public and private 
sector stakeholders attempt to revise monitoring programs to implement the 
extremely complicated rule.

The questions of when, why, where, and how to collect the biological data 
have become far more important than nutrient characteristics. Examples from 
Florida streams show that the investigator’s judgement on sampling is more 
important than nutrients in determining if the stream will comply with the 
nutrient criteria.

The Florida experience with biological indicators and Numeric Nutrient 
Criteria illustrate the importance of establishing a scientifically defensible 
causal link between the indicator and a water quality threshold. Other states 
are watching Florida as nutrient criteria continue to spread across the country. 
Lessons learned here concerning the use of biological indicators can benefit 
other states and regions as they embark on the nutrient criteria development 
process.

Developing a Coastal Health Index for Texas Waters: 
Moving Towards Meaningful Ecosystem Based 
Management

Jenny Oakley1,2, Michelle Lawing1, Frances Gelwick1, and George Guillen2

1Texas A&M University, College Station, Texas; 2University of Houston-Clear 
Lake, Houston, Texas

Abstract
Resource managers of coastal systems have widely accepted the need to move 
towards meaningful ecosystem-based management. Therefore, coordinated 
measurements of multiple biological and physiochemical elements must be 
integrated to assess coastal system health as a whole. Currently, each Northern 
Gulf of Mexico state utilizes its own unique set of standards, methodologies, 
and monitoring programs to determine the health of its marine waters, leading 
to variation among states and difficulty in detecting large-scale regional 
trends in overall coastal health. We are working to create a comprehensive 
coastal health index (CHI) for Texas waters that integrates monitoring data 
collected by both state and federal programs into a common scheme. This 
Texas-wide case study will serve as a proof of concept for a larger Northern 
Gulf of Mexico-wide assessment. Parameters for the CHI will include 
both biological and chemical conditions, remotely sensed data, and human 
dimensions such as cultural values and livelihoods. The final index will be 
served interactively online, allowing for calculations of the CHI tuned to reflect 
varying stakeholder values via differential weighting of parameter values. The 
development of this CHI will be integral to compare health metrics among 
regions, or within a region over time.

Predictions of Salt Marsh Loss with Sea Level Rise and 
Implications for Water Quality

Sarah Crosby1,2, Dov Sax2, Megan Palmer2, Harriet Booth2, Linda Deegan2,3, 
Mark Bertness2, and Heather Leslie4

1Harbor Watch, Westport, Connecticut; 2Brown University, Providence, Rhode 
Island; 3Marine Biological Laboratory, Woods Hole, Massachusetts; 4The 
University of Maine, Walpole, Maine

Abstract
Salt marshes buffer coastlines and provide critical ecosystem services from 
storm protection to food provision. Worldwide, these ecosystems are in danger 
of being lost if they cannot increase their elevation at rates that match sea-level 
rise, but the magnitude of loss to be expected is not known. Here, we present 
a synthesis of records of elevation change observed in salt marshes globally 
and consider the likelihood of salt marsh persistence under future conditions. 
We found that many marshes did not keep pace with sea-level rise in the past 
century and have kept pace even less well over the past two decades. Local 
variation in sea-level rise shows that marshes experiencing higher local sea-level 
rise rates were less likely to keep pace. These results suggest that sea-level rise 
will eventually overwhelm most marshes’ capacity to maintain elevation. Under 
the most optimistic IPCC emissions pathway, 60% of the current footprint of 
salt marshes globally will be lost by 2100; without mitigation of greenhouse gas 
emissions this loss could exceed 90%. Given the role that salt marshes play as 
nutrient and metal sinks and in buffering coastal waters from inland pollution 
sources, this loss of salt marsh habitat will have a substantial impact on water 
quality.

Phytoplankton Reference Communities and 
Phytoplankton Index of Biotic Integrity for Barnegat 
Bay-Little Egg Harbor Estuary, New Jersey

Ling Ren1, Thomas Belton2, and Robert Schuster3

1The Academy of Natural Sciences of Drexel University, Philadelphia, 
Pennsylvania; 2New Jersey Department of Environmental Protection–Office 
of Science, Trenton, New Jersey; 3New Jersey Department of Environmental 
Protection–Bureau of Marine Water Monitoring, Leeds Point, New Jersey

Abstract
We characterized the temporal and spatial distribution of phytoplankton 
in Barnegat Bay-Little Egg Harbor (BB-LEH) between August 2011 and 
December 2014. Data on phytoplankton species composition and abundance, 
and biovolume and carbon biomass, together with the synchronized water 
quality monitoring data, provided the basis for developing a phytoplankton 
Index of Biotic Integrity (P-IBI) for the BB-LEH estuary. Season-salinity 
specific phytoplankton reference communities were quantified and a P-IBI 
is being developed using approaches similar to those for the Chesapeake Bay 
(Buchanan et al. 2005, Estuaries, 25: 138-159, and Lacouture et al. 2006, 
Estuaries and Coasts, 29: 598-616). Reference communities, in comparison 
to communities in impaired conditions, are characterized by low Chl-a, low 
Chl:C ratio and low summer picoplankton biomass, as well as low TN and TP 
concentration and high DO. Thirty-four phytoplankton metrics were evaluated 
for their ability to discriminate between the least-impaired and impaired 
habitat conditions. Ten discriminatory metrics were selected and different 
combinations of these metrics were used to create phytoplankton indices 
for spring and summer in mesohaline and polyhaline zones in BB-LEH. A 
validation of the P-IBI, using the third year’s data, is underway. Our work is 
the first attempt at P-IBI development for the BB-LEH estuary. The calculated 
reference conditions and classification criteria for key water quality parameters 
and phytoplankton metrics are expected to facilitate water quality assessment 
and rehabilitation efforts in BB-LEH. The calculated differences in TN and 
TP between impaired and least-impaired conditions can be useful information 
for nutrient criteria development and nutrient loading management in the 
region. However, significant effects of Hurricane Sandy on the phytoplankton 
community were observed during October–November 2012, the beginning 
of the second year investigation. As a result, phytoplankton reference 
communities and P-IBI development based on the first two-years of data may 
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have inevitably exhibited considerable uncertainty and deviation. More data 
collections of the phytoplankton community, along with the water quality 
monitoring, are therefore essential to refine the reference communities and to 
strengthen the P-IBI for the BB-LEH system.

E4 Cool Applications of R for Scientific 
Workflows, Part 1
8:30 am – 10:00 am | Room 20

Advanced Techniques for Automated Statewide 
Surface Water Quality Assessment for 305(b) 
Reporting

Biswarup Guha, Jack Pflaumer, and Joseph Aiello
New Jersey Department of Environmental Protection, Trenton, New Jersey

Abstract
The presentation is an attempt to share the innovative techniques that New 
Jersey has developed to perform statewide water quality assessment for the 
purpose of preparing 303(d) lists and 305(b), report which is required under 
Section 305(b) of the federal Clean Water Act to be submit to USEPA on 
a biennial basis (April of even years). The Report describes the overall water 
quality for the 137 parameters for which there are numeric standards and 
support of designated uses. Each cycle, the following lengthy and repetitious 
steps have to be performed: (1) all publicly available data are validated; (2) 
data are prepared and summarized so that assessment with respect to the 
various stream classifications and stream designated uses are appropriately and 
confidently made in accordance to the procedures laid out in the Methods 
document (3) tables and graphs for Integrated reports are created in the format 
per EPA requirements.

In the 2014 305(b) report for New Jersey, for example, more than a million 
grab sample records for more than 400 unique chemical or physical parameters 
from 6000 plus locations in 850 assessment units were publicly available in 
addition to continuous monitoring data from more than 150 stations. In order 
to perform the assessment thoroughly yet efficiently and accurately, New Jersey 
Department of Environmental Protection has attempted using automation 
techniques using R-scripts for 2014 and 2016 cycles. The presentation will 
highlight the unique automation techniques to screen and validate the data, 
summarize and present raw data and statistics in form of tables, geo-spatial 
maps and time-series figures and unique way to perform comprehensive 
assessment.

Enhancing Data Interpretation in the Delaware River 
Basin with R

John Yagecic, Robert Limbeck, and Karl Heinicke
Delaware River Basin Commission, West Trenton, New Jersey

Abstract
Extracting meaning from monitoring data requires an intermediary step for 
retrieving, processing, and translating numerical measurements to human 
interpretable representations. Scripted processing, made possible by the R 
statistical programming language and other platforms, allows visualizations that 
are interactive and near real-time, features unavailable in print presentation. 
The Delaware River Basin Commission has been developing tools using R to 
enhance understanding of both discrete and real-time continuous monitoring 
data. This presentation will highlight 3 areas of R script development including 
dashboard visualizations of near real-time data updated daily, an interactive tool 
for generating box plots of monitoring data based on user selected parameters 
and time-periods, and a process for inferring optimal lag and reaction times 
between water quality drivers and system response.

An R-Based Web Application to Search, Analyze and 
Display Water Quality Data in Oregon State, USA

Peter Bryant
Oregon Department of Environmental Quality, Portland, Oregon

Abstract
Water quality professionals rely on readily-accessible data to make management 
and regulatory decisions. However, knowing what data are available and how 
to apply water-quality standards can be time consuming and cumbersome. To 
help make water-quality data readily available for analysis in Oregon, I have 
developed an R-based web application that queries the Oregon Department 
of Environmental Quality’s databases and the National Water Quality 
Monitoring Council’s Water Quality Portal (WQP). I used the dataRetrieval 
R package to utilize the WQP’s web services and Rstudio’s Shiny package to 
build the web interface. The application compares queried data to appropriate 
water-quality standards based on timing and geographic location. Trend 
analyses of queried data can also be conducted. An interactive plot displays the 
results and trends. The source code for the web application and water-quality 
standards implementation are publicly available in a GitHub repository to 
facilitate distribution for use in water-quality projects located in Oregon and 
elsewhere.

Using R to Conduct Hydrostatistical Analysis at the 
Virginia Department of Environmental Quality

Robert Burgholzer1 and Lindsay Carr2

1Department of Environmental Quality, Richmond, Virginia; 2US Geological 
Survey, Middleton, Wisconsin

Abstract
The Virginia Department of Environmental Quality’s Office of Water Supply 
employs R for the full life-cycle of hydrological and environmental analysis 
related to water supply and withdrawals. R is used for the calculation of 
traditional hydrologic statistics such as monthly non-exceedence flows, as well 
as newer hydro-statistics such as those that are used to analyze flow:ecology 
relationships (ex: HIT metrics and IHA). R is also used as a scripting engine 
for tasks that need to be updated on a daily, monthly or annual basis. One 
of the most impactful uses of R by the Virginia DEQ is the applicaton of 
Maximum Likelihood Least Squares Regression for the analysis of winter base 
flow recharge and subsequent summertime drought probabilities (Austin 2014 
http://pubs.usgs.gov/sir/2014/5145/). This application has enabled DEQ to 
inform localities of summertime probabilities of drought occurrence beginning 
in March, dramatically increasing opportunities for drought preparedness. In 
coming years, the MLLR Drought relationships will be coded to automatically 
update relationships for active gages so that DEQ water supply analysts and 
permit writers have access to the most complete drought prediction tools 
available.
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E5 Emerging and Legacy Contaminants
8:30 am – 10:00 am | Room 21

Environmental Chemical Mixtures: A Field Approach 
to Assessing Exposure and Effects

Paul Bradley1, Dana Kolpin2, Kathryn Kuivila3, Timothy Reilly4, Kristin 
Romanok4, and Dan Villeneuve5

1US Geological Survey, Columbia, South Carolina; 2US Geological Survey, 
Iowa City, Iowa; 3US Geological Survey, Portland, Oregon; 4US Geological 
Survey, Lawrenceville, New Jersey; 5US Environmental Protection Agency, 
Duluth, Minnesota

Abstract
Assessing the human and ecological health risks associated with exposure to 
complex chemical mixtures is acknowledged as a significant environmental 
health challenge. The current lack of information on the composition and 
variability of environmental mixtures combined with limited understanding of 
their combined effects are fundamental obstacles to management of adverse 
human and ecological effects of chemical mixtures. This presentation describes 
a field-based approach to identifying chemical mixtures and biological activity 
associated with stream waters affected by a wide range of contaminant sources. 
The results will (1) document the mixtures and levels of chemicals found in 
the environment, (2) help identify potential human and ecological exposures, 
(3) guide prioritization of toxicological studies of chemical mixtures, and (4) 
provide insight into potential biological interaction of multiple contaminants, 
(5) help relate bioassay screening approaches to environmental chemical 
characterization in order to support development of new monitoring strategies, 
and (6) provide a base of data for models to predict chemical mixtures in 
watersheds affected by diverse land-use and chemical-use patterns and their 
potential ecological or human health effects.

Stream sites were selected from environments that are vulnerable to multiple 
contaminant sources, including industrial and municipal wastewater discharges, 
crop and animal agriculture, land-applied manures and biosolids, urban runoff, 
and other point and nonpoint contaminant sources. Data from previous US 
Geological Survey (USGS) studies of contaminants of emerging environmental 
concern provide a basis for site selection. The approach combines 
comprehensive chemical characterization, which includes sensitive and 
specific direct analysis for over 700 dissolved organic and inorganic chemicals, 
identification and quantitation of unknown contaminants (environmental 
diagnostics), and a battery of bioassays to evaluate biological activity and 
toxicity. The study is a collaborative effort between the USGS, which leads the 
site selection, sample collection, and chemical characterization, and the US 
Environmental Protection Agency, which leads the biological testing.

How Evaluations of Low Concentrations of Organic 
Chemical Contaminants are Important in Managing 
Lake Ecosystems

Michael Rosen1 and Steven Goodbred2

1US Geological Survey, Carson City, Nevada; 2US Geological Survey, High 
Point, North Carolina

Abstract
Over the past 30 years, advances in analytical methods and instrumentation 
have allowed scientists to measure organic contaminant concentrations into the 
picogram and nanogram ranges. These advances are enabling scientists to source 
contaminants and determine their pervasiveness in the environment. However, 
are these low concentrations of contaminants relevant to aquatic and/or human 
health? In order to address the relevance of low contaminant concentrations to 
fish health, an interdisciplinary team of hydrologists, biologists, and geologists 
was assembled to understand ecosystem responses to a suite of analytes 
detected at concentrations below fish-health criteria, and many without any 
criteria or toxicity investigations. This presentation examines the correlation 

between low contaminant concentrations to ecosystem health in Lake Mead, 
Nevada and how the continuing detection of low concentrations of organic 
compounds measured in water, sediment, and fish in the lake has changed the 
perception and relative importance of these concentrations in management 
decisions. The relatively long (21 year) history of studying endocrine disruption 
in Lake Mead can be used as a model for how results of well-documented 
scientific studies are used in water resource management practices.

Assessment of Stream Quality in the Piedmont and 
Appalachian Mountain Area of the Southeastern 
United States

Celeste Journey1, Paul Bradley1, and Peter VanMetre2

1US Geological Survey, Columbia, South Carolina; 2US Geological Survey, 
Austin, Texas

Abstract
During the spring and summer of 2014, the US Geological Survey (USGS) 
National Water-Quality Assessment Program (NAWQA) assessed stream 
quality across the Piedmont and southern Appalachian Mountain region in 
the southeastern United States. The goal of the Southeast Stream Quality 
Assessment (SESQA) is to characterize multiple water-quality factors that are 
stressors to aquatic life – contaminants, nutrients, sediment, and streamflow 
alteration – and the relation of these stressors to ecological conditions in 
streams throughout the region. Two important anthropogenic factors affecting 
water quality in the region are urbanization and streamflow alteration; 
therefore, these factors were targeted in the assessment. Findings from the 
assessment will provide communities and policymakers with information about 
which human and environmental factors are the most critical in controlling 
stream quality, and, thus, provide insight about possible approaches to protect 
and improve stream quality.

The targeted design of the assessment used streamflow and land-use data to 
identify and select sites that reflected a range in the amount of urbanization 
and streamflow alteration. One hundred fifteen sites were selected and 
sampled across the region for as many as 10 weeks during April, May, and June 
2014 for contaminants, nutrients, and sediment. This water-quality “index” 
period culminated with an ecological survey of habitat, periphyton, benthic 
macroinvertebrates, and fish at all sites. Sediment was collected during the 
ecological survey for analysis of sediment chemistry and toxicity testing. Fifty-
nine sites were on streams in watersheds with varying degrees of urban land 
use, 5 were on streams with numerous confined feeding operations (CAFOs), 
and 13 were reference sites with little or no development in their watersheds. 
The remaining 38 “hydro” sites were on streams in watersheds with relatively 
little agricultural or urban development but with hydrologic alteration, such as 
a dam or reservoir.

This presentation will provide a detailed description of and preliminary 
findings from the specific study components of the SESQA that included 
surveys of ecological conditions, routine water sampling, deployment of 
passive polar organic compound integrative samplers (POCIS) of pesticides 
and contaminants of emerging concern, and synoptic sediment sampling and 
toxicity testing at all urban, CAFO, and reference sites.

Toxic Contaminants (Emerging and Legacy) in 
Oregon’s (USA) Aquatic Environments: A Statewide 
Assessment

Lori Pillsbury, Kara Goodwin, and Daniel Brown
Oregon Department of Environmental Quality, Hillsboro, Oregon

Abstract
In 2013 the Oregon Department of Environmental Quality (ODEQ) 
completed a multi-year statewide survey of the occurrence of emerging and 
legacy contaminants in Oregon’s aquatic environment. Sampling occurred 
on a rotating basin approach moving around the state over the course of six 
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years. The 177 sample locations represented a variety of land use patterns and 
ecological habitats ranging from the coast to high desert. Three water sampling 
events were conducted at most sites to account for hydrologic influences as 
well as seasonal use patterns. Water samples were analyzed for more than 600 
unique chemicals including metals, consumer product constituents (including 
pharmaceuticals), combustion by-products, current-use and legacy pesticides, 
steroids and hormones, industrial compounds, and flame retardants. Across the 
state, current use pesticides were the most frequently detected group (except 
metals) in water with occurrence of at least one pesticide at more than 50% 
of sites sampled. The herbicide, diuron, was found at least once in each basin 
sampled. Although typically occurring at low concentrations (generally below 
established benchmarks or criteria), the presence of mixtures of multiple 
pollutants is a concern for aquatic life.

In addition to water samples, collection of tissue and sediment samples 
occurred at a subset of sites. In most cases, one sampling event occurred. 
Resident fish or shellfish (coast) were targeted for sampling in order to 
represent non-migratory species. Tissue and sediment samples were analyzed 
for a subset of chemicals which included flame retardants, legacy pesticides, 
mercury, metals, PCBs, and dioxins / furans. Statewide, mercury in tissue is an 
on-going concern along with legacy pesticides.

The data collected from this program will be utilized to guide the on-going 
statewide monitoring effort. The data illustrates that careful consideration must 
be given to hydrologic cycles, land use, seasonal use patterns, and sampling 
media in designing the next phase of this program.

E6 Regional Scale Monitoring Perspectives
8:30 am – 10:00 am | Room 22

The National Coastal Condition Assessment for 
Western Lake Michigan and Southern Lake Superior

Steven Greb and Paul Garrison
Wisconsin Department of Natural Resources, Madison, Wisconsin

Abstract
The National Coastal Condition Assessment (NCCA) assesses the condition 
of the coastal waters of the United States in response to the US Environmental 
Protection Agency (EPA) responsibility to report periodically on the condition 
of the nation’s waters under the Clean Water Act. The Wisconsin Department 
of Natural Resources (WDNR) has participated in the NCCA in 2010 and 
2015 and was assigned 13 sites in the nearshore areas of Lakes Superior and 
Michigan. Additional sites in both lakes were sampled to give more complete 
coverage. Parameters measured included surface water nutrients, profiles of 
important variables, sediment quality, and fish toxins. In 2010 nearly all areas 
had very good water quality, the only exception was lower Green Bay in Lake 
Michigan where nutrient and cyanobacteria levels were elevated. Comparisons 
will be made between the 2010 and 2015 assessment. In addition to the NCCA 
survey, the WDNR has been sampling the nearshore of Lake Michigan every 
2–3 years since 2004. This monitoring has largely been in response to the 
Cladophora issue. Comparison of results from this program will be made with 
results from both NCCAs

Arctic Coastal and Freshwater Surveys 2010–2015: 
Challenges and Successes

Amber Bethe and Terri Lomax
Alaska Department of Environmental Conservation, Anchorage, Alaska

Abstract
The Alaska Department of Environmental Conservation’s (ADEC) 
Alaska Monitoring and Assessment Program (AKMAP) is responsible for 
implementing statistical surveys to assess water quality on a regional and 

statewide basis. Due to Alaska’s immense size, large number of water bodies, 
and isolated nature, assessing the status of our aquatic resources presents 
ADEC with significant logistical and budgetary challenges.

Conducting aquatic resource surveys in isolated regions presents unique 
logistical challenges. Sites are not easily accessible and are up to 100 miles 
from the nearest camp or community. Communities and airstrips are few and 
far between, making camp locations and staging gear difficult. Electricity is 
often not available, making it difficult or impossible to keep samples chilled. In 
coastal areas, unpredictable sea ice conditions or storms may make site access 
impossible.

This presentation will describe AKMAP efforts since 2010 to complete a range 
of surveys in the Arctic, including numerous challenges in completing field 
research in the Arctic. In 2015 we completed estuary and stream surveys, the 
last two of six resource survey projects in this extremely isolated region. Other 
projects included wetlands, lakes and coastal surveys. During the course of 
these six projects we surveyed 224 sites by helicopter, truck, ship, boat, raft, 
and on foot. We shivered our way through the Chukchi and Beaufort seas and 
their associated estuaries and lagoons from Kivalina 500 miles east nearly to 
Prudhoe Bay. We explored seldom visited areas while surveying wetlands, lakes, 
and streams and rivers in the Arctic coastal plain of the National Petroleum 
Reserve – Alaska.

The Gulf of Mexico Coastal Ocean Observing System 
Regional Association: Our Build-Out Plan and the 
Process Used in Its Development

Barbara Kirkpatrick1,2, Matt Howard1,2, Landry Bernard1, Chris 
Simoniello1,2, and Stephanie Watson1

1Gulf of Mexico Coastal Ocean Observing System Regional Association, 
College Station, Texas; 2Texas A&M University, College Station, Texas

Abstract
The US Gulf of Mexico coastline extends from the Florida Keys westward 
to the southern tip of Texas, encompassing over 17,000 miles of shoreline in 
five US states. This region provides our Nation with many valuable resources: 
energy from oil, gas, wind and waves; abundant seafood; major ports and 
transportation waterways; beautiful beaches; and vibrant coastal communities. 
The region has rapid population growth, expanding jobs, and a strong economy. 
The Gulf of Mexico Coastal Ocean Observing System (GCOOS) is being 
developed to address a variety of societal needs that are crucial to protecting 
and preserving this incredible ecosystem while still providing rich natural 
resources. GCOOS activities are organized around themes that illustrate the 
broad, beneficial uses of the observing system activities. A clear link is made 
between the socioeconomic themes of GCOOS and the required observing 
system elements. Additionally, numerous serious issues threaten the marine 
ecosystem and quality of life that residents and visitors to the Gulf currently 
enjoy. Seeking to mitigate the vulnerability of the ecosystem and community 
infrastructure to risks to life and property, the major societal goals of the 
GCOOS are:

•	 Safe and Efficient Marine Operations

•	 Mitigation of Effects of Coastal Hazards

•	 Public Health and Safety

•	 Healthy Ecosystems and Water Quality

So when creating our Build Out Plan, we use a hybrid approach in selecting 
the observing system elements. Some focus on monitoring platforms: moorings, 
others on observing subsystems, others on the measurand, and one on a 
particular class of instrumentation. The elements chosen are:

•	 Surface currents and waves network

•	 Mooring Network

•	 Autonomous Meteorological Measurement Network
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•	 Gliders and Autonomous Underwater and Surface Vehicles

•	 Satellite Observations and Products

•	 Aircraft Observations and Unmanned Aerial Systems

•	 Bathymetry and Topography Mapping

•	 Enhanced Water Level Network

•	 Enhanced Physical Oceanography Real-Time Systems

•	 Ecosystem Monitoring

•	 Harmful Algal Bloom Integrated Observing System

•	 Integrated Water Quality Monitoring Network and Beach Quality 
Monitoring

•	 Hypoxia Monitoring

•	 Monitoring of River Discharge to the Gulf

•	 Circulation Modeling

•	 Ecosystem Modeling

•	 Data Management and Communication Subsystem

•	 Outreach and Education Subsystem

We will present the process that was used to develop the build out plan and the 
ongoing efforts to implement it.

Development of the Gulf of Mexico Habitat and Water 
Quality and Quantity Monitoring and Assessment 
Program for the RESTORE Council

Steven D. Giordano1, Michael T. Lee2, Mark E. Monaco3, and Gregory D. 
Steyer4

1NOAA National Marine Fisheries Service Southeast Regional Office, St. 
Petersburg, Florida; 2US Geological Survey Texas Water Science Center, 
Shendoah, Texas; 3NOAA National Ocean Service National Centers for 
Coastal Ocean Science, Silver Spring, Maryland; 4US Geological Survey 
Southeastern Region, Baton Rouge, Louisiana

Abstract
A comprehensive environmental monitoring network is a foundational 
element necessary to make scientifically-sound decisions regarding the health 
and viability of the Gulf of Mexico ecosystem. Under the RESTORE Act, 
the RESTORE Council (Gulf Coast Ecosystem Restoration Council) has 
statutory reporting requirements to monitor its funded projects. In order to 
provide the Council the information that it needs to meet its commitments, 
the monitoring and assessment program, administered jointly by NOAA 
and USGS, aims to develop the basic foundational components for Gulf 
region-wide monitoring in order to measure beneficial effects of investments 
in restoration. Through collaboration with the Gulf States, Federal and local 
partners, academia, non-governmental/nonprofit organizations, and industry, 
the program will utilize a Council Monitoring & Assessment Work Group and 
a Community of Practice to leverage existing resources, capacities, and expertise 
and build on existing monitoring data and programs. This initial program will 
lay the foundation for a coordination structure and implementation strategy 
for an integrated network that leverages the breadth of current state, federal, 
or other regional programs to acquire existing and new habitat and water 
quality data, ensures quality assurance/quality control, and enhances data 
sharing and preservation. The program will establish consistent baselines that 
will effectively detect and track changes at the project level and landscape 
scale arising from planned activities (conservation, restoration), extreme 
weather events (storms, cold snaps), climate change/sea level rise, and accidents 
(ship groundings, oil spills). The monitoring network will be designed in 
accordance with adaptive management principles to insure strong connections 
with restoration decision-making and maximize opportunities for learning. 

Cross-institutional support will be garnered by inclusive management, data 
collection, open access to standardized data, involvement of Gulf-wide experts, 
active stakeholder involvement, and a system that is adaptable to changing 
needs and priorities. This program enables the RESTORE Council to achieve 
its mission of science-based comprehensive Gulf ecosystem restoration by 
providing a program to support the Council’s decision making and will provide 
the information that will assist in prioritizing management needs, selecting 
and implementing restoration actions, and measuring the results of individual 
projects to determine progress and adjust course as needed.

E7 Managing and Sharing Volunteer Data
8:30 am – 10:00 am | Room 23

Creating an Effective Volunteer Monitoring Database 
– Changing Data Management Techniques and Lessons 
Learned

Holden Sparacino
Alliance for Aquatic Resource Monitoring, Carlisle, Pennsylvania

Abstract
In January 2015, the Alliance for Aquatic Resource Monitoring (ALLARM) 
began working with CitSci.org to build an online portal to manage data from 
a diverse set of volunteers monitoring streams for impacts from shale gas 
development inside and beyond the state of Pennsylvania. ALLARM and its 
volunteers were excited at the prospect of upgrading data management from 
excel sheets emailed to/from volunteers to an online portal where volunteers 
could upload their data, view their historic data and graphs communicating 
their data, as well as for the first time in the program, easily view data from 
other groups monitoring for similar impacts across the region.

One of the most unique challenges of this project was that the database would 
be developed after the program had engaged volunteers in monitoring for 
five years. This challenge presented a number of hurdles around historic data 
organization as well as training approaches to receive buy-in and participation 
by existing volunteers.

This session presentation will highlight the participatory approach to the 
database design, the data management and visualization goals, the database 
development process, the lessons learned working with a database developer, 
and the measures taken to organize and clean the historic data.

Missouri Stream Team VWQM Interactive Map

April Perry
Missouri Department of Conservation, Jefferson City, Missouri

Abstract
There is often a need for volunteer programs to spatially display volunteer 
monitoring data to assess what locations are being monitored, what data is 
available, and potential data gaps. The Missouri Stream Team program has 
developed an interactive map that showcases all volunteer activities along 
streams across the state, including water-quality monitoring. The data at 
all sites is available for any interested person to view simply by clicking the 
corresponding icon on the map. By presenting locations and data on a map, 
volunteers are able to view their own data, as well as that collected by others 
across the state. The visual representation of volunteer data will help facilitate 
an increased level of watershed education by increasing the availability and 
accessibility of citizen collected data.
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Rapid Provisional Reporting in Long-Term Monitoring 
Programs for Detection of Illicit Discharges by NPDES 
SMS4 Communities

Susan Libes
Coastal Carolina University, Conway, South Carolina

Abstract
The Clean Water Act’s NPDES Phase II stormwater rule requires that 
regulated communities develop and maintain illicit discharge detection and 
elimination (IDDE) programs. This is challenging for small municipalities, 
aka SMS4s, due to limited budgets and lack of scientifically trained staff. 
To address this, the eight SMS4s of the Myrtle Beach Urbanized Area have 
been collaboratively funding since 2006 a suite of long-term water-quality 
monitoring programs performed biweekly by volunteers and a state-certified 
university lab (EQL). Rapid reporting to support IDDE is conducted on two 
timescales: (1) once an aberrant observation is noted by volunteers, field, or 
lab analysts, the EQL emails the stormwater managers, and (2) within 2-to-4 
weeks post sampling, the EQL emails a narrative and quantitative “provisional” 
report. Both rely on the use of site-specific norms established from prior results. 
In the case of the volunteers, annually updated site-specific norms are provided 
to enable them to identify unusual (25th or 75th percentile exceedances) or 
highly unusual (10th or 90th percentile exceedances) results. These statistics 
are also posted on the web apps that provide public access to the data. The 
“provisional” reports also consider: (1) long-term trends, (2) rain data from 
NOAA’s CoCoRaHS program and from areal estimates using watershed-scale 
Nexrad imagery, (3) regulatory water quality criteria and other benchmarks, 
such as USEPA recommendations, (4) discharge and water quality data from 
continuous USGS sensors, (5) monitoring data collected by state regulators, 
and (6) reports from municipal staff and the volunteer program’s field leaders 
regarding anthropogenic activities, such as land disturbances from construction. 
The “provisional” report format was developed collaboratively by the EQL, 
volunteers and stormwater managers. The reports are archived in annual 
spreadsheets and the results synthesized for submission to NPDES Phase II 
permit regulators. IDDE has increased since implementation of this reporting 
protocol due to: (1) tightening of site-specific norms with increasing size of the 
datasets, and (2) more effective integrated data analysis arising from increased 
experience of the group in working together. Another valuable outcome 
has been detection of infrequent sensor and sampling issues by comparing 
volunteer data to the certified lab’s discrete samples and USGS’s continuous 
measurements.

The External Data Framework – Facilitating Greater 
Data Sharing with a New, Systematic and Streamlined 
Approach to Solicit and Review Secondary Data for 
Potential Use in Clean Water Act Programs

Jody Arthur
Indiana Department of Environmental Management, Office of Water Quality, 
Indianapolis, Indiana

Abstract
Section 303(d) of the Clean Water Act (CWA) requires that states actively 
solicit and consider all existing and readily available water quality data and 
related information when developing their 303(d) List of Impaired Waters. 
In Indiana, numerous universities, municipalities, watershed groups and other 
grassroots organizations as well as individual citizens throughout the state 
participate in water monitoring activities at various scales and many have 
indicated a strong interest in sharing the data they collect with the Indiana 
Department of Environmental Management’s Office of Water Quality 
(OWQ). In the past, the amount and variety of data received in response to 
303(d) solicitations consistently overwhelmed its ability to review the data in 
a timely and cost-effective manner, hampering effective collaboration between 
OWQ and the water resources community at large.

To address this issue, OWQ developed a formal, systematic and streamlined 
approach to effectively and efficiently solicit, review, and store secondary data 
for potential use in CWA programs. The External Data Framework is a tiered 
system of OWQ and other intended uses for water quality data based the data 
quality needed to support them.

The EDF removes many of the internal and external barriers to effective data 
sharing with the OWQ. Internally, the EDF provides a formal, streamlined 
process for submittal, review and management of secondary data. And, 
individuals and organizations with data to share now have a tiered system that 
allows for data of varying quality, online tools that simplify data submittals and 
guidance that articulates OWQ’s requirements and recommendations for the 
use of secondary data.

The EDF also provides recommended data quality benchmarks for several 
non-OWQ uses that participants can use to develop monitoring plans and 
evaluate secondary data for their own needs. The OWQ is also developing 
online technical assistance to help EDF participants build better monitoring 
programs and to more fully document the quality of the data they collect. And, 
data submitted through the EDF are available to the public.

With continued development of the EDF and as participation grows, more 
data of known quality will become available to OWQ and others working to 
protect and restore Indiana waters.

F1 Continuous Monitoring in Florida’s St. Johns 
River Basin
10:30 am – 12:00 pm | Rooms 13–14

Implementation of Continuous Monitors at the 
SJRWMD

David Hornsby
St. Johns River Water Management District, Palatka, Florida

Abstract
The St. Johns River Water Management District has established an extensive 
network of continuous monitoring to assist in tracking of algal blooms, spring 
flow impacts on surface water and connections between different reaches 
of the St. Johns River and its tributaries. This talk will present the planning 
process in implementing these networks, kinds of equipment utilized, the cost 
of operation, maintenance experience and ways for providing public access to 
these large data sets via the internet.

Quality Assurance Procedures for Continuous Water 
Quality Monitoring

Susan Connors and Lauren Peacock
St. Johns River Water Management District, Palatka, Florida

Abstract
The St Johns River Water Management District (SJRWMD) currently has 27 
continuous recorder stations located throughout northeast Florida. Stations 
are located in both fresh and saline environments and each station has 1 to 
3 continuous recording meters. All stations have a YSI XO2 meter which 
measures water temperature, pH, conductivity, salinity, dissolved oxygen, 
percent oxygen saturation, and water depth. XO2 meters may also include 
chlorophyll and BGA, turbidity, and fdom probes. Other meters located at 
some stations include the Sea-Bird SUNA V2 which measures nitrate and 
Cycle P which measures phosphate. Data are collected hourly from the XO2 
and SUNA and every two hours from the Cycle P. The equipment is connected 
to the SJRWMD telemetry system and data are automatically uploaded to the 
Hydstra database.
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Field procedures and sampling are in place to accommodate continuous 
recorder QA. Stations are visited at least monthly to perform equipment 
and station maintenance. At that time, water samples are collected at the 
same depth as the probes and a YSI EXO1 portable meter is used to collect 
field readings. The water samples and XO1 field data will assist with data 
QA. Additional XO2 readings are collected during station visits and include 
both pre-cleaned and cleaned probe readings. The two XO2 probe readings 
coupled with the portable XO1 readings will help with data adjustments. The 
results of calibration verification is documented for each XO probe and will 
be considered during data QA. Laboratory samples results will be compared 
to continuous recorder data for applicable parameters during the QA process. 
Data quality codes will be assigned to all continuous recorder values.

Process Rates Parameterization in a Blackwater River 
Estuary – The St. Johns River, Florida

John Hendrickson
St. Johns River Water Management District, Palatka, Florida

Abstract
Advancing technologies in automated, in situ measurement of physical 
and chemical water quality variables has facilitated the evolution of water 
quality monitoring from simple ambient condition assessment to event and 
ecosystem process rate characterization. This evolution presents opportunities 
for “second-derivative” characterization of water quality that can improve the 
parameterization of water quality models and refine the scale of our overall 
understanding of system productivity. For the St. Johns River Estuary, a 
eutrophic blackwater river estuary in Northeast Florida, an in situ autonomous 
monitoring program has been applied to assessing changes in system primary 
production through the expansion of cyanobacteria blooms, and to bridging 
the time gaps in fixed-interval ambient monitoring. The result has been an 
improved understanding of the factors that enhance or interrupt the the 
maturation of blooms.

Lessons, Conclusions, and Plans for Future Use 
of Continuous Monitors at St. Johns River Water 
Management District

Christine Mundy
St. Johns River Water Management District, Palatka, Florida

Abstract
Continuous monitoring of water quality parameters provides powerful insights 
that are not available by other means, but it also provides challenges that other 
monitoring methods do not. This talk will outline the ways that information 
from continuous monitoring data provides insights not available through 
traditional monitoring methods, ways to improve their utility in pursuit of the 
agency’s goals and innovations for future use in water resource management in 
Florida.

F2 Harmful Algae Bloom Prediction and 
Forecasting
10:30 am – 12:00 pm | Room 18

Using Advanced Detection Methods to Further 
Understand the Drivers of Growth and Toxicity of 
Cyanobacterial Harmful Algal Blooms in Western Lake 
Erie

Timothy Davis1, Thomas Johengen2, Steve Ruberg1, Duane Gossiaux1, 
Gregory Doucette3, Alicia Ritzenthaler2, Danna Palladino2, Ashley 
Burtner2, and Matthew Harke4

1NOAA-GLERL, Ann Arbor, Michigan; 2University of Michigan, Ann Arbor, 
Michigan; 3NOAA-Marine Biotoxins Program, Charleston, South Carolina; 
4Columbia University, Palisades, New York

Abstract
Lake Erie is once again experiencing intense cyanobacterial harmful algal 
blooms (CHABs) in the western basin. While it is well known that cultural 
eutrophication is a primary driver of these phenomena, there is fierce debate 
over the roles of nitrogen (N) and phosphorus (P) in stimulating the growth 
and toxicity of CHABs. While it has been shown that estimates of bloom size 
can be made using spring P-loading values from the Maumee River to Lake 
Erie, to date no such model exists for estimating bloom toxicity. Furthermore, 
the role of N in stimulating CHAB growth and toxicity in Lake Erie has only 
recently been gaining attention. Several investigators have addressed this issue 
but to date no clear consensus exists. This lack of understanding is partially 
due to the fact that the limnological conditions in western basin Lake Erie 
are highly variable and blooms may be experiencing both P limitation and 
N limitation simultaneously, therefore sampling bias may skew conclusions. 
Furthermore, different organisms are responsible for the CHABs in the open 
lake versus Lake Erie tributaries. For example, Microcystis spp. comprises much 
of the bloom biomass in the lake proper where as Planktothrix spp. comprises a 
majority of the biomass in Sandusky Bay and the Maumee River. Both genera 
have strains that are able to produce toxic microcystins, however, N and P can 
stimulate bloom growth differently throughout the season. I will present the 
results from long-term remote and discrete monitoring, microcosm experiments 
and advanced genetic techniques. All of these data indicate that while P is 
critical for initiating western Lake Erie CHABs, N may be more important for 
stimulating growth and toxin production in total, hence both N and P must be 
considered when developing nutrient mitigation strategies.

The Feasibility of Developing Models for Predicting 
Microcystin Concentrations in Freshwater 
Recreational Lakes

Donna Francy1, Rebecca Bushon1, Amie Brady1, Jennifer Graham2, Erin 
Stelzer1, Christopher Ecker1, Pamela Struffolino3, and Keith Loftin2

1US Geological Survey, Columbus, Ohio; 2US Geological Survey, Lawrence, 
Kansas; 3University of Toledo, Oregon, Ohio

Abstract
Cyanobacterial harmful algal blooms (cyanoHABs) and associated toxins, such 
as microcystin, are a major global water-quality issue. cyanoHAB prediction 
is complicated and site specific because of the many factors affecting toxin 
production, but it is an important goal for public health protection. Samples 
were collected at three Ohio recreational lakes to identify factors that could 
be used to develop two types of models to predict microcystin concentrations: 
(1) Real-time models that include easily- or continuously-measured factors 
and available environmental data that do not require a sample be collected 
and (2) comprehensive models that use results from samples collected and 
analyzed in a laboratory along with real-time factors. For real-time models, 
statistically significant correlations between microcystin concentrations 
and factors included phycocyanin, turbidity, pH, streamflow from a nearby 
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river, lake level change over 24 hours, and Secchi depth. Continuous water-
quality measurements over multiple days showed the highest correlations 
to microcystin concentrations. For comprehensive models, site-specific 
statistically significant correlations to microcystin concentrations were found 
for several nutrient constituents, cyanobacterial genes (measured by use of 
molecular methods), and measures of cyanobacterial biovolume or abundance. 
The relations between these factors and microcystin concentrations were 
site specific and even differed at the same site depending on whether data 
were continuously or discretely measured. Models with high R2 values, high 
sensitivities, and high specificities were developed at one of the study sites for 
predicting microcystin concentrations above or below the Ohio Recreational 
Public Health Advisory level of 6 µg/L. The results of this study showed 
that environmental factors are promising for use in site-specific models for 
cyanoHABs at freshwater lakes. Future studies should focus on collecting more 
frequent data on several consecutive days each week before, during, and after 
the cyanoHAB season to develop robust site-specific models.

Cyanobacteria and Associated Toxins and Taste-and-
Odor Compounds in the Kansas River, Kansas

Jennifer Graham and Guy Foster
US Geological Survey, Lawrence, Kansas

Abstract
The Kansas River is a primary source of drinking water for about 800,000 
people in northeastern Kansas. Cyanobacterial blooms typically do not develop 
in the Kansas River; however, reservoirs on major tributaries occasionally 
develop blooms. Downstream transport of cyanobacteria, toxins, and taste-
and-odor compounds from upstream reservoirs was documented during a 
late summer bloom event in 2011. To characterize the sources, frequency of 
occurrence, and causes of cyanobacteria and associated compounds in the 
Kansas River continuous water-quality monitors have been operated at two 
Kansas River sites and discrete water-quality samples have been collected 
monthly to bi-weekly and during events at two Kansas River sites and three 
tributary sites since 2012. During July 2012–May 2015, cyanobacteria rarely 
dominated phytoplankton communities in the Kansas River; however, potential 
toxin and taste-and-odor producers typically were present. Geosmin occurred 
more frequently (detected in 79% of samples, n = 122) than 2-methylisoborneol 
(MIB; 38%) or microcystin (22%). Geosmin and MIB occurred year-round 
in the Kansas River, while microcystin typically occurred only during summer 
months. Cyanobacteria and associated compounds occasionally reached 
concentrations of concern in the Kansas River. Geosmin and/or MIB exceeded 
the human detection threshold of 5 ng/L in about 18% of samples. Microcystin 
exceeded the US Environmental Protection Agency health advisory guidance 
thresholds for finished drinking water of 0.3 and 1.6 µg/L in about 9 and 2% 
of samples, respectively. During July 2012–May 2015, downstream transport 
and in-river production both contributed to elevated concentrations of 
cyanobacteria and associated compounds, indicating multiple potential sources 
and mechanisms for harmful algal bloom events.

Computational Approaches to Predict Indices of 
Cyanobacteria Toxicity

Betty Kreakie1, Farnaz Nojavan2, Jeff Hollister1, and W. Bryan Milstead1

1US Environmental Protection Agency, Office of Research and Development, 
National Health and Environmental Effects Research Laboratory, Atlantic 
Ecology Division, Narragansett, Rhode Island; 2ORISE Fellow, US 
Environmental Protection Agency, Office of Research and Development, 
Atlantic Ecology Division, Narragansett, Rhode Island

Abstract
As nutrient inputs increase, productivity increases and lakes transition from low 
trophic state (e.g., oligotrophic) to higher trophic states (e.g., eutrophic). These 
broad trophic state classifications are good predictors of ecosystem health and 
the potential for ecosystem services (e.g., recreation, aesthetics, and fisheries). 
Additionally, some ecosystem disservices, such as cyanobacteria blooms, are 

also associated with increased nutrient inputs. Thus, trophic state can be used 
as a proxy for cyanobacteria bloom risk. To explore this idea, we construct 
two random forest models of trophic state (as determined by chlorophyll a 
concentration). First we define an “All Variable” model that estimates trophic 
state with both in situ and universally available data, and then we reduce 
this to a “GIS Only” model that uses only the universally available data. The 
“All Variables” model had a root mean square error (RMSE) of 0.09 and R2 
of 0.8; whereas, the “GIS Only” model was 0.22 and 0.48 for RMSE and 
R2, respectively. Examining the “GIS Only” model (i.e., the model that has 
broadest applicability) we see that in spite of lower overall accuracy, it still has 
better than even odds (i.e., prediction probability is > 50%) of being correct 
in more than 1091 of the 1138 lakes included in this model. The “GIS Only” 
model has tremendous potential for exploring spatial trends at the national 
level since the datasets required to parameterize the model are ubiquitous. To 
further extend this analysis, we used the results of random forest modeling as 
a means of variable selection from which we developed a Bayesian multilevel 
model of microcystin (a common cyanobacteria toxin with human and animal 
health implications) concentrations. The Bayesian multilevel model allows us 
to ascertain the key drivers at the continental scale while still incorporating 
local influences at the ecoregion scale. This reduces uncertainty and improves 
risk assessment at the eco-regional or state scale. Our preliminary results show 
associations between microcystin and turbidity, total nutrients, and N:P ratios. 
These results will aid in the development of management strategies to improve 
lake water quality and to reduce cyanobacteria bloom risk and microcystin 
impacts.

F3 Seeing the Forest Through the Trees with 
BMPs
10:30 am – 12:00 pm | Room 19

History and Development of the US Forest Service’s 
National BMP Program; Integration of the Agency’s 
National BMPs with State and Local BMPs

Michael Crump1 and Michael Eberle2

1USDA Forest Service, Atlanta, Georgia; 2USDA Forest Service, Washington, 
District of Columbia

Abstract
The USDA Forest Service has a long history of working with states and 
other partners to carry out Best Management Practices (BMP) programs. 
Recognizing the benefits of a consistent approach to maintaining and 
improving water quality across all National Forests and Grasslands, in 2012, the 
agency initiated a new National BMP Program. This Program is the first, and 
currently only, national program to strengthen implementation and monitoring 
of BMPs and is used to protect water quality from the diverse range of ground-
disturbing and management activities that occur on National Forest System 
lands.

The National BMP Program has four main components: 1) the National Core 
BMP Technical Guide (Volume 1, FS-990a, 2012); 2) the National Core 
BMP Monitoring Protocols and associated Technical Guide (Volume 2, FS-
990b, in prep); 3) a national data management and reporting system; and 4) 
corresponding national direction.

The Forest Service adopted a National Core set of BMPs in order to facilitate 
a standardized BMP monitoring program. The 75 National Core BMPs 
provide general, nonprescriptive BMPs for the broad range of activities that 
occur on NFS lands, everything from recreation sites to timber management 
activities. Nearly every BMP in the National Core Set already exists in 
current regulations, guidance, or procedures. The National Core BMPs require 
development of site-specific BMP prescriptions based on local BMP guidance 
and direction such as state BMPs and land management plan direction. The 
National BMP Program is not intended to circumvent or interfere with State 
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and tribal CWA programs, rather it is intended to support and assist the States 
and tribes in their efforts to ensure compliance on NFS lands and provide a 
foundation for water quality protection on National Forest System (NFS) lands 
and enable national BMP monitoring.

An overview of the program and integration with local, and State BMPs will 
be shared along with background on how and why the Forest Service developed 
the National BMP Program.

Development of BMP Monitoring Protocols

Pam Edwards1 and Michael Eberle2

1USDA Forest Service, Northern Research Station, Parson, West Virginia; 
2USDA Forest Service, Washington, District of Columbia

Abstract
The heart of the Forest Service National BMP Program is a set of 42 
monitoring protocols to evaluate implementation and effectiveness of 
BMPs applied to the broad range of activities that occur on National Forest 
System (NFS) lands. The protocols are designed to address two over-arching 
monitoring questions: 1) were site-specific BMP prescriptions implemented 
as designed or planned (implementation); and 2) were the site-specific 
BMP prescriptions, as implemented effective at protecting water quality 
(effectiveness). In addition, the protocols are designed to capture information 
that is valuable at the local level, where monitoring is occurring, as well at 
the Regional and national levels. Locally, the ultimate goal of collecting these 
data is to increase and improve adaptive management to better protect water 
resources on national forest system lands.

BMP implementation and effectiveness are evaluated separately. BMP 
implementation monitoring is a two-step process. The first step is a review of 
project related documents to determine which site-specific BMP prescriptions 
were planned. The second step is a field review to determine how well the 
planned BMP prescriptions were implemented. BMP effectiveness monitoring 
is a field review of the project area to assess evidence of sediment or other 
pollutants leaving the project area and entering a nearby waterbody. The 
effectiveness review is completed on the same area that was evaluated for BMP 
implementation.

Each monitoring protocol consists of a series of objective questions structured 
as a dichotomous key, and are structured to reduce subjectivity and to collect 
data and information that are comparable and repeatable. Using a systematic 
approach based on BMP outcomes rather than BMP prescriptions allows for 
the methodical and unbiased evaluation of implementation and effectiveness of 
BMPs applied to any land management activity.

Evaluations are to be completed by an interdisciplinary review team composed 
of resource professionals from the administrative unit who have knowledge of 
the resources or projects being reviewed. This approach fosters interdisciplinary 
discussion and continuous learning from experience at the local level.

An overview of how the BMP protocols were developed will be shared, 
including a discussion on the BMP monitoring technical guide.

Data Management and Rating Evaluation Outcomes: 
Scoring/Rating System for BMP Implementation, 
Effectiveness and Overall Results

Joan Carlson1 and Michael Eberle2

1USDA Forest Service, Golden, Colorado; 2USDA Forest Service, Washington, 
District of Columbia

Abstract
The benefit of a national BMP monitoring program using standardized 
monitoring protocols is the capability to aggregate data to assess status and 
trends in BMP implementation and effectiveness at multiple analysis scales. 
Two tools are necessary to share and analyze the data: a data management 
system and rating rulesets.

The National Best Management Practices (BMP) Program interim database 
is a Microsoft Access 2010 application for the management and reporting 
of BMP data collected using the monitoring protocols. Monitoring data are 
entered into the database through a user interface, and reports are generated 
through a reports module user interface.

Once the data are entered, ratings are determined separately for 
implementation and effectiveness according to a rating ruleset specific to each 
monitoring protocol. The implementation ratings indicate the extent to which 
planned site-specific BMP prescriptions were implemented. There are five 
implementation rating categories: Fully Implemented; Mostly Implemented; 
Marginally Implemented; Not Implemented; and No BMPs were planned. The 
effectiveness ratings indicate the magnitude and duration of potential effects to 
water quality. There are four effectiveness categories: Effective, Mostly Effective, 
Marginally Effective, and Not Effective. These separate implementation and 
effectiveness ratings are combined to provide an overall BMP performance 
rating for the completed site evaluation. In this way, BMP implementation and 
effectiveness can be tracked separately as well as overall BMP performance.

For purposes of the National BMP Program, evaluation sites will be randomly 
selected from the populations described in each monitoring protocol. In order 
to achieve a representative distribution across the country, each administrative 
unit is assigned a target number of evaluations in specified resource categories. 
Once enough site evaluations have been completed, trends in National Core 
BMP implementation and effectiveness can be analyzed at multiple scales. 
Information gained from the BMP monitoring will be used to improve the 
National Core BMPs, site-specific BMP prescriptions and land management 
activities to better protect water quality on NFS lands. It will also allow the 
agency to adaptively manage programs -enabled by a nationally consistent 
monitoring program.

An overview of how the data management system and rating rulesets were 
developed will be shared.

BMP Program: Implementation, Results and Adaptive 
Management

Michael Eberle1, Joan Carlson2, and Todd Ellsworth3

1USDA Forest Service, Washington, District of Columbia; 2USDA Forest 
Service, Golden, Colorado; 3USDA Forest Service, Bishop, California

Abstract
In April 2012, the Forest Service initiated implementation of the National 
BMP Program, a significant component of the Agency’s water strategy. 
Successful program implementation involved many corresponding efforts, each 
with its own moving parts and timelines: The Forest Service announced its new 
planning rule, which established requirements for national best management 
practices for water quality in the Forest Service Directive System; The National 
Core BMPs (Technical Guide Volume 1) which introduces the 75 National 
Core BMPs was published; The Interim BMP database was made available for 
the first time; and the Draft National BMP Monitoring Protocols (Technical 
Guide Volume 2) was developed.

Through these efforts, combined with a series of field trainings and webinars, 
the Forest Service launched a two-year phase in period (Fiscal Years (FY) 
2013 and 2014) for national BMP monitoring. The purpose of the phase-in 
period was two-fold: 1) to familiarize Forest Service administrative units with 
the National BMP Program tools and procedures and 2) to test and refine the 
National BMP Monitoring Protocols and associated rating rulesets. In FY 
2013, feedback on the protocols and rating outcomes was provided so that 
the protocols and rulesets could be refined based on field experience. In FY 
2014 the protocol questions and instructions were revised to include clarifying 
language to improve execution of the protocols.

During the two-year phase-in period, the number of completed BMP 
evaluations required of each unit was increased from 2 in FY 2013 to 7 in FY 
2014. In FY 2014, 97 Forest Service administrative units completed a total of 
600 BMP evaluations. The percentage of administrative units that completed at 
least one BMP evaluation increased from 74 percent in FY 2013 to 87 percent 
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in FY 2014. The FY 2014 BMP monitoring results show that the Forest 
Service is capable of implementing and monitoring BMPs using a national 
program. FY 2015 marks the first year of full implementation of the program, 
where approximately 700 more sites are expected to be monitored. An overview 
of the key findings from the FY13–FY14 phase-in period and preliminary data 
from FY15 monitoring will be shared.

F4 Cool Applications of R for Scientific 
Workflows, Part 2
10:30 am – 12:00 pm | Room 20

Reproducible Streamflow Data Analysis on the Server 
or Desktop Using Open-Source R Packages

David Blodgett1, Stacey Archfield2, Jordan Walker1, and Taylor ( Joe) Mills3

1US Geological Survey Office of Water Information, Middleton, Wisconsin; 
2US Geological Survey National Research Program, Reston, Virginia; 3US 
Geological Survey Colorado Water Science Center, Lakewood, Colorado

Abstract
The US Geological Survey’s National Water Census science strategy is to 
provide best available tools and data resources to inform decisions related 
to water availability for human and ecological needs. This presentation will 
describe how the EflowStats R package is part of this strategy. EflowStats 
includes over a hundred streamflow statistics that are commonly used to 
evaluate habitat and streamflow regime suitability for particular species or 
assemblages. The package can be used with web-available data from NWIS, 
a web-service-available model and with locally-stored files of observed or 
modeled streamflow. While the package is available as a normal R package for 
local use, it is also available as a web service and facilitated web application. 
With the same code available as a hosted service or code to run locally, 
content generated on web pages and other service oriented applications can be 
reproduced and/or enriched locally by interested users. This code repository-
web service-web application architecture will be described with examples of 
how the pattern could be used for other applications.

A Novel Use of R to Couple Hierarchical Bayesian 
Methods with a Spatially-Explicit Hydrological Model 
Across Regional and Continental Scales

Richard Alexander and Gregory Schwarz
US Geological Survey, Reston, Virginia

Abstract
The use of hierarchical Bayesian methods with watershed models can advance 
understanding of spatial and temporal variability in the processes that control 
streamflow and water quality. The methods allow model parameters, which 
are treated as random variables, to vary over space (e.g., physiographic regions) 
and time (e.g., seasons, years), where more specific predictions and process 
understanding may be needed. This can improve the accuracy of model 
predictions and the characterization of prediction uncertainties. Despite 
progress over the past two decades in the use of Bayesian methods with 
hydrological models, the computational demands of the methods have limited 
the applications primarily to small watersheds with a narrow range of climate, 
soil, and land use conditions. We recently coupled a computationally-efficient, 
new-generation Bayesian method (Stan) with the spatially explicit USGS 
SPARROW (SPAtially Referenced Regressions On Watershed attributes) 
water-quality model. This allowed hierarchical techniques to be applied over 
a wide range of watershed sizes with a greater diversity of environmental 
conditions. The new applications include models of mean annual streamflow 
for the conterminous United States, mean seasonal streamflow for the 
Susquehanna River Basin, and mean annual total nitrogen for selected regional 
US watersheds. The SPARROW-R software features two modules. The 

first supports the use of the conventional SPARROW model for estimating 
water quality in streams using the standard nonlinear least squares estimation 
methods. The second supports the automated use of Bayesian methods that 
require little to no prior familiarity by the user with hierarchical Bayesian 
techniques. SPARROW-R includes a comprehensive set of automated 
model output, including diagnostics (e.g., plots, maps) to assist users with the 
development of the model structure and evaluation of model performance. The 
Bayesian methods were used in the example applications to obtain more refined 
estimates of the SPARROW model parameters and prediction uncertainties, 
thereby enhancing understanding of process complexities across space and time. 
These advances in the use of R with SPARROW can inform the expanded use 
of Bayesian techniques with hydrological and water-quality models within the 
water resources community.

Statistical Methods in Water Resources: New Edition, 
New Methods, Now Using R

Karen Ryberg1, Robert Hirsch2, Dennis Helsel3, Ed Gilroy3 and Stacey 
Archfield2

1US Geological Survey, Bismarck, North Dakota; 2US Geological Survey, 
Reston, Virginia; 3Practical Stats, Castle Rock, Colorado

Abstract
Published in 1992, the text Statistical Methods in Water Resources has been a 
frequently cited reference for water-quantity and water-quality assessments 
and trend studies. Since publication, computing power and statistical software 
have made great advances and have allowed for the wider application of 
computer-intensive statistical techniques. The text has been updated to include 
additional techniques and examples using the open source statistical software 
R. Computer-intensive methods (bootstrapping and permutation tests) now 
improve upon and replace the dependence on t-intervals, t-tests, and analysis of 
variance. A new chapter on sampling design addresses questions such as “How 
many observations do I need?” The chapter also presents distribution-free 
methods to help plan sampling efforts. The trends chapter has been updated to 
include the WRTDS (Weighted Regressions on Time, Discharge, and Season) 
method. Much of the original content remains, but with updated graphics 
and updated guidance on the use of statistical techniques. The R code used to 
generate figures and examples is provided for download. This presentation will 
highlight new features of the text and the available code so that hydrologists 
can add newer, innovative methods to their science toolkit.

USGS-R: A Community to Support and Expand R 
Scientific Computing Capacity

Emily Read, Laura DeCicco, Luke Winslow, Jordan Read, Lindsay Carr and 
Jordan Walker
US Geological Survey Center for Integrated Data Analytics, Middleton, 
Wisconsin

Abstract
Scientists today are confronted with a ‘data deluge’, and with it an urgent need 
for the skills and tools to generate knowledge and information. Over the past 
decades, training and tool development in the R programming language within 
the USGS have grown in parallel with the widespread increase in popularity 
of R. In 2013, the USGS identified R as its language of choice for scientific 
computing. Historically, the USGS R community has operated as an informal 
network of users, but the advent of big data in the natural sciences brings with 
it a pressure to expand analytical capabilities across all fields. A moderated, 
open community for training, communication, and collaboration among R 
users is essential to continued technological and analytical leadership and 
excellence in the USGS. In response, the USGS Office of Water Information 
has created a community of practice around the R language, called ‘USGS-R’ 
(owi.usgs.gov/R) to serve three purposes: 1) improve communication and 
collaboration among current USGS R users and developers; 2) grow the R 
scientific programming user base within the USGS by centrally locating 
USGS-generated R software, documentation, and help forums; and 3) expand 
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the visibility of and access to USGS R software for the general scientific public. 
We are working to meet these aims by building a collaborative community 
within which developers and scientists are increasingly accustomed to work.

In order to support and expand R programming capacity of the USGS, 
USGS-R activities include:

•	 Develop high quality, open source R tools to access, interpret, and 
communicate USGS water data

•	 Develop training materials for USGS R users

•	 Promote and teach best practices for USGS R software development

•	 Build a moderated, community-based, searchable ‘Help’ platform on the 
GitHub USGS-R page

F5 Diverse Approaches to Assess Sensitive 
Coastal Environments
10:30 am – 12:00 pm | Room 21

Understanding Long-Term Changes by Linking 
Monthly Chlorophyll Measurements to High-
Frequency Water Quality Data

Kimberly Cressman1, Jane Caffrey2, Marcus Beck3, and Cher Griffin1

1Grand Bay National Estuarine Research Reserve, Moss Point, Mississippi; 
2Center for Environmental Diagnostics and Bioremediation, University of 
West Florida, Pensacola, Florida; 3Orise Research Participation Program, US 
Environmental Protection Agency National Health and Environmental Effects 
Research Laboratory, Gulf Ecology Division, Gulf Breeze, Florida

Abstract
Chlorophyll a has been increasing at long-term monitoring sites in Grand 
Bay National Estuarine Research Reserve (GBNERR) over the last decade. 
Monthly nutrient (NH4, NO2

+3, PO4, Chl-a) and 15-minute water quality 
(temperature, salinity, dissolved oxygen, pH, turbidity) sampling, cornerstones 
of the System-Wide Monitoring Program at all 28 NERRs, have been in 
place at GBNERR since 2004. The watersheds of GBNERR are relatively 
unimpacted by residential development. To understand the context of 
these increasing chlorophyll numbers, we assessed chlorophyll data relative 
to dissolved oxygen, pH, temperature, and salinity; estimated ecosystem 
metabolism based on dissolved oxygen data; and used a BZI model to calculate 
the phytoplankton contribution to overall ecosystem metabolism. Nitrogen 
and phosphate concentrations have not been increasing over this time period. 
In the absence of obvious stressors in the watershed, it is possible that the 
dominant primary producer community is shifting from benthic producers to 
phytoplankton.

Nitrogen Availability in Seagrass Beds Dominated by 
Thalassia testudinum and Halodule wrightii and Its Effect 
on the Seagrass Health and Proliferation

Rachel Capps, Jane Caffrey and Chelsea Hester
The University of West Florida, Pensacola, Florida

Abstract
Seagrass meadows provide key ecosystem services including nursery and 
foraging grounds, storm and erosion buffers, biodiversity enhancers and 
global carbon and nutrient cycling. These coastal marine environments 
have sustained significant losses worldwide due to climate changes and 
anthropogenic pressures such as eutrophication, sedimentation and habitat 
loss. In Pensacola Bay, Florida, 95% of seagrasses have been lost in the past 65 
years. Seagrasses are particularly sensitive to eutrophication and alterations in 

nitrogen transformations. While nitrogen is essential for seagrass growth and 
proliferation, excess nitrogen can lead to blooms of phytoplankton, macroalgae 
and epiphytes which reduce light availability. Nitrogen concentrations are 
often very low in coastal waters and sediments, which may limit primary 
productivity. Biological nitrogen fixation is a microbial process that converts 
dinitrogen to ammonium, which is readily taken up by seagrasses. In the 
oxygenated rhizospheres, diazotrophs provide the plant with ammonium and 
use root exudates as an energy source. Nitrogen fixation rates and nutrient 
concentrations differ between seagrass species and substrate types. Thalassia 
testudinum has a higher biomass and is a climax species than Halodule wrightii, 
which is a pioneer species. Nitrogen fixation rates are relatively consistent in 
Thalassia testudinum dominated sediments. However, it is relatively variable in 
sediments occupied by Halodule wrightii. Nitrogen fixation rates are higher in 
bare substrate compared to areas with Thalassia testudinum, which may be due 
to T. testudinum‘s greater efficiency in nutrient retention because it is a climax 
species. We hypothesize that seasonal shifts in nitrogen fixation will coincide 
with seasonal shifts in seagrass biomass due to higher nutrient requirements 
during peak growth and lower requirements during senescence and dormancy. 
The ratio of porewater ammonium to phosphate suggests that seagrass growth 
may be nitrogen limited. Significant rates of ammonium oxidation in both 
surface and rhizosphere sediments contribute to this imbalance. Thus, nitrogen 
fixation may be critical in supporting plant growth.

Southwest Florida Tidal Creeks: Linking Contributing 
Source Water Concentrations, Creek Specific 
Attributes and Estuarine Biological Responses to 
Develop a Nutrient Management Strategy Related to 
Protecting Tidal Creek Biological Integrity

Mike Wessel1, Jay Leverone2, Kellie Dixon3, and Anthony Janicki1

1Janicki Environmental, St. Petersburg, Florida; 2Sarasota Bay Estuary 
Program, Sarasota, Florida; 3Mote Marine Laboratory, Sarasota, Florida

Abstract
Southwest Florida tidal creeks are integral to the ecological function of their 
larger estuaries as a filter for watershed inputs, a site of nutrient cycling, 
and a critical nursery area for many juvenile fish species of recreational and 
commercial importance. However, the estuarine portion of these creeks is 
currently underrepresented in routine water quality and fisheries monitoring 
efforts between Tampa Bay and Estero Bay, Florida. This study focused on 
developing management level nutrient targets and thresholds for southwest 
Florida tidal creeks in an effort to identify criteria protective of the biological 
integrity of these important systems. The study involved a one year bimonthly 
sampling effort of 16 of the more than 300 tidal creeks identified in southwest 
Florida. Biological endpoints including water column chlorophyll, sediment 
chlorophyll, and fisheries data were collected and combined with existing 
remote sensing and in situ data describing landscape level effects at varying 
spatial scales. The sampling effort demonstrated that water quality conditions 
in the estuarine portions of these creeks were characteristic of wetland 
environments with low dissolved oxygen concentrations and the potential 
for high chlorophyll concentrations but these same creeks supported high 
diversity and distribution of estuarine dependent species including important 
sportfish such as the Common Snook (Centropomus undecimalis). Interestingly, 
multiple measures of fish diversity were positively correlated with increasing 
nutrient concentrations at the levels observed and nutrient concentrations 
did not follow a linear dilution decay curve as a function of salinity as had 
been previously forwarded as a possible mechanism to establish tidal creek 
nutrient criteria. This presentation will describe how linking the freshwater 
and tidal creek concentrations has allowed for the development of an efficient 
management strategy aimed at creeks that have a high likelihood of water 
quality conditions that will not support their designated use while minimizing 
the false declaration of impairments based on application of current standards 
that were not developed for these systems.
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Comparison of Isotope-Based Biomass Pathways with 
Groundfish Community Structure in the Eastern Gulf 
of Mexico

Sheri Huelster1,2 and Ernst Peebles1

1University of South Florida, St. Petersburg, Florida; 2Cardno, Riverview, 
Florida

Abstract
This study compared traditional community analysis with stable-isotope 
trophic analysis to define process-based trophic elements of community 
structure in the eastern Gulf of Mexico, and developed a predictive capability 
regarding changes to fish community structure that would be expected 
from increasing eutrophication. Specifically, it used an existing trawl survey 
program (SEAMAP) to compare invertebrate herbivore (sponge and sea 
urchin) isotopes with groundfish isotopes, and then compared the resulting 
spatial patterns with spatial variation in community structure, as identified 
by cluster analysis. The comparison was applied to seven NMFS survey zones 
that extended offshore from the Caloosahatchee River, Florida northwest to 
Mobile Bay, Alabama. Isotopic patterns were consistent with the presence of 
an oligotrophic-eutrophic spatial gradient in this region. δ15N values increased 
in the northwestward direction in herbivores and in each of the 17 fish species 
examined. In the southern NMFS survey zones, δ13C was elevated in shallow 
depths for individual fish species, but not in herbivores, indicating a higher 
proportion of benthically derived biomass contributed to the biomass of fish 
in the shallow parts of the southern NMFS zones. Fish community analysis 
using SIMPROF created a similar pattern, with distinct nearshore and offshore 
communities and also a northwesterly community transition. Among the 17 
fish species, five appeared to have obligate dependence on either benthic or 
planktonic basal resources, while twelve species appeared to be have facultative 
relationships. Impairment of current water-quality (nutrients, turbidity, light 
transmission, chlorophyll a) is expected to lead to reductions in the abundance 
of both obligate and facultative benthic-dependent fishes.

F6 National Groundwater Monitoring Network
10:30 am – 12:00 pm | Room 22

The National Groundwater Monitoring Network – A 
Ten-Year Odyssey

Robert Schreiber1 and Rick Copeland2

1CDM Smith, Boston, Massachusetts; 2Florida Department of Environmental 
Protection, Tallahassee, Florida

Abstract
The efforts toward creation of the National Groundwater Monitoring Network 
(NGWMN) started over 10 years ago, as an outgrowth of the design of the 
National Ocean and Estuaries Monitoring Network, conducted by a Task 
Force of the National Water Quality Monitoring Council (NWQMC). The 
groundwater professionals who volunteered to write the groundwater chapter of 
that design document identified the need for a similar nationwide network for 
groundwater, and took the opportunity to propose the idea within the Advisory 
Committee on Water Information (ACWI). An after-hours session at the 2006 
National Monitoring Conference served as the vehicle for securing key support 
commitments from the US Geological Survey and the US Environmental 
Protection Agency. This led to the creation in early 2007 of the Subcommittee 
on Ground Water (SOGW) within ACWI, charged with the single goal of 
designing the NGWMN, as a collaborative effort among Federal, Tribal, State, 
nongovernmental organizations, academia, and private industry volunteers.

Many groundwater professionals have dedicated significant time to the 
NGWMN cause, in an odyssey that for some participants has spanned 
the full 10+ years. The term odyssey applies to their efforts, because of the 
multiple challenges they faced, and continue to encounter. Key challenges 

have included: deciding whether and how extensively to include groundwater 
quality monitoring; determining the scope and number of pilot states for 
testing the design concepts; creating a web data portal from scratch specifically 
for NGWMN purposes; facilitating the inclusion of the NGWMN within 
federal legislation, which occurred over 5 years ago via the SECURE Water 
Act; developing and implementing plans for distributing federal cooperative 
funding, which was finally appropriated in FY15; and, from the beginning, 
maintaining the focus and interest, of a corps of volunteer groundwater 
professionals, throughout this decade-long start-up, against the backdrop of the 
recent economic downturn.

This presentation will describe the major milestones and successes of the 
NGWMN efforts, thereby serving as an introduction for the subsequent 
presentations in this session devoted to the NGWMN. Those presentations 
will provide more information on current NGWMN related activities and the 
anticipated expansion of the NGWMN toward full implementation across the 
US.

Status of the National Groundwater Monitoring 
Network

Daryll Pope
US Geological Survey, Lawrenceville, New Jersey

Abstract
The Subcommittee on Ground Water (SOGW) of the Federal Advisory 
Committee on Water Information (ACWI) is working to develop the National 
Ground-Water Monitoring Network (NGWMN). The Network is intended 
to provide water-level and water-quality data necessary for sustainable 
management of groundwater resources at a national scale. The core of the 
Network will be long-term sites. Data that are already being collected by 
various Federal, State, Local, or Tribal agencies are a source of potential sites for 
the network. These agencies can participate in the Network as data providers.

A federal appropriation to implement the Network became available in 
December 2014. This presentation describes the status of the Network after 
completion of the first year of funding. Work on the Network has focused on 
enlisting new data providers and adding new sites to the Network. An update 
on new data providers and new data that have been added to the network and 
an overview of current work will be presented. Water-level data and water-
quality data currently provided to the NGWMN will be summarized. During 
2015, a Program Board was established to provide input from data providers 
on the Network. The Program Board assists with the evaluation of proposals 
submitted for Network funding. The NGWMN is also working with the US 
Environmental Protection Agency on a pilot project to help obtain water-
quality data for the Network by providing interim laboratory support.

Building Effective Map-Based Portals for 
Dissemination and Communication of Water Resource 
Data: NGWMN Case Study

Jessica Lucido
US Geolological Survey, Middleton, Wisconsin

Abstract
Developing user-friendly portals for delivering water-resource data to a wide 
array of potential users for a variety of purposes presents a significant challenge. 
Simplistic and intuitive portals with clear workflows often achieve the greatest 
impact, while typically geared towards a specific user group. The National 
Ground-Water Monitoring Network (NGWMN) data portal is envisioned 
to be a ‘one-stop-shop’ for groundwater quantity and quality data from sites 
in the Network from distributed providers. The creators of the NGWMN 
Portal struggled to deliver a simple, user-friendly map-based portal for use by 
a diverse audience while accommodating requests for an expanding feature set. 
Furthermore, as the Network has grown in both data volume and user base, 
extensive feature sets have led to decreased software performance.
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The NGWMN Data Portal is presented as a case study for continuous 
evaluation of a map-based data portal’s feature set for usability and effective 
data delivery. Strategies for prioritizing implementation of software features 
and evaluating their usability and popularity will be examined. Additionally, 
techniques for providing tools for frequent system users, while maintaining a 
simplistic workflow and adequate site performance will be explored. Finally, 
best practices gleaned from development of the NGWMN Data Portal and 
features found to be most effective for discovering and exploring groundwater 
data, as determined from an analysis of web statistics, will be discussed.

An Overview of the USGS National Water-
Quality Assessment of Groundwater: Perspectives 
on Integration with the National Groundwater 
Monitoring Network and Other Monitoring Efforts

Kenneth Belitz1, Terri Arnold2, and Tyler Johnson3

1US Geological Survey, Northborough, Massachusetts; 2US Geological Survey, 
Urbana, Illinois; 3US Geological Survey, San Diego, California

Abstract
The USGS National Water-Quality Assessment (NAWQA) has been 
evaluating the quality of groundwater since 1991. NAWQA studies include 
land-use studies (LUS), major aquifer studies (MAS), and Principal Aquifer 
studies (PAS) that target groundwater that is relatively shallow, intermediate 
in depth, and deep, respectively. LUS and MAS networks are generally located 
within areas defined by watershed boundaries, whereas the PAS networks 
are distributed across entire Principal Aquifers. The LUS, MAS, and PAS 
networks consist of wells that are selected using equal area grids, thus providing 
a spatially unbiased assessment of groundwater quality for the depth zone and 
area of interest. The LUS, MAS and PAS wells are re-sampled on a decadal 
basis, thus providing some indication of groundwater quality trends. NAWQA 
studies also include Enhanced Trends Networks (ETN) and Vertical Flow Path 
Studies (VFPS). The data from the ETN and VFPS networks will be used 
to identify changes in groundwater quality that occur at times scales shorter 
than and longer than 10 years, respectively. In Cycle 3 (2013–2023), NAWQA 
will sample about 5000 wells and analyze those samples for an extensive suite 
of constituents including water-quality parameters with either regulatory 
or non-regulatory health-based benchmarks; emerging constituents such as 
pharmaceutical compounds, hormones, and radionuclides; and age-tracers such 
as tritium, noble gases, and carbon-14. Not all wells will be sampled for all 
constituents.

The datasets provided by NAWQA are complementary to those being 
developed for the National Groundwater Monitoring Network, and to the data 
that are acquired through regulatory monitoring at public supply wells.

Nationally, NAWQA samples fewer wells on a less frequent basis than these 
other programs, but the samples are generally analyzed for a larger number 
of constituents. In particular, the extensive age-tracer data collected by 
NAWQA provides information that would not otherwise be available. Also, 
the use of equal-area grids by NAWQA provides a basis for spatially-unbiased 
assessment; the grids can be used for declustering of existing data as well as for 
network design. Integration of data from all sources is an important goal, and 
one that will require substantial and collaborative efforts by all stakeholders.

F7 Metals, Mining and More: Monitoring 
Watersheds to Restore
10:30 am – 12:00 pm | Room 23

Trace-Element and Suspended-Sediment Loads in the 
Big River, Southeastern Missouri

Miya Barr
US Geological Survey, Missouri Water Science Center, Rolla, Missouri

Abstract
Missouri was the leading producer of lead in the United States-as well as the 
world-for more than a century. One major lead-producing area is located in 
southeast Missouri, known as the Old Lead Belt. More than 8.5 million tons of 
lead were produced from the Old Lead Belt before operations ceased in 1972. 
Although active lead mining has ended, the effects of mining activities still 
remain in the form of large mine-waste piles on the landscape, typically near 
tributaries and the main stem of the Big River, which drains the Old Lead Belt. 
Six large mine-waste piles encompassing more than 2,800 acres exist within 
the Big River Basin. These mine-waste piles have been an available source of 
trace element-rich suspended sediments transported by natural fluvial processes 
downstream into the Big River.

The US Geological Survey in cooperation with the U.S. Environmental 
Protection Agency, collected suspended-sediment samples at two sites along 
the Big River from October 2011 to September 2013 to calculate particle-size 
distribution, concentration, trace-element concentration, loads, and yields. All 
concentrations of cadmium, lead, and zinc in stormflow event-based suspended 
sediment samples exceeded the threshold and probable effect concentrations, 
which are used to assess toxicity of sediments. These sediments remain in the 
system from historical mining. As the reclamation of mine-waste piles in the 
upstream area of the watershed reduces additional sediment loading, these fine 
sediments may be continually released as the river scours the streambed and 
erodes stream banks to remain in a state of equilibrium. Trace-element loads 
and yields in suspended sediments were computed from sampled stormflow 
events. The total barium, cadmium, and lead loads in suspended sediments 
were higher at the downstream site. Stormflow event-based yields were higher 
at the upstream site, indicating that readily available sediment sources are 
closer to the upstream site where more mining affected areas are located. The 
estimates calculated during large precipitation events indicate that large sources 
of suspended sediments with large concentrations of trace elements are still 
available for transport within the Big River.

Occurrence and Transport of Selected Trace Metals in 
the Coeur d’Alene and Spokane River Basins, Idaho 
and Washington

Candice Hopkins and Greg Clark
US Geological Survey, Boise, Idaho

Abstract
Mining and ore-processing activities conducted since the late 1800s in the 
South Fork Coeur d’Alene River (SFCDR) Basin have altered the water 
quality, aquatic biological, and hydrologic conditions in the 6,680-mi2 
Spokane River Basin of northern Idaho and eastern Washington. Historical 
ore-processing activities resulted in large quantities of metal-rich tailings that 
were placed in and along streams. The tailings have produced, and continue to 
produce, trace-metal-contaminated water and extensive deposits of trace-
metal-contaminated sediment throughout the SFCDR Basin, the channel 
and flood plain of the main-stem Coeur d’Alene River and the lakebed of 
Coeur d’Alene Lake. Annual snowmelt runoff, frequent rain-on-snow events, 
and occasional floods continue to transport and redistribute trace-metal-
contaminated sediments throughout the Coeur d’Alene Basin and into the 
Spokane River of eastern Washington. With funding from the USEPA, the US 
Geological Survey implemented a network of surface water monitoring stations 
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in the Coeur d’Alene Basin as part of a Basin Environmental Monitoring 
Program (BEMP). The monitoring program provides data to assess long-
term status and trends of surface water conditions in the Basin, evaluate the 
effectiveness of remedial actions in the Basin, and improve understanding of 
sources, sinks, and transport of trace metals in the Basin.

Of the stations sampled in the network, the tributaries Canyon Creek and 
Ninemile Creek contained the highest flow-weighted concentrations of 
cadmium, lead, and zinc; the lowest concentrations were in the North Fork 
Coeur d’Alene River. Cadmium accounted for less than 1% of the total metal 
load at all of the stations. Zinc accounted for 90% or more of the metal load 
at all stations except at the mouth of the Coeur d’Alene River where lead 
accounted for more than 30% of the total metal load. From 2009 through 2013, 
about 730 tons of cadmium, lead, and zinc combined were retained annually by 
Coeur d’Alene lake; about 68% of the cadmium, 95% of the lead, and 50% of 
the zinc delivered to the lake from the Coeur d’Alene River.

St. Louis River Water Column Mercury Monitoring 
and Sediment Mobility Assessment

Peter Ilieve1, Michele Eddy1, Doug Endicott2, Chin Wu3, Christine Urban4, 
and Donna Keclik4

1RTI International, Research Triangle Park, North Carolina; 2Great Lakes 
Environmental Center, Traverse City, Michigan; 3University of Wisconsin, 
Madison, Wisconsin; 4US Environmental Protection Agency Region 5, 
Chicago, Illinois

Abstract
The St. Louis River (SLR), the 2nd largest tributary to Lake Superior, has at 
least 75 impaired water bodies listed currently for mercury, polychlorinated 
biphenyls, pesticides, polycyclic aromatic hydrocarbons, and metals. 
Contaminated sediments, abandoned hazardous waste sites, landfills, airborne 
deposition, industrial discharge, mining, and surface runoff have all been 
identified as causes of the impaired beneficial uses in the river. To continue 
restoration efforts, the EPA, Minnesota Pollution Control Agency, Wisconsin 
Department of Natural Resources, and Fond du Lac Tribe have proposed 
to develop Total Maximum Daily Loads (TMDLs) for toxic pollutants in 
the SLR watershed. In 2013, under funding from the USEPA Great Lakes 
Restoration Initiative and the Great Lakes Regional Collaboration, a contractor 
team developed planning documents including an Option Summary Report, 
preliminary modeling analysis and documentation, and a Field Sampling Plan 
(FSP) that recommended monitoring in the 3 main reaches of the SLR to 
improve the existing dataset needed to support the development of mercury 
TMDLs. This presentation details the findings to date of the field monitoring 
initiated based on the FSP.

The long term goals of this project are to (1) determine the concentrations of 
mercury in the water column and sediment of the middle and lower SLR and 
(2) study and quantify sediment mobility in the lower river. The data developed 
under this project will be available to the States, and USEPA to develop 
a TMDL. Monthly water column and surficial sediment samples will be 
collected and analyzed for mercury and associated parameters in the SLR and 
the Nemadji River. A Sediment Mobility Assessment (SMA) will be conducted 
to better understand sediment cycling and its impact on the fate and transport 
of mercury and other sediment-associated contaminants in the system. SMA 
will measure and verify the processes governing fate and transport of legacy 
in-place sediment with elevated concentrations that contribute significant 
amounts of mercury or other contaminants to water (and ultimately biota) by 
analyzing the frequency and occurrence of “forcing function” factors (e.g., floods, 
storms, ice dams, and thermal influences) that may strongly influence sediment 
erosion and deposition in the Lower SLR and other tributaries.

Measuring Success: Biological Recovery in Impaired 
Streams

Tim Ferrell, Nate Schlater, and Michelle Shively
Rural Action, New Straitsville, Ohio

Abstract
Rural Action has been working to restore Appalachian Ohio’s watersheds for 
over 20 years. Primarily working to restore streams that have been impacted 
by our regions vast history of coal mining, Rural Action and many partners 
have improved water quality for local communities enabling fish and insects to 
return to streams where they could not live before because of pollution.

The Rural Action Watershed Restoration Program is committed to restoring 
and preserving water quality through collaboration, community engagement, 
conservation, and education in pursuit of a healthy ecosystem capable of 
supporting people and nature. Currently, four watersheds are being restored: 
Monday Creek, Sunday Creek, Huff Run and Mud Run. These watersheds are 
located in six Ohio counties: Athens, Hocking, Perry, Morgan, Tuscarawas and 
Carroll.

Collaboration with local residents, history groups, universities and state and 
federal agencies has led to the installation of 31 treatment systems, over 110 
subsidence hole closures and 55 acres of gob piles reclaimed throughout the 
four watersheds. Over 23 million dollars has been leveraged by the Rural 
Action Watershed Restoration Program to improve watershed health and 
provide educational opportunities within the watershed communities.

Extensive water quality monitoring is necessary to determine impacts on the 
watersheds as a result of the restoration efforts and to plan for the installation 
of treatment systems and reclamation projects in the future. More than 500 
chemical and more than 50 biological (fish and bugs) samples are collected 
annually. The samples are collected and analyzed by Rural Action, ODNR and 
OEPA. The monitoring results are housed in a public database (watersheddata.
com) that is managed by Ohio University Voinovich School of Leadership and 
Public Affairs.

Water quality monitoring results have shown statistical improvements in fish 
(IBI) and macroinvertebrate (MAIS) communities, more than 812 tons of acid 
and 73 tons of heavy metals are prevented from entering our streams annually, 
and that 75 out of 85 stream miles monitored are now meeting the target pH 
(> 6.5). As a result of Rural Action’s watershed restoration efforts, 58 species of 
fish have returned to streams that were once considered dead.

G1 Keeping an Eye on E. coli
2:00 pm – 3:30 pm | Room 24

The Surfrider Foundation’s Blue Water Task Force: 
Bringing Together Coastal Communities to Protect 
Clean Water

Mara Dias
Surfrider Foundation, East Hampton, New York

Abstract
The Surfrider Foundation is a grassroots, nonprofit environmental organization 
dedicated to the protection and enjoyment of the world’s ocean, waves and 
beaches. The Surfrider Foundation operates through a powerful activist network 
supported by 85 chapters across the US and internationally.

The Blue Water Task Force (BWTF) is Surfrider’s volunteer-run, water quality 
monitoring, education and advocacy program. While all BWTF labs are 
testing beaches and other coastal waters for indicator bacteria, each chapter has 
designed its own, individualized, citizen science program to best utilize their 
available resources and meet local community needs.
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Many Surfrider chapters have built collaborations with other local NGOs, 
government agencies and academic institutions to implement and enhance 
their monitoring programs with shared resources and capabilities. Surfrider is 
able to bring to these partnerships a team of highly motivated volunteers that 
are very familiar with local conditions at the beach and are willing to become 
advocates for its protection. Surfrider also maintains a national online database 
that can easily be used to communicate and share data through conventional 
and social media platforms.

As their Blue Water Task Force programs mature, Surfrider chapters use their 
volunteer water quality data to raise public awareness of local water quality 
issues and to bring together stakeholders to identify sources and solve water 
pollution problems. Successful projects often turn into long-term collaborations 
to better inform and influence local management efforts and policies in coastal 
communities.

Through partnerships with secondary schools and universities, Surfrider has 
also been able to educate students about local water quality issues and provide 
them with the opportunity to participate in a citizen science program with real 
world implications.

This presentation will provide examples of how Surfrider Chapters have been 
able to use their volunteer water quality monitoring programs as a catalyst to 
bring together local government, regulatory agencies, academic institutions 
and other stakeholders to better inform coastal communities and to solve local 
water quality problems. Case studies from New York, Puerto Rico, Oregon, 
Washington and California will be presented.

Synoptic Longitudinal Sampling Along a Bacteria-
Impaired Reach of the Little Blue River, Independence, 
Missouri

Eric Christensen
US Geological Survey, Lee’s Summit, Missouri

Abstract
The Little Blue River receives discharge from the City of Independence 
municipal separate stormwater sewer system (MS4) and is listed by the State of 
Missouri as impaired for whole-body-contact recreation due to Escherichia coli 
(E. coli) contamination. The US Geological Survey, in cooperation with the City 
of Independence Water Pollution Control Department, used microbiologic, 
hydrologic and water-quality data collected from 2008 through 2015 to assess 
contaminant contributions to the Little Blue River from the MS4. As part 
of that study, preliminary analysis of E. coli samples collected longitudinally 
during the 2015 recreation season (April through October) along the 12.6 mile 
impaired reach within Independence indicated no substantial increase in E. coli 
concentrations or instantaneous loads at the furthest downstream site despite 
inputs from tributaries within Independence that receive discharge from the 
MS4.

Microbiologic and sediment samples were collected monthly at 10 locations 
along the impaired reach and 6 tributary sites on randomly selected dates 
during the recreation season to characterize sources of bacteria to the Little 
Blue River. Average E. coli concentrations were higher for main-stem sites 
than for tributary sites. However, E. coli concentration was poorly correlated 
with streamflow for main-stem sites and not correlated for tributary sites. No 
pattern was observed among main-stem sites that could be attributed to E. coli 
contributions from individual tributaries. Instantaneous loads for tributaries 
were generally an order of magnitude or two lower than for the main-stem 
sites indicating that implementation of best management practices for the 
Independence MS4 alone may not reduce E. coli loads enough to meet State 
standards at main-stem sites within Independence. The majority of main-stem 
samples during the 2015 recreation season exceeded the Missouri recreational 
standard of 206 colony forming units per 100 milliliters.

To further discriminate among sources of bacteria, microbial source tracking 
(MST) and nutrient samples also were collected at four sites. MST markers 
for Bacteroidales bacteria included a general marker, GenBac; a human marker, 

HF183; a canine marker, BacCan; and two ruminant markers, Rum2Bac and 
CowM2. In addition, the human polyomavirus was analyzed to determine 
sources of human contamination. Results from these analyses are pending.

Microbial Source Tracking at a Freshwater Swimming 
Beach at Lake of the Ozarks State Park, Missouri

Jordan Wilson and John Schumacher
US Geological Survey, Rolla, Missouri

Abstract
The Missouri Department of Natural Resources (MDNR) has closed or 
posted advisories at public beaches at Lake of the Ozarks State Park in 
Missouri because of Escherichia coli (E. coli) concentration exceedances in 
recent years. Spatial and temporal patterns of E. coli concentrations, microbial 
source tracking, novel sampling techniques, and beach-use patterns were 
studied during the 2012 recreational season to identify possible sources, 
origins, and occurrence of E. coli contamination at Grand Glaize Beach 
(GGB). Results indicate that an important source of E. coli contamination 
at GGB was bathers resuspending avian-contaminated sediments into the 
water column, especially during high-use days early in the recreational season. 
Escherichia coli concentrations in water, sediment, and resuspended sediment 
samples all decreased throughout the recreational season likely because 
decreasing lake levels resulted in sample locations receding away from the 
initial spring shoreline. Weekly MDNR beach monitoring, based solely on 
E. coli concentrations, at GGB during this study inaccurately predicted E. 
coli exceedances, especially on weekends and holidays. Interestingly, E. coli of 
human origin were measured at concentrations indicative of raw sewage in 
runoff from an excavation of a nearby abandoned septic tank that had not been 
used for nearly two years.

Instream Bacteria Concentrations and the Influence of 
Bird Colonies at Bridges

David Pendergrass, Anne McFarland, and Larry Hauck
Texas Institute for Applied Environmental Research, Stephenville, Texas

Abstract
The influence of bridge-dwelling bird colonies on instream bacteria 
concentrations was evaluated to assess the representativeness of ambient 
water-quality samples collected from bridge crossings. Three bridges in central 
Texas were sampled under dry-weather conditions for instream Escherichia coli. 
Two bridges were inhabited by migratory cliff swallows and one was devoid 
of birds. Dozens of samples were collected from locations upstream, at the 
upstream bridgeface, and downstream of each bridge to determine whether 
significant increases in E. coli occurred in a downstream direction when birds 
were present. Samples were collected across the extent of the nesting season 
and, for one treatment bridge, when birds were absent as well. E. coli values 
increased significantly at bridgeface and downstream locations compared to 
upstream locations throughout the nesting season. During peak bird activity 
in May, bacteria geometric mean concentrations at bridgeface and downstream 
locations jumped from background levels of < 50 to > 190 colony forming 
units (CFU)/100 ml, well above the state geometric mean criterion of 126 
CFU/100 ml for primary contract recreation. Results confirmed that under 
dry-weather conditions bird colonies can have a significant impact on bacteria 
concentrations in the vicinity of the bridges they inhabit and therefore, to avoid 
this impact, monitoring should occur upstream of bridges.
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G2 Integrating Watershed Assessments to 
Promote Protection and Restoration Synergy
2:00 pm – 3:30 pm | Room 18

Revised Landscape Development Intensity (LDI) Index: 
Accounting for a Non-Linear Human Disturbance 
Gradient

Mark Brown1 and Kelly Reiss1,2

1University of Florida, Gainesville, Florida; 2American Public University 
System, Charles Town, West Virginia

Abstract
Humans have drastically altered the landscape of planet Earth since the 
beginning of the Industrial Revolution and the advent of fossil fuel based 
machinery. The extent of human influence on the landscape varies locally due 
to changes in energy use and inputs, and these influences have been shown 
to correlate with biotic condition, particularly in wetland and other aquatic 
systems. Over a decade back, the Landscape Development Intensity (LDI) 
index, which quantifies the gradient of human development, was developed and 
applied to wetlands, lakes, and streams, mainly throughout the southeastern US. 
Since then, the LDI has been applied throughout at least five additional states 
(e.g., Ohio, Hawaii) and internationally. Here, we propose a revised LDI index, 
which accounts for the non-linear response of ecological systems to human 
disturbance, using a log based equation, much like we find in pH, sound, and 
accounting, for example. The revised LDI helps separate sites across the orders 
of magnitude of human activities and energy use in the landscape, and it 
spreads the data in the low ranges, which helps identify the natural variability 
of the reference standard condition (i.e., sites with biological integrity, not 
impaired, least disturbed). The revised equation displays constant percent 
change as a straight line, stabilizes variance, and presents a more linearize 
relationship with measures of ecological condition. The revised LDI has been 
applied in Florida biological assessment and mitigation banking work.

Tennessee’s Healthy Watersheds Assessment: 
Landscape-Based Approach to Prioritize Watershed 
Protection and Inform Management Decisions

Kimberly Matthews1, Phillip Jones1, Michele Eddy1, Sally Palmer2, and 
Ginny Rogers3

1RTI International, Research Triangle Institue, Research Triangle Park, 
North Carolina; 2The Nature Conservancy, Nashville, Tennessee; 3Versar, Inc, 
Springfield, Virginia

Abstract
Landscape-based approaches were used to assess the health of aquatic 
ecosystems across Tennessee. Rather than focus on identification of impaired 
waters, this study assessed the relative health of watersheds based on their 
similarity to pre-settlement or reference conditions. The results ranked 
individual catchments across the state by six watershed attributes: landscape, 
geomorphology, hydrology, water quality, habitat and biological condition. 
Results were determined on the National Hydrography Dataset catchment 
framework which enabled the results to be scaled up to 8-digit hydrologic unit 
codes or ranked by ecoregion or river basin. Attributes were assessed using a 
combination of geospatial and statistical modeling. In particular, water quality, 
habitat, and biological condition were quantified using boosted regression trees 
to relate observed monitoring values to landscape and watershed-scale predictor 
variables. The fitted statistical models were then used to predict water quality, 
habitat, and biological condition in catchments without available monitoring 
data. Watersheds were also ranked based on vulnerability to future changes 
in land use, water use, and climate condition to understand which watersheds 
are most resilient to change. The combination of current condition and future 

vulnerability is used by resource agencies for watershed planning, monitoring 
and assessment program improvements, outreach and communication among 
stakeholders, and identification of data gaps.

Use of the RPS Tool to Develop State Watershed 
Restoration and Protection Priorities for the CT 
TMDL Program

Chris Sullivan and Rebecca Burnham
Connecticut Department of Energy and Environmental Protection, Hartford, 
Connecticut

Abstract
The Connecticut Department of Energy and Environmental Protection (CT 
DEEP) utilized the Recovery Potential Screening (RPS) Tool as a major 
component of watershed prioritization efforts.These efforts were initiated to 
develop the list of waterbodies for CT DEEP to focus water-quality efforts on 
for the next 6 years until 2022. The use of the RPS Tool allows for an objective 
ranking of watersheds based on a selection of indicators and weights.

Utilizing a set of indicators and categories (ecological, stressor, and social), the 
RPS Tool generates a ranked list that accounts for the relative restorability of 
evaluated watersheds.

CT DEEP staff worked collaboratively with EPA and contractors to enhance 
the RPS Tool utilizing Connecticut-specific indicator data for a more 
customized evaluation of watersheds in Connecticut. Three scenarios were 
developed by CT DEEP to evaluate the watersheds: general watershed health, 
stormwater impacts, and nutrient impacts. Indicators and their weights were 
chosen for each scenario and selected within the tool for analysis. Each scenario 
was analyzed separately for protection and for restoration efforts, resulting in a 
total of six comparative ranking lists of watersheds.

The lists of watersheds for each scenario were further refined by analysis and 
re-ranking in Microsoft Excel. This approach took the resulting ranked list 
from the RPS Tool and sorted the watersheds by the highest scores for each of 
the three categories (ecological, stressor, and social). Each category was sorted 
and a percentage of the watersheds was removed from consideration in the next 
step. Following this process through the three categories resulted in two final 
lists. One list of 40 watersheds ranked for protection and a second list of 40 
watersheds ranked for restoration efforts. Only watersheds that were present in 
all three category lists for protection or restoration were placed on the DRAFT 
CT DEEP priority list. This DRAFT list was provided to EPA for review and 
will be further revised through public comments and outreach efforts by CT 
DEEP.

Additional enhancements to the RPS Tool will allow for even more precise 
evaluation of watersheds and improved focus on targeted areas.

The Watershed Index Online: A Tool for Comparative 
Watershed Assessment

Elizabeth Smith
US Environmental Protection Agency, Atlanta, Georgia

Abstract
The Watershed Index Online (WSIO) is a free, publically available data 
library of watershed indicators and a decision-support tool, developed by the 
EPA, to assist resource managers with evaluating, comparing, and prioritizing 
watersheds to support the user’s objectives. Federal, state and local water-
quality programs are increasingly using comparative watershed assessment 
tools to inform their decisions on how to prioritize watersheds for restoration 
and protection activities in the context of their overall water-quality goals. 
Comparative watershed assessment involves systematically evaluating large 
numbers of watersheds, in order to identify and communicate similarities and 
differences among these watersheds. This type of assessment requires that 
data on various watershed attributes (such as land cover, hydrology, slope, 
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soils, biology, water quality, etc.) be consistently translated into “indicators” of 
watershed condition and drivers of change (stressors) for the watersheds being 
compared. In addition, the user also has the ability to incorporate their own, 
local datasets into the WSIO Tool amongst provided indicators.

The goal of the WSIO is to increase the capacity for states and others to 
perform comparative watershed analysis by providing a watershed comparison 
tool and a library of hundreds of the most popular watershed indicators, 
already processed and compiled for roughly 83,000, 12-digit Hydrologic Unit 
Code (HUC12) watersheds throughout the contiguous United States. The 
WSIO Tool allows users to easily download uniformly measured watershed 
indicators for a defined project area, to generate comparative rankings for those 
watersheds and sub-watersheds based on ecological, stressor, and social context 
indicators selected by the user, and to save a variety of watershed comparative 
screenings for further analysis or export of tables, maps, and plots.

G3 Adventures in the Water Quality Portal
2:00 pm – 3:30 pm | Room 19

Overview and Progress on the NWQMC Water 
Quality Portal

James Kreft
US Geological Survey Center for Integrated Data Analytics, Middleton, 
Wisconsin

Abstract
The Water Quality Portal (WQP) development team has spent the last two 
years maturing a tool that people and organizations depend on to access 
and use water quality data. The WQP is now serving nearly a billion water 
quality records a month to the public, through a combination of web services 
and downloads directly from the site. Water Quality Portal development has 
primarily been focused on supporting the core of the WQP – its web service. 
The web services are more stable and performant, new features and data sources 
were added to make the services useful for a broader audience. This presentation 
will cover new features in the WQP, including mapping tools and biological 
data, and additional toolboxes for taking advantage of WQP web services.

Leveraging the Water Quality Portal to Characterize 
Historic Conditions Under Tight Time Frames: A 
Lessons-Learned Report

Dwane Young
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The Water Quality Portal provides seamless access to over 260 million water 
quality results. The data in the Portal represent data collected by multiple 
organizations, including USGS, EPA and 400+ other organizations, including 
other federal agencies, states, tribes, local communities, and watershed groups. 
In August 2015, the Gold King Mine spill resulted in numerous questions 
about the conditions of the Cement Creek, the Animas River, and the San 
Juan River prior to the spill. It was an excellent test of the utility of the Water 
Quality Portal in being able to quickly and concisely answer these questions.

During this presentation, we will discuss how the Portal was used to quickly 
identify and summarize the historical data in the four 8-digit Hydrologic Units 
downstream of the Gold King Mine. During the response, the Portal was used 
to display all the historical data on a map, identify which stations were actually 
on the mainstem of the river, develop summaries of the data, provide direct 
access to the full data for each monitoring station, and to identify viable follow-
up monitoring locations. This all had to be done on very short time frames (< 1 
day), and would have been impossible without the Portal. We will also compare 

how the Portal improved our ability to answer these questions as compared to 
prior events when quick answers were required. Lastly, we will discuss potential 
improvements to the Portal that would help for future events.

This presentation will focus on the process to summarize this data, and not the 
data itself. It is meant to be a lessons-learned for the Water Quality Portal, not 
a report out on the Gold King Mine.

Water Quality Portal (WQP) STORET Data Discovery 
Tool

Amy Wesley-Snider1, Samantha Sifleet1, Marwa Salem1, Peter Ilieve1, 
Megan Tulloch1, Danette Boezio1, Charles Kovatch2, Dwane Young2, and 
Kevin Christian2

1RTI International, Research Triangle Park, North Carolina; 2US 
Environmental Protection Agency, Washington, District of Columbia

Abstract
The national Water Quality Portal (Portal) combines physical, chemical and 
biological water quality data from multiple data sources and serves the data 
out in one format. The Portal provides a central location for the storage of 
observational data affecting water quality on a national scale. Existing web 
services can call on the Portal and provide access, but no directly linked 
analytical tools are currently available. RTI in partnership with EPA developed 
the WQP Data Discovery tool to provide users with an easy to use interface to 
query, summarize, QC and display data from the Portal. This tool is meant to 
help users navigate a dataset and determine what data are available to perform 
their analyses against.

The Data Discovery tool is a desktop application that uses open source R, a 
statistical programming language and several add-on packages, to visualize 
data and to assist users in selecting data they may need for analysis. The tool 
opens in a user’s default web-browser. While users interact with the data in 
a web browser, no information is travelling over the internet. The advantage 
of running the tool locally like this is that there are no security concerns. 
Since nothing is travelling over the internet, there is no risk of a third party 
intercepting information from the tool. Future releases of the tool will include 
enhanced statistical analysis options such as providing average, min/max and 
standard deviation for a data.

This tool is the first in a series of tools that EPA and RTI are working on to 
enhance users’ ability to make use of the data in the Portal. Follow-on tools 
will include a data assessment tool that will allow users to evaluate data against 
benchmark values or water quality criteria. This Data Discovery tool, and the 
subsequent tools will all be built as open source tools. This approach is being 
taken to allow for other parties to modify these tools to meet their specific 
needs and add new capability that would be of use to the rest of the monitoring 
community.

The National Network of Reference Watersheds Web 
Resource

Michael McHale1 and Gary Rowe2

1US Geological Survey, Troy, New York; 2US Geological Survey, Denver, 
Colorado

Abstract
In 2012 the National Water Quality Monitoring Council (NWQMC) 
formed a working group to establish a collaborative and multipurpose 
National Network of Reference Watersheds (NNRW) and monitoring sites 
for freshwater streams in the United States. The goal for the NNRW was 
to provide a web-based resource that would allow users to access reference 
watershed information collected by federal, state, local, and non-governmental 
organizations in one centralized location. In May of 2015 the National Water 
Quality Monitoring Council launched the NNRW web-based resource. The 
NNRW website currently provides a searchable database of 2,474 monitoring 
sites for freshwater streams that allows users to search for sites based on 
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areas of interest, Agency or Program, available water quality parameters, and 
watershed land use characteristics. The NNRW website provides a link to 
streamflow data for sites that include a US Geological Survey stream discharge 
station. The website also links to the NWQMC’s Water Quality Portal to 
deliver water quality data for sites where those data available. Every monitoring 
site in the database is also linked to the closest National Atmospheric 
Deposition Program atmospheric deposition monitoring location to allow users 
to access atmospheric chemistry data. A simple land use disturbance metric is 
computed for each site that allows users to compare the level of disturbance 
among all of the sites in the database. This comparison is facilitated through the 
availability of Cumulative Frequency diagrams that are generated based on user 
search results in order to put those results into context within the disturbance 
continuum of all sites in the network. The network is designed to be expandable 
as sites are contributed from federal, state, local and non-governmental 
partners. As the network expands, the NNRW will become more valuable as a 
centralized searchable resource for reference monitoring sites and fresh water 
streams throughout the United States.

G4 Organic Contamination: Occurrence and Risk
2:00 pm – 3:30 pm | Room 20

Where are Concentrations of Hydrocarbons and 
Inorganic Constituents Found in Lake Powell? Recent 
Findings and Future Assessment and Monitoring

Robert Hart
US Geological Survey, Flagstaff, Arizona

Abstract
The US Geological Survey (USGS) and the National Park Service, Glen 
Canyon National Recreation Area (NPS, GLCA), have been collecting 
and analyzing water and lakebed sediment samples since 2001 from USGS 
monitoring sites in Lake Powell. Most recently during 2010 and 2011, the 
USGS completed collection and analysis of polycyclic aromatic hydrocarbons 
(PAHs) in water and sediments in Lake Powell. PAHs were detected in water 
throughout Lake Powell using semipermeable membrane devices (SPMDs). 
Inorganic constituents were identified in water samples and also, lakebed 
sediments were collected and analyzed for PAHs and inorganic constituents.

During the most recent sampling, the greatest number of PAHs was detected 
in the southern part of Lake Powell where visitor use is high. Of the 44 PAHs 
analyzed, twenty-six PAHs were detected above the censoring limit and phenol 
was observed with the highest concentration of 5,902 nanograms per liter at 
Wahweap Marina.

In the lakebed sediments, PAHs were detected at twenty sites except for three 
sites. Twenty-four PAHs were detected above the reporting limit. Perylene was 
the most prevalent compound and was detected at three sampling sites. The 
highest sum of concentrations for all PAHs found in lakebed sediments were at 
the Wahweap Marina site, which had concentrations five times higher than the 
next highest site.

The concentrations of dissolved inorganic constituents defined different 
longitudinal patterns. At sampling sites located in upper (above Halls Crossing) 
and lower (below the Escalante River) Lake Powell, concentrations were 
similar. In the central part of Lake Powell, between Halls Crossing and the 
Escalante River, concentrations varied. The three major tributaries to Lake 
Powell-the Colorado, Escalante, and San Juan Rivers-all showed elevated 
concentrations of inorganic constituents in their lakebed sediments for most 
elements relative to the majority of the sediment samples collected.

Since PAH contamination related to watercraft use is a significant water-
quality issue affecting Lake Powell, the USGS will resume sampling for PAHs 
in 2016. Limitations of the SPMDs will be evaluated with another method, 

the continuous low-level aquatic monitoring sampler (CLAMs). Whichever 
sampling method produce the best quality data will be used in subsequent years 
of sampling.

Occurrence and Characterization of Pesticide 
Mixtures in Midwest Streams and Rivers, and 
Implications for Sampling Strategies

Julia Norman1, Mark Corbin2, Lisa Nowell3, and Yaorong Qian4

1US Geological Survey, Portland, Oregon; 2US Environmental Protection 
Agency, Washington, District of Columbia; 3US Geological Survey, 
Sacramento, California; 4US Environmental Protection Agency, Fort Meade, 
Maryland

Abstract
Recent studies by the US Geological Survey (USGS) of pesticides in Midwest 
streams and rivers have focused on characterizing pesticide occurrence during 
periods of high pesticide use and runoff. Previous studies of streams in the 
area have identified poor biological conditions based on benthic invertebrate 
surveys and widespread occurrence of pesticides. During May–August 2013, 
weekly water samples were collected from 100 stream sites across 11 states as 
part of the Midwest Stream-Quality Assessment, which was a collaboration 
of the USGS National Water-Quality Assessment Program and the US 
Environmental Protection Agency Office of Pesticide Programs and Office 
of Water. The study area is agriculturally intensive, mainly cultivated in corn 
and soybeans, and also includes some large urban areas and many small 
towns. Small-volume autosamplers were installed at a subset of sites-5 sites in 
agricultural and 2 in urban watersheds. The autosamplers collected daily and 
weekly composite water samples for about 12 weeks during May-August 2013. 
More than 550 filtered daily and weekly composite samples were analyzed for 
231 pesticides and degradates by using direct aqueous injection LC/MSMS. 
Mixtures of pesticides were present in most samples and the Pesticide Toxicity 
Index (PTI), which sums the toxicity-weighted pesticide concentrations in a 
sample, was used to evaluate the potential for biological effects of mixtures. 
While samples commonly contained mixtures of 5 to 10 pesticides, and 
some samples contained 25 or more, 1 or 2 pesticides usually dominated the 
highest PTI values. Daily sampling for pesticides would be ideal to capture 
the occurrence of peak pesticide concentrations; however, weekly composite 
samples are more affordable and may be an effective sampling strategy if 
potential for low bias relative to daily and 4-day averages of daily sample 
concentrations is taken into account. The results provide a unique assessment of 
the exposure of aquatic life to pesticide mixtures and an opportunity to evaluate 
bias related to different sampling strategies.

Predicting Pesticide Toxicity Indices for Midwest 
Streams

Megan Shoda1, Wesley Stone1, and Lisa Nowell2

1US Geological Survey, Indianapolis, Indiana; 2US Geological Survey, 
Sacramento, California

Abstract
In order to understand the vulnerabilities of streams in the Midwest and 
make decisions about areas that may need more intensive monitoring, an 
understanding of how pesticide mixtures occur in streams and their influence 
on biological communities is necessary. The Pesticide Toxicity Index (PTI) 
provides a way to evaluate the toxicity of mixtures of pesticides and their 
potential impact on key indicator taxa. It is a robust screening tool that 
incorporates the ability to assess multiple pesticides at once, which is how 
organisms encounter pesticides in a natural environment. The Watershed 
Regressions for Pesticides (WARP) models use multiple linear regression to 
identify watershed characteristics that are used as explanatory variables to 
predict concentration statistics for individual pesticides in streams. WARP 
methodology was used in this case to develop models using data from one 
hundred sites in the Midwest, sampled in May-August of 2013. The highest 
calculated PTI was modeled for these sites using watershed variables that 
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represent pesticide use and transport. Models that predict stream PTI were 
generated for fish, benthic invertebrates and cladocera. Toxicity-weighted 
use-intensity was an explanatory variable common to each of the models and 
the only variable that directly represents a pesticide source term. Some of the 
differences in significant explanatory variables between models as well as the 
differences in model performance may be related to the different pesticides that 
contributed the most to the highest calculated PTI values. The models were 
evaluated with independent data, not limited to the Midwest, and found to 
perform reasonably well with no clear bias. The WARP-PTI models for fish, 
benthic invertebrates and cladocera were also used to estimate the probability 
of exceeding a threshold PTI in Midwest streams. These models provide a 
low resource way to assess PTI at unmonitored streams in the Midwest and 
provide insight into how pesticide mixtures in streams influence biological 
communities.

Polychlorinated Biphenyls (PCBs) in Fish Tissue in US 
Fresh Waters

John Wathen1, Leanne Stahl1, Thomas Kincaid2, Anthony Olsen2, Blaine 
Snyder3, and Harry McCarty4

1US Environmental Protection Agency Office of Water, Washington, District 
of Columbia; 2US Environmental Protection Agency Office of Research and 
Development, Corvallis, Oregon; 3Tetratech, Inc., Owings Mills, Maryland; 
4CSC, Alexandria, Virginia

Abstract
As of 2015 the US Environmental Protection Agency has conducted 
probabilistic, nationally-representative assessments of polychlorinated biphenyls 
(PCBs) in fish tissue in US lakes (2000–2003), twice in rivers 5th order 
and greater (2008–09 and 2013–14) as part of National Rivers and Streams 
Assessments (NRSAs), and in nearshore waters in the Great Lakes as part 
of the National Coastal Condition Assessments (2010 completed, 2015 in 
progress). Not manufactured in the US since 1979, PCBs are an extremely 
persistent group of organo-halogen compounds that are toxic and carcinogenic, 
and readily bioaccumulate in fish, especially predatory species. PCBs are highly 
pervasive in fish, with the highest mean concentrations in the US occurring in 
the Great Lakes; intermediate concentrations occurring in US rivers, with those 
concentrations being significantly elevated in the Eastern Highlands eco-region 
relative to the rest of the country; and relatively lower concentrations occurring 
in US lakes. Availability of analytical results from the 2013–14 NRSA allows us 
to compare the extent to which observed concentrations of summed data for all 
209 PCB congeners in fish tissue exceed relevant human health thresholds in 
each of three eco-regions of the US, which also include the Plains & Lowlands 
and West & Mountains eco-regions.

G5 Effects of Climate Change and Extreme 
Weather Patterns
2:00 pm – 3:30 pm | Room 21

From Drought to Flood: Benefits and Challenges to 
Aquatic Life in Texas

Anne Rogers
Texas Parks and Wildlife Department, Austin, Texas

Abstract
Texas weather is often described as prolonged periods of drought punctuated 
by flash floods. For example, in 2015 Texas moved from a five-year drought, 
which for some parts of the state was a new drought of record, to what some 
experts are calling a 150–200 year flood event throughout much of the state. 
Extreme weather is nothing new to Texas and, as a result, rivers and streams 
have adapted to this inherent “flashiness.” The floods of 2015, as extreme as 
they were overall, were beneficial to the health of many aquatic ecosystems 

across Texas. For instance, bottomland hardwood forests along the major river 
corridors received flood waters deep across the alluvial plains that deposited 
much needed nutrients, triggered spawning cues for many fish species, and 
re-connected the aquatic-terrestrial boundaries that for many years had 
suffered due to the drought. The state’s coastal estuaries also received much-
needed flushes of fresh water, sediments, and nutrients which are needed to 
reset salinity regimes, improve nursery habitats, and provide new substrate 
for wetland and seagrass exansion in these important ecosystems. The floods 
increased aquifer recharge in the central Texas Hill Country, thereby restoring 
spring flows and improving groundwater availability. While all ecosystems 
suffer during extreme drought, aquatic communities are especially hard hit 
as perennial streams and rivers dry up. As river connectivity with tributaries, 
floodplains, and groundwater is lost, aquatic life becomes increasingly stressed, 
making it even more difficult for these communities to respond to extreme 
floods. This presentation will explore the trends in this dynamic hydrology over 
the last century, the effects of these extremes on Texas ecosystems, and what 
may lie ahead as weather patterns continue to change.

Critical Aspects of the Coastal Drought Index: Length 
of Salinity Data Record and Ecological Response Data

Paul Conrads
US Geological Survey SAWSC, Columbia, South Carolina; University of 
South Carolina, Columbia, South Carolina

Abstract
The phenomenon of coastal drought has a different dynamic from upland 
droughts.

Because of the uniqueness of drought impacts on coastal ecosystems, a 
coastal drought index (CDI) that uses existing salinity datasets for sites in 
South Carolina and Georgia was developed using an approach similar to 
the Standardized Precipitation Index (SPI). CDIs characterizing the 1- to 
24-month salinity conditions were developed and the evaluation of the CDI 
indicates that the index can be used for different estuary types (for example, 
brackish, olioghaline, or mesohaline), for regional comparison between 
estuaries, and as an index for wet conditions (high freshwater inflow) in 
addition to drought conditions.

Unlike the SPI where long-term precipitation datasets of 50 to 100 years 
are available for computing the index, there are a limited number of salinity 
data sets of greater than 10 or 15 years for computing the CDI. To evaluate 
the length of salinity record necessary to compute the CDI, a 29-year dataset 
was resampled into 5-, 10-, 15-, and 20-year interval datasets. Comparison 
of the CDI for the different periods of record show that the range of salinity 
conditions in the 10-, 15-, and 20-year datasets were similar and results were a 
close approximation to the CDI computed by using the full period of record.

An ongoing National Integrated Drought Information System (NIDIS) 
drought early warning project in the Carolinas is developing ecological linkages 
to the CDI and evaluating the effectiveness of the CDI as a prediction tool 
for adaptation planning for future droughts. However, identifying potential 
coastal drought response datasets is a challenge. Coastal drought is a relatively 
new concept and existing datasets may not have been collected or understood 
as “drought response” datasets. We have considered drought response datasets 
including tree growth and liter fall, harmful algal blooms occurrence, Vibrio 
infection occurrence, shellfish harvesting data, and shark attacks.
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Occurrence and Dispersal of Invasive Zebra Mussels 
Through Municipal Water Transfer Pipelines and 
Lake/Stream Potable Source Waters Under Different 
Reservoir Levels and Downstream Flow Conditions

Christopher Churchill
US Geological Survey, Fort Worth, Texas

Abstract
Zebra mussels (Dreissena polymorpha) are invasive freshwater bivalves that were 
first detected in Texas in 2009. This species is currently (2015) established in 
five Texas reservoirs. The dispersal of zebra mussels throughout an infested 
lake or reservoir can be rapid and has been studied in many water bodies in 
northern latitudes. However, much less is known about the effects of flow 
conditions on the dispersal capabilities of this species through municipal water 
transfer pipelines and through combined lake/stream source waters in lower 
latitudes. The north central Texas region experienced a drought of record 
(2011–2014) followed by a record-breaking flood (May 2015). Many reservoirs 
in the upper Trinity River Basin reached record high levels and, subsequently, 
rivers throughout the basin transitioned from baseflow conditions to combined 
controlled/uncontrolled reservoir releases. Long-term datasets were analyzed 
to understand how reservoir levels and flow condition dynamics affect the 
dispersal of invasive zebra mussels through water transfer pipelines and source 
water systems.

What Happens to Near-Shore Habitat When Lake and 
Reservoir Water Levels Decline?

Philip Kaufmann1, Dave Peck1, and Curt Seeliger2

1US Environmental Protection Agency, Corvallis, Oregon; 2Raytheon 
Information Services, Corvallis, Oregon

Abstract
Water management and drought can lead to increased fluctuation and declines 
in lake and reservoir water levels. These changes can affect near-shore physical 
habitat and the biotic assemblages that depend upon it. Structural complexity 
at the land-water interface of lakes promotes interchange of water, nutrients 
and energy, and provides diverse habitat for aquatic and terrestrial organisms. 
Shoreline zones are areas of high biological diversity and human activity. Lake 
level fluctuations in 2370 lakes of the US EPA’s National Lakes Assessment 
summer surveys were evidenced by “bathtub rings” extending from 0 to more 
than 100 m horizontally. Lake drawdown magnitudes differed among regions 
of the US, as well as between natural and human-made lakes. Anthropogenic 
disturbances and level controls were positively associated with drawdown in 
some regions, but appeared to dampen natural level fluctuations in others. 
Examination of changes in 371 lakes that were sampled in both 2007 and 
2012 showed declines in near shore habitat complexity with increases in lake 
drawdown. Littoral habitat complexity diminished as drawdown exposed 
normally inundated littoral habitat features including snags, overhanging 
vegetation, and aquatic macrophytes. Similarly, near-shore terrestrial vegetation 
cover and complexity were typically low where drawdown had increased the 
distance from the land-water interface to terrestrial vegetation at the normal 
high water mark. Climate change and human use of lakeshores can reduce 
near-shore habitat complexity through level changes and other mechanisms.

G6 Doing More with Less: Models for Community 
Collaboration
2:00 pm – 3:30 pm | Room 22

Is the Whole Greater Than the Sum of Its Parts?: 
Assessing Costs and Benefits of a Volunteer 
Monitoring Program

Kristine Stepenuck
University of Vermont, Burlington, Vermont

Abstract
Volunteer monitoring programs often operate with small budgets and big 
hearts - rallying efforts around a local environmental crisis, or carrying out 
monitoring to ensure a special waterbody is protected for future generations. 
We often say that volunteer monitoring programs are cost effective, but not cost 
free. But what does it really take to enable these programs operate successfully? 
And, what is the cost savings to natural resource agencies to partner with 
volunteers to collect data? This presentation will report on results of an 
assessment of staff time, sponsoring agency contributions, and the contributions 
of local partners to Wisconsin’s statewide volunteer stream-monitoring effort.

Engaging the Water Action Volunteers (WAV) Stream 
Monitors to Monitor Total Phosphorus in Wisconsin 
Streams

Lindsey Albright1, Kristine Stepenuck2, Tim Asplund3, and Peggy 
Compton4

1Dakota County SWCD, Farmington, Minnesota; 2University of Vermont, 
Burlington, Vermont; 3Wisconsin Department of Natural Resources, Madison, 
Wisconsin; 4University of Wisconsin-Extension, Madison, Wisconsin

Abstract
Phosphorus is an essential nutrient responsible for plant growth, but it is also 
the most widespread water pollutant in Wisconsin lakes. Runoff from farm 
fields and other disturbed lands flow into streams, elevating phosphorus levels 
that can cause adverse conditions in surface water bodies. In 2010, Wisconsin 
developed numeric criteria for in-stream phosphorus levels and began 
monitoring streams across the state to collect the necessary data to develop 
impaired waters lists for the US Environmental Protection Agency (USEPA). 
Collecting the data was an added workload for Wisconsin Department of 
Natural Resources (WDNR) biologists, thus it was suggested that volunteers 
could be engaged to assist with sample collected in order to reduce the overall 
cost to the WDNR.

Beginning in 2012, the WDNR and the University of Wisconsin-Extension 
(UWEX) engaged Water Action Volunteers (WAV) stream monitors to collect 
total phosphorus samples at monitoring sites selected by both the DNR and 
by the volunteers themselves. The success rate for sample collection from 
2012-2015 was 99.8%, with monitoring occurring at over 350 sites statewide. 
In 2014 alone, WAV volunteers contributed $40,000 worth of time and effort 
to collect water samples at monitoring sites across the state. Several local 
groups also obtained grants to support monitoring at local sites with savings 
amounting to over $25,000 in monitoring and shipping costs. Given the 
success of this program over the past four years, total phosphorus monitoring 
by WAV volunteers will continue to help WDNR meet future monitoring and 
assessment needs in the coming years.
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Aquatic Citizen Science: A Sound Investment

Julie Vastine
Alliance for Aquatic Resource Monitoring, Carlisle, Pennsylvania

Abstract
How can we maximize limited budget dollars at the local, state, regional, and 
national levels so that the necessary measures are being taken today that do not 
compromise the integrity of our natural resources in the future. With budget 
restraints it has become increasingly difficult at the state level to monitor and 
assess state waterways. A question has emerged as to how to leverage the efforts 
of local community monitoring efforts to help increase the geographic spread 
of assessed waters in states.

States can leverage dwindling dollars by investing in strong volunteer 
monitoring collaborations. With appropriate study designs, training, quality 
assurance/quality control measures and data management systems, volunteer 
monitors can effectively be the eyes, ears, and voices of local waterways enabling 
states to target their finite resources on the streams that need special attention.

From Missouri to Virginia, there is a diversity of models for engaging volunteer 
monitoring at the state level. So what are the key resources that need to be 
in place for successful programs and partnership? The focus of this talk is to 
examine different state volunteer monitoring models and the tools necessary to 
effectively integrate different monitoring programs to cost effectively support 
water resource management. Facets to be reviewed include:

•	 Communication;

•	 Study design;

•	 Equipment choices;

•	 Data use and management;

•	 Quality assurance/quality control; and

•	 Capacity building scientific trainings.

Using Volunteers in Groundwater Monitoring and 
Other Spring Protection Activities in Florida

Rick Copeland
AquiferWatch, Inc., Tallahassee, Florida

Abstract
Florida has over 700 springs. They serve as tourist attractions, centers of 
recreation, and are important to the economy of the state. Unfortunately, not 
all is well. For the past several decades concentrations of nutrients, mostly 
in the form of nitrate (NO3 + NO2 as N) have been increasing in Florida’s 
springs throughout the state. In addition, concentrations of total dissolved 
solids (TDS) solids have also increased, while spring discharge has declined. 
Many of the springs have been declared to be impaired and been assigned 
Basin Management Action Plan (BMAPs) to restore them. The plan is 
the “blueprint” for restoring impaired waters. The BMAP is broad-based, 
includes local stakeholders, and is designed to reduce pollutant loadings. The 
plan includes monitoring activities which are needed in order to track the 
effectiveness of the action plan. Over the past several years, funding designated 
for water resource monitoring for the Florida’s governmental agencies has been 
drastically reduced. This creates a dilemma because monitoring is critical in 
the BMAP process and because BMAPs are relatively new on the monitoring 
scene. Volunteers can be used to alleviate the financial burden by assisting in 
groundwater monitoring and other BMAP activities. Additionally, actions of 
volunteers result in improved public awareness of BMAP activities within the 
basin. The Lower Santa Fe River Springs Area in north-central Florida is used 
as an example to showcase the value of using volunteers in a BMAP that is 
primarily designed to restore springs.

G7 Tools for Visualizing Water Quality
2:00 pm – 3:30 pm | Room 23

The Water Connection / South Platte Urban Waters 
Partnership’s Water Quality Visualization Tool: A Tool 
to Increase Accessibility of Water Quality Data in the 
Denver Metro Area

Jon Novick1, Ben Tyler2, Dana Coelho3, William Battaglin4, Devon 
Buckels5, Jim Dorsch6, Rachel Hansgen7, Phil Russell8, and Sarah Wheeler9

1City and County of Denver, Department of Environmental Health, Denver, 
Colorado; 2Lost Creek Designs, LLC, Denver, Colorado; 3US Forest Service, 
Rocky Mountain Region, Lakewood, Colorado; 4US Geological Survey, 
Lakewood, Colorado; 5The Water Connection / South Platte Urban Waters 
Partnership, Denver, Colorado; 6Metro Wastewater Reclamation District, 
Denver, Colorado; 7Groundwork Denver, Denver, Colorado; 8Littleton / 
Englewood Wastewater Treatment Plant, Englewood, Colorado; 9Colorado 
Department of Public Health and Environment, Water Quality Control 
Division, Denver, Colorado

Abstract
The Water Connection / South Platte Urban Waters Partnership is a 
collaborative effort of local, state, and federal government agencies, nonprofits, 
watershed groups, and other stakeholders working across governmental and 
disciplinary boundaries to protect and restore lands and waters in the South 
Platte Watershed from the headwaters through the Denver Metropolitan 
Area and into the eastern plains of Colorado. The organizations participating 
in the Partnership collect a vast amount of water-quality data from the lakes 
and streams within the watershed. Much of the data are available through 
the Colorado Data Sharing Network; however, the Partnership identified 
a need for greater access to the data and for tools to educate the public and 
stakeholders about water quality in their communities.

In order to make water-quality data in the Denver metro area more accessible 
and easier to understand, the Partnership developed a robust, data-driven 
web application that allows for interactive exploration and visualization of 
the data. The application was built using open source technologies that allow 
for an intuitive and meaningful exploration of spatial and temporal trends in 
available data. The end result is an application that allows the user to not only 
explore water-quality data through maps and graphs, but additionally learn why 
water quality matters, how it is regulated, and what can be done to improve it. 
The Partnership’s Water Quality Visualization tool currently displays E. coli 
collected by partnership members between 2009 and 2014.

Utilizing Maps for Complex Multivariate Data 
Visualization for Stakeholders to Address Nonpoint 
Source Pollution in Athens-Clarke County

Anna Truszczynski
Athens-Clarke County Stormwater Management Program, Athens, Georgia

Abstract
Athens-Clarke County has 17 catchments and over 80 miles of impaired 
waters. Many of these waters are polluted by fecal coliform, much of which is 
introduced to waterways through stormwater runoff. Fecal coliform, like many 
nonpoint source pollutants, is best addressed through the implementation 
of good housekeeping practices, such as proper septic maintenance and 
appropriate disposal of pet waste. Supported by a Georgia 319 grant 
and partnerships with the University of Georgia and local businesses, 
Athens-Clarke County’s Stormwater Management Program has launched 
informational campaigns using new and traditional media addressing both 
septic maintenance and pet waste to increase environmental literacy and 
encourage environmental stewardship.
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Since the informational campaigns provided information not just on how 
homeowners and dog owners can reduce their impact, but also illustrated the 
magnitude, location, and duration of the fecal coliform impairment across the 
county, presenting this complex, multivariate data in a comprehensible and clear 
format was a key challenge. ACC Stormwater used targeted workshops and 
outreach events at the neighborhood and creek basin level, to present locally-
focused, highly complex data directly to stakeholders. ACC Stormwater used 
mapping and data software and cartographic theory to ensure the effective use 
of these opportunities. Maps, along with other data visualization techniques, 
including infographics, were used to present information about TMDLs, 
303(d) listing, pollutants of concern, land use, and demographic information 
to stakeholders, resulting in increased two-way communication between local 
government staff and the general public.

Revealing the Invisible: How Visualization can Translate 
Water Quality Data into Accessible Stories That 
Inspire Solutions

Eric Roy, Matthew Seibert and Benjamin Wellington
Landscape Metrics, LLC, Brooklyn, New York

Abstract
Imagine that every water quality sensor development challenge has been 
overcome. Scientists have further deepened their understanding of what drives 
our most persistent water quality problems. Monitoring networks efficiently 
generate an immense quantity of high quality water data using a combination 
of sensors, citizen science, and remote sensing. Now, what do we do with the 
data? How can we maximize the impact on public awareness and the utility 
for policy makers? In this presentation, we argue that the future tools for 
integrating and communicating water quality information will need to be as 
innovative as those used for monitoring. Interactive web applications, video 
animations, and cartographic visualizations can be used to synthesize complex 
data into compelling visual narratives. We will provide multiple examples, 
including our Lake Erie project that was recently awarded first place in the 
Visualizing Nutrients Challenge hosted by the US Environmental Protection 
Agency, USGS, and Blue Legacy International. Developing these tools requires 
bridging disciplinary divides that still exist among water science, design, 
art, geographic information systems, and web development. We will offer 
suggestions for making this type of collaboration work and discuss the frontiers 
of water quality data visualization.

Great Lakes to Gulf Virtual Observatory: A National 
Great Rivers Research and Education Center Initiative 
to Advance the Understanding of Large River 
Ecology and Decision-Making Through an Interactive 
Geospatial Web Application That Integrates and Visuali

Richard Warner1, Jong Sung Lee2, Michael Brennan1,3, Ted Kratschmer1, 
and Isaac Chapman4

1National Great Rivers Research and Education Center, East Alton, Illinois; 
2National Center for Supercomputing Applications, Champaign, Illinois; 
3Illinois-Indiana Sea Grant College Program, Champaign, Illinois; 4The 
Horinko Group, Washington, District of Columbia

Abstract
Since its inception, the National Great Rivers Research and Education Center 
(NGRREC) has been committed to supporting policy considerations and 
informing management practices in the Mississippi River watershed with 
reliable data, knowledge and analysis. The critical issues and threats that frame 
the environmental, economic, and social sustainability of “working” rivers 
underscore the need for improved data integration, trend prediction, and data 
visualization. NGRREC’s Great Lakes to Gulf (GLTGSM) initiative addresses 
this need, providing a web-based, interactive geospatial application that 
integrates and synthesizes relevant data from a wide variety of sources.

GLTGSM aspires to inform our understanding of large river ecology and 
facilitate decision making, management and modeling efforts in the Mississippi 
River watershed. GLTGSM utilizes a customizable geographic interface, 
allowing a user to create powerful custom visualizations by choosing map 
layers, including political borders, watershed boundaries, landscape features, 
and water body outlines upon which water geospatially referenced water 
quality data can be overlaid. Through the application, users can search for 
and visualize continuous real time and long term discrete nutrient and water 
quality monitoring data available in the main stem of the Mississippi River, 
and selected tributaries. The application assimilates data from a variety of 
sources including the Water Quality Portal (WQP), USGS, Upper Mississippi 
River Restoration Long Term Resource Monitoring (UMRR LTRM), the 
Great Rivers Ecological Observatory Network (GREON) and NOAA. By 
aggregating multiple sources into one location, the application can assist 
audiences in identification of information gaps and the need for additional data 
collection activities, (for example, additional monitoring to more rigorously 
assess water quantity and quality issues at the watershed scale). Furthermore, 
the application simplifies data searches by consolidating naming conventions 
used by different entities into a uniform designation.

Web services and automated data extraction processes developed for GLTGSM 
allow users to select and download data to support scientific research and 
management activities. Data accessible through the application can further 
support the development of additional visual and time sensitive decision 
support tools. The application serves to streamline the detection and 
visualization of trends, facilitating collaborations in multiple areas including 
research, monitoring and data exchange.

H1 Remote and Autonomous Sensors for 
Detecting Harmful Algae Blooms
4:00 pm – 5:30 pm | Rooms 13–14

Remotely Sensed Cyanobacterial Harmful Algal 
Blooms (cyanoHABs) in the United States: CyAN 
(Cyanobacteria Assessment Network)

Keith Loftin1, Blake Schaeffer2, Jeremy Werdell3, and Richard Stumpf4

1US Geological Survey, Lawrence, Kansas; 2US Environmental Protection 
Agency, Research Triangle Park, North Carolina; 3National Aeronautics 
and Space Administration, Greenbelt, Maryland; 4National Oceanic and 
Atmospheric Administration, Silver Springs, Maryland

Abstract
Harmful algal blooms (HABs) have adverse impacts on human and ecological 
health, economics, and resource utilization globally. To date (2015), there is not 
a systematic approach for identification of cyanobacterial HABs (cyanoHABs) 
to assist with early warning for lakes and reservoirs across the United States. 
An interagency effort has been initiated to integrate ongoing work between the 
US Environmental Protection Agency (EPA), National Aeronautics and Space 
Administration (NASA), National Oceanic and Atmospheric Administration 
(NOAA), and US Geological Survey (USGS). This integrated effort will 
provide an approach for mainstreaming satellite data from instruments on 
Envisat-1, Aqua, Sentinel-2, Sentinel-3, and Landsat for U.S. fresh and 
brackish water-quality management decisions. The overarching project goal is 
to support environmental management and public use of U.S. lakes, reservoirs, 
and estuaries by providing the capability to detect and quantify cyanobacteria 
blooms using satellite data supported by ground validation.

Project objectives include (1) development of a uniform and systematic 
approach for identifying and characterizing cyanoHABs using remote sensing 
across the contiguous United States according to appropriate environmental 
health risk thresholds; (2) create a strategy for evaluation and refinement of 
algorithms across satellite platforms; (3) identify linkages between landscape-
scale characteristics and cyanoHABs in freshwater systems; (4) characterize 
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exposure and human health effects using remote sensing of cyanoHABs in 
drinking water sources and recreational waters; (5) characterize behavioral 
responses and economic value of the early warning system using satellites and 
mobile dissemination platform; and (6) disseminate satellite data through a 
publically available mobile application and EnviroAtlas.

Current project status will be discussed and include national field data collation 
efforts, data gaps, Landsat-derived water-quality products such as surface water 
temperature, historical imagery, and algorithm progress. We anticipate the use 
of uniform satellite data products will improve the decision-making ability 
of water-resource managers. In addition, satellite data products may augment 
federal, state, tribal, and municipal monitoring and research efforts. At the 
conclusion of this project, an increase in the applied use of remotely-sensed 
data for water-quality management is anticipated.

A Multi-Tiered Approach to Monitoring Cyanobacteria 
and Documenting Algal Bloom Occurrences in New 
England

Hilary Snook
US Environmental Protection Agency, Chelmsford, Massachusetts

Abstract
Cyanobacteria and their associated toxins are a looming issue in New England, 
and are of particular concern from a human and ecological health perspective. 
Increasing intensity and duration of precipitation events and development/land 
use pressures are resulting in increasing nutrient loads to aquatic systems. These 
inputs set the stage for recurring algal blooms which can have significant social 
and economic impacts.

Cyanobacteria concentrations can vary enormously in space and time, and 
their level of toxicity can be equally as variable. Monitoring efforts are often 
equally inconsistent, with entities utilizing different sampling approaches and 
methodologies, or opting out of monitoring altogether. These inconsistencies 
make it difficult to aggregate data that will help in understanding the 
characteristics and behavior of cyanobacteria within a water body as well 
as across the landscape. Over the past couple of years, the New England 
Regional Laboratory has convened a region-wide cyanobacteria monitoring 
and “bloom watch” workgroup that consists of public water suppliers, state 
environmental water quality and beach monitoring programs and departments 
of public health, tribes, NGOs, citizen monitoring groups, and academics, 
to collaboratively establish a uniform and consistent regional approach to 
monitoring cyanobacteria. This program has been developed to encompass all 
levels of expertise and budget capabilities from the most basic to advanced. 
Program architecture is designed so that participants can proceed from the 
most basic level to the most advanced depending on human and budget 
resources as well as program needs.

This presentation will discuss the methods, tools, and data produced from 
the workgroups efforts to date and how others may become involved to fit 
their individual needs. The presentation will cover monitoring of fluorescent 
pigments and tracking waterbody biovolumes using inexpensive field 
fluorometers, the use of smartphone technology with on-site field microscopy 
and “bloom-watch” kits, and the development and utilization of smartphone 
apps to enable on-site data submissions and spot identifications of bloom 
cyanobacteria. The presentation will also showcase the on-line “dirty dozen” 
cyanobacteria key developed by workgroup participants and key techniques for 
separating cyanobacteria from the myriad of other phytoplankton often found 
co-existing within a waterbody.

Spatial Assessment of Harmful Algal Blooms in Kansas 
Reservoirs

Guy Foster and Jennifer Graham
US Geological Survey, Lawrence, Kansas

Abstract
Reservoir closures in Kansas caused by harmful algal blooms (HABs) have 
resulted in annual revenue losses of up to 40 percent because of restrictions on 
recreational use. Additionally, a number of HAB-related dog deaths and human 
illnesses have been reported in Kansas. HABs tend to be spatially variable both 
vertically and horizontally because of in-lake and weather driven processes, 
and can vary by orders of magnitude in concentration across relatively short 
distances (meters or less). Extreme spatial variability in cyanobacteria and 
associated compounds poses unique challenges to public health protection. The 
spatial variability of cyanobacteria and associated toxins were characterized 
in three Kansas reservoirs during summers 2011–2015 over a range of bloom 
conditions (varying abundances, taxa, seasons, and weather conditions). High 
resolution near-surface spatial data were collected using mounted sensor arrays. 
Sensor arrays measured temperature, specific conductance, dissolved oxygen, 
pH, turbidity, chlorophyll, phycocyanin, and nitrate at 1 to 5 minute intervals. 
Discrete near-surface and vertically integrated samples also were collected 
and analyzed for chlorophyll, cyanobacterial abundance, and microcystin. 
Data were compiled and integrated using geographic information systems to 
provide a visual representation of cyanobacterial distribution. Cyanobacterial 
abundance and microcystin concentrations varied by orders of magnitude 
longitudinally and vertically within reservoirs, with isolated areas of extremely 
high concentrations. A better understanding of HAB distribution will facilitate 
the development of more efficient, objective-driven sampling strategies and will 
allow lake managers to make more informed decisions on when and where to 
issue lake advisories and recreational closures.

Use of Satellite Data to Monitor and Evaluate 
Cyanobacteria Blooms in Lake Erie and Other Lakes

Richard Stumpf, Timothy Wynne, and Michelle Tomlinson
NOAA National Centers for Coastal Ocean Science, Silver Spring, Maryland

Abstract
Cyanobacterial blooms have become a highly visible problem in lakes in this 
century. Lake Erie has seen a recurrence of blooms, with severe blooms of 
toxic Microcystis in seven of the last eight years. Satellite data has provided a 
standard and objective metric for quantifying these blooms starting in 2002. 
Medium resolution imaging spectrometer (MERIS) data provided details 
from 2002 to early 2012 with 300 m pixels, suitable for many lakes. The first 
replacement sensor, the ocean land colour imager (OLCI) intended for launch 
in October 2015 will continue this information set. (Data from the Moderate 
Resolution Imaging Spectro-radiometer (MODIS) at 1 km provided data to 
fill the gap between MERIS and OLCI for Lake Erie.) These sensors have 
bands that are particularly suitable for cyanobacterial blooms, allowing creation 
of a cyanobacterial index product. The cyanobacterial index is based on the 
chlorophyll concentration in these blooms, and can be used to estimate cell 
concentration or biovolume. Microcystis and some other cyanobacteria tend to 
float to the surface during the day, simplifying estimates of their total biomass 
by compositing multiple days of data. The data can be used for monitoring 
current blooms, with data collected within a day, and for retrospective analysis 
of bloom variability in response to variations in nutrient loads or other factors. 
The methods are suitable for application to many other lakes, potentially with 
minimal recalibration.
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H2 Monitoring Management Actions in 
Agriculturally-Influenced Watersheds
4:00 pm – 5:30 pm | Room 18

Water Quality Monitoring to Assess a Regional Plan 
Approach to Effectively Treat Agricultural Stormwater 
Runoff

Pam Livingston-Way and Lori McCloud
St. Johns River Water Management District, Palatka, Florida

Abstract
The Tri-County Agricultural Area (TCAA) project area, located in northeast 
Florida, contains approximately 376,269 acres, of which 38,000 acres (~10%) 
is irrigated vegetable cropland comprised of predominantly potato, cabbage 
and sod farms. Nutrient loading associated with agricultural row cropland is 
4–5 times greater than other land use activities and is primarily associated 
with storm events. In 2007, the St. Johns River Water Management District 
constructed a regional stormwater treatment facility (RST), consisting of 
a 25-acre wet detention pond and a 56-acre surface/subsurface wetland to 
treat nutrient-enriched agricultural runoff within a priority basin in the 
TCAA watershed, before discharging directly into the lower St. Johns River. 
This project supports the 30% nitrogen and phosphorus reductions required 
for all agriculture in the TCAA to meet the Total Maximum Daily Loads 
(TMDLs) as mandated by the Clean Water Act for the Florida Department 
of Environmental Protection’s 303(d)-listed impaired waters. The facility 
is designed to treat agricultural runoff from 2,028 acres, with a maximum 
treatment efficiency of 50% total nitrogen and 60% total phosphorus.

Agricultural runoff is pumped into the wet detention pond and gravity flows 
into a header and lateral ditch along the wetland. The wetland is designed for 
saturation of its sandy soils through subsurface seepage, underlain by a heavy 
clay layer, which mimics agricultural irrigation practices in the TCAA. Both 
monthly ambient and event-driven storm-based water quality monitoring have 
been conducted since 2009 from the project inflow canal, the pond outlet and 
at the wetland outfall. Storm samples are collected with automated samplers, 
which are triggered by rainfall and are time-lagged through the system.

Approximate annual loading into the RST for nitrogen and phosphorus is 
9.21 lb/acre and 4.48 lb/acre, respectively. Since construction, monitoring 
data have provided a mechanism to evaluate nutrient removal efficiency and 
overall facility contribution toward achievement of TMDLs. Overall system 
performance has remained relatively constant over time, with typical nitrogen 
reductions of 60-80% and phosphorus reductions of 55-80%. This has resulted 
in a reduction of overall load delivered to the lower St. Johns River of 46,053 
kg nitrogen and 18,858 kg phosphorus to date.

Monitoring Water Quality for Performance Evaluation 
of a Treatment Wetland

Margaret Guyette, Victoria Hoge, Robert Naleway, Dean Dobberfuhl, and 
Michael Coveney
St. Johns River Water Management District, Palatka, Florida

Abstract
The Marsh Flow-Way is a large-scale constructed treatment wetland designed 
to remove nutrients from Lake Apopka, Florida, which became hypereutrophic 
primarily through phosphorus loading from agriculture. Operational since 
November 2003, the four treatment cells cover an area of 276 hectares and 
treat approximately one-third the volume of Lake Apopka annually. Water 
quality samples are collected weekly from the inflow and outflow structures of 
the whole system. Each of the individual treatment cells and all structures are 
telemetered for continuous water level. Water quality and water level data are 
combined with precipitation and evapotranspiration data to calculate nutrient 
and particulate removal efficiencies. These calculations provide an invaluable 

resource to help inform adaptive management of this system. Treatment cell 
maintenance schedules are determined by analysis of removal efficiencies and 
field observations of conditions that may be influencing removal efficiencies. 
Annual short-term shutdown of some or all treatment cells began in 2011, after 
analyses revealed that nutrient removal efficiencies consistently decline in the 
summer months. The monitoring program and associated calculations allow us 
to assess costs and benefits associated with operational and maintenance actions 
to minimize the cost per mass of phosphorus removed from Lake Apopka 
water.

Monitoring Fish Tissue Contaminant Loads as an 
Indicator of Agricultural Remediation Success

Lori McCloud, James Peterson, Mike Coveney, Pam Bowen, and Elizabeth 
Mace
St. Johns River Water Management District, Palatka, Florida

Abstract
In 2003, the St Johns River Water Management District entered into a 
Memorandum of Understanding with the US Fish and Wildlife Service, as a 
result of an avian-mortality event that occurred on its North Shore Restoration 
Area (NSRA) on Lake Apopka, Florida. High organochlorine pesticide (OCP) 
tissue concentrations from dead birds led the District to conclude that toxicosis 
from legacy OCPs in agricultural soils contributed to the mortality event. 
Subsequent soil remediation occurred across the NSRA, with soil excavation 
and removal on one highly contaminated site and extensive soil inversion 
techniques used across large areas of the NSRA. Biological assessments 
were conducted for broad areas with similar hydrology (project phases), and 
anticipated contamination risks were projected for future restoration work. 
Wetland restoration across the NSRA progressed slowly to allow for close 
monitoring of OCPs and potential wildlife risks. Duda sub-East, the first 
phase to resume restoration, was flooded in 2002 and restoration activities have 
continued across the NSRA on a phase-by-phase basis. Each new restoration 
effort has had associated monitoring for at least one year prior to initiating the 
next phase. The last area to be flooded was Phase Eight, which was flooded in 
2014. Two areas where soil remediation did not occur were capped with dredge 
spoil to reduce wildlife exposure to OCPs.

Collection of fish and aquatic organisms for contaminant burden evaluation has 
proven to be a useful tool in evaluating the success of the sediment remediation, 
in addition to providing an indicator of current toxicity risk to foraging birds. 
Work presented will include the results of post-remediation monitoring, as well 
as an overall evaluation of remediation success.

Monitoring the Efficacy of Chemical Amendments for 
Nutrient Control in Wetland Restorations

Vickie Hoge
St. Johns River Water Management District, Palatka, Florida

Abstract
Water quality and riparian wetland habitat in North Central Florida declined 
dramatically over the last century. Former agricultural areas have been acquired 
by the St. Johns River Water Management District (District) and are being 
reflooded to provide for restoration of aquatic and wetland habitat and to 
reduce nutrient loading to adjacent water bodies. To reduce elevated nutrient 
concentrations, chemical amendments have been successfully added to achieve 
accelerated wetland restoration goals. Extensive monitoring of inflows and 
output are used to determine efficiency of process in meeting nutrient targets.

Former agricultural fields were left in one of four conditions: (1) in a dry 
state, (2) open water, (3) reflooded with heavy vegetation, (4) or currently a 
pump discharge site. On dry fallow ground, alum water treatment residual 
ameliorated the expected flux of phosphorus from the sediments upon 
reflooding. Approximately 60,000 metric tons of alum residual were applied 
on 2,830 hectares on the North Shore Restoration Area at Lake Apopka from 
1999–2011. Barge applications of liquid alum were used in open water to treat 
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nearly 2,000 ha in the Upper Ocklawaha River Basin at an average cost of 
$376/kg P removed from the water column. An average reduction of 56% of 
water column TP was achieved. At Blue Cypress Marsh, an area impacted by 
nutrient laden agricultural water, 243 ha of shallow marsh were treated with an 
aerial application of granular alum in 2012 at a dose of 680 kg/ha and a cost of 
$857/ha.

Alum injection systems currently exist at four discharge sites where District 
pumps move water into nearby water bodies. These systems treat water with 
liquid alum and settle the floc within retention ponds. This reduces potential 
movement of nutrients into receiving water bodies. A temporary system 
operated for 272 days during a flood event in 2005 at Lake Apopka reduced 
potential P loading by over 1.5 metric tons at a cost of $196/kg TP removed.

H3 Modeling from Source to Sea
4:00 pm – 5:30 pm | Room 19

Benefits of Open Federal Data to State Programs

Jack Pflaumer
New Jersey Department of Environmental Protection, Trenton, New Jersey

Abstract
The Water Quality Portal (WQP) was launched in April of 2012 as a single 
point of access for discrete water quality samples stored in the US Geological 
Survey (USGS) NWIS system, the US Environmental Protection Agency 
(EPA) STORET system, and US Department of Agriculture (USDA) 
STEWARDS system. Since then, New Jersey Department of Environmental 
Protection’s (NJDEP) Bureau of Environmental Analysis, Restoration, and 
Standards has integrated the portal as the primary means to access and 
download discrete data for water quality assessments. In this presentation, 
NJDEP will discuss how using the portal has provided benefits by improving 
assessment efficiencies, briefly describe innovative automated assessment tools 
developed, how NJDEP leverages the portal to increase data sharing, and the 
need for sensor data availability. For example, in the 2014 Integrated Report 
for New Jersey, more than a million discrete sample records for more than 
400 unique chemical or physical parameters from over 6,000 locations in 850 
assessment units were downloaded in addition to continuous monitoring data 
from more than 150 stations. The use of the portal has freed up resources that 
has allowed the Department to allocate resources to improve efficiencies with 
automation and integrate more comprehensive assessments. In addition, the 
standardized and easy to use system has increased data sharing among the 
network of data collectors and data users throughout the state. NJDEP has 
recognized the significant benefits of the portal for its data needs and has 
initiated projects that are based on the system to address a high priority gap to 
access sensor data through a similar user friendly system.

Operational Model for Comprehensive Inland and 
Coastal Monitoring

James Bonner1, Christopher Fuller1, Mohammad Islam1, and Andrew 
Ernest2

1Clarkson University, Potsdam, New York; 2University of Alabama, Tuscaloosa, 
Alabama

Abstract
Complex water resource issues are considered among the most significant 
challenges of this century. To address these challenges with prudent and 
informed decisions, resource managers and stakeholders require new and 
more integrated data from continuous monitoring programs at sufficient 
spatial and temporal resolutions to capture the inherent frequency and 
spatial distribution of important environmental and anthropogenic factors 
and/or events (e.g., contaminant source, meteorological event). Despite 
their tangible value, monitoring programs are none-the-less susceptible to 

budgetary constraints as evidenced in recent years by network reductions and/
or temporary service interruptions. In the United States, multiple agencies are 
responsible for independent implementation and operation of their respective 
monitoring networks (e.g., NOAA and USGS). Downsides to separation of 
services include redundant observatory network costs and increased effort to 
integrate disparate data sources as required for determination of environmental 
mechanisms relevant to resource managers. The River and Estuary Observatory 
Network (REON) represents one of the largest homogenous inland and 
coastal observation networks in the world in terms of active nodes that 
was deployed “summit-to-sea” using uniform sensor suites to provide water 
quality, hydrologic, hydrodynamic and meteorological data through a common 
cyber-infrastructure. Meeting the need for consistency and compatibility 
with other observatory networks, REON has incorporated a community 
standard data model (i.e., ODM) of the Consortium of Universities for 
the Advancement of Hydrologic Science, Inc. (CUAHSI). The REON was 
designed using an iterative, adaptive, design, build, and evaluation process. 
Upgrades borne through this process are seamlessly incorporated into the 
network through depot-level maintenance where components are routinely 
replaced, at a frequency defined by component life span and/or duty cycle, with 
recently remanufactured components to maximize network reliability and data 
quality. Other benefits realized by this operational model include reduction in 
operational and maintenance costs associated with non-routine service visits 
that increase in frequency and complexity with system age.

Spatial Statistical Network Models (SSNM) for 
Data on Stream Networks: Background, Theory, and 
Applications

Daniel J. Isaak1, Erin Peterson2, and Jay Ver Hoef3

1US Forest Service, Rocky Mountain Research Station, Boise, Idaho; 2CSIRO 
Division of Mathematics, Informatics, and Statistics, Dutton Park, Queensland, 
Australia; 3NOAA National Marine Mammal Laboratory, Fairbanks, Alaska

Abstract
Most statistical techniques traditionally applied to data measured on stream 
networks were developed for terrestrial applications and are not optimized 
for streams. The recent development of spatial statistical network models 
(SSNM) with covariance structures based on network topology opens a 
wealth of possibilities to improve the prediction and understanding of 
many stream phenomena. Moreover, because SSNMs account for spatial 
autocorrelation (i.e., non-independence) among measurements, they can be 
applied to common datasets (e.g., water chemistry, habitat conditions, biological 
attributes) aggregated from multiple sources to perform powerful data-mining 
exercises and generate huge amounts of information at low cost. SSNMs are 
geostatistical models, so can also be used for kriging and block-kriging to 
make statistically valid predictions throughout river networks or subdomains 
within networks to aid in a variety of applications related to status assessments, 
enumeration, and the design of efficient monitoring strategies. Here, we 
provide a brief history of SSNM development and example applications. 
Free software for SSNM analysis is available at the SSN/STARS website 
(http://www.fs.fed.us/rm/boise/AWAE/projects/SpatialStreamNetworks.
shtml) and the National Stream Internet website hosts topologically corrected 
digital stream networks to facilitate spatial analysis of stream data anywhere 
in the coterminous U.S. (http://www.fs.fed.us/rm/boise/AWAE/projects/
NationalStreamInternet.html).
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Rocky Mountains to Tropical Rainforests: Using 
Monitoring Results and Computer Simulations to 
Understand Fundamental Watershed Processes

Richard Webb and David Parkhurst
US Geological Survey, Denver, Colorado

Abstract
New-generation predictive models are efficient and evolving tools that provide 
insight into watershed processes from long-term observations of water quantity 
and quality. The recently developed Water, Energy, and Biogeochemical model 
(WEBMOD) simulates hydrology, and conservative and reactive transport of 
chemical constituents that cycle between the atmosphere, soils, and streams in a 
watershed. One strength of WEBMOD is the tight coupling with the aqueous 
geochemical model PHREEQC, such that daily variations in weathering 
rates and equilibrium are simulated for canopy, snowpack, the unsaturated and 
saturated zones, and the stream.

The present study demonstrates the utility of WEBMOD in the contrasting 
settings of the Rocky Mountains and the tropical rainforests of Puerto 
Rico. Sets of geochemical reactants were identified for both watersheds, 
and literature-derived expressions were used to estimate maximum rates of 
weathering of primary minerals as a function of temperature, pH, and dissolved 
oxygen. Secondary minerals were allowed to precipitate to equilibrium. 
The surface area to volume ratios for the minerals were calibrated such that 
computed loads matched observed loads. Further calibration of hydrologic and 
geochemical parameters resulted in models that faithfully reproduce observed 
daily variations in discharge, pH, alkalinity, major ion concentrations, and stable 
isotopes for the two watersheds.

As the model is applied more broadly, combinations of landscapes and soils 
where water quality is vulnerable to changing deposition, climate, and land 
use will be identified. Vulnerable watersheds can then be included in targeted 
monitoring programs to make the most efficient use of limited laboratory and 
human resources.

H4 Working across Agency Boundaries
4:00 pm – 5:30 pm | Room 20

Integrating Water Resouce Monitoring and Reporting 
– Measuring Water Resources Together in Oregon

Sheila Marcoe
Oregon Department of Agriculture, Salem, Oregon

Abstract
The Oregon Governor’s Natural Resource Office, Interagency Budget Memo, 
described the current thinking on how multiple water-quality efforts fit 
together. As noted in the memo, “Oregon’s state natural resource agencies have 
a long and succesful history of working together to improve water quality in a 
manner that is strategic, efficient, and effective...With population continuing 
to increase, along with drier summers and warmer temperatures, it will be 
increasingly difficult to achieve and maintain good to excellent water quality 
in Oregon’s waterways. The Governor’s 10-year plan objective is to continue to 
reduce the percentage of stream with declining water quality and to assure that 
water quality is improving throughout the state by 2022.”

Statewide monitoring efforts are underway through various Oregon programs/
initiatives that suggest likely benefits from further coordination and partnership 
for information sharing. These multi-agency led programs work together by 1) 
Looking to local organizations for information and data related to conservation 
and restoration actions that were implemented with agencies’ respective grant 
programs; 2) Telling the story of how conservation and restoration action 

implemented by local organizations contribute to achieving healthy watersheds; 
and 3) Identifying where additional monitoring and technical assistance efforts 
may be needed to contribute to achieving healthy watersheds.

Oklahoma Kill Response Management Team 
(OKRMT): A Collaborative Response to Managing 
Water Quality in Oklahoma

Ferrella March
Oklahoma Department of Environmental Quality, Oklahoma City, Oklahoma

Abstract
The mission of OKRMT is to facilitate communication and collaboration 
between government entities regarding fish kills and related water quality 
by providing a framework for coordinated, consistent, and effective fish kill 
response. Collaboration is essential in identifying the causes of fish kills and 
responsible parties if they exist as well as allowing for informed policy decisions 
that protect fish and wildlife resources, waters of the state, and human health. 
The team has developed a consolidated approach to management resulting 
in more organized responses in a timely manner, which: allows for better 
communication, creates opportunity to share expertise and resources, shares 
training opportunities, standardizes response and reporting, and increases 
awareness of events among field staff. The team has used effective collaborate 
strategies, including: identification of the problem, education, resolution to 
conflict, developing work plans, establishing common goals, and measuring 
and evaluating outcomes. The team has already had several successes. A 
comprehensive, coordinated response and communication protocol has been 
developed, which is used by all regulatory and non-regulatory agencies involved 
in the team. The team presented a day-long technical training covering 
communication, response, water quality monitoring and outcomes, and fish 
identification and enumeration. The training was attended by more than 150 
professionals from at least 15 state, federal, local, and tribal agencies. Recently, 
the team has developed a collaborative monitoring plan along the Salt Fork of 
the Arkansas River, in response to numerous kills over multiple years. The plan 
includes real-time water quality monitoring and response planning at three 
(3) locations along the river. Future plans for the team include development 
of more training opportunities and online materials, development of a Quality 
Assurance Plan and standardized workplans for approaching different kills, and 
a standardized report format.

Water Quality, Water Level, and Meteorological 
Monitoring at the USF COMPS Clam Bayou Station: 
A Successful Collaborative Effort as Demonstrated by 
the Continuous Monitoring Record During the 2015 
St. Petersburg Sewage Overflow Event

Jeff Scudder1, Mike Lizotte2, Ryan P. Moyer3, Gerardo Toro-Farmer1, Dan 
Otis1, Mark E. Luther1, Vembu Subramanian4, and Christopher Moore5

1University of South Florida, College of Marine Science, St. Petersburg, 
Florida; 2Xylem/YSI, Fall River, Massachusetts; 3Florida Fish & Wildlife 
Conservation Commission, St. Petersburg, Florida; 4SECOORA, Charleston, 
South Carolina; 5US Geological Survey, Coastal and Marine Science Center, 
St. Petersburg, Florida

Abstract
The University of South Florida’s College of Marine Science (USF-CMS) 
operates a Coastal Ocean Monitoring and Prediction System (COMPS) for 
the West Florida Shelf. The COMPS network consists of oceanographic, 
meteorological, and water quality data collection systems on buoys and 
stationary platforms, computer base stations, and simulation models. The 
coastal component of COMPS is primarily funded through grants from the 
South East Coastal Ocean Observing Regional Association (SECOORA) and 
the Gulf of Mexico Coastal Ocean Observing System (GCOOS). COMPS 
data are presented to the public via the Internet at http://comps.marine.usf.edu.

Abstracts – Wednesday



46 The 10th National Monitoring Conference

The Clam Bayou Coastal COMPS station is located on the North East side 
of Boca Ciega Bay at the USF-CMS Clam Bayou Education Center. Its 
monitoring instrumentation collects and disseminates near real-time water 
temperature, dissolved oxygen, salinity, pH, turbidity, blue green algae and 
chlorophyll fluorescence, dissolved organic material fluorescence, precipitation, 
wind, air temperature, relative humidity, barometric pressure, and water level 
data. Decreased funding levels for COMPS have forced USF-CMS to look 
for innovative ways of sustaining station infrastructure. At Clam Bayou, we 
responded to the challenging fiscal environment by establishing a partnership 
with the USF-CMS Institute for Marine and Remote Sensing, Xylem/
YSI, SECOORA, USGS, and the Florida Fish and Wildlife Conservation 
Commission. The station’s role has expanded from education and outreach to 
research, sensor testing and evaluations, monitoring technology demonstrations, 
and national monitoring system training.

A series of major thunderstorms during the 2015 summer season caused 
increased sewage flow and an elevated water table in the Tampa Bay area. 
Conditions created by these hydrologic events overwhelmed the City of St. 
Petersburg’s Wastewater Treatment Plant. To prevent raw sewage from spilling 
into city streets and backing up into bay area homes, 15.4 million gallons of 
partially treated sewage were pumped into Clam Bayou around August 3rd, 
2015. The COMPS Clam Bayou Station recorded measurements during this 
sewage overflow event.

This presentation will describe our collaborative monitoring efforts. The result 
of the teamwork is a mutually beneficial monitoring system, as demonstrated 
by the data recorded during the 2015 St Petersburg sewage overflow event. This 
project could not function without the multi-group partnership.

A Case Study in Implementing Standardized 
Restoration Monitoring in Mobile Bay Subwatersheds

Renee Collini
Mobile Bay National Estuary Program, Mobile, Alabama

Abstract
The Gulf Coast is currently undergoing extensive restoration and watershed 
management planning that can have synergistic and complementary effects 
on the ecosystem outside of the target focus areas of individual projects. 
Recognizing this, the Mobile Bay National Estuary Program (MBNEP) 
tasked their Science Advisory Committee (SAC) with the development of 
a standardized monitoring framework that can be applied in all Mobile Bay 
coastal subwatersheds. After the framework was completed it was applied 
in D’Olive watershed; located in the northeast corner of Mobile Bay it has 
experienced intense population growth in the past two decades. This coupled 
with little to no comprehensive watershed management has caused extreme 
degradation of stream function and habitat health causing severe erosion, 
sedimentation, and loss of submerged aquatic vegetation (SAV) in D’Olive 
Bay. Funding was acquired to conduct restoration at the 12 most degraded 
stream reaches in the watershed presenting a unique opportunity to monitor 
cumulative impacts on the function and health of the watershed. A task force 
made up of over 20 individuals from nine different agencies and organizations 
are working together to complete the outlined monitoring. Integrating this 
many organizations, agencies, and efforts generates many successes and 
challenges. Implementation of this monitoring program and strategies for long-
term continuation will be presented.

H5 Assessing Groundwater Quality Trends
4:00 pm – 5:30 pm | Room 21

High Frequency Groundwater Quality Monitoring 
and Insights into the Variability of Nitrate in Surficial 
Aquifers Near Agricultural Land Use in Delaware

Brandon Fleming, Roberto Cruz, and Charles Walker
US Geological Survey, Baltimore, Maryland

Abstract
As part of the USGS National Water Quality Assessment (NAWQA), the 
North Atlantic Coastal Plain Enhanced Trends Network of wells will be 
collecting high-frequency water quality data for the next 8 years to capture 
geochemical responses to different climatic, crop, and pumping conditions. 
Preliminary results show greater variability near the water table, with seasonal 
responses to recharge and climate. Water quality on the Delmarva Peninsula, 
part of the North Atlantic Coastal Plain principal aquifer system, has been 
studied for over 25 years by the USGS NAWQA program. In the surficial 
aquifer system, nutrient contamination is a major concern. Groundwater 
discharge to streams is a significant source for nitrate to the Chesapeake 
Bay, an important ecological resource for the east coast of the United States. 
Nitrate concentrations above the Environmental Protection Agency Maximum 
Contaminant Level of 10 mg/L are common in monitoring, domestic, and 
public supply wells completed in the surficial aquifer system, which is often 
the only source of drinking water for municipalities on the peninsula. Previous 
decadal sampling results show spatial and temporal variability in nitrate and 
other constituents, but little is known about the variability of nitrate on shorter 
time scales. To document changes in groundwater-quality over finer timescales 
and improve our understanding of decadal patterns in water quality, three wells 
(2 public supply wells and 1 shallow monitoring well) were instrumented to 
collect daily water-quality parameters (pH, specific conductance, dissolved 
oxygen, and temperature) in Sussex County, DE. In addition to these 
parameters, the monitoring-well site includes a precipitation gage, and a down-
hole sensor for water level, temperature, and specific conductance. The goal 
of this study is to collect a suite of data from different hydrogeologic settings 
that will provide greater insight into the timing and persistence of changes in 
groundwater quality and improve our understanding of the variability we see in 
long-term decadal data.

Fine-Scale Temporal Trends in Water Level and Water 
Quality in Two Monitoring Wells in the Central Sands 
Region of Wisconsin

Krista Hood
US Geological Survey–Wisconsin WSC, Middleton, Wisconsin

Abstract
As part of the US Geological Survey National Water-Quality Assessment 
Program’s Enhanced Trend Network (ETN), high-frequency water-level and 
water-quality data were collected in one shallow and one deep well in the 
glacial aquifer of the Central Sands region of Wisconsin. Water withdrawn 
from the shallow well represents very recent recharge into the aquifer, while the 
deep well represents water that recharged the aquifer more than 30 years ago. 
The data from these wells are being used to further understand the behavior 
and conditions of the aquifer relative to changes in land use and climate on 
a finer temporal scale than previous data collection efforts. Land use in the 
recharge area for this study includes forest, grassland and agricultural (both 
irrigated and non-irrigated). Past water-quality samples taken from the 
glacial aquifer in this area, at near decadal intervals, have consistently shown 
elevated and increasing concentrations of nitrate and elevated but decreasing 
concentrations of atrazine in groundwater. The high-frequency data from the 
ETN wells will provide a more thorough understanding of how conditions 
change over much smaller time scales in this groundwater system.
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Comparisons of fine-scale data from the two ETN wells show similarities 
in water-level response but variable response of water-quality parameters. 
Dissolved oxygen showed minimal fluctuation over time in both wells, though 
the average value in the shallow well was twice that of the deep well. Both 
wells showed a comparable pattern of annual fluctuation in groundwater 
temperature but with distinct timing. Water temperature reached a maximum 
in the deep well on December 12 (9.2 °C) and a minimum on June 14 (8.5 °C). 
The maximum water temperature in the shallow well was on November 13 
(9.6 °C) and the minimum on June 5 (8.0 °C). Specific conductance, which can 
be correlated to nitrate concentrations in groundwater, showed large seasonal 
variations in the shallow well and minimal variation in the deep well. Discrete 
data that was collected from the wells have also shown variability but were too 
infrequent to determine trends or a climatic response of these parameters.

Time Scales of Groundwater Quality Change in Karst 
Groundwater: Edwards Aquifer, Central Texas

MaryLynn Musgrove and Jennifer Wilson
US Geological Survey, Austin, Texas

Abstract
Understanding the timescales on which groundwater-quality changes, and 
what drives these changes, informs groundwater management, use, and 
protection. This is especially true in karst aquifers where rapid recharge and 
groundwater flow rates can quickly affect water levels in wells, spring discharge, 
and groundwater geochemistry. The Edwards aquifer in central Texas is a 
highly productive fractured karst aquifer that responds rapidly to changes in 
hydrologic conditions in a region characterized by cyclic periods of drought 
and wet conditions. To better understand how groundwater quality changes 
over short (daily to monthly) and long (seasonal to decadal) timescales, the US 
Geological Survey’s National Water-Quality Assessment (NAWQA) Program 
began a monitoring and sampling effort in 2013 that combines high-frequency 
monitoring and discrete sample collection at different timescales. Three 
groundwater wells in the Edwards aquifer have been instrumented to provide 
high-frequency (subhourly) water-quality data (temperature, pH, specific 
conductance, and dissolved oxygen), which are augmented by the collection of 
six discrete samples per year for a range of geochemical constituents (including 
major ions, nitrate, selected isotopes and age tracers). The wells are near San 
Antonio, along an updip-to-downdip aquifer transect, and consist of one 
monitoring well in the unconfined (recharge) zone and two public-supply wells 
in the confined zone of the aquifer. Discrete sample results indicate updip-
to-downdip trends in groundwater geochemistry with respect to water-rock 
interaction and groundwater residence time. Drought conditions prevailed 
during initial data collection (2013–14), providing baseline information for a 
period when little aquifer recharge occurred. Wet conditions in 2015 (spring) 
resulted in extensive recharge and an accompanying regional hydrologic 
response. Groundwater geochemistry at the updip monitoring well varies 
rapidly in response to aquifer recharge. In contrast, groundwater geochemistry 
at the public-supply wells in the confined part of the aquifer is less variable. The 
combination of high-frequency and discrete data collection provides unique 
insights into changes in groundwater geochemistry in a dynamic karst aquifer 
at different temporal scales.

Triennial Changes in Groundwater Quality in Aquifers 
Used for Public Supply in California: Are Such Changes 
Indicators of Temporal Trends?

Robert Kent and Matthew Landon
US Geological Survey, San Diego, California

Abstract
From 2004 to 2011, the US Geological Survey collected samples from 1,686 
wells across the State of California as part of the California State Water 
Resources Control Board’s Groundwater Ambient Monitoring and Assessment 
(GAMA) Priority Basin Project (PBP). Of these wells, 224 were resampled 
during 2007 to 2013 to assess temporal trends in water quality. The samples 

were analyzed for 218 water-quality constituents, including inorganic and 
organic compounds, and isotopic tracers. The resampled wells were grouped 
into five hydrogeologic zones: Central Valley, Southern California, Desert, 
Mountain, and Coastal. Differences between initial sampling and resampling 
results were evaluated by using a nonparametric hypothesis test to identify 
possible step trends in water quality, statewide and within each hydrogeologic 
zone. The hypothesis tests were performed on the 81 constituents that were 
detected in more than five percent of the samples collected during either 
sampling period in at least one hydrogeologic zone. A threshold difference 
between results of the initial sampling and resampling was set, based on 
differences in replicate samples considered acceptable by GAMA project 
criteria. This threshold was imposed so that small differences due to analytical 
variability would not support a conclusion that a temporal trend was occurring. 
For most of the evaluated constituents, no step trend was detected. Step trends 
were detected for 17 constituents statewide, or in at least one hydrogeologic 
zone. Increasing step trends were detected for nine constituents: alkalinity, 
field-measured specific conductance, orthophosphate, perchlorate, sodium, 
aluminum, beryllium, boron, and lithium. Decreasing step trends were detected 
for eight constituents: dissolved oxygen, field-measured pH, cobalt, lead, nickel, 
atrazine, simazine, and tritium. Tritium in groundwater decreases over time 
due to natural decay of tritium in the atmosphere; the observed decreases in 
groundwater tritium indicate that our trend evaluation method is capable of 
resolving temporal trends.

H6 Around the Globe: Citizen Science and 
Community Education
4:00 pm – 5:30 pm | Room 22

Baywatchers – Citizen’s Water Quality Monitoring 
Program

Tony Williams
Buzzards Bay Coalition, New Bedford, Massachusetts

Abstract
Excessive nutrient inputs from land use, sprawl impacts to the surrounding 
watershed are resulting in changes in habitat health and water quality along 
the coastline. At greatest risk are the Bay’s more than 30 harbors, coves and 
rivers which receive the bulk of the nutrient load from the watershed. The 
program task is collecting data on nutrient overloading. Nutrient pollution 
(eutrophication) is mostly rooted in the watershed’s ever-growing population 
with development and land use changes. Management is often challenging and 
difficult because of its widespread distribution from a wide array of sources – 
runoff, septic, sewage, agriculture. Involving more than 800 citizen volunteers 
since 1992 allows the Buzzards Bay Coalition to monitor all of Buzzards Bay’s 
major embayments – an area covering more than ¼ of the Massachusetts coast. 
The program has the dual benefit of collecting comprehensive water-quality 
data while educating and empowering people. This program’s success relies 
in getting citizens involved with monitoring, management and restoration of 
the Bay’s resources at the local level. The program is recognized for providing 
water-quality data to both the Local and State Environmental Managers as a 
cost effective alternative where other resources are absent for initiating 303(d) 
listing and TMDL reporting.

The monitoring objective is to collect data to better understand the Bay 
ecosystem and its response to human-related impacts, in order to guide 
restoration and protection. This citizen’s monitoring program has documented 
and evaluated nitrogen-related water quality for the past 24 years. The data is 
then represented in a Bay Health Index, showing long-term ecological trends 
and as method to improve the public and town elected officials understanding 
of current local water quality.
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The Citizen’s Water Quality Monitoring Program program is applying 
consistent methods while building collaborations and long-term data for 
watershed and ecosystem health.

Assessing the Awareness and Difficulties of Water 
Quality Monitoring in Rural Areas: The Case of Non-
PRASA Communities in Puerto Rico

Nerida De Jesus-Villanueva, Arshley Rey, Angeliz Vangas, Isabelle 
Martinez, and Ingrid Padilla
University of Puerto Rico-Mayaguez Campus, Mayaguez, Puerto Rico

Abstract
There are more than 200 communities in Puerto Rico that do not have access 
to drinking water made available by the Puerto Rico Aqueduct and Sewer 
Authority (PRASA); a corporation directly regulated by the local Department 
of Health and the Environmental Protection Agency (EPA). These Non-
PRASA communities rely on their own water systems, which feed from local 
water sources and commonly have no or limited treatment or disinfection 
processes. If available, the use of chlorine tablets is the only method for 
treatment and there is no treatment for chemical contaminants.

This project aims at (1) engaging on trustful interactions between these 
communities, academia, and the government (2) determining the water 
quality of source water and tap water in these communities, (3) training 
local community members and students in field methods, and (4) identifying 
the deficiencies in the water quality monitoring process. In addition to 
common water quality parameters, this works also looks at superfund-
related contaminants, including chlorinated volatile organic compounds and 
phthalates. The work is conducted at the Non-PRASA Hatillo Community, 
Añasco, Puerto Rico.

Preliminary interactions have shown very positive and trustful response from 
the community, the academic sector, and the government. Student trainees 
have learned to organize site visits, communicate with and train community 
members, prepare IRBs, conduct proper site sampling, analyze samples 
(Chlorine, TOC, Total Coliforms, Turbidity, VOCs, Phthalates and Arsenic), 
develop SOPs and QAPP documents and finally acquire field data for site 
localization of sampling points in order to asses the spatial distribution 
and topographic setting. Ultimately, this work will identify health threats, 
address community concerns, and assist them with technical issues related to 
treatment processes and system maintenance. The two-year project is supported 
by the EPA-Greater Research Opportunity (GRO) Fellowship 2014, the 
Puerto Rico Testsite for Exploring Contamination Threats (PROTECT) 
and The Environmental Engineering Laboratory at the Department of Civil 
Engineering and Survey at UPRM.

Establishing a Volunteer Water Quality Monitoring 
Program in the Dominican Republic

Julie Wood1 and Enmanuel Vargas Sanchez2

1Charles River Watershed Association, Weston, Massachusetts; 2Plan Yaque, 
Jarabacoa, Dominican Republic

Abstract
In 2013, our US-based environmental nonprofit formed a mentoring 
partnership with a consortium of environmental groups focused on river 
restoration in an urban/agricultural region of the Dominican Republic. 
Through this partnership, the US-based partners exported the popular model 
of citizen monitoring to establish the first volunteer monitoring program in 
the country. The Dominican volunteer monitoring program involves low-cost, 
easy to use equipment to measure temperature, water depth, secchi depth, pH, 
E. coli, and ammonia in two urban creeks. The program has garnished national 
attention due to its use of volunteers and focus on urban freshwater systems.

This presentation will focus on the unique challenges of establishing a 
monitoring program in a remote, low income area. Presenters will also 
highlight successes of the program and the benefits to all parties of an 
international partnership focused on water quality monitoring.

Leveraging the Local to Go Global: Citizen Scientists 
Exploring the Drivers of Eutrophication

Diana Eddowes1, Rita Galdos1, and Steven Loiselle2

1Earthwatch Institute, Boston, Massachusetts; 2Earthwatch Institute, Oxford, 
United Kingdom

Abstract
With more than 6,000 participants, FreshWater Watch (FWW) is one of the 
largest citizen science programs to examine the impact of land use change 
and environmental management on the health of freshwater ecosystems. By 
using globally consistent research methodologies, and working alongside 
local scientists, these volunteers are providing new insights into the drivers of 
eutrophication in 20 countries across the globe.

Based on an integrated hands-on training and online engagement platform, 
participants make measurements in local waterbodies to examine changes in 
nutrient concentrations, local pollution sources and land use, as well as the 
presence of elevated phytoplankton densities and sediment loads. Participants 
upload datasets onto an online database, where automated quality control and 
analysis functions provide real time feedback to participants. We use the more 
than 10,000 datasets obtained by participants since 2013 to show key spatial 
and temporal patterns in eutrophication conditions across 30 urban areas. 
Preliminary results show expected differences in nutrient dynamics between 
river and lake ecosystems, where catchment conditions have a clear impact on 
the level of eutrophication. Most interestingly, smaller ecosystems, ponds and 
streams are shown to be least impacted.

Freshwater Watch enables citizen scientists to become stewards of their local 
environment; they not only take action on water quality issues themselves but 
encourage colleagues, friends and family to do the same. Through an open 
and fluid communication between partners, agencies and local scientists, the 
program creates an opportunity for an inclusive local ecosystem management.

H7 A fish, a mussel, and a mayfly walk into a sand 
bar…
4:00 pm – 5:30 pm | Room 23

Great Lakes Mussel Watch: Embracing Innovative 
Approaches to Meet Changing Environmental 
Priorities

Ed Johnson1, Kimani Kimbrough1, Erik Davenport1, Greg Piniak 1, and 
Annie Jacob2

1National Oceanic and Atmospheric Administration, Silver Spring, Maryland; 
2Consolidated Safety Services, Fairfax, Virginia

Abstract
NOAA’s National Centers for Coastal Ocean Science Mussel Watch Program 
(MWP) has been monitoring chemical contamination in the Great Lakes 
since 1992 using resident dreissenid mussels. Until 2008, MWP followed the 
routine monitoring protocol of analyzing chemical body burden in mussel 
tissue and reported on the status and trends of a wide array of chemicals. While 
this protocol provided information on the bioavailability of contaminants, it 
was inadequate to address the issue of bioeffects of the contaminants. Under 
the President’s Great Lakes Restoration Initiative launched in 2009, MWP 
expanded and enhanced its monitoring efforts by adding numerous sites within 
highly impacted areas and conducting targeted monitoring and contamination 

Abstracts – Wednesday



Working Together for Clean Water 49

assessments using newer techniques and approaches. The enhanced efforts 
include the deployment of caged mussels to source track contaminants in 
areas where extant mussel beds are not found and the incorporation of effects- 
based monitoring (cellular biomarkers, genomics and metabolomics) in an 
attempt to link contaminant exposure to bioeffects. The latter is particularly 
relevant when tackling the issue of contaminants of emerging concern that are 
more hydrophilic and do not bioaccumulate in mussels to the same extent as 
legacy organic contaminants. MWP also actively participates in multi-matrix 
contamination assessments including the use of Polar Organic Chemical 
Integrative Sampler (POCIS), polyethylene devices (PEDs), Hester Dendys 
to assess benthos body burden along with caged mussels. Preliminary results 
suggest that techniques like omics and cellular biomarkers may be a cost 
effective tier-1 approach in providing early warning signal for potential impacts 
to biota, and guide a tier-2 analytical chemistry follow-up. The enhanced 
monitoring efforts of Great Lakes Mussel Watch are achieved through 
numerous collaborations and partnerships established with other federal, state, 
local agencies and academic institutions.

YOU SHALL NOT PASS: Use of Continuous 
Carbon Dioxide and Water Quality Monitoring in 
Development of Barriers to Asian Carp Movement

Elizabeth Murphy1, Paul Buzska2, Ryan Jackson1, Clinton Bailey3, and 
Frank Enge1

1US Geological Survey, Illinois Water Science Center, Urbana, Illinois; 2US 
Geological Survey, Indiana-Kentucky Water Science Center, Indianapolis, 
Indiana; 3US Geological Survey, Illinois Water Science Center, Dekalb, Illinois

Abstract
Invasive and ecologically-destructive Asian carp threaten to move from the 
Mississippi River Basin into the Great Lakes Basin by way of the man-made 
Chicago Area Waterway System. Their upstream movement is currently 
impeded by an electric barrier, but new barrier technologies are being pursued. 
The US Geological Survey has been developing several technologies to fight 
the spread of these fish.

One promising technology is the injection of CO2 to a water body to repel fish. 
Laboratory experiments have shown the effectiveness of CO2 in influencing 
fish movement. However, since CO2 concentrations in water are affected by 
natural physical, biological, and chemical processes, ambient CO2 and related 
data are needed at potential barrier implementation sites and during field-
scale testing to verify a CO2 barrier as a feasible control option. These data 
are collected with a combination of multi-parameter water-quality and CO2 
monitors. The USGS has established two continuous, real-time water-quality 
gages with those monitors on the Des Plaines River, upstream and downstream 
of Brandon Road Lock and Dam in Joliet, Illinois. These gages, along with 
targeted transect sampling, will provide information on diurnal and seasonal 
site water-quality conditions and variations. This information can be used to 
evaluate design an effective barrier to Asian carp movement.

The USGS also completed intensive, continuous water-quality monitoring 
during a field-scale test of a CO2 barrier in a backwater pond of the Illinois 
River near Morris, Illinois. A series of fish-behavior trials were conducted over 
a month-long period during which the CO2, pH, DO, temperature, and specific 
conductance were monitored in the study area. Additionally, an autonomous 
underwater vehicle was deployed during one of the trials to repeatedly map 
three-dimensional distributions of water-quality parameters throughout the 
entire study area. These water-quality and fish-behavior data will be used to 
evaluate the effectiveness of the trial barrier and to prepare permit applications 
for use of CO2 barriers at other locations.

Using newer technologies, like CO2 monitors, and data analysis of continuous 
water-quality data has created new challenges for the USGS. The lessons 
learned throughout this process will inform others undertaking similar 
monitoring projects.

Using Biological Data to Measure and Communicate 
Restoration Success in a Dam Removal Project in 
Redby, Minnesota

Kayla Bowe and Shane Bowe
Red Lake Band of Chippewa Indians, Red Lake, Minnesota

Abstract
The Red Lake Band of Chippewa Indians, in cooperation with the US 
Environmental Protection Agency, Minnesota Department of Natural 
Resources, and Minnesota Department of Transportation completed a 
dam removal and stream restoration project on the Mud River in Redby, 
Minnesota in 2014. The dam had eliminated fish passage and related mussel 
migration since the 1920s and resulted in very poor biological communities 
in an otherwise healthy stream. Monitoring began in 2010 at sites above and 
below the dam and has continued annually. Restoration success has been 
measured through biological assessment of fish and invertebrates with a special 
emphasis on mussel communities. This presentation will concentrate on the 
use of biological data to assess the effectiveness of the project and the value of 
different data types in communicating with various stakeholders.

Fish Assemblage Indicators for the National Rivers and 
Streams Assessment: Performance of Model-Based vs. 
Traditionally-Constructed Multimetric Indices

David Peck1, Karen Blocksom1, and Alan Herlihy2

1US Environmental Protection Agency Western Ecology Division, Corvallis, 
Oregon; 2Oregon State University, Corvallis, Oregon

Abstract
The development of multimetric indices (MMIs) for use in assessing the 
ecological condition of rivers and streams has advanced in recent years with 
the use of various types of modelling approaches to factor out the influence of 
natural variability and improve [EJ1] performance. New modeling approaches 
may be constrained by data requirements and difficulty of applying the model 
construction process to new data. This necessitates a careful evaluation of the 
degree of improvement provided by alternative modeling approaches. We 
used data collected for the 2008–09 National Rivers and Streams Assessment 
(NRSA) to develop two variants of a fish MMI for use in assessing ecological 
condition within aggregated ecoregions of the conterminous USA. We 
classified candidate metrics into eight categories: Nonnatives, taxonomic 
composition, habitat guild, migratory strategy, reproductive guild, taxa richness, 
tolerance to disturbance, and trophic guild. We constructed a model-based 
MMI by adjusting metric responses using regression models constructed with 
a random forest algorithm. We constructed a traditional MMI by adjusting 
candidate metrics only for watershed area using linear regression. For both 
MMI variants, we evaluated candidate metrics for range, responsiveness 
[EJ2] (comparison of least-disturbed sites to more highly disturbed sites), 
and repeatability (variability among sites vs. variability within sites). For each 
MMI variant, we used metrics that had passed these screens and calculated 
all possible MMIs that included at least one metric from each category. We 
evaluated all MMIs for responsiveness, repeatability, and pairwise correlation 
(maximum and mean) among component metrics. For each variant, we selected 
a final MMI that had high responsiveness, a reasonable value for repeatability, 
low mean pairwise correlation among component metrics, and a maximum 
pairwise correlation among component metrics that was < 0.7. We present the 
performance characteristics of each MMI variant and discuss implications of 
adapting either MMI variant for use in current and future NRSA efforts.

This is an abstract for a proposed presentation and does not necessarily 
reflect EPA policy. Mention of trade names or commercial products does not 
constitute endorsement or recommendation for use.
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I1 Tools to Manage, Display, and Share Continuous 
Monitoring Data
8:30 am – 10:00 am | Rooms 13–14

Streaming Sensor Data: Tools for Acquisition, 
Management, and Visualization

Amber Jones, Jeffery Horsburgh, and Stephanie Reeder
Utah State University, Logan, Utah

Abstract
Research groups and agencies increasingly use in situ sensors to monitor 
hydrology and water quality. For networks involving multiple sensors 
deployed for extended periods, it is desirable to automate as much of the data 
management workflow as possible, and effective cyberinfrastructure is necessary 
to make data products available and usable. We have developed several 
open-source software tools to contribute to a data management workflow for 
streaming sensor data including data loading, visualization, post-processing, 
and equipment management. These tools focus on compatibility with the 
Observations Data Model 2 (ODM2) structure, a community-developed 
information model for spatially discrete, feature based earth observations. First 
of all, we have implemented a Python-based software application to map text-
based files from a sensor or datalogger for insertion into an ODM2 database. 
The data loading is automated, and includes options for customization. 
Monitoring networks typically need resources for data dissemination and 
visualization. We developed a web-based time-series visualization tool with 
a map interface and faceted filters to effectively select from a large number of 
data series. Sensor data commonly need corrections for anomalies, calibration 
shifts, and data flagging. We have developed and deployed a Python-based 
software application for quality control post processing of sensor data featuring 
a scripting of the quality control steps for traceability and reproducibility. A 
commonly overlooked aspect of cyberinfrastructure is linking the physical 
inventory of equipment, sensors, and related actions to the resulting data. 
We designed web-based tools to enter and query information on physical 
equipment as well as actions such as site visits, equipment deployments, 
maintenance, and calibration. The information on equipment management 
may be directly linked to observational data stored in an ODM2 database. 
These tools have all been implemented for the iUTAH (innovative Urban 
Transitions and Aridregion Hydrosustainability) ecohydrologic observatory, 
and we anticipate that they will be useful for similar large-scale monitoring 
networks to automate data acquisition, broaden visualization access, improve 
post processing, and increase the quality of sensor-based data products.

Managing, Displaying, and Sharing Continuous 
Monitoring Data via 52° North Sensor Observation 
Service (SOS)

Jeffrey White1, Jen Stamp1, Jon Harcum2, Alex DeWire2, and James Bisese2

1Tetra Tech, Inc., Center for Ecological Sciences, Owings Mills, Maryland; 
2Tetra Tech, Inc., Fairfax, Virginia

Abstract
The steady increase of automated sensors for measuring water quality 
parameters has created a need for new systems for managing, analyzing, and 
sharing continuous monitoring data. Existing data management systems 
designed for discrete water samples collected in the field and analyzed in a 
laboratory are not designed for and cannot easily accommodate continuous 
monitoring data. Continuous monitoring data are steadily accumulating and 
are largely stored in spreadsheets with limited availability to potential users. 
One option for managing, displaying, and sharing continuous monitoring 
data is the “52° North Sensor Observation Service (SOS).” This open source 

free software application was developed to aggregate continuous monitoring 
data collected from automated remote in situ sensors. 52° North is based on 
OGC (Open Geospatial Consortium) Data Standards for SOS 2.0 (Sensor 
Observation Service) and thus, should facilitate and encourage data sharing.

We will guide you through the SOS user-interface and demonstrate how to 
use a number of the tools and features of the system. The user-interface runs in 
your web browser and provides a number of easy to use tools including a map 
view of sensor locations; data in charts as time series; raw data in tabular format 
and downloaded as coma separated values (CSV) file; information about 
sensors; information may be filtered by environmental parameter and data 
provider. We will demonstrate how previously collected monitoring data stored 
in CSV format can be uploaded using the SOS importer tool.

Some additional features of 52° North include: Geostatistical analysis with 
R and GSTAT; OSM-based (Open Street Map) routing and data analysis; 
security access to geospatial web services; working with linked data and the 
semantic web; metadata editing; publish/subscribe-based access to sensor data 
and measurements.

Automated Baseflow/Stormflow Separation and Load 
Calculation for Continuous Flow Data and Water 
Quality Samples in Urban Storm Sewers

Joe Sellner, Britta Suppes, and Bob Fossum
Capitol Region Watershed District, St. Paul, Minnesota

Abstract
The Capitol Region Watershed District (CRWD), an urban watershed in St. 
Paul, Minnesota, has developed automated methods to separate baseflow and 
stormflow in continuous discharge datasets and to calculate stormflow and 
baseflow pollutant loads. Historically, CRWD has calculated pollutant loads on 
an event-by-event basis, manually identifying storm events, calculating volumes 
from continuous discharge data and applying sampled pollutant concentration 
data from the event. This process was time consuming and introduced 
subjectivity into load calculations. Because baseflow and stormflow separation 
was a manual process, results were dependent on the interpretation of the staff 
member performing the separation. This resulted in inconsistencies over time 
as staff changed. CRWD sought to eliminate this inherent subjectivity and 
save time by developing an automated method which would be consistent yet 
adaptable to the characteristics of different monitoring stations.

The flow separation script determines the start and stop times of storm events 
by evaluating the continuous discharge data against a number of parameters 
whose numeric values can be adjusted to accommodate individual station 
characteristics. Baseflow volume during an event is estimated using a constant 
slope method. Stormflow volume is calculated as the difference between the 
total volume and baseflow volume in the defined event interval.

The load calculation script calculates baseflow and stormflow pollutant loads 
using the volume outputs of the flow separation script. Baseflow loads are 
calculated as a function of the monthly baseflow volume and the historical 
monthly median baseflow concentration for the pollutant of concern. Individual 
storm event loads are calculated using a mass balance approach. The sampled 
concentration, median baseflow concentration and volumetric fractions of 
baseflow and stormflow are used to calculate a “true” storm event concentration. 
This takes into account that the sampled concentration is of mixed baseflow 
and stormflow.

These two scripts combine to produce load calculations for baseflow and 
stormflow periods that are more efficient, consistent, objective, and accurate 
than previous methods.
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The automated flow separation and load calculations are implemented through 
two scripts in the Kisters WISKI water data management software (Version 
7.4). The basic principles of the separation and load calculation should be 
adaptable to other systems.

Methods and Examples to Quantify Uncertainty 
Associated with USGS Time Series Water Quality 
Data

Stewart Rounds
US Geological Survey, Portland, Oregon

Abstract
The collection of time-series water-quality data has many sources of potential 
error, and all such sources contribute to uncertainty in the resulting data. Some 
sources of error, such as user error and site-selection and site-installation errors, 
are avoidable and can be mostly eliminated through appropriate training and 
protocols. Other sources of error, such as signal noise and variability, site and 
cross-sectional variability, sensor interferences, probe fouling, calibration drift, 
and errors associated with sample collection and regression modeling, are 
unavoidable and can only be minimized. Even when minimized, however, it is 
important to quantify the magnitude of the potential errors and communicate 
the resulting uncertainty.

The US Geological Survey (USGS) collects thousands of time-series water-
quality datasets and is working to develop standard methods to compute, store, 
and communicate the uncertainties associated with those data. Previous USGS 
methods for processing time-series data included a qualitative assessment of 
data quality (ratings of Excellent, Good, Fair, and Poor), but those assessments 
were not quantitative, not stored in the USGS database, and not communicated 
to data users. USGS has used rounding of a reported result as a means of 
communicating uncertainty, but the true uncertainty varies over time and 
results from many factors.

Quantifying and communicating the uncertainty associated with time-series 
water-quality data has many desirable outcomes. By assessing the magnitude 
of potential errors, the largest errors can be identified and avoided, minimized, 
or corrected. Datasets can be improved or costs can be decreased by focusing 
resources where uncertainty is greatest. Using quantified uncertainties, the 
limitations and appropriate uses of data can be assessed. Uncertainties also 
can be used to create a probabilistic framework for comparison of time-series 
water-quality data to water-quality benchmarks and standards.

A team of scientists from USGS and private companies is working to develop 
methods and guidelines to quantify the uncertainty associated with time-
series water-quality data, with the aim of storing that information in the 
USGS database and communicating it to data users. This presentation will 
outline those methods, discuss their application, and illustrate the results with 
examples.

I2 Using Technology to Address Challenges in the 
Field
8:30 am – 10:00 am | Room 18

What Happens When You Aren’t at Your Sampling Site; 
The Use of Cameras to Document Environmental 
Impacts on Deployed Monitoring Equipment, and 
Implications for Nutrient Budgets

Peter Rawlik
South Florida Water Management District, West Palm Beach, Florida

Abstract
At remote monitoring stations with automated sampling equipment, 
environmental conditions between site visits are poorly documented and 
have the potential to produce unrepresentative samples. With the advent of 
affordable, waterproof, rugged cameras those conditions can now be recorded 
continuously and examined for impacts on equipment and water quality 
samples. Sets of cameras were deployed for more than 8 months at two sites 
associated with stormwater treatment areas in south Florida and equipped with 
several automated sampling systems. These images revealed potential impacts 
from some unlikely sources including currents generated by flow, backwash, 
direct interference by turtles, anhingas, and vultures, and movement by masses 
of vegetation and detritus. Science on constructed wetlands for nutrient 
treatment may not sufficiently capture significant variability added by edge 
effects induced by levees, control structures and associated infrastructure, along 
with interferences generated by animals and floating plants. Further study will 
be directed at means to limit unrepresentative variability.

Barnacles, Barges, and Brines... Oh My: Overcoming 
the Challenges of Monitoring Water Quality on the 
Arroyo Colorado in South Texas

Michael Canova
US Geological Survey, San Antonio, Texas

Abstract
The Arroyo Colorado River flows 90 miles from near Mission, Texas to 
the Lower Laguna Madre, a hyper-saline lagoon that drains into the Gulf 
of Mexico. The river is used as a floodway as well as for the conveyance of 
commercial barge traffic. The river consists of a freshwater segment with inflow 
primarily provided by municipal wastewater effluent, and a tidally-influenced 
marine segment. The tidal segment has been designated as an impaired water 
body because of high bacteria levels and depressed dissolved oxygen values. 
At a monitoring site in the tidally-influenced segment, the water is typically 
saline, with specific conductance values ranging from approximately 1,000 
microsiemens per centimeter at 25 degrees Celsius (µS/cm) near the surface to 
50,000 µS/cm at 3 meters below the surface near the bottom of the channel. 
Dissolved oxygen concentrations at this site typically range from approximately 
10 milligrams per liter (mg/L) near the surface to near 0 mg/L near the 
bottom. Multi-depth monitoring using separate monitors at different depths 
in the tidally-influenced segment has been attempted by multiple agencies 
over the years with little success. Monitors deployed near the surface were 
rapidly encrusted with barnacles and bivalves, whereas anoxic conditions 
near the bottom promoted corrosion of the monitors deployed at depth. A 
vertical profiler equipped with a single monitor allows the monitor to move up 
and down throughout the stratified water column, alleviating many of these 
problems. When the monitor is not in measurement mode, it is positioned in 
the anoxic zone which discourages any buildup of organisms that may have 
attached to the monitor in the upper part of the water column. The periodic 
movement of the monitor out of the anoxic zone to take readings in the upper 
part of the water column reduces the likelihood of corrosion. As a result of 
being able to continuously monitor the water column in multiple depths, 
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dynamic changes in water chemistry (such as those that result from barge 
traffic and large storms) now can be identified, thereby helping water resource 
managers better understand changes in water quality in the Arroyo Colorado.

Water Quality Monitoring, Inspection and 
Enforcement at Your Fingertips: Using Custom GIS 
Software, Tablets, and GPS Technologies to Meet 
Water Quality Monitoring, Inspection, Reporting, and 
Enforcement Goals

Joshua Rodriguez and Jacob Zangrilli
Department of Energy and Environment, Washington, District of Columbia

Abstract
Water quality monitoring programs are faced with significant challenges while 
achieving program goals and meeting regulatory requirements. Data collection, 
storage, and reporting are key components of any successful program; however, 
they can also be one of the greatest challenges. Are the data collection 
techniques precise and accurate? Are the data stored in an accessible and usable 
format? Are the data reported in a timely and clear manner? To answer these 
questions and overcome the challenges, DOEE’s Water Quality Division 
developed and implemented a custom ARCGIS based software, running on 
rugged 4G LTE and GPS enabled tablets.

In 2013 DOEE’s Water Quality Division implemented a customized ARCGIS 
based software and rugged hardware to accomplish their water quality 
monitoring, inspection, and enforcement goals. The original plan for the new 
strategy was to eliminate paper inspection forms and improve efficiency of 
the program; however, after early pilot testing the potential expansion of the 
capabilities became clear.

Although, the operation and use of the software is adaptable, it was specifically 
developed to meet various program goals. These include the inspection and 
monitoring of commercial and industrial critical sources of stormwater 
pollution and the District’s municipal separate storm sewer system (MS4) 
outfalls, both requirements of the District’s MS4 Permit. The software is 
also capable of supporting the investigations of illicit discharges and other 
complaints or reported incidents. In the field, inspectors create and collect new 
data via the GIS interface and custom forms. Additionally, together with the 
4G LTE connection and secure server, inspectors have access to historic data 
and inspection reports, which are vital to conducting accurate inspections and 
investigations. Although this new capability has not solved all the challenges 
encountered by the program, it did achieve it’s originally intended goals and the 
program continues to benifit from its development and implementation, while 
improving and expanding its capacity.

Camo, Hose Clamps, and Pixels: Arizona’s Approach 
for Low-Cost Intermittent Stream Monitoring

Meghan Smart and Jason Jones
Arizona Department of Environmental Quality, Phoenix, Arizona

Abstract
If a picture says a 1,000 words, why not extrapolate from digital pixels and use 
them as a low cost, continuous, and unambiguous method to study intermittent 
streams? Arizona’s 6,000 miles of intermittent streams are understudied 
because they are logistically difficult to sample and because perennial streams 
are historically thought of as ‘more important’. As a result, in the most recent 
305(b) Water Quality Assessment Report, only two percent of intermittent 
streams were assessed compared to 51% of perennial streams.

Arizona Department of Environmental Quality (ADEQ) developed an 
intermittent stream monitoring program using time-lapse photography and a 
probabilistic approach to fill the large data gap. The target population is derived 
from an intermittent stream GIS layer developed by Arizona Game and Fish 
from the 1980s. A total of eighty sites were “reconned” using a combination of 
satellite imagery, historical data, and ground truthing. There was a 24% success 

rate with a total of 19 target sites for the first year of the study. In comparison, 
the perennial streams in Arizona had a 37% success rate for the 2013 statewide 
assessment. In other words, an arid state like Arizona has issues with a 
probabilistic sample design due to lack of water.

ADEQ has deployed 19 camera flow detection units throughout Arizona. Each 
camera is programmed to take 2 timelapse photographs a day, 12 hours apart. 
An associated motion sensor will also capture any drastic flow changes. The 
solar panel, battery, and camera set up is modeled after Arizona’s Salt River 
Project Flowtography™, but was altered to meet the specific needs of the study.

Adding the use of time-lapse photography to a random design has the benefit 
of creating a statistically based assessment of Arizona’s intermittent streams. 
This presentation will discuss the benefits and pitfalls of using time lapse 
photography. Sample design, flow results, and use of intermittent stream data in 
the 305(b) assessment will also be discussed.

I3 Nutrient Trends in the Rivers of the United 
States, Part 1
8:30 am – 10:00 am | Room 19

Trends in Water Quality in New Jersey Streams 
During Water Years 1971–2011

R. Edward Hickman1 and Robert Hirsch2

1US Geological Survey New Jersey Water Science Center, Lawrenceville, New 
Jersey; 2US Geological Survey, Reston, Virginia

Abstract
The US Geological Survey (USGS), in cooperation with the New Jersey 
Department of Environmental Protection (NJDEP) and the Delaware River 
Basin Commission, identified trends in water quality at selected stream stations 
in New Jersey during water years 1971–2011. Trend tests were conducted on 
nutrient concentrations (filtered nitrate plus nitrite, total nitrogen, and total 
phosphorus) from 28 stations and on three measures of ionic chemistry (total 
dissolved solids concentration, filtered chloride concentration, and specific 
conductance) from 4 stations in the Delaware River Basin. Data were collected 
by the NJDEP and the USGS for this long-term cooperative sampling 
network.

Weighted Regressions on Time, Discharge, and Season (WRTDS) models 
were used to identify trends in water-quality characteristics at 23 stations 
where daily streamflow was measured or estimated. WRTDS models 
estimated annual concentrations for each water year for the period of analysis. 
Trends were identified from differences between annual concentrations in 
the following water years: the first year in which water quality was measured, 
1980, 1990, 2000, and the last year in which water quality was measured. For 
the period between water years 1980 and 2011, WRTDS identified more 
stations with decreasing concentrations of total nitrogen (14) than increasing 
concentrations (7) and more stations with decreasing concentrations of total 
phosphorus (16) than increasing concentrations (4). Some of these trends were 
characterized by changes of less than 10 percent in annual concentrations.

Seasonal rank-sum tests identified step trends between concentrations of each 
water-quality characteristic at each selected station in each of four decades 
(1970s, 1980s, 1990s, and 2000s). These nonparametric tests take into account 
the variation of water quality with season. Step trends between nutrient 
concentrations in the 1980s and those in the 2000s identified more stations 
with decreases in total nitrogen (14) than increases (2) and more stations with 
decreases in total phosphorus (16) than increases (1).

Trends in the measures of ionic chemistry were also identified with (a) 
WRTDS models between water years 1980 and 2011 and (b) seasonal rank 
sum tests for step trends in concentrations between the 1980s and 2000s. 
Results of nearly all tests showed values increased over time.
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Crop Rotation and Raccoon River Nitrate

Christopher Jones1,4, Anthony Seeman1, Peter Kyveryga1, Keith Schilling2, 
Adam Keil1, Calvin Wolter3 and Kung-Sik Chan4

1Iowa Soybean Association, Ankeny, Iowa; 2Iowa Geological Survey, Iowa City, 
Iowa; 3Iowa Department of Natural Resources, Iowa City, Iowa; 4University of 
Iowa, Iowa City, Iowa

Abstract
Accurate information about water quality trends in agricultural watersheds 
is needed to better inform agricultural policy and to help quantify the 
effectiveness of field and landscape management practices. This study was 
designed to (1) characterize nitrate-nitrogen (NO3-N) trends within the 
Raccoon River Watershed of central Iowa, and (2) explore links between crop 
rotation and water quality. We examined nitrogen fertilization data from 698 
fields and NO3-N concentration and loading data from more than 60 mainstem 
river and tributary locations in the Raccoon River Watershed for the period 
1999–2014. Previous research predicted that the biofuel-driven expansion of 
corn area would increase riverine export of NO3-N in the Mississippi River 
Basin. In this study, we evaluated the role of climate, crop rotations, and annual 
N budgets on NO3-N concentrations and loads to show that expansion of corn 
area has not increased Raccoon River NO3-N levels. NO3-N concentrations 
have declined 0.265 mg L-1 yr-1 as corn area increased 19% and fertilizer N 
inputs increased 24% since 1999. We conclude that expansion of corn area 
at the expense of soybean may be affecting water quality, better management 
of soybean in a corn-soybean rotation will reduce NO3-N export from the 
watershed, and reducing throughput of water in this artificially-drained system 
will improve water quality.

Water-Quality Trends in the Lower Grand River Basin, 
Missouri in Response to Integrated Conservation 
Practices

Heather Krempa and Donald Wilkison
US Geological Survey, Lee’s Summit, Missouri

Abstract
The Mississippi River Basin Healthy Watersheds Initiative is a 13-state 
initiative that focuses on improving water quality and reducing nutrient 
transport while sustaining agricultural productivity through voluntary 
agricultural conservation practices. The US Geological Survey in cooperation 
with the Missouri Department of Natural Resources has monitored streams 
in the Lower Grand River Basin since October 2010 to better understand 
the effects of integrated resource conservation practices on stream-water 
quality. Evaluation of current and historic hydrologic and water-quality 
trends, calculation of concentrations and loads of nutrients and suspended 
sediments, and assessment of environmental stress factors related to aquatic 
communities will provide resource conservation planners and stakeholders with 
spatial and temporal water-quality and ecological data for the Lower Grand 
River Basin. Initial results indicate that total nitrogen concentrations, when 
adjusted for flow, have remained relatively stable or declined over the past 22 
years in Northern Missouri streams. Total phosphorus concentrations have 
generally increased over this same time frame. Focusing conservation practices 
during February through June when major spring tillage, planting, and high 
precipitation periods generally occur may have the greatest effect in reducing 
nutrient transport.

Decade-Scale Changes in the Riverine Flux of Carbon, 
Nitrogen, and Phosphorus to Coastal Waters of the 
Conterminous United States

Edward Stets1, Gretchen Oelsner2, and Lori Sprague3

1US Geological Survey, Boulder, Colorado; 2US Geological Survey, 
Albuquerque, New Mexico; 3US Geological Survey, Reston, Virginia

Abstract
Modified stream discharge and anthropogenic alteration of river chemistry 
have combined to change the delivery of nutrients to coastal areas. In many 
areas of the country this has resulted in degradation of habitat or water quality 
in estuaries and other nearshore areas. Regulatory agencies and water managers 
have focused on reducing inputs of nutrient pollutants to streams. This 
management effort has improved water quality and decreased pollutant loading 
to coastal waters in some areas of the country while other areas have remained 
largely unchanged or have continued to experience water quality degradation. 
In order to document, describe, and better understand these changes, the US 
Geological Survey’s National Water-Quality Assessment Program has recently 
assembled a comprehensive dataset of nitrogen, phosphorus, and carbon 
concentration observations from national, state, and local monitoring agencies 
throughout the United States. These data were screened and assimilated into 
the Weighted Regressions on Time, Discharge, and Seasons (WRTDS) 
model to determine the magnitude of and trends in nutrient load at stream 
monitoring locations over the past several decades. Trend results from 
approximately 80 monitoring stations on coastal rivers ranging in drainage 
area from 7 to > 3 million km2 will be presented. The large sample size allows 
investigation into the geographic, climatic, and land cover factors associated 
with trends at these locations. Results will be discussed for recent time periods 
(1992–2012; 2002–2012) and for longer-term trends (1972–2012) at fewer 
locations. The analysis provides insight into the changing anthropogenic impact 
on coastal areas at multi-decadal time scales.

I4 Understanding Multi-Stressor Response in 
Streams at the Regional Scale
8:30 am – 10:00 am | Room 20

Evaluation of Three Different Methods for Developing 
Reference Condition Criteria for Wadeable Streams in 
Wisconsin

Michael Miller
Wisconsin Department of Natural Resources, Madison, Wisconsin

Abstract
Reference condition criteria can provide numeric benchmarks to objectively 
assess the environmental conditions of aquatic resources. We evaluated three 
different methods for developing reference conditions for Wisconsin’s wadeable 
streams. Specifically: 1) Grouping streams by ecoregion and using data from 
targeted sampling of “least-disturbed” reference sites (n = 300) to develop 
ecoregional reference conditions. 2) Grouping stream reaches by thermal and 
flow volume classes and using “least-disturbed” reference sites data to develop 
reference conditions for each stream class. 3) Using statistical modeling 
(Random Forests) and an array of watershed and in-stream characteristics. The 
Random Forest models were developed using the targeted “least-disturbed” 
reference sites data, and data from random stream sites (n = 4,634) with varying 
environmental conditions. The physical, chemical, and biological data from the 
random sites, were mathematically-adjusted to remove the influence of varying 
levels of agricultural and urban land use impacts.

Study results indicate that ecoregions differentiated streams well for total 
nitrogen, conductivity, and macroinvertebrate IBI measures, where all four 
ecoregions were significantly different from each other. However, study results 
suggest that these differences are likely driven by differences in agricultural 
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land use types and intensities rather than inherent natural environmental 
differences among ecoregions. Grouping stream reaches by water temperature 
or flow volume overall provided better differentiation of macroinvertebrate and 
fish metrics than water chemistry parameters. Results indicate the Random 
Forest models were sufficiently accurate and interpretable for most chemistry 
parameters evaluated (e.g., Nash-Sutcliffe coefficient of efficiency (NSE) = 0.66 
for conductivity and NSE = 0.63 for total nitrogen at independent validation 
sites) but not very accurate for most biological and physical habitat parameters. 
Random Forests models incorporating the land use adjustment technique were 
overall more accurate than those developed using “least-disturbed” reference 
sites data.

Results from this study will be available as map layers integrated with existing 
hydrography data, providing field monitoring and resource assessment staff 
with a means of visualizing stream potentials at the reach scale, alongside 
a variety of other data layers relevant to aquatic resource monitoring and 
assessment.

Occurrence and Potential Invertebrate Toxicity 
of Pesticide Mixtures in Water and Sediment in 
Midwestern US Streams

Lisa Nowell1, Peter VanMetre2, Patrick Moran3, David Alvarez4, Barbara 
Mahler2, Wesley Stone5, Julia Norman6, Mark Sandstrom7, and Michelle 
Hladik1

1US Geological Survey, Sacramento, California; 2US Geological Survey, 
Austin, Texas; 3US Geological Survey, Tacoma, Washington; 4US Geological 
Survey, Columbia, Missouri; 5US Geological Survey, Indianapolis, Indiana; 
6US Geological Survey, Portland, Oregon; 7US Geological Survey, Lakewood, 
Colorado

Abstract
In one of the most extensive short-term characterizations of pesticides in US 
streams, pesticides were analyzed in water and sediment from 100 wadable 
streams in the Midwest by the US Geological Survey National Water-Quality 
Assessment (NAWQA) Program, in collaboration with the US Environmental 
Protection Agency. Filtered water samples were collected 12 times over 14 
weeks during May–August, 2013, and analyzed for 117 pesticides and 113 
pesticide degradates. Passive samplers were deployed over a 6-week period to 
integrate occurrence of the same suite of pesticide compounds. Bed sediment 
was sampled once (in August) and analyzed for 111 current-use pesticides, 4 
degradates, and 3 DDT compounds. In water, pesticide mixtures were complex; 
the median numbers of compounds detected were 25 in water samples and 
61 in passive-sampler extracts. Herbicides metolachlor, atrazine, and their 
degradates were detected in > 90%, and glyphosate in 85%, of all water samples. 
Even at relative reference sites (< 7% urban land and < 20% cropland in 
watershed), these herbicides had detection frequencies > 75%. In bed-sediment 
samples, a median of 2 compounds were detected. The most frequently detected 
pesticides in sediment were metolachlor (in 50% of samples), bifenthrin (45%), 
p,p‘-DDE (29%), atrazine (19%), and the fungicide metalaxyl (15%). Although 
herbicides had higher concentrations in water, insecticides dominated the 
Pesticide Toxicity Index (PTI) for invertebrates, which reflects the combined 
potential toxicity of pesticides in a mixture. Insecticides with the largest 
contributions to the PTI were imidacloprid and methyl parathion (in water 
samples), and malathion and carbaryl (in passive-sampler extracts). In bed-
sediment samples, the insecticide bifenthrin dominated the Sediment Pesticide 
Toxicity Index. PTI and Sediment-PTI values rarely exceeded a threshold of 1 
(in only 1–2% of samples), but a threshold of 0.1 was exceeded in 15% of water 
samples, 8% of passive-sampler extracts, and 38% of bed-sediment samples. 
Sites in urbanized watersheds had the highest occurrence and concentrations 
of insecticides in water and sediment, and the highest PTI and Sediment-
PTI values. Results indicate that invertebrate stressors in Midwestern streams 
include exposure to complex mixtures of pesticides at low concentrations, and 
that the potential toxicity to invertebrates is low-to-moderate at most sites.

Combining Probabilistic and Targeted Sampling 
Designs of the USEPA and USGS: The Midwest 
Stream-Quality Assessment

Peter Van Metre1 and Richard Mitchell2

1US Geological Survey, Austin, Texas; 2US Environmental Protection Agency, 
Washington, District of Columbia

Abstract
The US Geological Survey (USGS) and the US Environmental Protection 
Agency (USEPA) both have long-term national-scale assessment programs 
for stream water quality: the National Water-Quality Assessment Program 
(NAWQA) and the National Rivers and Streams Assessment (NRSA), 
respectively. Although both programs share the overall goal of national 
assessment of stream quality, they differ in specific objectives and approach 
and provide complementary information. A priority objective of NAWQA is 
to improve understanding of the various factors affecting stream quality. This 
objective is addressed using a targeted design to assess a wide range of stressor 
characteristics that affect aquatic biota and support development of multivariate 
statistical models. Priority objectives of NRSA are to determine the status 
of river and stream biological conditions and the major stressors affecting 
biological condition across regions and the nation. This objective is addressed 
using a probabilistic design suited for making population estimates. In 2013, 
NAWQA and NRSA joined forces to conduct a regional study of stream 
quality in the Midwestern US, the Midwest Stream-Quality Assessment 
(MSQA). MSQA monitored water and sediment quality for 100 wadeable 
streams intensively for 14 weeks prior to full ecological surveys. Fifty sites 
were selected by USEPA using a probabilistic approach and 50 were selected 
by NAWQA using a targeted approach. The NRSA probability sites in the 
MSQA area (total of 154 sites including the 50 overlapping sites) will allow 
for a condition assessment, and the additional MSQA sampling will provide 
a much more detailed characterization of stressors-contaminants, nutrients, 
sediment, flow, temperature, and habitat-than is normally possible for NRSA. 
MSQA data are being used to develop models of stressors in relation to 
basin characteristics and models of ecological community metrics in relation 
to stressors. The results are being evaluated in new ways in order to provide 
improved data and tools for resource managers in the region and to determine 
potential improvements in the designs of both assessment approaches. 
Additional regional stream-quality assessments similar to MSQA have been 
and are being conducted in other parts of the US.

Understanding Agricultural Land Use Disturbance in 
Streams Through a Series of Models: Landscape to 
Water Quality to Invertebrates

Ian Waite
US Geological Survey, Portland, Oregon

Abstract
In 2013, the US Geological Survey and the US Environmental Protection 
Agency sampled 100 streams across 11 states in the Midwest corn belt of 
the US. The ecological condition of streams were assessed in relation to 
flow, suspended sediment, nutrients, major ions, 230 dissolved pesticides 
and degradates, and sediment-associated contaminants. These stressors were 
characterized over 14 weeks (12 water samples and one sediment sample) prior 
to assessing habitat and algae, invertebrate, and fish community sampling. 
The effects of various stressors on macroinvertebrates assemblage metrics 
were assessed using boosted regression tree response models for predicting 
invertebrate metrics across the agricultural disturbance gradient; final models 
had between 3 to 8 explanatory variables. Models were developed for four 
stressor categories one at a time and then in combination: geographic-based 
land use (GIS), habitat, nutrients, and contaminants (water and sediment), 
then all instream stressors (habitat, nutrients, contaminants combined) and 
GIS and instream stressors combined. Models linking GIS land-use only 
data to invertebrate metrics were relatively strong highlighting more general 
large spatial scale data such as percent sand content and pasture hay in the 
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watersheds as important variables. The habitat only models also were relatively 
strong, highlighting variables related to substrate size and fines, velocity, 
and riparian disturbance. Nutrient only and contaminants only models did 
not perform as well but ammonia concentration was a dominant variable in 
the nutrient models and some measure of bed sediment contaminants was 
important in the contaminant models. The combined instream stressor models 
performed the best of all the models across the four invertebrate metrics tested. 
Across all four invertebrate models, there were 15 habitat variables retained as 
explanatory variables in all the final instream stressor models, compared to only 
7 and 6 nutrient and contaminant variables, respectively. The results suggest 
that the characterization of instream stressors was adequate for explaining 
major variations in invertebrate communities, providing important information 
to resource managers on the relative importance of various stressors.

I5 Water Quality Management Using WQX and 
ATTAINS
8:30 am – 10:00 am | Room 21

Role of WQX in Water Monitoring Data Activities

Charles Kovatch and Susan Holdsworth
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The use and demand for quick access to water quality data has been increasing 
with the success of the Water Quality Portal, improvements in data sharing 
technology, and importance of demonstrating environmental improvements. 
To enable these data requests to be realized, proper data management is 
essential to better enable data storage, data reuse, data sharing and using data 
to generate reports. The Water Quality eXchange (WQX) was developed as 
a common data sharing format to help data owners increase the value and 
utility of their data. It is the method to share data via the Water Quality Portal, 
and WQX is the format data is delivered via Water Quality Portal downloads 
and web services. This presentation will discuss ways WQX can help federal, 
state and tribal agencies, volunteer groups and other organizations with their 
data management. It will describe the WQX data flow, the status of physical, 
chemical and biological data holdings, the new WQX Web data tool, new Data 
Enhancement Tool and enhanced relationships to the Water Quality Portal.

Creating a Comprehensive Data Management 
Network: Reshaping Without Reinventing

Monty Porter
Oklahoma Water Resources Board, Oklahoma City, Oklahoma

Abstract
The Oklahoma Water Resources Board has numerous water quality monitoring 
programs in multiple resources, including lakes, streams/rivers, wetlands, and 
groundwater. Additionally, programs use multiple designs and spatial/temporal 
densities to monitor multiple parametric platforms, including chemistry, 
physical, biological. Over nearly 3 decades of data collection, this has produced 
tens of millions of diverse data records. Over the last several years, the OWRB 
has gone through extensive data reconciliation and platform consolidation, 
but data remain housed in multiple databases and spreadsheet formats. Based 
on a comprehensive data network development plan, the OWRB is slowly 
moving toward two main data and application structures. Dense time series 
data, including all continuous data (surface/groundwater; quantity/quality) and 
lake profile data, are being housed in a commercial enterprise data network/
application called Aquarius/Aquarius Webportal produced by Aquatic 
Informatics. This network is near completion and actively retrieves, stores, 
manages, and redisplays records from multiple stations across Oklahoma. The 
second data network will house all discrete chemistry and physical data, as well 
biological (taxonomic, metric, and index) and habitat (measurement, metric, 

and index) data. The overlying application will allow for management, retrieval, 
and publication of the data. A secondary goal of the OWRB networks is 
compatibility with other systems including USEPA’s Water Quality Exchange 
(WQX) network, the Water Quality Portal, and other national/regional portals. 
In an effort to simplify this process, the basic structure of the OWRB would 
optimally mimic WQX, while retaining locally unique characteristics. To 
facilitate the process, OWRB has worked with USEPA and their contractors 
to critically review the data logic, structure, elements, and domains, as well 
as assist in future mapping. Various lessons have been learned in the process, 
while new local ideas have been adopted that may enhance the national 
structure. Also, through the process, important lessons have been learned about 
recognizing commonalities and disjunctions in data management that may not 
be readily apparent and are often based on intent and local need. Lessons have 
also been learned about data reconciliation and how much is too much when 
trying to manage not only data but the data management process.

A New Era for EPA Clean Water Act Tracking and 
Reporting with the Assessment TMDL Tracking and 
ImplementatioN System (ATTAINS) Redesign

Megan Tulloch1, Kim Sparks1, Hillary Paul1, Newton Saunders2, Dwane 
Young3, and Shera Reems3

1RTI International, Research Triangle Park, North Carolina; 2Gold Systems, 
Salt Lake City, Utah; 3US Environmental Protection Agency, Washington, 
District of Columbia

Abstract
EPA Office of Water has undertaken a substantial initiative to redesign the 
Assessment TMDL Tracking and Implementation System (ATTAINS). The 
ATTAINS redesign will bring together many related, but disparate reporting 
processes into a robust workflow using a common platform for communication. 
States, tribes, and territories that manage water quality assessment data will 
have options to submit data from their own systems using a new Exchange 
Network flow, or they can manage their data using an interactive web-based 
interface. The Exchange Network flow and web-based interface will also 
provide submission tools for TMDLs, and other types of actions that can 
encompass TMDL alternatives and protection plans. Users can also identify 
priorities for water quality improvement in ATTAINS. All of the data 
managed through ATTAINS will be tracked over time, and used to monitor 
changes and progress in water quality with each reporting cycle.

The new ATTAINS will provide an automated process for uploading GIS 
representations of assessments, TMDLs, and priority areas. A significant 
component of the new ATTAINS system is the use of Catchment-based 
Indexing. Catchment-based indexing conflates state GIS data for assessment 
units to the NHDPlus catchments. This conflation process is automated and 
provides a significant cost savings over previous GIS standardization methods. 
Most importantly, it provides a nationally consistent foundation for comparing 
water quality and the calculation of measures that can be used to quantify 
progress over time.

ATTAINS will also improve availability of data for use by other systems and 
for the public. All data in ATTAINS that have moved beyond draft stage will 
be available through outbound web services and user friendly public web sites. 
These new web services will provide better integration into EPA’s larger Water 
Quality Framework and will be available to systems like EPA’s MyWATERS 
Mapper, Ask WATERS and the new Drinking Water Mapping Application 
for Protecting Source Waters (DWMAPS).

Phase I of the ATTAINS redesign is already underway and pilot states will 
start testing the Exchange Network and web-based data 305(b)/303(d) 
management tools in the spring of 2016. ATTAINS will become the database 
system of record for 303(d) lists and TMDLs starting in 2018.
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Missouri Department of Natural Resources’ 
Implementation of WQX Within Their Data 
Management and Assessment System

Robert Voss
Missouri Department of Natural Resources, Jefferson City, Missouri

Abstract
The Missouri Department of Natural Resources built a data management 
system to house water chemistry, biological (metric), and tissue data that is 
used for Clean Water Act [303(d)/305(b)] assessments. When building this 
database we used the WQX and ATTAINS requirements to help shape the 
system which allowed us to systematically share the data through WQX and 
ATTAINS. This was a big time saving step. We then used Business Objects 
to generate reports which better enables us to share data inside and outside of 
our organization and conduct semi-automated assessments. With the system 
completed, we realize the benefits of an integrated system that can handle data 
from many different organizations, integrate GIS mapping within the system, 
and sync with our State Water Quality Standards database.

I6 Wetlands are Water Too: Moving into 
Underassessed Waters
8:30 am – 10:00 am | Room 22

Increasing Percentage of Assessed Waters in the 
United States

Leah Rubin
Izaak Walton League of America, Inc., Gaithersburg, Maryland

Abstract
The Izaak Walton League is publishing a report on the lack of accurate and 
timely site-specific information about water quality in the United States. The 
report will highlight a number of issues, including the low percentage of waters 
monitored nationwide (approximately 30 percent), the wide variety among 
states in the percentage of waters assessed, techniques used for assessing waters, 
geospatial scales at which assessments are made, difference in monitoring 
protocols used, and temporal differences in the data collected. In addition to 
an executive summary that addresses these issues in all U.S. states, the report 
will provide detailed information on the status of water quality monitoring 
programs and data in 15–20 states, prioritized based on the greatest needs 
for additional water quality information, the greatest percentages of impaired 
waters, and the available networks of volunteers who may be able to assist 
state agencies with additional data collection. The report also will highlight 
several examples of state agencies that are enhancing their data sets by working 
closely with volunteers and will highlight additional volunteer programs that 
follow scientifically rigorous quality assurance and control procedures and are 
poised to assist states with increasing the amount of site-specific water quality 
information available to the public. The purpose of this report is to raise public 
awareness of the lack of data available to assess the health and safety of local 
waterways, highlight the additional resources available to states by working 
with volunteer monitoring programs, and increase the level of support for 
volunteer monitoring programs among state agencies and the public. This 
presentation will include key information and graphics from the report.

Results from the Southeast Wetland Monitoring and 
Assessment Intensification Study with North Carolina, 
South Carolina, Alabama, and Georgia to Assess 
Forested Wetland Condition

Kristie Gianopulos1, Rick Savage 1,6, W. Rusty Wenerick2, Gina Curvin3, 
Brandon Moody4, and Breda Munoz5

1North Carolina Department of Environmental Quality, Raleigh, North 
Carolina; 2South Carolina Department of Health and Environmental 
Control, Columbia, South Carolina; 3Alabama Department of Environmental 
Management, Montgomery, Alabama; 4Georgia Department of Natural 
Resources, Atlanta, Georgia; 5Research Triangle Institute, Raleigh, North 
Carolina; 6Carolina Wetlands Association, Raleigh, North Carolina

Abstract
As an augmentation to the EPA’s first ever National Wetland Condition 
Assessment (NWCA) in 2011, several intensifications were funded to collect 
additional wetland information in certain areas, usually by state. These studies 
extended the national assessment by surveying more wetlands from the 
same population of wetlands selected for the national survey, using the same 
methodology. Under North Carolina’s lead, an unprecedented Southeast 
regional intensification study was undertaken to sample 90 forested wetlands 
across four states: North Carolina, South Carolina, Georgia, and Alabama. 
Data from 40 NWCA sites were added to create a larger dataset. Results 
will be presented at the landscape level, on-site rapid assessment level, and 
intensive survey level (vegetation, soil chemistry, water quality, hydrology, 
macroinvertebrates, and amphibians). A scoring method for the USA Rapid 
Assessment Method (USARAM) was developed and found to correlate 
significantly with a number of biotic factors, including macroinvertebrate 
diversity and an amphibian quality index. We found that the USARAM, 
North Carolina’s wetland assessment method (NCWAM) and Ohio’s Rapid 
Assessment Method (ORAM) were each able to successfully predict a variety 
of biotic and abiotic measures for the forested wetlands sampled. A multi-
metric ranking index of wetland condition was developed, which showed 
inland Piedmont forested wetlands to be in fair or poor condition, in contrast 
to Coastal Plain forested wetlands, which were in better condition. North 
Carolina’s wetlands were overall in worse condition than South Carolina, 
Georgia, and Alabama’s wetlands. Relative risk analyses were performed for 
the region. For example, one result showed that when a wetland had low levels 
of native plant species richness, the wetlands were over three times more likely 
to have high nitrogen levels and six times more likely to have high landscape 
development intensity. Upstream and downstream water quality sampling in 
riverine swamp forests showed significant decreases in nitrogen, phosphorus, 
and fecal coliform, as well as a significant increase in dissolved oxygen.

Results of the 2011 National Wetland Condition 
Assessment in California

Cara Clark, Kevin O’Connor, and Ross Clark
Moss Landing Marine Laboratories, Moss Landing, California

Abstract
California participated in the 2011 National Wetland Condition Assessment 
(NWCA) and opted to augment the original sample design with an 
“intensification” study to include additional sites. The Level 3 data collected 
for NWCA were used to further validate the California Rapid Assessment 
Method (CRAM). CRAM was compared to NWCA measurements of water 
quality, vegetation condition, soil condition, stress, and USA-RAM. Estuarine 
and depressional wetlands were examined separately for most analyses. Sites 
with high stress versus low and moderate stress were compared using CRAM. 
Estuarine wetlands had much higher CRAM scores than depressional 
wetlands. Estuarine wetland scores ranged from 61 to 91, while depressional 
wetlands ranged from 48 to 85. California had high levels of stress, particularly 
for non-native vegetation, ditching, and damming. More than 60% of 
California wetlands are designated as high stress for these categories, compared 
to less than 30% of wetland acreage for the nation overall. The climate and 
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environment of the arid west could be a major driver of the high stress levels 
found in California. California’s xeric wetlands may be more vulnerable to 
manipulation because they aren’t inundated year-round. There is much more 
opportunity to alter the hydrologic regime and structure of wetlands with 
berms, excavation, road grades, and other actions that put pressure on wetlands. 
The overall CRAM index score for depressional wetlands was significantly 
negatively correlated with the soil heavy metal index (p = 0.01) and total 
nitrogen (p = 0.01). For estuarine wetlands the index score was positively 
correlated with the total number of non-native species for estuarine wetlands (p 
= 0.04), and negatively correlated with the VMMI score (p = 0.04). The CRAM 
attribute scores for both types of wetlands were also analyzed for correlation 
with Level 3 data. Several were significantly correlated, although not always 
in the direction that was expected. CRAM Index scores were significantly 
correlated with several of the indices from USA-RAM. This study further 
validated the CRAM approach by showing strong correlations with Level 3 
data.

Results from the National Wetland Condition 
Assessment 2011 and Future Directions

Gregg Serenbetz and Chris Faulkner
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The National Wetland Condition Assessment (NWCA) 2011 is the first 
national evaluation of the ecological condition of the nation’s wetlands. The 
NWCA is part of a broader effort by EPA, state, tribal, and federal partners 
to conduct national-scale assessments characterizing the ecological condition 
of the nation’s waters. Under the National Aquatic Resource Survey (NARS) 
program, studies have been completed for wadeable streams (2004), lakes 
(2007), rivers and streams (2008–2009), and coastal waters (2010). NWCA 
2011 marks the completion of the first full cycle of NARS assessments.

The presentation will present the major findings of the NWCA 2011 including 
national and regional results based on a biological indicator of condition and 
several physical, chemical, and biological indicators of stress. The presentation 
will also discuss future directions for the NWCA, including planning and 
implementation of the next cycle of the assessment in 2016.

I7 National Scale Assessments of Groundwater 
Quality
8:30 am – 10:00 am | Room 23

Hormones and Pharmaceuticals in Groundwater of 
the United States

Patricia Toccalino1 and Kenneth Belitz2

1US Geological Survey, Sacramento, California; 2US Geological Survey, 
Northborough, Massachusetts

Abstract
For the first time, the US Geological Survey’s National Water 
Quality Assessment (NAWQA) Program is measuring the 
occurrence of hormones and pharmaceuticals in groundwater 
across large areas of the United States. Groundwater samples 
were collected during 2013 and 2014 from nearly 900 
wells. The wells are located in 17 principal aquifers that are 
nationally distributed across 44 states. Seventy-seven percent 
of the wells are public-supply wells with a median depth of 
400 feet, 12 percent are domestic wells with a median depth 
of 153 feet, and the remaining wells have other uses. Each 

well was sampled once and the samples were analyzed using 
new analytical methods for as many as 21 hormones and 108 
pharmaceutical compounds. Because the analytical methods 
are new, and because the NAWQA Program has not previously 
conducted large-scale studies of hormones and pharmaceuticals 
in groundwater, extensive quality-control analyses are being 
performed to ensure data quality. Preliminary results on the 
occurrence of hormones and pharmaceuticals in groundwater 
will be presented, including the frequency, magnitude, and 
potential human-health relevance of detections.

Evaluating and Communicating Decadal-Scale 
Changes in the Nation’s Groundwater Quality

Bruce Lindsey
US Geological Survey, New Cumberland, Pennsylvania

Abstract
One of the objectives of the US Geological Survey’s National Water-Quality 
Assessment (NAWQA) Program is to assess whether water-quality conditions 
are getting better or worse over time. For groundwater, we evaluate this by 
comparing decadal-scale changes in water quality in networks of 20–30 wells 
each across the nation. Nearly 300 water-quality constituents are measured, and 
decadal change is analyzed for any constituent that exceeds a human health 
or non-health benchmark in at least 1 percent of wells nationally and for the 
most frequently detected pesticides, pesticide degradates, and VOCs. To date, 
concentrations in samples collected during 1988–2000 have been compared to 
concentrations in samples collected during 2001–2012 for 24 constituents in 67 
networks using the Wilcoxon-Pratt signed-rank test. The constituents analyzed 
for statistical changes include dissolved solids, major ions (chloride, sulfate 
and fluoride), nutrients (nitrate and orthophosphate), trace elements (arsenic, 
boron, iron, strontium, manganese, and molybdenum, and uranium), pesticides 
and degradates (atrazine, dieldrin, simazine, prometon, metolachlor, and 
deethylatrazine), and VOCs (chloroform, tetrachloroethene, methyl tert-butyl 
ether, toluene, and trichloroethene). Statistically significant increases were most 
common for dissolved solids (46% of networks), chloride (38% of networks), 
and deethylatrazine (30% of networks). Statistically significant decreases were 
most common for manganese (32% of networks).

An interactive web-based mapping tool has been developed to display these 
results to the public. This tool allows the user to select the constituent of 
interest and ancillary map layer. Results of statistical analysis are displayed, 
indicating direction and relative magnitude of change for each well network. 
Data collected starting in 2012 will be evaluated for changes relative to the 
previous decade (2001–2012). Results from this ongoing sampling and analysis 
will be added to the mapping tool as they become available.

A National Assessment of Fecal Indicators in 
Groundwater

Leslie DeSimone1 and Rebecca Bushon2

1US Geological Survey, Northborough, Massachusetts; 2US Geological Survey, 
Columbus, Ohio

Abstract
Monitoring for fecal indicator microorganisms in drinking water supplies is 
an essential tool for the protection of public health. When fecal indicators 
are detected, they signal an increased risk that human pathogens also may be 
present. However, no one indicator provides definitive evidence, and the EPA 
allows the use of Escherichia coli (E. coli), enteroccoci, or coliphage to identify 
fecal contamination of untreated groundwater sources in its 2006 Ground 
Water Rule. Whereas E. coli has been monitored in drinking water sources for 
decades, the use of enterococci and coliphage for this purpose is relatively new 
and national-scale information on the co-occurrence of the three indicators 
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in untreated groundwater sources is sparse. Monitoring by the US Geological 
Survey’s (USGS) National Water Quality Assessment Program that began in 
2012 provides new information on these indicators in the Nation’s groundwater. 
In 2013–2014, the USGS sampled untreated groundwater from 633 randomly 
selected public supply wells in 10 regional aquifers for analysis of E. coli, 
enterococci, and coliphage (male-specific and somatic) and other, chemical 
constituents. Analyses were completed within 30 hours of sample collection at 
a single laboratory using the Colilert method for E. coli, EPA method 1600 for 
enterococci, and EPA method 1601 for coliphage.

E. coli, enterococci, male-specific coliphage, and somatic coliphage were 
detected in 4.0, 5.1, 3.5, and 4.4 percent of sampled wells, respectively 
(detection > 1 per 100 mL for E. coli and enterococci; presence/absence in 1 
L for coliphage). Although the individual detection frequencies were similar, 
co-occurrence was not typical – multiple indicators were present in only about 
one-fourth of the samples in which any one indicator was detected. Overall, at 
least one indicator was detected in 11 percent of the sampled wells. Detection 
frequencies were relatively high in Valley and Ridge, Piedmont, and Blue 
Ridge aquifers, composed of karstic carbonate or fractured crystalline rock, and 
relatively low in the Cambrian-Ordovician and several coastal plain aquifer 
systems. Wells with detections of fecal indicators also had higher nitrate 
and dissolved oxygen than wells without detections, suggesting, as expected, 
associations with anthropogenic influence, more permeable aquifer material, 
and(or) more recently recharged groundwater.

Metrics for Assessing the Quality of Groundwater 
Used for Public Supply, CA, USA: Equivalent-
Population and Area

Kenneth Belitz1, Miranda Fram2, and Tyler Johnson3

1US Geological Survey, Northborough, Massachusetts; 2US Geological Survey, 
Sacramento, California; 3US Geological Survey, San Diego, California

Abstract
Data from 11,000 public supply wells in 87 study areas were used to assess the 
quality of nearly all of the groundwater used for public supply in California. 
Two metrics were developed for quantifying groundwater quality: area with 
high concentrations (km2 or proportion) and equivalent-population relying 
upon groundwater with high concentrations (number of people or proportion). 
Concentrations are considered high if they are above a human-health 
benchmark. When expressed as proportions, the metrics are area-weighted 
and population-weighted detection frequencies. On a statewide-scale, about 
20% of the groundwater used for public supply has high concentrations for 
one or more constituents (23% by area and 18% by equivalent-population). 
On the basis of both area and equivalent-population, trace elements are more 
prevalent at high concentrations than either nitrate or organic compounds 
at the statewide-scale, in eight of nine hydrogeologic provinces, and in 
about three-quarters of the study areas. At a statewide-scale, nitrate is more 
prevalent than organic compounds based on area, but not on the basis of 
equivalent-population. The approach discussed in this presentation recognizes 
the importance of appropriately weighting information when changing scales, 
and is broadly applicable to other areas. This presentation is based on a paper 
published by Belitz and others, 2015 (http://pubs.acs.org/doi/abs/10.1021/acs.
est.5b00265).

J1 Making Sense of Continuous Monitoring 
Datasets
10:30 am – 12:00 pm | Rooms 13–14

Illinois’ Continuous Near-Real-Time Nutrient 
Concentration and Loading Network

Paul Terrio1, Kelly Warner1, Timothy Straub1, Gregory Good2, Amy 
Walkenbach2, and Kevin Johnson1

1US Geological Survey, Urbana, Illinois; 2Illinois Environmental Protection 
Agency, Springfield, Illinois

Abstract
Illinois is largely an agricultural state with several major urban areas. As such, 
the state provides challenges for a cost-effective and comprehensive monitoring 
program. Monitoring for nutrients in Illinois currently involves many different 
strategies, including focused edge-of-field efforts, long-term periodic data-
collection stations, and more recently, real-time, continuous “super gages.” A 
review of these different monitoring strategies shows benefits and shortcomings 
of these approaches based on scale of effort, costs, and quality and quantity of 
data. The US Geological Survey (USGS) is operating several types of nutrient-
monitoring gages ranging from the measurement of only nitrate plus nitrite 
nitrogen and streamflow to super gages with measurement of nitrate plus 
nitrite nitrogen, phosphate, turbidity, pH, temperature, specific conductance, 
dissolved oxygen, and streamflow. The data from these stations allow near 
real-time calculation and presentation of concentrations and loads of nitrate 
plus nitrite nitrogen, sediment, phosphate and totalphosphorus. The strengths 
and limitations of such data, along with challenges of instrument deployment 
in Illinois streams and rivers will be discussed along with an introduction to 
the development of surrogate relations for total phosphorus using continuous 
turbidity and phosphate.

Data, Data, Everywhere: What Has Continuous Water 
Quality Monitoring in the Suwannee River Water 
Management District Taught Us About Our Springs?

Darlene Saindon and Tara Rodgers
Suwannee River Water Management District, Live Oak, Florida

Abstract
As part of a collaborative effort with the Florida Department of Environmental 
Protection, the US Geological Survey, and Florida State Parks, the Suwannee 
River Water Management District has deployed continuous water quality 
monitoring equipment at 12 first or second magnitude springs in the Suwannee 
River District. Each spring has been equipped with a Satlantic Submersed 
Ultraviolet Nitrate Analyzer (SUNA V2), and a YSI EXO2 Multiparameter 
Sonde equipped to measure temperature, conductivity, pH, dissolved oxygen, 
dissolved organic matter, and turbidity. This continuous monitoring equipment 
has captured patterns in water quality that haven’t been previously observed 
in detail. These data illustrate water quality and discharge variations in springs 
associated with rainfall and river inundation/flow reversal events and tides. 
In addition, the data illustrate differences between springs with respect to 
relationships between hydrologic and water quality variation. This equipment 
has also been used to explore water quality in the conduits associated with 
certain springs, and synoptic measurements along rivers, which will help 
determine areas of diffuse groundwater discharge for further exploration. 
This effort, along with additional springshed mapping, will help managers 
and scientists to better understand the interconnection between weather, land 
use, flow, and water quality, and allow for more efficient and cost-effective 
management efforts to address wide-spread nitrate impairment.
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Review of King County’s Lake Buoy Monitoring System

Curtis DeGasperi
King County Water and Land Resources Division, Seattle, Washington

Abstract
King County has collected sub-daily water-quality profiling data (depth, 
temperature, specific conductance, oxygen, pH, chlorophyll fluorescence, and 
turbidity) in lakes Washington and Sammamish since 2008 using integrated 
water profiling and data logging systems. This monitoring effort was initiated 
to provide near real time weather and lake quality data to the public and to 
provide data of higher temporal and spatial (vertical) resolution than is feasible 
through monthly to twice monthly station visits. Higher resolution data 
were desired to better evaluate the timing of spring stratification, the timing 
of the spring bloom, the timing of lake turnover in the fall, the duration of 
annual stratification and potential relationships with hypolimnetic oxygen 
depletion and sediment phosphorus release. Previous research has shown that 
atmospheric warming trends can affect the timing and duration of thermal 
stratification with cascading effects on the lake ecosystem. The monitoring 
equipment, approach, and goals are currently undergoing a critical evaluation. 
This presentation will describe the history of the buoy monitoring system and 
some of things we have learned through almost eight years of operation.

New Insights into Nitrate Dynamics in a Karst 
Groundwater System Gained from High-Frequency 
Optical Sensor Measurements

Stephen Opsahl1, MaryLynn Musgrove2, and Richard Slattery1

1US Geological Survey, San Antonio, Texas; 2US Geological Survey, Austin, 
Texas

Abstract
The development of optical sensors for continuous in-situ measurement of 
nitrate concentrations provides an opportunity to examine nitrate concentration 
changes in groundwater that might occur over both short-term (hourly to 
daily) and long-term (monthly to yearly) periods. Nitrate sensors were deployed 
in two groundwater wells completed in the recharge zone of the San Antonio 
segment of the Edwards aquifer, a productive karst aquifer in south-central 
Texas subject to rapid changes in water levels. The two wells are in different 
land-use settings – one rural and one urban – and hourly nitrate concentrations, 
as well as continuous water-level and additional physicochemical data, were 
recorded at each site for more than 1 year. Alternating periods of drought and 
wet conditions prevailed, resulting in extremely variable groundwater recharge 
rates. Highly-resolved temporal patterns of changing nitrate concentrations 
were recorded at both sites corresponding to fluctuating groundwater levels. 
In addition, a depth profile at the rural well showed small increases in nitrate 
concentration with increasing depth. Resolving the timing and character 
of rapidly changing nitrate concentrations in response to groundwater 
recharge events as well as observing fine-scale vertical differences in nitrate 
concentrations in wells would not be possible using conventional sampling 
techniques, and these patterns provided new insight into the dynamic nature of 
nitrogen concentrations in a karst groundwater system.

J2 Understanding Variability in Pathogenic 
Microbial Communities
10:30 am – 12:00 pm | Room 18

Spatial and Temporal Analysis of Indicator Bacteria 
Concentrations in a Connecticut River

Nicole Cantatore, Sarah Crosby, Joshua Cooper and Peter Fraboni
Harbor Watch, Westport, Connecticut

Abstract
Aging infrastructure and septic system failures pose a substantial threat to 
rivers and coastal waters. Escherichia coli is an indicator bacteria used to identify 
sources of pollution entering freshwater systems. Elevated E. coli concentrations 
can be indicative of either chronic or acute problems, which complicates 
identification of the source. Additionally, variability of bacteria concentrations 
at multiple spatial and temporal scales is poorly understood. We quantified 
indicator bacteria concentrations at hourly, daily, weekly, and monthly intervals 
over a multi-site spatial gradient within one watershed. Concentration data 
measured hourly over an 18-hour period showed a range of 580 CFU/100mL 
at the most variable sample location to a range of 136 CFU/100mL at the most 
stable sampling location. We also observed substantial fluctuations in bacteria 
concentrations at some sites between consecutive sampling days. As a result, 
when comparing E. coli concentrations to state waterway criteria, failures could 
be observed at some river sites on only certain days. This variability and the 
observed short duration of elevated concentrations complicate the potential for 
identifying pollution inputs at some sites. Understanding the scope of within-
site variability on multiple scales is critical for designing a monitoring program 
that will minimize the missed observation of peaks of bacteria concentrations 
that exceed state maxima and indicate that a pollution source is present.

Monitoring for Pathogens in the Upper Illinois River 
Watershed, Northwest Arkansas

Erin Scott1,2, Brina Smith1,2, Mansoor Leh2, Blake Arnold1, and Brian 
Haggard1,2

1Arkansas Water Resources Center, Fayetteville, Arkansas; 2University of 
Arkansas, Fayetteville, Arkansas

Abstract
The federal Clean Water Act requires that states identify impaired water bodies 
that do not meet the applicable water-quality standard (WQS) and do not 
support assigned designated use(s). Pathogens are often cited as the cause of 
streams and rivers being added to the 303(d) list of impaired water bodies. 
The Arkansas Department of Environmental Quality assesses water-quality 
data against defined WQS to ensure public health and safety, especially for 
primary and secondary contact uses. The Illinois River Watershed (IRW) in 
northwest Arkansas had seven streams on the 2008 303(d) list of impaired 
water bodies due to elevated levels of E. coli. In the current study, water samples 
were collected during the primary contact season (May through September) 
in calendar years 2012, 2013 and 2014 at 29 sites across the seven streams on 
the 303(d) list in the IRW. Water samples were analyzed for E. coli numbers, 
which were evaluated against the applicable WQS as defined in the Arkansas 
Pollution Control and Ecology Commission Regulation 2. Violations of the 
applicable WQS were variable from year to year and between stream reaches 
and individual sites. One reach (IR028) on the Illinois River violated the 
applicable WQS for E. coli numbers in 2014, but only two of the four sites 
where water samples were collected along this reach actually violated the WQS. 
The three sites where water samples were collected on Little Osage Creek 
frequently violated the applicable WQS. For example, E. coli numbers exceeded 
410 colonies (col)/100 mL for over 50% of the water samples collected at all 
three sites during the 2012 and 2014 primary contact seasons. A threshold 
relationship existed between elevated levels of E. coli and the amount of pasture 
land within the riparian zone, where the only sites that violated the applicable 
WQS for E. coli had more than 50% pasture land in the riparian zone. Results 
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from this study suggest that elevated E. coli numbers are a localized issue, likely 
driven by land-use within the riparian zone. However, most sample sites and 
reaches were within the regulatory limits for E. coli during the primary contact 
season.

Virus Synoptic of Major Watersheds of the Continental 
United States Using Metagenomic Methods

David Dunigan1, Irina Agarkova1, James Van Etten1, Robert Yolken2, Sarven 
Sabunciyan2, Ou Chen2, Flora Leister2, and Charles Crawford3

1University of Nebraska-Lincoln, Lincoln, Nebraska; 2Johns Hopkins 
University, Baltimore, Maryland; 3US Geological Survey, Indianapolis, Indiana

Abstract
This project establishes a knowledge-base of viruses found in streams and 
rivers within the continental United States using metagenomic methods. Virus 
abundance in marine water approaches 107 particles per milliliter, perhaps 105 
times greater than thought previously. Marine aquatic viruses are i) the most 
abundant biological agents, ii) the most genetically diverse agents, and iii) the 
major drivers of planktonic communities altering geochemical cycling and 
weather patterns. However, very little is known about the abundance, diversity 
or ecological roles of viruses in inland waters. This research is motivated by 
our interests in virology, algal biology, biotechnology, and the potential role of 
certain viruses as agents in human disease.

Samples were from rivers of the continental United States representing 11 of 
the 14 major watersheds that are part of the overall assessment of water quality 
by the US Geological Survey. The sample sites were selected to represent the 
major watersheds and to complement ongoing water science studies. Samples 
were fractionated to a virus-sized fraction (0.45 nm cutoff ), extracted for 
total nucleic acids, then analyzed using metagenomic sequencing methods 
focusing on DNA viruses. The generated sequences were compared to existing 
public databases. Viruses were identified by matching sequence reads to 
reference viral genomes, allowing us to establish a novel database that can be 
used in comparative studies. For example, we can generate sets of maps of the 
continental US showing the relationship of aquatic viruses to known ecoregions 
and limnological parameters. In general, we consider the viruses as proxies for 
their biological hosts found upstream from the sample site. Very little is known 
about the natural hosts of most aquatic viruses. Using cartography software, 
we have created maps that incorporate virus abundance and diversity with 
biological, chemical and geological parameters to help develop new hypotheses 
for virus genesis. Focusing on algal viruses, we have expanded the existing 
knowledge-base by comparing sequence reads to existing characterized viruses 
(especially Chloroviruses), which are a focus of research for human psychiatric 
disorders.

Using Molecular Techniques to Assess the Microbial 
Community Associated with Cladophora, Sediment, 
Invertebrates and Mussel Micro-Habitat Samples 
Collected from Sleeping Bear Dunes National 
Lakeshore: Does the Microbiome of These Sample 
Types Facilitate Avian Botulism Outbreaks?

Natasha Isaacs1, Sheridan Haack1, Carrie Givens1, and Stephen Riley2

1US Geological Survey-MIWSC, Lansing, Michigan; 2US Geological Survey-
GLSC, Ann Arbor

Abstract
Clostridium botulinum is the causative agent for botulism, which is a major 
cause of death in waterfowl and shorebirds in the Great Lakes during 
outbreak years. The Type E neurotoxin, a product of the bontE gene, was the 
most prevalent botulism toxin type found during the mass bird die-offs that 
occurred in Lake Michigan in 2006, 2010, and 2012. Through the Great Lakes 
Restoration Initiative (GLRI), 747 samples of sediment, Cladophora, dreissenid 
mussels, mussel micro-habitat (the entire area in and around the mussel mass 
conglomerate) and benthic invertebrates were collected and screened for the 

bontE gene using quantitative polymerase chain reaction (qPCR). A subset 
of 33 samples was chosen for microbial community analysis using Illumina 
MiSeq 16S metagenomic sequencing. Samples selected had either quantifiable 
or non-quantifiable qPCR result values and consisted of Cladophora, sediment, 
invertebrates and mussel micro-habitat. A total of 3,542,221 sequences were 
generated after quality control checks and chimera removal. Proteobacteria was 
the largest contributing phylum accounting for approximately 55 percent of the 
total sequence reads while Firmicutes contributed approximately 10 percent 
of the sequence reads. Cladophora samples had the greatest average number 
of operational taxonomic units (OTUs) when compared to the other samples 
while invertebrate samples had the least number of OTUs. This study will 
define the key microbial community members among the various matrix types 
sampled and help to determine the relation between environmental matrix, 
microbial classification and qPCR score. The microbiome of these samples may 
help reveal the nutrient state of the sampled areas as different organisms require 
different carbon sources. These data will lead to a better understanding of the 
ecological state required for C. botulinum proliferation.

J3 Nutrient Trends in the Rivers of the United 
States, Part 2
10:30 am – 12:00 pm | Room 19

Nutrient Trends in the Nation’s Rivers and Streams 
Since 1972

Lori Sprague
US Geological Survey, Denver, Colorado

Abstract
In 1991, the US Geological Survey (USGS) began monitoring more than 
50 major river basins across the nation as part of the National Water Quality 
Assessment (NAWQA) Program. One of the major goals of the NAWQA 
Program is to determine how water-quality conditions change over time. 
Outside of the NAWQA Program, the USGS and other federal, state, and 
local agencies also have collected long-term water-quality data to support 
their own assessments of changing water-quality conditions. For the first time, 
these data have been assembled into a single database to support one of the 
most comprehensive assessments conducted to date of water-quality trends in 
rivers of the United States. Trends in nutrients, pesticides, sediment, carbon, 
and salinity were determined for four time periods: 1972–2012, 1982–2012, 
1992–2012, and 2002–2012. Nearly 1,000 sites from over 100 agencies had 
data suitable for evaluating trends in one or more nutrient constituents since 
2002. Of those, almost 100 sites had longer-term data suitable for evaluating 
trends back to 1972, when the Clean Water Act was passed. Collectively, over 
one million nutrient records at these sites were used in the trend analysis. 
The trend results reveal important regional differences in changes in nutrient 
concentrations and loads in the United States, and provide insight into how 
natural factors and human activities have contributed to those changes.

River Nutrient Trends from Minnesota’s Watershed 
Pollutant Load Monitoring Network

Lee Ganske
Minnesota Pollution Control Agency, Mankato, Minnesota

Abstract
In 2007, the Minnesota Pollution Control Agency (MPCA) began building 
a permanent network of pollutant-load monitoring stations. In 2015, the 
Watershed Pollutant Load Monitoring Network (WPLMN) was fully up 
and running with 200 river and stream stations statewide. One of the most 
important reasons for establishing the WPLMN was to assess nutrient and 
other water-quality trends, with one goal being to measure the effectiveness of 
water management activities. The water management activities of interest in 
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Minnesota range from constantly evolving point source and urban stormwater 
controls, to ever-changing state and federal farm policy and programs, to 
TMDL implementation, to the state’s comprehensive major watershed 
restoration and protection approach, to the recently-adopted statewide buffer 
law.

The 200 WPLMN stations are distributed throughout Minnesota at basin, 
major watershed (8-digit HUC), and sub-major watershed scales. The smallest 
scale stations typically drain 300–500 square miles. All stations include 
continuous streamflow monitoring equipment operated by the US Geological 
Survey (USGS) or Minnesota Department of Natural Resources. Most stations 
include satellite telemetry to transmit streamflow in near real-time. The water 
sampling design is runoff-event based, but includes baseflow sampling. Grab 
samples are collected by MPCA staff and local partners 25–35 times per year 
at each station. Nutrient loads are calculated using the US Army Corps of 
Engineers-developed Flux32 model.

Given the 2007 start of the WPLMN, the best trend analysis opportunities 
are currently limited to around 50 stations which had pre-existing streamflow 
and nutrient data. Streamflow records at some of these stations go back nearly 
a century; and nutrient data to the 1960s. Analysis is complicated by the shift 
from monthly sampling for the earlier data, to the runoff-event based design 
of the WPLMN. The USGS Exploration and Graphics for RivEr Trends 
(EGRET) tool is currently being used for trend analysis.

The presentation will provide background on, and describe, the WPLMN, 
including design, methods, and costs. Trend analysis results for several stations 
will be presented.

Assessing the Causes of Changes in Nutrient Loading 
from Major Tributaries of Chesapeake Bay

Karen Ryberg1 and Joel Blomquist2

1US Geological Survey, Bismarck, North Dakota; 2US Geological Survey, 
Baltimore, Maryland

Abstract
The attribution of the causes of trends in nutrient loading is often limited to 
correlation, qualitative reasoning, or simply references to the work of others. 
The US Geological Survey’s National Water-Quality Assessment Program 
has been exploring methods to improve causal attribution of water-quality 
change. The Chesapeake Bay provides an ideal regional test case for this work 
because of the availability of nutrient data from a large network of long-
term stream monitoring sites and well-developed geospatial data describing 
changes in potential causal factors over time. These potential causal factors 
include climate, land use, fertilizer application, crop patterns, agricultural best 
management practices, and discharge from wastewater-treatment plants. The 
approach will evaluate major factors affecting trends across groups of related 
sites in order to identify important broad-scale influences on water quality. 
This presentation will include results to date focusing on methods development 
– including multiple hypothesis testing frameworks and structural equation 
modeling – with a goal of going beyond association and correlation to test 
causal hypotheses for changes in nutrient loading from major tributaries of 
Chesapeake Bay. The many challenges to better causal analysis will also be 
discussed, such as missing data, differing periods of record in trend results and 
causal data, and differing spatial scales represented in the data.

Establishing Nutrient Trends in Iowa’s Rivers in 
Support of Iowa’s Nutrient Reduction Strategy

Mary Skopec
Iowa Department of Natural Resources, Des Moines, Iowa

Abstract
States within the Upper Mississippi River Basin are developing strategies to 
reduce nutrient loads to rivers in accordance with the 2008 Hypoxia Action 
Plan. The Gulf of Mexico Hypoxia Action Plan calls for at least a 45% 

reduction in nitrogen and phosphorus loads, yet many states struggle with 
setting appropriate baselines and measures of progress toward the goal. In 
2010, Iowa convened a team of scientists from government, academia and 
the private sector to develop a science and technology-based assessment of 
nutrients. From this assessment, the Iowa Nutrient Reduction Strategy was 
finalized in 2012. The Iowa Strategy sets reduction goals for both point and 
nonpoint sources of nutrients with a 41% decrease in nitrogen from nonpoint 
sources and a 4% reduction from point sources. For phosphorus, the reduction 
goal is 29% from nonpoint sources and 16% from point sources. Success toward 
these goals is to be reported annually by Iowa’s Water Resources Coordinating 
Council. Baseline measures for reporting progress were established and trends 
in nutrient concentrations and loads for long-term monitoring sites were 
evaluated using the Weighted Regressions on Time, Discharge, and Season 
(WRTDS).

J4 Open Water Data Initiative
10:30 am – 12:00 pm | Room 20

Overview of the Open Water Data Initiative

Alan Rea
US Geological Survey, Boise, Idaho

Abstract
The United States faces increasing pressures on the Nation’s water supply 
from shifting demographics, aging infrastructure and increasing uncertainties 
resulting from climate change. More than two dozen Federal agencies, and 
countless state and local entities are responding to these pressures, making 
decisions, collecting data, reporting research outcomes, and synthesizing water 
information. Quantifying the availability, use, and risks to our national water 
resources is a strategic and security issue for the present and the foreseeable 
future. Improving access to and open exchange of water data across the water-
resource community is foundational to understanding existing water resources 
issues and developing sustainable future solutions. To address this challenge, the 
Federal Geographic Data Committee (FGDC) and the Advisory Committee 
on Water Information (ACWI) launched the Open Water Data Initiative 
(OWDI) in the summer of 2014. The goal of the OWDI is to bring currently 
fragmented water information into a connected, national water data framework 
by leveraging existing systems, infrastructure and tools to underpin innovation, 
modeling, data sharing, and solution development. The Subcommittee on 
Spatial Water Data, a joint subcommittee of FGDC and ACWI, has been 
leading efforts to engage the water-resource community in the OWDI. 
Initial efforts have focused on three use cases covering flooding, drought, and 
contaminant spill response, with a goal of identifying critical water data sources 
and making them more accessible.

NHDPlus – the OWDI’s Geospatial Hydrologic 
Framework

Tommy Dewald
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The Open Water Data Initiative is aimed at integrating fragmented water 
information that is already being collected by different agencies at several 
levels of government into a connected, national water data infrastructure. The 
National Hydrography Dataset Plus (NHDPlus) serves as the underlying 
geospatial hydrologic framework that helps enable this water data integration. 
The NHDPlus provides a digital stream network and catchments, which 
associate individual stream segments with the landscape that drains to them. 
This hydrologic framework enables any landscape characteristics to be linked 
to their receiving streams in support of a wide variety of water quality and 
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quantity applications including flood forecasting, spill response and drought 
management. This presentation will describe NHDPlus concepts and 
applications focusing on its role in the OWDI.

Interoperable Sensor Networks

Brandon Bergenroth1, Megan Tulloch1, Tad Slawecki2, and Dwane Young3

1RTI International, Research Triangle Park, North Carolina; 2LimnoTech, Ann 
Arbor, Michigan; 3US Environmental Protection Agency, Washington, District 
of Columbia

Abstract
Water resource managers are routinely tasked with compiling data from 
multiple sources for effective and timely decision making. As technology 
becomes less expensive, water quality monitoring data is being collected at 
an astounding rate. However, sources of monitoring data can use different 
formats without standards and uniform technology. Finding these sensors and 
compiling their data into usable datasets can be time consuming and error 
prone.

In 2014, EPA began developing a strategy to manage and share continuous 
water quality monitoring data. The goal of this strategy is to define a road map 
for how EPA and its partners could develop a national data‐sharing network 
that integrates data from multiple sources and is broader than just water quality 
data. The Open Geospatial Consortium (OGC) defines several standards 
useful for monitoring data. OGC’s Sensor Observation Service (SOS) defines 
a web service interface for registering sensors and querying sensor metadata 
and observation data. WaterML provides a standard information model for 
the representation of water observations data. These standards can be used to 
build a data sharing network that facilitates the discovery and use of continuous 
monitoring data. Tools can be developed to allow users to search for data using 
both parameter (e.g., pH) and/or spatial filtering (e.g., specific counties).

This network could be enhanced using national spatial datasets such as the 
National Hydrography Dataset (NHD) and the Watershed Boundary Dataset 
(WBD) which are used to portray surface water on The National Map. The 
NHD could enhance data discovery by allowing users to find all stream gage 
data available upstream from a point, or all water temperature data available 
downstream from a discharge.

By adhering to a standards based, service approach, the network builds upon 
the Open Water Data Initiative, enhancing the Open Water Web significantly. 
Under the current EPA pilot project, the approach will be demonstrated and 
test in the Little Miami River Watershed in Ohio and the Hackensack-Passaic 
Watershed in New Jersey.

The OWDI and Communicating Water Data Fitness 
and Quality: Accommodating New Data Providers 
While Maintaining High Data Standards

Sara Larsen
Western States Water Council, Murray, Utah

Abstract
Shared, trusted, timely data are essential elements for the cooperation needed 
to optimize economic, ecologic, and public safety considerations related to 
water. The OWDI will provide a fully-scalable platform with the ability to 
support a wide variety of data from many providers. Most providers will be 
larger, well-established, and trusted agencies that have a history of providing 
well-documented, standardized, and archive-ready products. However, some 
potential partners may be smaller, distributed, and relatively unknown or 
untested as data providers. The data these partners will provide are valuable 
and can be used to fill in many data gaps, but can also be variable in quality 
or supplied in non-standardized formats. They may also reflect the smaller 
partners’ variable budgets and missions, be intermittent, or of unknown 
provenance. A challenge for the OWDI will be to communicate the quality 
and the contextual “fitness” of data from providers other than the most trusted 

brands. This presentation reviews past and current approaches for documenting 
data quality and case studies that highlight processes and pathways for effective 
data-sharing and publication initiatives. The case studies also illustrate how 
partners may work together to find a data reporting threshold that encourages 
participation while maintaining high data integrity. Potential OWDI 
governance is described that may assist these smaller partners with short and 
long-term hosting solutions.

J5 Regional Coastal Monitoring Programs
10:30 am – 12:00 pm | Room 21

Southern California Bight Regional Marine Monitoring

Ken Schiff, Darrin Greenstein, Nathan Dodder, and David Gillette
Southern California Coastal Water Research, Costa Mesa, California

Abstract
The Southern California Bight (SCB) is a unique ecological and economic 
resource, home to some of the most productive coastal ecosystems, but 
also some of largest pollutant inputs in the United States. Historically, 
environmental monitoring of the coastal environment has been temporally 
intensive, but spatially focused on narrow areas closest to regulated discharges, 
providing a potentially biased perspective of overall coastal sediment quality. 
Beginning in 1994 and conducted approximately every five years thereafter, 
nearly 100 regulated, regulatory, non-governmental or academic organizations 
join forces to implement the SCB Regional Marine Monitoring Program (the 
Bight Program). The most recent Bight program sampled nearly 400 locations, 
from the head of tide in coastal estuaries to offshore basins 1000 m in depth, 
using a probabilistic survey design and measuring multiple indicators of 
sediment quality including chemistry, toxicity, and infauna. The three indicators 
were scored using regionally-developed assessment tools, and then combined 
for an integrated assessment of sediment quality. Results showed that the vast 
majority of SCB sediments do not have impacted sediment quality, but that not 
all habitats are in equally good condition. Most of the continental shelf is not 
impacted, despite the discharge of very large (109 L/day) of treated wastewater 
discharges. In contrast, up to 50% of the area in estuaries and 45% of the 
area in marinas have impacted by sediment quality. These generally quiescent 
waterbodies receive pollutant inputs from the region’s extensively urbanized 
watersheds and high density of boating activities. Despite the relatively large 
extent of impacted sediment quality in embayments, sediment quality has been 
steadily improving in this habitat over the last decade based on surveys dating 
back to the 1998. The Bight Program has affected management actions in the 
region by focusing current effort in habitats most impacted by poor sediment 
quality, and highlighting the improvements from previous management actions.

The Regional Monitoring Program for Water Quality 
in San Francisco Bay, California, USA: Science in 
Support of Managing Water Quality

Philip Trowbridge
San Franscisco Estuary Institute, Richmond, California

Abstract
The Regional Monitoring Program for Water Quality in San Francisco Bay 
(RMP) is a novel partnership between regulatory agencies and the regulated 
community to provide the scientific foundation to manage water quality in 
the largest Pacific estuary in the Americas. The RMP monitors water quality, 
sediment quality and bioaccumulation of priority pollutants in fish, bivalves 
and birds. To improve monitoring measurements or the interpretation of data, 
the RMP also regularly funds special studies. The success of the RMP stems 
from collaborative governance, clear objectives, and long-term institutional 
and monetary commitments. Over the past 22 years, high quality data and 
special studies from the RMP have guided dozens of important decisions 
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about Bay water quality management. Moreover, the governing structure 
and the collaborative nature of the RMP have created an environment that 
allowed it to stay relevant as new issues emerged. With diverse participation, a 
foundation in scientific principles and a continual commitment to adaptation, 
the RMP is a model water quality monitoring program. This paper describes 
the characteristics of the RMP that have allowed it to grow and adapt over 
two decades and some of the ways in which it has influenced water quality 
management decisions for this important ecosystem.

The Chesapeake Bay Program Partnership’s Long-
Term Water Quality Monitoring Program: Supporting 
Assessment, Synthesis, Science and Communications

Peter Tango1 and Richard Batiuk2

1US Geological Survey@Chesapeake Bay Program Office, 
Annapolis,Maryland; 2Chesapeake Bay Program Office, Annapolis,Maryland

Abstract
Monitoring the outcome of restoration efforts is the only way to understand 
the most effective management strategies to effect recovery. The Chesapeake 
Bay was the first estuary in the nation targeted by Congress for restoration 
and protection after the completion of a study in the early 1980s that 
concluded excess nutrients were largely responsible for the bay’s degradation. 
The Chesapeake Bay Program was formed in 1983 as a partnership to lead 
and direct ecosystem recovery coincident with its first policy agreement that 
recognized a cooperative approach was necessary to address the Bay’s pollution 
problems. Additional policy agreements (i.e., 1987, 1992, 2000, 2014) set 
numeric targets to meet ecosystem recovery goals. Although the Chesapeake 
Bay watershed has an extremely high density of restoration activities relative to 
other regions of the US (Hassett et al. 2005) reported that only 5.4% of 4700 
project records between 1990 and 2004 indicated that related monitoring of 
project performance had occurred. However, the data from the Chesapeake 
Bay Program partnership’s long-term bay and watershed monitoring networks 
are consistently being used in assessing ecosystem status and detecting changes 
in response to land use change, management actions and climate impacts 
at local to regional scales. In this presentation we highlight the Chesapeake 
Bay Program partnership’s long-term water quality monitoring strategy, 
initiated in 1984, that has provided consistent, quality assured data supporting 
water quality and living resource status and trend assessments. and is used in 
furthering the development, calibration and verification of decision-making 
models. The maintenance, adaption and growth of the monitoring networks 
continues to provide data that serve as a strong foundation supporting 
regulatory assessments, underpinning indicator development, the growth of 
sound science, valuable syntheses and effective communication products to 
inform decision-makers and support adaptive management.

Tampa Bay Estuary: Monitoring Long-Term Recovery 
Through Regional Partnerships

Edward Sherwood1, Holly Greening1, Anthony Janicki2, and David Karlen3

1Tampa Bay Estuary Program, St. Petersburg, Florida; 2Janicki Environmental, 
Inc., St. Petersburg, Florida; 3Environmental Protection Commission of 
Hillsborough County, Tampa, Florida

Abstract
Historically, significant impacts to Tampa Bay’s water quality (e.g., chlorophyll 
a concentrations) and ecosystem (e.g., seagrass coverage) have been documented 
as a result of early coastal development and urban expansion that occurred 
between the 1950s and 1980s. Since this time, Tampa Bay’s estuarine water 
quality and ecosystems have significantly recovered. A long-term water-
quality monitoring program, first established by the Environmental Protection 
Commission of Hillsborough County (EPCHC) in 1972, was instrumental 
in the development of water-quality management targets and regulatory 
thresholds related to the recovery of seagrass that helped guide restoration 
activities in the Bay from the 1980s to present. The EPCHC monitoring 
program has provided over 40 years of consistent and quality assured data 

that have been used to document Tampa Bay’s ecosystem recovery, as well 
as, guide future research, monitoring, and management actions. Forecasted 
future pressures of continuing coastal population growth and climate change 
impacts further necessitate the need to maintain long-term water-quality 
monitoring efforts in the Tampa Bay estuary. Maintenance of a robust estuarine 
monitoring program will not only help to identify future risks to the important 
environmental assets represented in the Tampa Bay estuary, but also help to 
identify potential risks to Tampa Bay’s economic vitality that are garnered from 
maintaining a “healthy” Tampa Bay.

J6 Combining Technology and Collaboration for 
Strategic Condition Assessment
10:30 am – 12:00 pm | Room 22

New Advances in EPA Watershed Assessment Tools, 
Data and Programs

Douglas Norton
US Environmental Protection Agency, Washington, District of Columbia

Abstract
Throughout the past decade, the US Environmental Protection Agency Office 
of Water (OW) has fostered technical assistance in watershed assessment 
using geospatial tools to states, tribes, local watershed groups and other 
partners across the nation. Among these efforts have been the development 
of the Healthy Watersheds Program (HWP), which has helped foster greater 
watershed protection through a systems-based approach, and Recovery 
Potential Screening (RPS), a technical approach and tool that has been applied 
in over half the states to comparatively evaluate watershed indicators in 
planning for restoration and protection. EPA’s Region 4 (Southeast) Office has 
partnered with OW and further contributed the development of the Watershed 
Index Online (WSIO), a national watershed indicators database and tool 
for comparative assessment at the HUC12 scale. All of these projects have 
generated numerous state, local and national scale applications of watershed 
assessment individually, for many years. Now, the EPA Office of Water is 
integrating these three activities in new ways to promote their more effective 
coordination, and increase their usage by state, tribal and local watershed 
organizations pursuing integrated approaches to restoration and protection. 
This oral presentation summarizes the high points of this programmatic 
integration and relates them to the other presentations in this special session. 
Examples include: the recent updating of the HWP, RPS and WSIO 
websites under an umbrella watershed analysis structure, the development 
and distribution of RPS geospatial analysis tools to all of the lower 48 states, 
and assistance in applying these tools to protection and restoration priority-
setting; institution of the new Healthy Watershed Grants Consortium to 
promote watershed protection activities; and the ongoing Preliminary Healthy 
Watersheds Assessments in the lower 48 states.

Lake Observer: Harnessing the Power of 
Collaboration, Citizen Science and Mobile App 
Technology to Advance Understanding of Lake 
Ecosystems

Kathleen C. Weathers1, Kenneth Chiu2, Holly A. Ewing3, and Lisa Borre1

1Cary Institute of Ecosystem Studies, Millbrook, New York; 2SUNY 
Binghamton, Binghamton, New York; 3Bates College, Lewiston, Maine

Abstract
Climate change is already having an impact on lakes in the United States 
and across the globe. In the absence of a comprehensive assessment, our 
understanding of the extent of impact to freshwater lakes and the implications 
for management is hindered in part by the lack of data in an accessible format. 
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There remains enormous untapped potential in the contributions of water 
quality- and climate-related data from volunteer monitoring programs, citizen 
scientists, and research scientists.

National and global initiatives are underway to advance understanding of lake 
ecosystems through collaborations between citizen scientists and the research 
community. The Global Lake Ecological Observatory Network (GLEON) 
has partnered with USGS and Esri as part of the White House Climate Data 
Initiative to develop the Lake Observer mobile app and create a crowdsourcing 
platform to facilitate the collection and sharing of lake- and water-related 
information. GLEON has also partnered with USEPA and the North 
American Lake Management Society (NALMS) to use the app for the annual 
Secchi Dip-In event and make collected data publicly available for the first 
time via the Water Quality Portal.

This talk will explore questions such as: (1) How can existing volunteer 
monitoring networks use new technologies such as mobile apps and low-cost 
sensors to share data nationally and globally? (2) How can crowd-sourced 
and historical data on water quality, ice cover, cyanobacteria, and weather be 
used to advance scientific understanding of lake ecosystems and help inform 
management decisions in a time of global change? and (3) How do we harness 
the power of collaboration and citizen science to address data gaps?

Supporting STEM and Citizen Water Quality 
Monitoring Through Self Developed and Produced 
Technology

Erickson Burres
SWRCB-Clean Water Team, Los Angeles, California

Abstract
Citizen Monitors and STEM (Science, Technology, Engineering and Math) 
Programs can collect data and answer environmental monitoring questions. 
Support tools that incorporate methodology, training, quality control, data 
management and data sharing greatly increase the likelihood that monitoring 
efforts will be successful and produce useable data. The Clean Water Team, 
California’s Citizen Monitoring Program, has developed and produced several 
web-based and e-tool applications addressing these needs by using “off the 
shelf ” computer programs to create customized solutions. The products we 
have developed can be used by monitors outside of California can also serve as 
models for your DIY efforts to support volunteer monitoring and STEM.

Advocating and Achieving Regional Data 
Comparability: Southwest Florida’s Regional Ambient 
Monitoring Program

Natasha Dickrell, Dave Karlen, and Matt Jablonski
Pinellas County, Clearwater, Florida

Abstract
The presentation will focus on the success of the Southwest Regional Ambient 
Monitoring Program for over 20 years as a voluntary collaboration.

A brief overview of the formation of SWF RAMP will be presented to 
highlight the initial efforts of the Tampa Bay Estuary Program to bring entities 
together for a directed focus on improving surface water quality in Tampa Bay.

The mission and organization of the group will be presented to outline the 
foundation of advocating and achieving regional data comparability. The 
mission is “to foster cooperative participation of regional monitoring program 
staffs to improve comparability of surface-water sample collection, in situ 
field measurements, and laboratory methods used by surface water quality 
monitoring programs in southwest Florida marine and freshwater systems.” We 
will discuss the importance of sharing the comparison data while protecting 
anonymity. This promotes true collaboration without fear of judgment or 
performance based competition. The goal is to provide a forum to investigate, 
discuss, and explain anomalies and encourage a solution based response.

The SW RAMP program has evolved to include the majority of surface water 
quality components and to support innovative ideas. To illustrate this evolution 
we will offer specific anecdotal examples in regards to the following successes in 
data comparability:

•	 How laboratory analyses have been improved based on the split sample 
comparisons (i.e., matrix interferences with TSS analysis, color method 
comparisons, equipment and procedure recommendation and advising).

•	 How discussions foster cooperation and communication between field and 
laboratory staff (e.g., 1% is lab error; 99% is field conditions) to provide 
insights to improve QA data explanation and enable data users to ask the 
“right” questions about data results and statutory or regulatory requirements.

•	 How partnerships strengthen water-quality monitoring programs because 
topics of concern, individual successes, regional implications, and career 
development opportunities are discussed to realize consensus. The program 
provides the opportunity to formulate ideas or requests, present questions 
about interpretation, and foster improvement of results in a non-competitive 
environment.

The presentation will highlight the value developed over the years and give 
insight for other regions attempting to develop collaborative programs.

J7 Approaches for Determining Biological 
Condition
10:30 am – 12:00 pm | Room 23

Influence of Antecedent Streamflow Conditions on 
Detecting Trends in Biological Communities

Robert Zuellig
US Geological Survey, Fort Collins, Colorado

Abstract
Abstract: A goal of many biological monitoring programs is to detect changes 
in aquatic community characteristics over time. Samples are often collected 
annually within a predetermined index period to help standardize sampling 
conditions and account for life-history patterns among years. Returning 
each year within the index period; however, does not guarantee identical 
communities and conditions are present at the time of sampling. Site-specific 
conditions (such as streamflow and water temperature) that facilitate life 
history events (such as emergence and spawning) and influence community 
composition at the time of sampling often vary annually; thus, making it 
more difficult to detect and explain trends in aquatic communities. Diatom, 
fish, and invertebrate data from 49 sites sampled from 1993 to 2012 by the 
US Geological Survey’s National Water-Quality Assessment Program were 
compiled to examine the influence of antecedent streamflow conditions on 
trends in biological community composition. Biological metrics describing 
community structure were calculated along with hydrology metrics describing 
antecedent streamflow magnitude and variation 15, 60, and 240 days prior to 
sampling. For each site, biological metrics were paired with the antecedent 
streamflow metric having the highest correlation. Paired metrics were then 
regressed using a linear model. Adjusted biological metric values (residuals) 
were extracted from each regression and tested for time trends using non-
parametric statistics. Comparisons were made between trends in biological 
communities before and after adjustment for antecedent streamflow. 
Preliminary results suggest that adjusting biological metrics for antecedent 
streamflow conditions may enhance the ability to detect and explain trends in 
aquatic community structure.
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Determining the Impacts of Temporal Variability on 
Field and Chemical Water Quality Parameters Within 
a Probabilistic Monitoring Sampling Frame

Jason Hill, Emma Jones, Mary Dail, and Lawrence Willis
Virginia Department of Environmental Quality, Roanoke, Virginia

Abstract
Biological communities, water chemistry, and physical habitat parameters 
vary spatially across Virginia. Physical habitat parameters and biological 
communities are relatively stable unless altered by changes in flow or human 
disturbance. Water chemistry parameters such as dissolved oxygen, temperature 
and pH fluctuate naturally throughout the day. Bacteria, nutrients and solids 
measurements are primary examples of parameters that show a high degree of 
temporal variation based on hydrologic conditions and watershed disturbance.

USEPA’s National Aquatic Resource Surveys (NARS) and the Virginia 
Probabilistic Monitoring program are designed to characterize an entire 
region’s stream condition. Capturing spatial variability is an important part 
of describing stream conditions. Based on the survey design, streams are 
typically sampled only once per year, but certain parameters have temporal 
variability built into their associated water quality criteria. For example, 
Virginia’s bacteria criteria have an allowable temporal exceedance rate so that a 
water body can exceed the numeric criteria value for a limited amount of time 
without resulting in a water quality standards violation. To accurately estimate 
the extent of bacteria violations at probabilistic sites, a temporal component 
must be included. In 2013 and 2014, monthly sampling was performed at 80 
probabilistic sites in order to determine the impacts of temporal variability 
on Virginia estimates of aquatic stressors. Monthly sampling at probabilistic 
sites is planned through 2018. In addition to quantifying spatial and temporal 
concentrations of bacteria, quantification of nutrients and specific conductivity 
will provide valuable insight into the region’s stream condition. Furthermore 
when coupled with the benthic macroinvertebrate community information, 
these new data may help identify relationships between stream condition 
indices and water chemistry.

Persistence of Environmental Reference Conditions: A 
Case Study in the Central United States

Samuel McCord1 and Casey Scott2

1Missouri Department of Natural Resources, Jefferson City, Missouri; 
2Minnesota Pollution Control Agency, Rochester, Minnesota

Abstract
We examined macroinvertebrate community data from 16 reference streams 
in 3 ecoregions in Missouri. Surveys were conducted approximately 12 years 
apart using the same methodology. We tested whether substantial changes in 
community metrics and/or taxonomic composition occurred over that period. 
We used ANOVA to test whether metrics differed between years or between 
other variables, and used NMDS to examine compositional differences among 
samples and the environmental gradients that were most associated with these 
differences. Metrics primarily varied on a seasonal basis, reflecting life-history 
patterns of dominant groups, e.g., chironomids and members of the mayfly and 
caddisfly orders. Variation over the 12-year period most reflected atypically 
high abundance of chironomids in the springs of 1999/2000, but we did not 
observe reduced community quality between the earlier and later (2011/2012) 
survey periods. Taxonomic composition was most related to seasonal differences 
and to land cover characteristics of the study sites. No long-term compositional 
shifts in the macroinvertebrate communities were evident. This may have most 
reflected that water-quality variables did not differ substantially between the 
periods, and that land cover changes between periods were slight. Reference 
conditions remained as indicative of high environmental quality in the later 
samples as in the earlier ones.

Applications of Regional Monitoring Network (RMN) 
Data, Both Now and in the Future

Jen Stamp1, Britta Bierwagen2, and Anna Hamilton3

1Tetra Tech, Inc., Montpelier, Vermont; 2US Environmental Protection Agency, 
Office of Research and Development, Washington, District of Columbia; 
3Tetra Tech, Inc., Santa Fe, New Mexico

Abstract
The United States Environmental Protection Agency (US EPA) has been 
working with its regional offices, states, tribes, and other organizations in the 
Northeast, Mid-Atlantic, Southeast and Midwest US to establish regional 
monitoring networks (RMNs) at which biological, thermal, hydrologic, water 
chemistry and habitat data are being collected from freshwater wadeable 
streams to monitor changes in conditions. RMN surveys build on existing 
bioassessment efforts, with the goal of collecting comparable data that can be 
pooled efficiently at a regional level. In this presentation we highlight some 
of the ways in which biomonitoring programs can use RMN data to track 
climate change effects and supplement Clean Water Act (CWA) programs. The 
synopses are broken down into 1–5, 5–10 and 10+ year time periods.

K1 Continuous Monitoring from Yellowstone to 
the Gulf of Mexico
2:00 pm – 3:30 pm | Rooms 13–14

Geothermal Solute Flux Monitoring Using Electrical 
Conductivity in Major Rivers of Yellowstone National 
Park

Blaine McCleskey1, Dan Mahoney2, Jacob Lowenstern3, and Henry Heasler2

1US Geological Survey, Boulder, Colorado; 2National Park Service, Yellowstone 
National Park, Wyoming; 3US Geological Survey, Menlo Park, California

Abstract
Thermal output from the magma chamber underlying Yellowstone National 
Park (YNP) can be estimated by monitoring chloride (Cl) flux in major rivers 
draining the park. The US Geological Survey (USGS) and the National Park 
Service have collaborated on Cl flux monitoring since the 1970s. Researchers 
collected water samples from the major rivers in YNP, but funding restrictions, 
winter conditions, and the great distances between sites limited the number 
of samples collected annually. The use of electrical conductivity, which is 
relatively easy to measure and can be automated, as a proxy for Cl enables 
a more consistent monitoring of thermal output. In addition, continuous 
conductivity measurements can be used to identify changes in river chemistry 
as a result of geyser eruptions, rain events, or changes in thermal inputs as a 
result of earthquakes or other natural events. It is crucial to accurately quantify 
the relationship between electrical conductivity, Cl, and other geothermal 
solutes (SO4, F, HCO3, SiO2, K, Li, B, and As) along the Madison, Firehole, 
Gibbon, Snake, Gardner, and Yellowstone Rivers. Conductivity measurements 
were made every 15 minutes adjacent to USGS stream gages, allowing for 
the determination of solute fluxes. Depending on the site, we collected 3 to 
6 years of conductivity measurements. Except for some trace elements (Fe 
and Hg), most solutes behave conservatively, and the ratio of geothermal 
solute concentrations is constant. Hence, dissolved concentrations of Cl, SO4, 
F, HCO3, SiO2, K, Li, Ca, B, and As correlate well with conductivity (R2 > 
0.96). The use of conductivity to estimate solute concentrations and fluxes will 
provide a greater understanding of the systematics of the Yellowstone thermal 
output and allow for monitoring of many more solutes at a much higher 
temporal frequency.
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Evaluation of Antifouling Techniques for Water Quality 
Sensors in Coastal Waters

Karen Stull
US Geological Survey, Caribbean-Florida Water Science Center, Lutz, Florida

Abstract
The US Geological Survey streamgage on the Alafia River at Gibsonton, 
Florida (02301721), near the mouth at Tampa Bay, was established in January 
1987. Instrumentation was added in May 2000 to collect continuous water-
quality data, including temperature and specific conductance. The warm 
saline waters are conducive to the rapid growth of many aquatic organisms, 
including barnacles, which attach to exposed surfaces and pose a challenge to 
the collection of high-quality data without large fouling corrections. Several 
techniques were used in an attempt to reduce biofouling of water-quality 
sensors. They include the application of antifoulant paint, the use of a built-in 
biocide dispenser cartridge, use of a copper mesh wrap on the sonde exterior, 
and use of a physical filter to exclude organisms during the sampling process. 
The quality of data collected using each type of antifoulant technique was 
evaluated and compared to data collected by an unaltered control instrument.

Lateral Carbon Flux in Sweetwater Strand, Big 
Cypress National Preserve, Southern Florida

Amanda Booth and Travis Knight
United States Geological Survey, Fort Myers, Florida

Abstract
On global scales, wetlands are generally considered sinks for atmospheric 
carbon dioxide that is retained in the ecosystem to build topography or 
transported laterally via overland flow. Lateral carbon fluxes are difficult to 
measure, in practice, due to field logistics, cost and technical difficulties. Lateral 
carbon fluxes are currently being measured into and out of Sweetwater Strand, 
located at mile 5.0 along Loop Road, south of Tamiami Trail (US 41) and 
west of the Florida Everglades. These measurements will provide scientists 
and resource managers with insights on carbon cycling in subtropical forested 
wetlands, including responses to local and regional disturbances such as climate 
change, sea level rise and changes to water deliveries due to restoration efforts.

Lateral carbon fluxes into and out of Sweetwater Strand are measured at 
two fixed locations. Specifically, carbon inflow is measured at Bridge 105 on 
Tamiami Trail and outflow is measured at Sweetwater Strand along Loop 
Road just south of Monroe Station. Continuous measurements of temperature, 
specific conductance, turbidity and fluorescence of dissolved organic matter are 
collected at these fixed monitoring stations. These continuous water-quality 
data will be used to develop surrogate models of carbon concentrations and 
fluxes into and out of Sweetwater Strand. Discrete dissolved and particulate 
organic and inorganic carbon samples are collected monthly at each of these 
locations. Additionally, discrete water-quality data and discharge measurements 
are collected monthly at each bridge and culvert along US 41 and Loop Road. 
Provisional results indicate the highest dissolved organic carbon concentrations 
occur during the “first flush” or transition from the dry season in late April or 
early May to the wet season.

High Frequency Monitoring of Diel-Cycling and 
Episodic Hypoxia in Northern Gulf of Mexico Estuaries

Brandon Jarvis, James Hagy, John Lehrter, Michael Murrell, Diane Yates, 
and George Craven
US Environmental Protection Agency, Gulf Breeze, Florida

Abstract
Eutrophication of coastal ecosystems is a longstanding environmental concern, 
exacerbated by population growth and associated nutrient pollution, and 
ultimately resulting in increased incidence of hypoxia. Shallow and highly 
productive estuaries and embayments are particularly susceptible to diel-cycling 
hypoxia, associated with day-night cycles of production and respiration, which 

can cause extreme excursions in dissolved oxygen (DO) concentrations from 
anoxia to super-saturation within a single day. Diel oxygen dynamics in these 
systems are complex, and may be influenced by wind forcing, vertical and 
horizontal mixing, variation in freshwater inflow, cloud cover, and temperature. 
This study utilized discrete and high frequency water quality measurements to 
characterize the temporal and spatial variations of periodic hypoxia in three 
northern Gulf of Mexico Estuaries (Weeks Bay, Alabama; Wolf Bay, Alabama; 
and Fowl River, Alabama). Dissolved oxygen varied strongly on a diel basis 
throughout late spring and summer, with periods of sustained low oxygen (> 
24 h) observed in all three systems. The duration and persistence of hypoxia 
further varied in response to changing salinity regimes and regional weather. 
These results underscore the dynamic nature of hypoxia in shallow estuarine 
systems, and highlight the importance of combining fixed site continuous 
monitoring data with spatial hydrographic surveys to accurately resolve DO 
dynamics.

K2 Effectiveness of Nutrient Reduction Strategies
2:00 pm – 3:30 pm | Room 18

TMDL Nutrient Targets for Nearshore Waters of Lake 
Pend Oreille Idaho – An Evaluation Using Long-Term 
Trophic and Periphyton Productivity Monitoring Data

Kristin Larson and Robert Steed
Idaho Department of Environmental Quality, Coeur d’Alene, Idaho

Abstract
Lake Pend Oreille is the largest and deepest natural lake in Idaho and the 5th 
deepest and 8th largest lake in the United States. While trophic conditions 
in the open waters of the lake have not changed since the 1950s, data suggest 
that the trophic status of the nearshore areas of Lake Pend Oreille is changing, 
and development may be impacting water quality and productivity in the 
nearshore waters of the lake. In 2002, EPA approved the Total Maximum Daily 
Load (TMDL) for Nutrients for the Nearshore Waters of Lake Pend Oreille, Idaho. 
The TMDL addresses mitigation of increasing anthropogenic eutrophication 
along the shoreline of Lake Pend Oreille. In 2014, Idaho Department of 
Environmental Quality conducted a review of the TMDL to answer the 
following questions:

1.	 What is the trend in water-quality parameters in the nearshore waters of 
Lake Pend Oreille?

2.	 The TMDL states nearshore water of Lake Pend Oreille shall be free of 
excess nutrients that produce excess slime. Is this objective being met?

3.	 How do the water-quality targets in the TMDL relate to productivity in the 
nearshore waters of Lake Pend Oreille?

4.	 The TMDL assumes that the dominant factor affecting nearshore water 
quality is loading from the immediate nearshore drainage area, not from 
tributaries. Is this assumption valid?

5.	 What practices have been implemented to reduce pollutants from entering 
the lake?

The TMDL review included a long term trend analysis of water quality and 
periphyton productivity monitoring data. As a resource agency with fluctuating 
monitoring resources over the years, the data analysis presented challenges due 
to gaps in the long-term data set. Nonetheless, the TMDL review provided 
valuable incites into trends in trophic and productivity conditions of the lake, 
whether TMDL targets are appropriate for protection of beneficial uses, and 
whether the TMDL targets are being met.
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Edge-of-Field Monitoring Program to Evaluate 
Agricultural Conservation Practice Perfromance in 
the Lake Champlain Basin

David Braun and Julie Moore
Stone Environmental, Montpelier, Vermont

Abstract
Vermont’s Lake Champlain is considered impaired by excessive phosphorus 
(P), with several shallower bays experiencing harmful algal blooms that render 
them unfit for recreational use and/or as a water supply. Nonpoint source 
P lost from agricultural land is a substantial component (40%) of the lake’s 
annual P load. Although unprecedented investments have been made in recent 
years implementing agricultural conservation practices, these efforts have 
not yet yielded desired water quality results. In 2012, the Vermont Agency 
of Agriculture, in partnership with USDA NRCS, the Vermont Agency of 
Natural Resources, and the Lake Champlain Basin Program, initiated the 
Agricultural Practice Monitoring and Evaluation Program to evaluate the 
effects of conservation practices on runoff losses of nutrients and sediments at 
the field scale.

Runoff monitoring stations are being operated at the edge of 12 fields in the 
Lake Champlain Basin. Monitoring will end in December 2015. The following 
preliminary findings are based on the first 18 months of monitoring. Updated 
findings will be developed in early-2016 and incorporated into the final 
presentation.

•	 Application timing relative to rainfall is critical. Events closely following 
manure application produced very high nutrient concentrations in runoff. 
Maximum event mean concentrations (EMCs) of 15,560 µg/L total P and 
100.6 mg/L total N were measured.

•	 Despite high concentrations, only a small fraction (maximum of 2%) of the 
P applied in manure was lost when runoff immediately followed manure 
application.

•	 Total P EMCs were lowest in runoff from well-established hay fields, but 
were nevertheless an order of magnitude greater than surface water quality 
criteria.

•	 Across the study watersheds, total P and total dissolved P EMCs were 
positively correlated with soil phosphorus levels (R2 = 0.82).

•	 Across the study watersheds, higher total suspended solids EMCs were 
measured in runoff from corn fields (mean TSS EMCs = 48.3 - 145.9 
mg/L) than from hay fields (mean TSS EMCs < 30 mg/L), demonstrating 
lower erosion rates.

•	 The majority of P in runoff was in the dissolved form (mean = 65%).

•	 The proportion of N in the dissolved form was generally high (mean = 75%).

Water Quality Monitoring in an Agricultural 
Watershed – Building a Framework to Assess the 
Effectiveness of Conservation Practices

Kenneth Hyer1, James Webber1, J.K. Böhlke2, Judith Denver3, Michael 
Langland4, and Dean Hively5

1US Geological Survey Virginia Water Science Center, Richmond, Virginia; 
2US Geological Survey National Research Program, Reston, Virginia; 3US 
Geological Survey Maryland-Delaware-District of Columbia Water Science 
Center, Dover, Delaware; 4US Geological Survey Pennsylvania Water Science 
Center, New Cumberland, Pennsylvania; 5US Geological Survey Eastern 
Geographic Science Center, Reston, Virginia

Abstract
A detailed characterization of nutrient loads, sources, and in-stream 
geochemical patterns was performed in Smith Creek, a 105 mi2 agricultural 
watershed in Virginia’s Shenandoah Valley, to evaluate the effectiveness of 

conservation practices. Spatial analysis of water-quality monitoring data 
demonstrated differences in stream chemistry between forest and agricultural 
land uses and among shale and limestone geologic features. Streams draining 
steep forested headwaters showed generally dilute chemistry, and made 
minimal contributions to downstream nutrient and sediment loads. In 
contrast, streams draining agricultural areas on the valley floor had variable 
stream chemistry and included a number of headwater limestone springs that 
typically had higher nitrate concentrations than other monitoring locations 
in the watershed. Based on their discharge and location, these springs had 
a significant contribution to the downstream total nitrogen load and were 
geochemically unique from other sampling locations. Nitrate isotope data from 
these springs and calculated nutrient inputs based on surrounding land-use 
indicated that manure is likely the dominant source of nitrogen within the 
watershed. Despite the on-going implementation of conservation practices 
within this watershed, long-term (1979–2013) trends demonstrated that nitrate 
concentrations have increased at a rate of approximately 0.01 mg/L per year. 
Based on these analyses, conservation practices that target the management of 
manure in the limestone headwaters of the watershed will likely be the most 
effective methods to reduce nitrogen loadings.

Measuring Water Quality Improvement Due to BMP 
Implementation in Four Oklahoma Watersheds

Jeanette Lamb
Oklahoma Conservation Commission, Oklahoma City, Oklahoma

Abstract
The Oklahoma Conservation Commission (OCC) is the state’s technical 
lead for nonpoint source pollution issues and primary recipient of EPA Clean 
Water Act Section 319 funds. Water quality impairments due to excessive 
nutrient, sediment, and bacteria loading have been documented across the 
state since the early 1990s. The OCC has overseen watershed projects focused 
on implementing best management practices (BMPs) to address these 
impaired waters for nearly 20 years. The focus of the earliest watershed projects 
was implementation of agricultural BMPs in primarily rural areas in the 
northeastern part of the state. An additional project was initiated in 2007 in the 
central part of the state by the rural community upstream of Oklahoma City 
to address impairments in the North Canadian River, which feeds the drinking 
water supply lakes of the most populous area of Oklahoma.

Using a paired watershed and upstream/downstream monitoring strategy with 
continuous, flow-weighted automated water samplers has allowed the OCC 
to document significantly reduced pollutant loadings during and after BMP 
implementation in these high priority watershed implementation projects. 
Collecting continuous, flow-weighted data during a pre-implementation 
period as well as throughout the project period allows calculation of the 
difference between the expected loads and the observed loads and allows for 
improvements to be detected more quickly than with less continuous data.

The four largest Oklahoma priority watershed projects concluded in 2015, and 
the project length and data collection periods ranged from seven to nearly 20 
years. This talk will cover several key points:

•	 A brief description of BMP implementation in these four high priority 
watersheds;

•	 Comparison of the water quality improvements observed using the paired 
watershed design and analysis procedure;

•	 A discussion of how the results differed through time, with thoughts on how 
much monitoring is necessary to detect water quality improvements over a 
long period; and

•	 General lessons learned from these projects that are applicable to other 
programs.
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K3 Found in Space: National Geospatial 
Applications
2:00 pm – 3:30 pm | Room 19

New GIS Platform and Tools for Improved Source 
Water Monitoring and Assessment

Robert McConnell1 and Hank Garie2

1Tampa Bay Water, Clearwater, Florida; 2Corona Environmental Consulting, 
Rockland, Massachusetts

Abstract
Tampa Bay Water operates a large interconnected system including 
groundwater, river withdrawals and desalination to provide drinking water 
for 2.5 million people in the Tampa Bay, Florida region in conjunction with 
ecological protection goals. Surface water withdrawals from the Alafia River 
and Tampa Bypass Canal are critical for meeting environmental stewardship 
goals, but have added significant operational complexity and regulatory 
compliance challenges.

Drinking water utilities are required to meet finished water standards to protect 
public health, but typically have little or no ability to protect water quality 
in raw water supplies. Despite use for public water supply, current State of 
Florida water quality standards for these surface water sources are intended 
only to protect fish and wildlife, and recreational use. In addition, water use 
and pollutant discharge impacts to water quality are regulated by different state 
agencies with independent goals and standards.

Typical source water assessments produce reports that characterize 
water quality, land use patterns and potential drinking water sources of 
contamination, but provide only a snap-shot in time, and are often incomplete 
and out of date very quickly. The current monitoring program incorporates 
discrete and continuous data collected by Tampa Bay Water and different 
local, state and federal entities that are then used to meet source monitoring 
objectives including reliability, immediate operational needs, short and long-
term trend analyses, and assessment of changing watershed conditions. Major 
challenges include identifying and assessing potential contaminant sources, 
accessing data and integrating with related information, managing many 
different types of data, and communicating results.

To meet these challenges, Tampa Bay Water is pilot testing a cloud-based GIS 
platform and information system, WaterSuite™, recently developed specifically 
for drinking water utilities to provide improved and more efficient source water 
assessment, data management and analysis. This system dynamically links 
regularly updated federal, state and local databases for potential contaminant 
sources, chemical risk information and water quality monitoring data, and 
facilitates assessment, reporting and user access.

This presentation will include an overview of the WaterSuite™ pilot 
application for the Alafia and Tampa Bypass Canal sources, data challenges, 
and recommendations for improved monitoring and assessment.

Discovering Geospatial Patterns Using NHDPlus and 
the Water Quality Portal

Laura Shumway
US Environmental Protectin Agency, Washington, District of Columbia

Abstract
The NWQMC-sponsored Water Quality Portal contains over 270 million 
water-quality results from EPA’s STORET, USGS’ NWIS, and USDA’s 
STEWARDS databases. There are infinite research and assessment uses for 
the vast amount of data in the Portal. This session will demonstrate a use 
case for using nutrient data from the NWQMC-sponsored Water Quality 
Portal, in combination with the CWA 303(d) listed waters and NPDES 
permitted facilities, to inform water-quality decisions and sampling priorities. 

This approach leverages the new ATTAINS Strategic Plan measure tracking 
tool, the Catchment Indexing Process (CIP), to identify priority areas using 
NHDPlus catchments. This demonstration is intended to highlight the utility 
of the Water Quality Portal and support the Water Quality Framework 
integration initiative by showing how existing data systems can be used 
together to make informed water-quality decisions.

The National Stream Internet: BIG DATA = Big 
Possibilities

Dan Isaak1, Erin Peterson2, Jay Ver Hoef3, Dave Nagel1, and Jeff Kershner4

1US Forest Service, Boise, Idaho; 2Queensland University of Technology, 
Brisbane, Australia; 3NOAA, Fairbanks, Alaska; 4US Geological Survey, 
Bozeman, Montana

Abstract
The National Stream Internet (NSI) is a network of people, data, and analytical 
techniques that interact synergistically to create information about streams. 
The NSI project was funded by the US Fish & Wildlife Service’s Landscape 
Conservation Cooperative program and has two simple objectives: 1) refine key 
spatial and statistical stream software and digital databases for compatibility 
so that a nationally consistent analytical infrastructure exists and is easy to 
apply; and 2) engage a grassroots user-base in application of this infrastructure 
so they are empowered to create new and valuable information from stream 
databases anywhere in the country. The NSI is needed because accurate, high-
resolution status and trend information does not yet exist for all biological and 
water-quality attributes throughout the 5.5 million stream kilometers in the 
United States. Without that information, prioritization of limited resources 
for conservation and management proceeds inefficiently. In recent decades, 
however, 100s of natural resource agencies have invested millions of dollars to 
collect stream datasets that contain massive amounts of untapped information. 
That information can now be developed inexpensively using nationally 
consistent sets of geospatial data like NHDPlus V2 with new spatial stream-
network models (SSN website: http://www.fs.fed.us/rm/boise/AWAE/projects/
SpatialStreamNetworks.shtml). The SSN models are based on covariance 
structures that account for network topology and consistently outperform 
traditional statistical techniques when used for a suite of applications. SSN 
models also account for spatial correlations among sampling locations—which 
enables their use with databases aggregated from multiple sources—and can 
be used to make spatially explicit predictions at unsampled locations to create 
status and trend assessments for river networks. The NSI website (http://
www.fs.fed.us/rm/boise/AWAE/projects/NationalStreamInternet.html) 
hosts software, data, tools, and tutorials that users need to start creating better 
information for streams in all parts of the country.

Geospatial Products of the USGS National Geospatial 
Program for Lake and Watershed Management

Alan Rea
US Geological Survey, New Cumberland, Pennsylvania

Abstract
The US Geological Survey National Geospatial Program strives to produce 
and deliver geospatial products that meet the needs of a wide variety of users, 
including water resource scientists and managers. Several recent developments, 
including the rollout of the 3Dimensional Elevation Program (3DEP), the 
implementation of the National Hydrography Dataset Plus (NHDPlus) at 
1:24,000 scale, the completion of the National Hydrography Requirements 
and Benefits Study, and the Open Water Data Initiative will provide the water 
resources community with new data and tools to understand and manage water.

The primary goal of 3DEP is to systematically collect enhanced elevation data 
in the form of high-quality light detection and ranging (lidar) data over the 
conterminous United States, Hawaii, and the US territories, with data acquired 
over an 8-year period. The superior elevation information obtained through 
3DEP will be used to develop NHDPlus at the 1:24,000 scale, providing 
accurate watershed and catchment scale landscape information for land 
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management. The HRBS gathered requirements for over 500 mission critical 
activities from all 50 states and 24 federal agencies. This information will drive 
the development of the next generation of hydrography data for the nation. 
Finally, the OWDI is a Department of Interior level initiative to integrate 
time-series observations with geospatial data across agencies to facilitate 
discovery and exploitation of multi-agency data holdings, again on scales 
ranging from local to national.

This presentation will provide an overview of each activity, and an opportunity 
for the NALMS community to provide feedback.

K4 West Coast Connections: From Fresh Water 
to the Sea
2:00 pm – 3:30 pm | Room 20

Monitoring Human Impacts on the Nutrient Dynamics 
in Vancouver’s Streams Using Citizen Scientist Data

Scott Shupe
University of the Fraser Valley, Abbotsford, British Columbia, Canada

Abstract
In the greater Vancouver area (British Columbia, Canada) the seasonal and 
spatial trends in water quality in 50 streams are being monitored by citizen 
scientists and compared to land cover change to identify the impact of 
urbanisation. Since 2013, 177 citizen scientists have been trained to collect 
water quality measurements in streams across the metropolitan area. The 
project started with an initial set of pre-defined sampling locations on streams 
throughout the region, but expanded over time with an increase in the number, 
regional distribution, and interests of citizen scientists. The total amount of 
sample datasets collected reached 650 by mid 2015. These datasets include 
information about nutrient concentrations, sediment loads, algal blooms 
and basic data about land cover and pollution sources. The increase in data 
acquisition by citizen scientists has allowed for an expansion in the variety of 
individual watersheds being studied in terms of urban, forest, and agricultural 
land cover. This increase has improved our ability to define nutrient trends 
across the region as well as locally for a number of transitional watersheds. 
Results to date show that overall average nitrate and phosphate concentrations 
across Metro Vancouver streams exhibit distinct seasonal and yearly differences 
but are overall lower than other cities participating in the FreshWater Watch 
program, most of which have a much higher population density and urban 
land cover percentage. There appears to be clear relationships between nutrient 
concentrations and land cover, but variability in sample size was seen to 
influence the association between water quality and land cover on an individual 
watershed basis, indicating the importance of continued participation of 
the citizen scientists. Impacts of increased urban land cover on nutrient 
concentrations were observed in a number of watersheds and subwatersheds, 
making evident that the continued expansion of Vancouver could have 
important impacts on the quality of the local environment.

What’s in a Bivalve? A Comparison of Contaminants in 
Shellfish on the Oregon Coast

Lori Pillsbury, Kara Goodwin, and Daniel Brown
Oregon Department of Environmental Quality, Hillsboro, Oregon

Abstract
The Water Quality Toxics Monitoring Program at the Oregon Department 
of Environmental Quality analyzed softshell clams and California mussels 
from 18 sites along Oregon’s coast. These two organisms are present coastwide 
and were chosen to represent two different niches in the coastal ecosystems. 
Softshell clams live in the upper estuary in soft muddy substrate. California 
mussels live on the coastal edge in the rocky intertidal zone. Both species are 

recreationally important in Oregon. The DEQ laboratory analyzed the tissue 
samples for legacy pesticides, PCBs, flame retardants, dioxins and furans, and 
selected metals including inorganic arsenic. Multiple sources exist for these 
including regional legacy use, airborne transport, natural geology, and current 
consumer products. This work represents the first coastwide monitoring for 
two shellfish species for this suite of chemical contaminants. Past work by 
the National Oceanographic and Atmospheric Association’s Mussel Watch 
Program only included California mussels and a limited contaminant list. 
Routine monitoring by the State of Oregon Department of Agriculture 
includes only biotoxins such as domoic acid.

Chemical contaminant concentrations varied both spatially along a coastal 
gradient and between species. Mussel samples contained the highest levels and 
greatest variety of legacy chlorinated pesticides, brominated flame retardants, 
and PCBs. Metals were more common in softshell clams. Presence of these 
contaminants in shellfish tissue may be a concern for human as well as 
ecosystem health. The results of the analyses were compared to wildlife and 
human health tissue screening levels. Of greatest concern to human health, the 
inorganic arsenic levels in the softshell clams exceeded the State of Oregon’s 
screening level which triggered a human health consumption advisory for these 
organisms coastwide.

The San Diego Bay Regional Harbor Monitoring 
Program

Chris Stransky
Amec Foster Wheeler Inc., San Diego, California

Abstract
The San Diego Regional Harbor Monitoring Program (RHMP) encompasses 
Dana Point Harbor, Oceanside Harbor, Mission Bay, and San Diego Bay. 
The County of Orange, City of Oceanside, and City of San Diego are 
stakeholders under the lead of the Port of San Diego for RHMP. This effort 
has been conducted in coordination with the southern California bight-wide 
monitoring program managed by the Southern California Coastal Water 
Research Project (SCCWRP), known as Bight ‘13 this year. The RHMP 
includes collection and analysis of surface sediment for chemistry, toxicity and 
benthic infauna at a total of 70 sampling locations. Water column sampling, 
benthic community analyses (using trawls), and special bioaccumulation 
studies are also being conducted as a part of the RHMP. These efforts are 
supporting various regulatory monitoring requirements, as well as on-going 
activities related to a more holistic and integrated assessment of current risk to 
wildlife and humans from bioaccumulative compounds. This presentation will 
highlight the overall goals and challenges specific to the RHMP, as well as the 
key questions addressed as the program evolves over time. Historical activities 
related to changes in environmental conditions in San Diego Bay will then be 
highlighted, emphasizing the importance of regional programs to provide both 
site-specific and large-scale context to better understand overall conditions and 
better prioritize future efforts.

Potential Impacts Upon the Rocky Intertidal 
Community of the La Jolla ASBS from Short-Duration 
Exposures to Storm Water Runoff

Dan McCoy1 and Shannon Jarrell2

1Weston Solutions, Carlsbad, California; 2Scripps Institution of Oceanography, 
La Jolla, California

Abstract
As part of a larger ASBS study for the City of San Diego, Weston Solutions 
conducted chemical analyses and toxicity testing on water collected from the 
rocky intertidal zone of the La Jolla Area of Special Biological Significance 
(ASBS) during a storm event to understand if short-duration exposures to 
freshwater and contaminants contained in stormwater may be toxic to intertidal 
species. Water samples were collected over the course of a storm event (i.e., 
pollutograph) directly from a storm drain outfall as well as from the ocean 
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receiving waters in the ASBS near the point of discharge. The water samples 
were then used in the laboratory to mimic the exposure to storm water that 
marine test species living in the rocky intertidal region of the ASBS (e.g., 
abalone, sea urchins, diatoms, bivalves, and mysid shrimp) would experience 
over a tidal cycle (i.e., 6 h stormwater exposure followed by an intertidal 
seawater flush for the duration of the test). Results indicated that short-term 
exposure to point sources of freshwater during storm events are a likely driver 
for toxicity for several species of native intertidal invertebrates.

Additional studies performed by Shannon Jarrell from Scripps Institution 
of Oceanography investigated potential impacts of storm water exposure 
upon resident meiofauna living within the intertidal turf community of 
the ASBS during two storm events using in situ and ex situ testing. Results 
from this study found that survivorship of meiofauna decreased following 
exposure to both freshwater and storm water effluent (freshwater runoff plus 
contaminants); however, these results were not statistically consistent between 
the two storm events. While meiofaunal survival was reduced in the shallowest 
tidepools and in freshwater and effluent treatments, only results from the 
laboratory components were statistically different among treatements (p < 
0.05). Prolonged exposure to storm water effluent had negative impacts on the 
survival of both micro-invertebrate gastropods and crustaceans. Results from 
this investigation also suggested that exposure to freshwater, rather than the 
exposure to contaminants in storm water, appears to be the driving factor for 
those effects observed in field exposures.

K5 Revealing Impairments with Innovative 
Statistical Methods
2:00 pm – 3:30 pm | Room 21

Advanced Techniques for Automated Statewide 
Surface Water Quality Assessment Using R

Biswarup Guha, Jack Pflaumer, and Joseph Aiello
New Jersey Department of Environmental Protection, Trenton, New Jersey

Abstract
The presentation is an attempt to share the innovative techniques that New 
Jersey has developed to perform statewide water quality assessment for the 
purpose of preparing 303(d) list and 305(b) report which is required under 
Section 305(b) of the federal Clean Water Act to be submit to USEPA on 
a biennial basis (April of even years). The Report describes the overall water 
quality for the 137 parameters for which there are numeric standards and 
support of designated uses. Each cycle, the following lengthy and repetitious 
steps have to be performed: (1) all publicly available data are validated; (2) 
data are prepared and summarized so that assessment with respect to the 
various stream classifications and stream designated uses are appropriately and 
confidently made in accordance to the procedures laid out in the Methods 
document (3) tables and graphs for Integrated reports are created in the format 
per EPA requirements.

In the 2014 305(b) report for New Jersey, for example, more than a million 
grab sample records for more than 400 unique chemical or physical parameters 
from 6000 plus locations in 958 assessment units were publicly available in 
addition to continuous monitoring data from more than 150 stations. In order 
to perform the assessment thoroughly yet efficiently and accurately, NJDEP 
has attempted using automation techniques using R-scripts for 2014 and 2016 
cycles. The presentation will highlight the unique automation techniques to 
screen and validate the data, summarize and present raw data and statistics 
in form of tables, geo-spatial maps and time-series figures and unique way to 
perform comprehensive assessment.

Using Bayesian Methods to Help Identify Impaired 
Waters

Gary Hess
Retired, Albany, California

Abstract
The Clean Water Act requires States to identify surface waters that fail to meet 
water quality standards, and establish total maximum daily loads (“TMDLs”) 
for the waters identified. Under US EPA’s rules each State is to submit, every 
two years, a list of the waters in its jurisdiction for which a TMDL is still 
required, and a description of the methodology it used to develop the list. 
Given the length of stream miles and coastline and lake acreage to be evaluated, 
and the array of pollutant parameters for which each water can be assessed, 
substantial effort is required to identify the waters (frequently referred to as 
“impaired waters”) called for under the Act. States have adopted statutes, rules 
and guidance addressing the methodology to identify its impaired waters. The 
methodologies use a variety of decision criteria, including presumptions to be 
applied, and standards addressing the types of evidence that may be considered, 
the weight that evidence will be given, and amount of evidence needed to find 
a water to be impaired. Several States use null hypothesis testing as part of 
their assessment methodology. However, Bayesian methods are apparently not 
yet widely used to help identify impaired waters. Distinct from null hypothesis 
testing, Bayesian methods seek to determine the probability of hypotheses 
given the data. Used in criminal forensics since at least the 1980s, Bayesian 
methods are also being increasingly employed to support regulatory decisions, 
including FWS Endangered Species Act listings, NOAA-established fishery 
limits, USDA food safety rules, and FDA approval of medical devices. Bayesian 
methods can integrate multiple lines of evidence, treat uncertainty explicitly, 
communicate the confidence in a conclusion more transparently than null 
hypothesis testing, help predict the value of further monitoring or other fact 
gathering, and provide a logical method to update an assessment as future data 
becomes available. Accordingly, additional use of Bayesian methods to support 
impaired water listings may be warranted.

Use of Multivariate Analysis in a State Water 
Quality Monitoring Program for Linking Stressors to 
Biological Impairments

Bob Miltner
Ohio Environmental Protection Agency, Groveport, Ohio

Abstract
Multimetric indexes are used in many states to assess the condition status of 
surface waters, and in some states are used in numeric water quality criteria. 
One of the critiques of relying on biological criteria for impaired waters 
listing is that they are prone to Type II errors; problems may go unrecognized 
until a waterbody becomes biologically impaired. Independent application 
of chemical water quality criteria is supposed to counter that error tendency, 
but at the expense of a high error tendency in the other direction. Of course 
neither should be viewed in isolation; biological impairments need to be 
linked to stressors. And in the context of a robust monitoring program that 
includes biological, chemical and physical measures, burgeoning problems 
can be detected. Multivariate analysis of watershed monitoring data helps to 
link impairments to stressors. Overlaying a matrix of environmental variables 
on an ordination of biological assemblage data allows one to quickly visualize 
which stressors are associated with which sites, and to identified which stressors 
are most proximate in terms of causing impairment to individual sites. This 
also resolves the tension between biological criteria and chemical criteria in 
that sites that pass a biological criterion may cluster in ordination space with 
failing sites, thereby allowing one to identify potentially stressed sites. Being 
able to visualize how sites group in ordination space also helps to narrow-
down the specific sites – essentially the “outliers” on the ordination plot – that 
need further monitoring or more detailed investigation. A case study of how 
multivariate analysis is used in a watershed assessment from Ohio is presented 
to illustrate these points.

Abstracts – Thursday



Working Together for Clean Water 71

A Triage Approach Using Statistical Inference to 
Prioritize Actions in Response to Water Quality 
Impairment Listings

Mike Wessel
Janicki Environmental, Inc., St. Petersburg, Florida

Abstract
Florida has recently revised its water quality standards and compliance with 
these standards is based on the calculation of annual geometric averages 
from routinely collected water quality data. Like most routine water quality 
monitoring programs there is often a limited number of samples from which 
to calculate the geometric average used to compare to the standard leading to 
uncertainty in the true value of the geometric mean underlying the sample. 
However, this uncertainty is not accounted for in application of Florida’s 
listing process for impaired water and can result in the false declaration of 
impairments leading to an inefficient and sometimes unnecessary process of 
implementing regulatory actions to reduce pollutant loads to these systems. 
The objective of this project was to determine the ability of Pinellas County’s 
(County) current sampling design under its current sampling intensity to 
declare with statistical certainty that a waterbody is actually in exceedance of a 
state water quality standard. Statistical power analysis was conducted based on 
County ambient monitoring data collected in waterbodies (WBID) classified 
by the Florida Department of Environmental Protection as Class 3F, indicating 
fresh water streams and lakes. The water quality parameters assessed included; 
chlorophyll a (µg/l), total nitrogen (mg/l), total phosphorus (mg/l), and 
dissolved oxygen percent saturation (%sat). Results suggested that intra-annual 
variation in water quality along with limited sampling intensity to capture the 
true average can result in the false declaration of impairment and subsequent 
misclassification of many water bodies whose underlying distribution may not 
be truly exceeding the water quality standards. Total phosphorus outcomes 
were particularly sensitive to statistical uncertainty and accounting for this 
uncertainty could delist many WBIDs for TP impairments. The results will 
allow resource managers to utilize statistical inference to evaluate the results 
of these listing in a triage approach by identifying these false positive results 
in order to allocate effort where it is most appropriate when considering 
the implementation of Total Maximum Daily Loads (TMDLs) and Basin 
Management Action Plans (BMAPs) for waterbodies under their stewardship.

K6 Criteria and Threshold Development
2:00 pm – 3:30 pm | Room 22

A Diatom-Based Biological Condition Gradient (BCG) 
Approach for Assessing Impairment and Developing 
Nutrient Criteria for Streams

Donald Charles1, Sonja Hausmann1, Thomas Belton2, and Jeroen Gerritsen3

1Patrick Center for Environmental Research, Academy of Natural Sciences of 
Drexel University, Philadelphia, Pennsylvania; 2Office of Science, New Jersey 
Department of Environmental Protection, Trenton, New Jersey; 3Tetra Tech, 
Inc., Owings Mills, Maryland

Abstract
The US Environmental Protection Agency (EPA) encourages use of the 
Biological Condition Gradient (BCG) conceptual model (Davies and Jackson 
2006) to develop scientifically defensible regulatory guidelines for aquatic life 
designated uses and biotic integrity . The BCG categories represent a range 
of ecological conditions from natural (1) to highly disturbed (6). Our group 
applied this approach to periphytic diatom communities in the state of New 
Jersey. They also used diatom assemblage – water chemistry data for 1443 sites 
in surrounding Mid-Atlantic states. A panel of experts on use of diatoms as 
ecological indicators assigned diatom taxa to one of six BCG attributes; they 
also assigned 57 New Jersey river and stream sites in five ecoregions to BCG 
categories based on diatom assemblage composition. Rules were developed 

to assign new diatom samples to BCG categories. An independent follow-up 
study with an additional 42 sites in northern New Jersey was performed to test 
these rules. Agreement between rule-based BCG scores and expert panel scores 
was 95% for the original calibration samples, and 79% for the test samples.

The EPA requires that states develop numeric nutrient criteria. To develop 
potential criteria for phosphorus and nitrogen, we explored the relation of 
BCG scores of the 42 test sites to nutrient concentrations, other anthropogenic 
stressors, and possible confounding variables. The BCG scores correlated most 
strongly with total phosphorus (r = 0.69) and the percentage of forest in the 
watershed (r = -0.62), but were independent from pH. We used a numerical 
zonation procedure and Threshold Indicator Taxa Analysis (TITAN) to 
determine if there were change-points in the diatom communities along the 
BCG gradient. Significant diatom changes occurred at a BCG score near, but 
lower than 4, which is defined as exhibiting moderate changes in structure and 
function. Sites with BCG scores lower than 4 were dominated by attached 
species, while sites with BCG score of 4 or greater were dominated by motile 
species. The diatom change-point corresponded with a total phosphorus 
concentration of about 50 µg/L. Nutrient concentrations associated with 
BCG-defined boundaries between impairment categories varied by geographic 
sub-regions.

Approaches in Monitoring and Assessment for 
Statewide Adoption of the Biotic Ligand Model to 
Derive Aquatic Life Criteria for Copper in Oregon

James McConaghie, Andrea Matzke and Michael Mulvey
Oregon Department of Environmental Quality, Portland, Oregon

Abstract
The Oregon Department of Environmental Quality is considering statewide 
adoption of the Biotic Ligand Model (BLM) to replace its currently effective 
hardness based criteria for copper. This is in response to the US Environmental 
Protection Agency’s 2013 disapproval of Oregon’s hardness based aquatic life 
criteria for copper, which does not consistently protect aquatic species given 
certain water chemistry conditions. The National Marine Fisheries Service’s 
biological opinion also concluded that hardness based criteria would cause 
jeopardy to Oregon’s threatened and endangered species. Oregon is unique in 
being one of the first states to consider adopting copper criteria based solely 
on the BLM, rather than phase it in alongside existing hardness-based criteria. 
The BLM is innovative in providing highly accurate criteria that are protective 
of lethal and sub-lethal effects of copper while also being tailored to specific 
water chemistry conditions. However, the additional monitoring and data needs 
required to parameterize and run the model are considerably more complex 
than the hardness-based approach it supersedes. Therefore, the increased 
accuracy of this model comes at the cost of expanded monitoring and data 
requirements. Oregon has adapted its existing ambient and toxics monitoring 
programs to collect sufficient data to evaluate the model and characterize 
the spatial and temporal variability of key parameters. This presentation will 
provide an overview of the state’s BLM parameter monitoring program, the 
evaluation of model sensitivity to variability of water quality parameters, and 
procedures the Oregon Department of Environmental Quality developed to 
incorporate data from sets of incomplete parameters and methods to estimate 
certain model parameters when data is not available. We will also compare 
BLM-based criteria to the existing hardness-based criteria, which are generally 
more stringent. Finally, we will describe the adoption of probabilistic methods 
for assessment and incorporation of the high spatial and temporal variability of 
BLM criteria into Oregon’s water quality standards.
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The Application of Continuous Monitoring to 
Chlorophyll a Criteria Derivation, Evaluation, and 
Implementation

Tish Robertson1, Kenneth Moore2, and Peter Tango3

1Virginia Department of Environmental Quality, Richmond, Virginia; 
2Virginia Institute of Marine Science, Gloucester Point, Virginia; 3US 
Geological Survey/Chesapeake Bay Program Office, Annapolis, Maryland

Abstract
The need for scientifically defensible chlorophyll criteria has drawn 
increasingly more attention as jurisdictions tackle the challenge of controlling 
eutrophication, particularly in coastal estuaries. Algae blooms arising from 
nutrient pollution can harm aquatic life by altering the physicochemical 
properties of water. Elevated pH, low and excessively high dissolved oxygen 
levels, and reduced water clarity are problems commonly associated with 
nuisance algae growth, and thus make ideal endpoints for quantifying 
eutrophication. However, these parameters are highly variable and may not 
always be properly characterized through traditional monitoring. Using data 
collected over three years in three major tributaries of the Lower Chesapeake 
Bay, we illustrate the precise level of site characterization that ConMon enables 
in the context of algae and physicochemical endpoints. We found that the 
duration and distribution of algae blooms and physicochemical responses varies 
widely among the six study sites, despite the fact that they are all considered 
to be eutrophic – a finding which underscores the importance of both site-
specific criteria and sensitive monitoring techniques. Additionally, we present 
an empirical model that uses high-frequency data to evaluate the protectiveness 
of existing chlorophyll a criteria in relation to pH and DO percent saturation. 
A similar approach could be employed elsewhere to derive new criteria that are 
site-specific and based on best science.

N-STEPS into Stream Nutrient Thresholds – Analysis 
of Numerous Biological and Diel Dissolved Oxygen 
Response Variables for Threshold Development

Seva Joseph1 and Ben Jessup2

1New Mexico Environment Department, Santa Fe, New Mexico; 2Tetra Tech, 
Inc., Montpelier, Vermont

Abstract
Development of nutrient criteria has been an important, ongoing effort for 
States, Tribes and EPA. Methods for developing and implementing numeric 
nutrient thresholds have evolved over time. Given the potential cost associated 
with implementation, use of frequency distributions alone is unsatisfactory 
since there is no linkage to impairment of aquatic systems. The Surface Water 
Quality Bureau (SWQB) of the New Mexico Environment Department 
(NMED) with the assistance of Tetra Tech through EPA’s N-Steps program 
has identified nutrient threshold values for wadeable perennial streams 
utilizing regional data, reference conditions, links between cause and response 
variables, and verified classification systems. Documenting metric conditions 
that are similar to conditions observed in reference sites is a reliable indicator 
that designated aquatic life uses are being supported. The analysis included 
definition of reference sites and development of a site classification system. 
Candidate thresholds for total nitrogen and total phosphorus were derived 
by defining the relationships between nutrient concentrations and response 
variables (i.e., stressor-response relationships) in each site classification. 
Response variables included diatom and benthic macroinvertebrate 
assemblages, dissolved oxygen (DO), and chlorophyll a concentrations. A 
number of different diel DO metrics were explored, including overall minimum 
DO, maximum daily fluctuations, standard distribution statistics, maximum 
productivity and respiration, and system metabolism calculated as gross primary 
production and ecosystem respiration. The statistical techniques for relating 
stressors with responses included correlation analysis, regression interpolation, 
and change-point analysis. Reference conditions and stressor-response 
relationships were used to define numeric nutrient thresholds which are used to 
interpret New Mexico’s narrative nutrient criterion for use in Clean Water Act 

§303(d) assessments. As a result of the N-STEPS analysis, SWQB will update 
its nutrient assessment protocol for wadeable perennial streams. A draft of the 
new protocol which uses the bio-confirmation/combined criteria approach 
proposed by EPA will be presented.

K7 Moving Forward in Volunteer Monitoring by 
Learning from the Past
2:00 pm – 3:30 pm | Room 23

The Value of Volunteer Collaborations

Diane Switzer
US Environmental Protection Agency, New England Regional Lab, North 
Chelmsford, Massachusetts

Abstract
For over 25 years, EPA’s New England Regional Office has been supporting 
volunteer monitoring organizations and encouraging collaborations with EPA, 
state and tribal partners. In efforts to support both state coordinated, academic 
and other volunteer monitoring organizations, there have been a variety of 
approaches over the years, beginning with assistance in having quality assurance 
documentation and project plans, supporting groups with laboratory analysis 
of samples, loaning equipment that helps meet relevant state data quality 
requirements and, more recently, collaborating on cyanobacteria monitoring 
and method development. With growing interest in “Citizen Science”, the 
experience of knowing and valuing the contributions and collaborations by 
states and EPA is a great foundation for reflecting on data sharing challenges, 
lessons learned, successes to celebrate, and visions of future collaborations.

Lessons Learned from Building and Supporting 
Volunteer Engagement in a Regional Monitoring Effort

Holden Sparacino
Alliance for Aquatic Resource Monitoring, Carlisle, Pennsylvania

Abstract
In 2010 the Alliance for Aquatic Resource Monitoring (ALLARM) developed 
a volunteer-based protocol with the goal of monitoring small streams and 
their watersheds for early detection of the impacts from shale gas extraction in 
Pennsylvania. With its shale gas initiative, ALLARM expanded its geographic 
reach to working statewide in Pennsylvania and the southern tier of New 
York. With a rapid expansion in the shale gas program, ALLARM had to 
strike a balance between providing quality follow up support to volunteers and 
organizational resources. Immediate challenges included distance (community 
partners live 3–5 hours away), time commitment to meet with monitors, and 
resources for transportation and housing on multi-day trips to meet with 
or train community members. In order to meet the long distance needs of 
its community groups, ALLARM had to develop diverse communication 
strategies to ensure that the integrity of the program and data quality were 
maintained.

Five years later, ALLARM’s shale gas program is going strong, having provided 
over 60 trainings to communities and working with communities in thirteen 
Pennsylvania counties to help answer questions around impacts on streams 
from shale gas development. Volunteer retention and collaboration has been 
maintained through:

•	 Going to ‘where’ the volunteers are: using volunteers’ preferred 
communication whether that means phone, email, social media or 
conference calling to sustain regular contact is integral for consistent 
volunteer support.
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•	 Convenience for monitors: ALLARM visits all groups in person twice a 
year, which coincides with quality assurance sample and data collection 
schedules.

•	 Integration of meetings: when ALLARM is on the road, usually it is to visit 
2–3 groups at once to be efficient with staff time and resources.

•	 Data management: ALLARM is currently developing an online data portal 
where monitors will be able to submit and view all their data, in addition to 
data from other groups.

Session participants will be exposed to volunteer management strategies built 
upon lessons learned in ALLARM’s shale gas program. Through diverse 
and integrated outreach strategies volunteers can receive the technical and 
programmatic assistance they need to effectively monitor their waterways.

The Past, Present, and Future of the Secchi Dip-In

Lauren Salvato1,2

1North American Lake Management Society, Madison, Wisconsin; 2Indiana 
University, Bloomington, Indiana

Abstract
The North American Lake Management Society (NALMS) took over the 
Secchi Dip-In in March 2015 after twenty-one years of operation under 
Dr. Robert Carlson of Kent State University. The Secchi Dip-In was created 
to enable volunteers to submit water clarity measurements to an online 
database and see how their data compare on a variety of scales – regional 
to international. The program has also been utilized for volunteers to begin 
monitoring efforts and to increase monitoring efforts within their communities. 
In the midst of underfunded state volunteer monitoring programs, the Secchi 
Dip-In has served as a place for volunteers to continue submitting their data. 
Presently, the Secchi Dip-In has experienced a decreasing trend in volunteer 
participation. The first year as a NALMS program, the Secchi Dip-In was in 
a transitional year and continued with the declining trend. At its peak, the 
2001 Dip-In had 3,800 entries with nearly 200 programs and 45 provinces and 
states participating. The twenty-first century has posed different challenges, and 
concluding the 2015 Dip-In, NALMS is working on a new mission statement 
to revitalize the Secchi Dip-In for many years to come.

Lessons Learned from Macrophyte Monitoring 
Program in Indiana

Sarah Powers
Indiana University, Bloomington, Indiana

Abstract
The Indiana Clean Lakes Program Volunteer Lake Monitoring Program began 
in 1989. Since that time volunteer citizen scientist have been collecting data on 
Indiana lakes. Many of these lake data sets represent the longest continual data 
sets on lakes in our state. This data is invaluable.

In the mid 2000s we began to see the need to bring new topics to our citizen 
scientist as well as bringing aquatic invasive species monitoring to the state. 
Many states have had aquatic invasive monitoring programs in place for 
many years, but this had not been the case in Indiana. With support from our 
program sponsor the Indiana Department of Environmental Management we 
began piloting the Indiana Volunteer Invasive Species Monitoring Program in 
2012.

Since development eight workshops have been hosted to train citizens on 
monitoring techniques and plant identification skill. The workshops have 
been very successful with several individuals returning for additional training. 
The program has encountered challenges and taught us many lessons in the 
past four years. Sharing and learning from our experience is vital to continued 
program growth and development moving forward.

L1 Collaborative Approaches to Biological 
Monitoring
4:00 pm – 5:30 pm | Rooms 13–14

Determination of Changes in Water Quality, 
Streambed Sediment, and Benthic Macroinvertebrates 
as a Result of Stormwater Runoff from Selected 
Bridges in South Carolina

Andral Caldwell1, Celeste Journey1, Kevin Conlon2, William Falls1, and 
Jeffrey Riley3

1US Geological Survey, Columbia, South Carolina; 2US Geological Survey, 
Sullivans Island, South Carolina; 3US Geological Survey, Atlanta, Georgia

Abstract
Stormwater runoff from highways may be treated by structural or non-
structural systems before discharging to receiving waters. In South Carolina, 
the majority of stormwater enters receiving waters without treatment through 
evenly distributed bridge deck openings (for example, scuppers). Even though 
numerous studies have been conducted to analyze stormwater quality from 
highways and, to a lesser extent, bridges to receiving waters, no specific studies 
have been conducted in South Carolina. However, the potential exists for the 
quality of the stormwater from bridge decks to be affected by many factors, 
including bridge deck area, daily traffic volume, and atmospheric deposition.

In June 2013, the US Geological Survey, in cooperation with the South 
Carolina Department of Transportation, began a multi-year investigation 
to quantify the downstream changes in receiving water-quality conditions 
during periods of observable stormwater runoff from 6 selected bridge deck 
locations in South Carolina. In 2014, 2 of the 6 bridges were selected and 
representative upstream (not bridge affected) and downstream (bridge affected) 
locations were identified. The receiving water at the bridge deck sites was 
sampled and analyzed for nutrient, metal, polycyclic aromatic hydrocarbon, and 
fecal indicator bacteria concentrations. Water-quality samples were collected 
during 14 non-storm (upstream location only) and 6 storm sampling events 
(upstream and downstream locations), by using a Lagrangian equal-width-
increment sampling protocol. Additionally, comparison of sediment-quality 
conditions and benthic macro-invertebrate community structure at upstream 
and downstream locations from selected bridge decks were used to assess 
cumulative effects of stormwater runoff on receiving water. Preliminary findings 
will be presented.

Stream Macroinvertebrate Monitoring: A Side-by-
Side Comparison of Field Methods, Lab Protocols, 
and Assessment Outcomes from Two Different 
Bioassessment Programs

Elizabeth Smith1 and Richard Mitchell2

1Kansas Department of Health and Environment, Topeka, Kansas; 2US 
Environmental Protection Agency, Washington, District of Columbia

Abstract
Historically, biomonitoring programs across the US have utilized a variety of 
different field and lab protocols to assess biological condition of rivers and 
streams. Understanding how these different protocols influence biological 
assessment outcomes is important when comparing results from different 
regional and national scale studies. In the current study we compared 
benthic macroinvertebrate data collected by Kansas Department of Health 
and Environment (KDHE) during the 2013–14 National Rivers and 
Streams Assessment (NRSA) using both KDHE and NRSA sampling 
protocols. KDHE collected benthic macroinvertebrate samples from a total 
of 41 randomly selected sites. The state of Kansas uses a macroinvertebrate 
monitoring method based on the USEPA’s Rapid Bioassessment Protocols, 
in which targeted habitats over a 150-m reach are sampled for one person-
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hour, and organisms are subsampled in the field. All non-terrestrial taxa from 
the resulting sample are counted and identified. The NRSA protocol entails 
collecting a composite benthic macroinvertebrate sample along a variable-
length reach at 11 randomly located transects. At each transect a kick or 
sweep is collected at one of three positions: right, center, or left of channel. 
The composite sample is then returned to a lab where organisms are sorted 
randomly to a fixed count. This study compares the results of those two sample 
types with respect to taxonomic representation as well as to overall assessment 
results, relating them where possible to differences in stream features (size, 
region, available macrohabitats). Findings are also discussed in the context 
of how much practical effort is required in both field and lab. Inter-agency 
methods comparison studies are important steps toward building a common 
vocabulary and a shared understanding of what factors matter most in 
biological assessment.

An Assessment of Macroinvertebrate Assemblages, 
from 2011–2014, in the Marcellus Shale Region of the 
Susquehanna River Basin

Luanne Steffy
Susquehanna River Basin Commission, Harrisburg, Pennsylvania

Abstract
In 2010, the Susquehanna River Basin Commission established the 
Remote Water Quality Monitoring Network. This program provides 
real-time continuous water quality data for streams potentially affected 
by unconventional gas well drilling in the Marcellus Shale region of the 
Susquehanna River basin. Watershed size ranges from 3–385 square miles 
and sampling locations cover a majority of the Marcellus Shale region in both 
Pennsylvania and New York portions of the Susquehanna River basin. Benthic 
macroinvertebrates were sampled annually at each of the 59 stations beginning 
in 2011. Macroinvertebrates serve as a bioindicator of potential impacts from 
unconventional gas drilling activities and its related infrastructure. Initial results 
from data collected during 2011–2014 show generally consistent patterns in 
macroinvertebrate assemblages across ecoregion, drainage area, and land use, 
which are independent of degree of Marcellus gas well development upstream 
of the sampling site. Measures of gas development were not well correlated 
with macroinvertebrate community metrics across the region. Rather, instream 
habitat, land use and specific water quality parameters were better predictors of 
macroinvertebrate community metrics. An evaluation of the subset of streams 
within the network currently designated as Exceptional Value or High Quality 
streams revealed greater than 80 percent of streams were maintaining the high 
standard of biological integrity required for the special protection status.

A Comparison of Volunteer and Agency Water Quality 
Assessments Using Macroinvertebrate Assemblages

David Petry1, Robert Colombo1, Charles Pederson1, Jeffrey Laursen1, and 
Matthew Young2

1Eastern Illinois University, Charleston, Illinois; 2The National Great Rivers 
Research and Education Center, Alton, Illinois

Abstract
Volunteer stream monitoring has a common method used to increase the 
quantity and frequency of water-quality data collected to answer important 
questions about stream health and temporal trends on wide geographic scale. 
But the same question is often asked-how reliable is volunteer compared to 
professionally-collected data? To answer this question, a study of 16 sites on 
seven streams was conducted in east-central Illinois using Illinois RiverWatch 
(volunteer) and Illinois Environmental Protection Agency (IEPA, professional) 
macroinvertebrate survey methods. Compared to IEPA assessments, 
RiverWatch had few differences in overall macroinvertebrate assemblages, 
but tended to overestimate stream quality. Subsequently, this study supported 
the use of RiverWatch taxa resolution (order to family level) for stream 

assessments. Increasing volunteer sampling effort in additional habitat types is 
recommended to further align volunteer with professional assessments in the 
future.

L2 Effectiveness of Wastewater Management 
Strategies
4:00 pm – 5:30 pm | Room 18

Missouri River Water Quality Monitoring in Relation 
to Combine Sewer Overflow Systems Near Omaha, 
Nebraska, 2012–2015

Brenda Densmore and Kayla Anderson
US Geological Survey, Lincoln, Nebraska

Abstract
In 2012, the US Geological Survey (USGS), in cooperation with the City 
of Omaha, Nebraska, began monitoring the Missouri River near Omaha 
to document water-quality changes in the river as the City improved their 
combined sewer overflow (CSO) system. The monitoring program, with 
both discrete and continuous data collection, had to be designed to address a 
number of challenges: 1) flows from CSOs are a very small portion of the larger 
Missouri River receiving waters being sampled, 2) trend detection is difficult 
because the hydrograph of the Missouri River within a year and between 
years is so variable, 3) contaminates can come from many upstream point 
and nonpoint sources which makes detecting what contaminates are coming 
from the Omaha area and which are coming from upstream sources hard, and 
4) simple grab samples do not represent the actual water quality of the river 
because the Missouri River is not well mixed. To address these challenges, the 
monitoring program consists of four sampling sites on the Missouri River near 
Omaha, Nebraska Monitoring at each site includes monthly discrete isokinetic, 
depth-integrated equal discharge water-quality sampling for nutrients, 
chlorine, biological oxygen demand, and total suspended solids; cross-sectional 
profiles of water-quality parameters; and Escherichia coli grab samples as well 
as continuous monitoring of water-quality parameters and discharge. Each 
discrete water-quality sample collected is classified as wet local or dry local 
and Missouri River high flow or Missouri River normal flow. Data analysis 
now is beginning on the three and a half years of monitoring data collected 
so far. Information recorded during data collection such as local weather 
conditions, Missouri River conditions, days since last rain event, and amount of 
precipitation will be used to classify the data to understand how improvements 
to the CSO system has affected water quality.

Benthic Invertebrate Response to Restoration 
Activities in Paradise Creek, Moscow, Idaho from 
1994–2014

Evan Hornig1, Gary Lester2, and Cynthia Barrett3

1Freshwater Bioassessment Consulting, Seattle, Washington; 2EcoAnalysts, 
Inc., Moscow, Idaho; 3Idaho Department of Environmental Quality, Lewiston, 
Idaho

Abstract
Several stream restoration activities on Paradise Creek within the City of 
Moscow limits have taken place since the mid-1990s. The Idaho DEQ 
Beneficial Use Reconnaissance Project (BURP) has performed biological 
monitoring at several sites in the study reach since 1994. A look at benthic 
invertebrate community condition showed some improvements in relation 
to physical habitat restoration activities within the city limits. Upgrades to 
the City of Moscow wastewater treatment plant resulted in notable changes 
in benthic invertebrate taxonomic composition, including a reduction in 
pollution tolerant taxa and establishment of some pollution sensitive taxa. This 
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presentation will discuss the biological responses to restoration activities, as 
well as the applicability of using benthic macroinvertebrate data to evaluate the 
effectiveness of such actions.

Biological Responses to Changes in Wastewater 
Operations in Streams of the Indianapolis 
Metropolitan Area, Indiana, 1981–2012

Megan Shoda
US Geological Survey, Indianapolis, Indiana

Abstract
Multiple studies were conducted by the US Geological Survey in conjunction 
with Indianapolis Department of Public Works and CWA Authority, Inc.[1] 
programs to reduce combined sewer overflows and other point and nonpoint 
sources of pollution in the Indianapolis area by upgrading wastewater treatment 
facility operations. Intermittently, during 1981–2012, the US Geological Survey 
sampled sites in the White River and several tributaries in the Indianapolis 
metropolitan area for benthic invertebrate and fish communities to assess how 
the upgrades affected stream biology. During 1981–87, one study focused 
on benthic-invertebrate data collection at three sites along the White River. 
During 1994–96, 21 sites, including 10 sites on the White River and 11 on 
tributaries, were sampled for benthic invertebrates; after 1999, up to seven 
sites on the White River and 6 on the tributaries were sampled for benthic 
invertebrates and fish communities.

Benthic invertebrate data were used to calculate biological indexes including 
the Ephemeroptera, Plecoptera, and Trichoptera (EPT) Index, Hilsenhoff 
Biotic Index (HBI), Invertebrate Community Index (ICI). Pollution-tolerant 
versus pollution-intolerant species of benthic invertebrates were also calculated. 
Fish community data were used to calculate an Index of Biotic Integrity (IBI).

Benthic invertebrate communities were observed to have an increased 
percentage of pollution-intolerant species present when Indianapolis upgraded 
their wastewater treatment plants to include ozonation of the effluents in 
1983. The treatment plants then switched to chlorination in 1994 resulting in 
increases to the pollution-tolerant species. This increase was exacerbated after 
a chemical spill upstream of the study area in the White River. That spill also 
resulted in a major fish kill in the very upstream portions of the study area. 
Even so, fish communities (as measured by the IBI) remained relatively stable 
during the period in which they were sampled, although the numbers of fish 
collected were affected.

[1]CWA Authority Inc. is a broad-based utility service company that operates 
as a Public Trust. For information, see www.citizensenergygroup.com.

Water-Quality Monitoring in an Urban Watershed 
– The Influence of Septic Systems on Nitrate 
Concentrations and Spatial Patterns

James Webber1, Kenneth Hyer1, J.K. Böhlke2, Judith Denver3, and Michael 
Langland4

1US Geological Survey Virginia Water Science Center, Richmond, Virginia; 
2US Geological Survey National Research Program, Reston, Virginia; 3US 
Geological Survey Maryland-Delaware-District of Columbia Water Science 
Center, Dover, Delaware; 4US Geological Survey Pennsylvania Water Science 
Center, New Cumberland, Pennsylvania

Abstract
As a result of a comprehensive water-quality monitoring effort to inform 
nutrient-reduction management strategies in a 58 mi2 urban watershed in 
northern Virginia, the density of septic systems was found to be the dominant 
source of in-stream nitrate concentrations. Spatial nitrate concentration 
patterns had a statistically significant, positive correlation with areas served by 
septic systems and sharply increased as septic density exceeded 100 units per 
square mile. Additionally, nitrate isotopic composition was similar to values 
commonly attributed to sewage and displayed a positive relationship with 

septic system density. Residential fertilizer use likely had less of an influence 
on stream-water concentrations, as long-term nutrient monitoring within 
the watershed revealed no seasonal variation in nitrate concentrations that 
could be associated with spring or fall fertilizer applications. Furthermore, 
land-use based mass balance computations indicated that the mass of nitrogen 
contributed from septic system leachate is likely 4–5 times greater than the 
mass available from fertilizer applications. These findings provide critical 
information for nitrogen management activities within urban watersheds and 
can serve as a framework for future water-quality monitoring programs.

L3 Assessing Water Quality Conditions in 
Damaged and Contaminated Areas
4:00 pm – 5:30 pm | Room 19

Trees: Novel In situ Groundwater and Soil-Vapor 
Monitors

Jordan Wilson1,2, John Schumacher1, Matt Limmer3, and Joel Burken2

1US Geological Survey, Rolla, Missouri; 2Missouri University of Science and 
Technology, Rolla, Missouri; 3University of Delaware, Newark, Delaware

Abstract
Phytoforensics has been shown to be a cost- and time-effective tool for 
qualitatively monitoring groundwater and soil-vapor contamination as 
contaminants translocate into trees from groundwater and the vapor phase 
in the vadose zone. Despite phytoforensic’s beneficial characteristics, little 
is known about how tree characteristics (such as tree species, size, and age) 
affect sampling results. Considerable unknowns include the subsurface volume 
sampled by trees and tree responsiveness to subsurface contaminant changes. 
Additionally, no studies have compared the efficacy of traditional direct-push 
soil-sampling methods to novel phytoforensic methods in large-scale field 
studies.

To assess the efficacy of phytoforensics and to investigate how tree diameter 
affects tree contaminant concentrations, tree coring was conducted at a 7.9-acre 
Superfund site in Missouri contaminated primarily with perchloroethylene 
(PCE) and trichlorotrifluoroethane (CFC-113). Over 400 tree-core samples 
were collected in seven days using increment borers. About 900 soil samples 
were collected in 35 days at various depths using direct-push methods. Paired 
samples, which consist of tree cores from pairs of large- and small-diameter 
trees in close proximity, were collected from 18 tree pairs. All tree-core and 
soil samples were collected over the same area and were analyzed using gas 
chromatography.

Tree-core sampling was about 5 times faster than soil sampling, about an 
order of magnitude less expensive, and detected two PCE “hotspots” that 
were detected by soil samples. Tree-core sampling also indicated a third PCE 
“hotspot” that soil sampling did not. Tree-core sampling also resulted in the 
first measurable concentrations of CFC-113 in tree-core samples. Paired study 
results indicate that PCE concentrations were significantly lower in small 
trees than large trees even after correcting for diffusive loss from the trunk of 
the trees. This significant difference suggests that small and large trees have 
different subsurface sampling characteristics (e.g., subsurface sampling volume).
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Monitoring Water Resources of the Gulf Mountain 
Wildlife Management Area in Northcentral 
Arkansas to Evaluate Possible Effects of Natural Gas 
Development

Bradley Austin1,3, Erin Scott1,3, Leslie Massey1, Michelle Evans-White1, 
Sally Entrekin2, and Brian Haggard1,3

1University of Arkansas, Fayetteville, Arkansas; 2University of Central Arkansas, 
Conway, Arkansas; 3Arkansas Water Resources Center, Fayetteville, Arkansas

Abstract
Energy independence and the search for alternative fuels have increased 
exploration for and recovery of unconventional natural gas (UNG) in the 
United States. The Fayetteville Shale within northcentral Arkansas is an area 
of extensive UNG production. Recently, the Scott Henderson Gulf Mountain 
Wildlife Management Area (GMWMA) was released by the state for UNG 
exploration, raising concerns about potential impacts on water resources, 
public health, and the environment. Over a four-year study (November 2010–
November 2014), we monitored four reaches of the South Fork Little Red 
River (SFLRR), flowing through the GMWMA, to establish baseline physico-
chemical characteristics prior to UNG development and an assessment of 
changes following development. Water samples were collected monthly at each 
site along the SFLRR during base-flow conditions and analyzed at Arkansas 
Water Resources Center’s (AWRC) certified water-quality laboratory. Samples 
were analyzed for conductivity, turbidity, chloride (Cl), nitrate (NO3-N), sulfate 
(SO4), soluble reactive phosphorus (SRP), total suspended solids (TSS), total 
organic carbon (TOC), and metals. All analyzed parameters were flow adjusted 
and evaluated for monotonic changes over time. Data were then examined 
using a Before-After Control-Impact (BACI) statistical analysis to determine 
if any changes to physico-chemical parameters occurred as a result of the 
UNG development. Generally, the concentrations of all constituents measured 
in the SFLRR were low (e.g., NO3-N ranged from < 0.005 – 0.268 mg/l 
across all sites and sample periods) relative to other streams and rivers across 
Arkansas suggesting that this river and tributaries are of high water quality. For 
example, the BACI analysis indicated that most physico-chemical conditions 
did not change over time across the four SFLRR sites as it flows through the 
GMWMA (P > 0.05). However, flow-adjusted boron concentrations increased 
across all four sites (P < 0.001) after clear cutting and UNG infrastructure 
development occurred in the watershed in spring 2012. Future examination 
of biological data, such as algal biomass and macroinvertebrate community 
composition, collected at each of these sites during this study may provide 
greater insight into potential short term changes in water-quality parameters. 
The SFLRR flowing through the GMWMA is a unique water resource with 
chemical concentrations reflective of high water quality.

Novel Methods for Sampling and Monitoring 
at Contaminated Sites: An Overview of Recent 
Developments at the National Crude Oil Spill and 
Natural Attenuation Research Site Near Bemidji, 
Minnesota

Jared Trost1, Barbara Bekins2, Isabelle Cozzarelli3, and Melinda Erickson1

1US Geological Survey, Mounds View, Minnesota; 2US Geological Survey 
National Research Program, Menlo Park, California; 3US Geological Survey 
National Research Program, Reston, Virginia

Abstract
On August 20, 1979, a crude oil pipeline burst near Bemidji, Minnesota, 
spilling approximately 10,700 barrels of oil onto sandy glacial outwash 
sediments. Initial cleanup efforts removed about 75 percent of the oil, leaving 
25 percent in the subsurface. Since 1983 a multi-disciplinary team of scientists 
led by the US Geological Survey has extensively studied and characterized the 
spill site to advance understanding of natural attenuation in the subsurface. 
This presentation will summarize novel sampling and monitoring approaches 
within the source zone, dissolved plume, and where groundwater discharges 
to a lake. First, a direct push sample freezing drive shoe was developed that 

enables collection of sediment samples across the site in which the redox 
conditions of adjacent pore water and distribution of microbial populations 
are preserved. A 10 centimeter section of the sediment core is frozen with 
liquid CO2 injected at the base of the freeze shoe so that sediment and fluid 
distributions are retained within the core sample. This allows for detailed 
investigations of narrow zones of biogeochemical transformations. Second, a 
method for measuring soil CO2 efflux to estimate the extent of the source zone 
and biodegradation rates also was developed at the site. Monthly measurements 
of efflux showed that rates of hydrocarbon biodegradation vary seasonally, an 
important consideration for estimating source zone longevity. Third, analyses 
of non-volatile dissolved organic carbon (NVDOC) indicate there is a growing 
plume of uncharacterized petroleum metabolites downgradient of the source 
zone. A comparison of total petroleum hydrocarbon (TPH) concentrations 
with NVDOC concentrations shows that TPH values reflect only 32% 
of the concentrations of petroleum metabolites migrating in the dissolved 
plume. The observed growth of the NVDOC plume has motivated a series of 
studies to determine whether this plume is discharging into a lake 325 meters 
downgradient of the source zone.

L4 No Data without Metadata
4:00 pm – 5:30 pm | Room 20

Challenges in Combining Water-Quality Data from 
Multiple Agencies

Gretchen Oelsner1, Lori Sprague2, and Denise Argue3

1US Geological Survey, New Mexico Water Science Center, Albuquerque, New 
Mexico; 2US Geological Survey, National Water-Quality Assessment Program, 
Denver, Colorado; 3US Geological Survey, New Hampshire/Vermont Water 
Science Center, Pembroke, New Hampshire

Abstract
The US Geological Survey’s National Water-Quality Assessment (NAWQA) 
Program has compiled water-quality data from over 400 federal, state, local, and 
volunteer agencies to examine trends in surface-water quality across the United 
States. In order to use data from multiple sources together in a national-
scale analysis, all data values needed to be described unambiguously with 
consistent fundamental metadata elements. Many of the fundamental metadata 
elements – including parameter name, analytical fraction (filtered or unfiltered), 
reporting units, reported form (elemental or molecular), and censoring and 
other remark codes – were missing or inconsistent among different sources, 
creating potential challenges for use of the data. As an example, there were 
over 50 different names for nitrate and 70 different names for orthophosphate. 
For some parameters, like orthophosphate or Kjeldahl nitrogen, the analytical 
fraction can have a significant effect on the concentration. The use of the term 
“total” as an analytical fraction was particularly problematic as it was used 
inconsistently to mean either an unfiltered sample and(or) the sum of the 
component species for a given parameter. Often, data values were reported 
without specification of the reported form as either molecular (for example, 
“as nitrate” or “as sulfate”) or elemental (for example, “as N” or “as S”), which 
can change the concentration by a factor of 3 or more. Another metadata 
element critical to ensuring appropriate use of data is the application of remark 
codes to denote data values below a laboratory reporting limit and(or) the 
existence of a problem affecting the quality of the data value. In many cases, 
either the applied remark code or the associated laboratory reporting limit was 
not reported or not defined. Additionally, missing and zero values had to be 
resolved. Examples of the data harmonization issues and decisions made will 
be presented. After substantial effort was put into consistency and screening, 
the data compiled from these many sources improved the spatial and temporal 
coverage of sites suitable for trend analysis of nutrients, major ions, salinity, and 
sediment across the United States from 1972 to 2012.
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Adventures in Data Mining and Statistics: How Third 
Parties are Using Your Data and What They Would 
Like You To Know

Kristan Robbins
Cardno, Riverview, Florida

Abstract
In today’s world of water resources, water quality data are available practically 
instantaneously through several searchable, publically accessed online databases. 
Whether searching a national database like EPA STORET, a state database 
like Florida STORET, or regional databases maintained by counties or 
water management districts, third party users of public monitoring data rely 
on this electronic data to address a myriad of water resource management 
issues. A third party user, or any person or entity that was not involved in 
the design of the monitoring program in question, is searching for reliable, 
consistent, and preferably long-term monitoring data to answer questions 
for certain waterbodies. The data might be used to address topics like current 
and past impairment status; changes and trends in water quality over time; 
spatial, seasonal, or diurnal patterns for particular parameters; or potential 
relationships between water quality, quantity, and biological data. Data 
collected as part of established water monitoring programs can be incredibly 
useful when attempting to address those topics, but often that monitoring data 
was collected for a specific purpose, with unique management and economic 
constraints, which may make it less than ideal for other uses. Although it 
would be unreasonable to expect that all water resource monitoring programs 
to be appropriate to answer any water resource question of interest, there are 
a few things that can be included in a monitoring design to ensure that the 
data collected will have the greatest possible use for statisticians within and 
outside the agency collecting the data. This presentation will give examples of 
how changes to consistency in sampling (location and frequency), laboratory 
methods (i.e., detection limits), and documentation of monitoring program 
data can have large impacts on the ability of researchers to use statistics 
appropriately to answer important questions about water resources.

Metadata and Diagnostics: Information for Real-Time 
Quality Assurance of Field Sensors

Bryan Downing1, Brian Pellerin1, Jordan Read2, and Bradley Garner3

1US Geological Survey, Sacramento, California; 2US Geological Survey, 
Madison, Wisconsin; 3US Geological Survey, Flagstaff, Arizona

Abstract
Water quality sensors often require complex quality assurance (QA) procedures 
in order to meet high data quality standards. Data management approaches 
that improve the efficiency of some of these procedures would reduce the cost 
of collecting and publishing data, resulting in faster delivery of information 
to stakeholders and potentially improving overall data quality. Furthermore, 
broader adoption of continuous water-quality monitoring greatly depends on 
the capability to lower these and other operational and maintenance costs while 
still ensuring high-quality data.

Many instruments and data loggers can be easily programmed to provide 
metadata and diagnostic information that can be used for improving the 
efficiency of data collection and management. For example, many modern 
water quality sensors can collect high frequency (e.g., 1 Hz) data, proving an 
information-rich companion to the more routine (e.g., 15 minute) reporting 
of these parameters. In addition to being used for calculating mean or median 
values for reporting, burst sampling (e.g., capturing multiple data points of 
a short period of time) can be used to calculate statistics that describe the 
uncertainty of the measured value and help identify instrument performance 
issues when statistical thresholds are exceeded. For example, an increasing trend 
in the relative standard deviation of the burst data over time can be indicative 
of fouling of optical sensors and can be used to initiate field visits. This type 
of statistical tracking can lead to considerable improvement in data quality 
compared to traditional techniques used in data screening and publication of 
continuous water-quality data.

In addition to high frequency data collection, modern continuous water-
quality sensors often provide ancillary information that can be used to describe 
the quality of an individual data point and/or instrument performance. For 
example, some sensors provide information on the internal algorithms, wiper 
performance, and the effects of interfering species. Using such metrics in 
concert with burst statistics builds upon previous data screening techniques 
(e.g., thresholds and rate-of-change statistics) to improve the efficiency of data 
collection and the real-time interpretation of continuous water quality sensor 
data.

datEAUbase: A Powerful Large-Capacity Database for 
Raw and Validated Water-Quality Data with Emphasis 
on Their Metadata

Queralt Plana Puig, Tobias Kraft, Janelcy Alferes, Thibaud Maruéjouls, and 
Peter A. Vanrolleghem
Université Laval, Québec, Canada

Abstract
Automated monitoring stations and state-of-the-art instrumentation allow 
monitoring water bodies at high frequency and generating large amounts 
of relevant data. However, all these data are only useful if they are well 
documented and their quality is assured. Thus, the tasks of storage and 
validation of these collected data are crucial for further analysis, interpretation 
and efficient exchange.

A successful management of the data requires a proper database to store 
and document ALL relevant data. However, when a long-term database is 
to be established, some data management challenges are identified: the lack 
of standardization of data formats used in the field, the continuous growth 
of the data set, the modification to the database such as additional variables 
and different sensor characteristics, change of the personnel involved, and 
documenting metadata about the monitoring setup.

With the objective of developing a central data storage, the datEAUbase 
(water database, “eau” is water in French) has been designed to deal with these 
challenges, i.e., it provides uniformity of data format, flexibility for further 
modifications, relevant metadata storage, and documentation regarding the 
monitoring activity.

Its structure permits it to store a wide range of data: raw, filtered and validated 
time series, individual lab measurements and the links between them as well as 
the corresponding metadata that document these data well. For each data point, 
these metadata provide detailed information about what has been measured, 
when, where, how and why the value has been measured, and who has collected 
the value.

Comparing the datEAUbase with other water-quality databases available, it is 
concluded that it is innovative by its emphasis on metadata storage, as well as 
providing a large storage capacity and the flexibility for future improvements.

In conclusion, the developed datEAUbase is a robust tool to manage large 
amounts of data that are supplemented with a wide range of relevant 
information (metadata) and data-quality information. Since this tool is meant 
for large teams to store and exchange water-quality data, easy access and 
sharing between members of data have been crucial points of the development.
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L5 Long-Term Trends in Coastal Water Quality
4:00 pm – 5:30 pm | Room 21

Monitoring and Assessing Water Quality and Hypoxia 
in the Western Long Island Sound, an Estuary of 
National Significance

Robin Jazxhi and Evelyn Powers
New England Interstate Water Pollution Control Commission – Interstate 
Environmental Commission (IEC District), Staten Island, New York

Abstract
Designated as an estuary of national significance by Congress in 1987, the 
Long Island Sound is home to a diverse network of flora and fauna and over 4 
million people. It is an estuary of recreational, commercial, and socioeconomic 
value. The Sound is bordered by the states of Connecticut and New York and 
has a watershed area extending through Maine and Quebec that encompasses 
over 16,000 square miles and 9 million people. Over time, the Long Island 
Sound has been subject to the effects of increased nutrient loading as a result 
of urbanization and changes in land use. Seasonal weather patterns, particularly 
during the summer months, exacerbate the effects of nutrient loading, causing 
hypoxic conditions in the Sound. This, in turn, negatively impacts the quality of 
this estuary, the ecosystem services and resources it provides, and the habitat of 
its many species.

In Summer 2015, NEIWPCC – IEC District completed its 25th consecutive 
year monitoring dissolved oxygen, as well as key water quality parameters 
relevant to hypoxia, in western Long Island Sound. In response to the critical 
need to document summer hypoxic conditions in Long Island Sound and its 
embayments, the IEC District has participated in a cooperative sampling effort 
since 1991, providing critical data in support of the National Estuary Program’s 
Long Island Sound Study (LISS). NEIWPCC – IEC District monitoring 
has been an integral part of the LISS since collected data and information 
help measure the effectiveness of management actions including TMDL 
development and wastewater treatment plant upgrades. The data also assists 
in assessing the progress of programs implemented under the Comprehensive 
Conservation and Management Plan for Long Island Sound. NEIWPCC 
– IEC District collaborates with other LISS partners such as Connecticut 
Department of Energy and Environmental Protection and the University of 
Connecticut to ensure compatibility throughout the Sound.

A Multi-Decadal Analysis of Water Quality in a Long 
Island Sound Embayment

Joshua Cooper, Sarah Crosby, Nicole Cantatore, Peter Fraboni, and Richard 
Harris
Harbor Watch, Westport, Connecticut

Abstract
Estuaries are some of the most productive and diverse ecosystems on the planet. 
They provide multiple ecological, economic, and cultural benefits, from food 
provision and recreation for people to nursery habitat for fish. Despite their 
importance, estuarine water quality is increasingly threatened by population 
growth and coastal development. Here, we use multiple metrics to explore how 
water quality has changed over time in a Long Island Sound embayment and 
its tributaries. We quantified indicator bacteria, water temperature, dissolved 
oxygen, and juvenile benthic fish composition and abundance in Norwalk 
Harbor, Connecticut between 1986 and 2015. We observed a significant 
increase in water temperature and a significant decrease in dissolved oxygen 
during the study period. Juvenile benthic fish species composition has shifted 
and abundance has decreased while species richness has not changed. Despite 
efforts to remediate sources of pollution entering the system, bacteria pollution 
continues to have a substantial impact on water quality in this system. 

Increasing development and human population densities along US coastlines 
will continue to degrade water quality and estuarine health, which will be 
further impacted by climate change.

A Proposed Water Quality Index for Tampa Bay and 
Evaluation of 40 Year Water Quality Trends: 1974–2015

David Karlen, Kevin Campbell, and Thomas Ash
Environmental Protection Commission of Hillsborough County, Tampa, 
Florida

Abstract
A multi-parameter water-quality index (WQI) is proposed for evaluating 
surface water-quality trends in Tampa Bay. The Tampa Bay WQI incorporates 
seven parameters including turbidity, Secchi depth, fecal coliform, chlorophyll 
a, total phosphorus, total nitrogen, and bottom dissolved oxygen. Each 
parameter for a given sample is evaluated on a pass/fail basis based on state 
water-quality standards, Tampa Bay specific targets established by the Tampa 
Bay Estuary Program or on historical data. Parameters meeting their target are 
scored as a “1” and those failing their target are scored “0.” The seven individual 
parameter scores are averaged and multiplied by 100 to give an overall WQI 
score for the sample on a 0–100 scale. Sample scores can further be averaged 
for a specific time period (month, year) or geographic area (bay segment, 
tributary) to give an overall WQI score. The WQI scores are additionally 
assigned a letter grade and color code with WQI scores ranging from 90–100 
designated as “A” (green); 80–89.99 “B” (light green); 60–79.99 “C” (yellow); 
30–59.99 “D” (orange) and < 30 “F” (red). The letter grade and color scheme 
provide an easily interpretable visual presentation of spatial and temporal 
water-quality trends. The WQI will be presented as a tool for evaluating 
trends in a long term dataset from monthly samples collected as part of the 
Environmental Protection Commission of Hillsborough County’s surface water 
monitoring program in Tampa Bay since 1974. During this time period, the 
water quality has shown dramatic improvements, particularly with decreases 
in chlorophyll a and fecal coliform, since the advent of advanced wastewater 
treatment in the early 1980s. These changes are reflected in increasing WQI 
scores over time with recent annual mean WQI scores falling within the “A” to 
“B” range as opposed to “D” and “F” scores which were prevalent in the 1970s 
– mid-1980s.

Integrated Analysis Tools for the NERRS System-Wide 
Monitoring Program Data

Marcus Beck1, Todd O’Brien2, and Marie Bundy3

1ORISE, US Environmental Protection Agency, Gulf Breeze, Florida; 2NMFS, 
NOAA, Silver Spring, Maryland; 3NOAA, Silver Spring, Maryland

Abstract
Standardized monitoring programs have vastly improved the quantity and 
quality of data that form the basis of environmental decision-making. One 
example is the NOAA-funded National Estuarine Research Reserve System 
(NERRS) System-wide Monitoring Program (SWMP) that was implemented 
in 1995. NERRS is a unique state-federal partnership where federally funded 
research is founded on rigorous QA/QC and standardized approaches to data 
collection, and has provided two decades of continuous water quality and 
weather data from over 140 fixed stations in 28 reserves. SWMP data have 
been used in a variety of ecological studies with the objective of describing 
dynamics of estuarine ecosystems to better inform coastal management. The 
challenges of analyzing this massive dataset have been significant, and the lack 
of simple tools for processing and evaluating the increasing quantity of data 
have complicated comparisons between systems, as well as simple trend analysis 
at individual sites. Providing an understanding of regional and national trends 
while retaining the ability to understand local trends required an innovative and 
dynamic approach to training users and maintaining an evolving data analysis 
approach. Here we describe a suite of open-source analysis tools developed 
for the evaluation of SWMP data and the process that was used to create a 
“community of practice” among users. Tools include the R package SWMPr 
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developed to retrieve, organize, and analyze data, Shiny web applications 
for interactively plotting and comparing trends in SWMP parameters, and 
an online forum where researchers can share ideas related to data analysis. 
Applications are maintained on the website SWMPrats.net and are actively 
promoted within the NERRS community to augment existing data retrieval 
services. Overall, these tools provide an effective approach to link quantitative 
information with analytical needs to inform management programs aimed at 
coastal protection and restoration.

L6 Southern Volunteer Monitoring Initiatives
4:00 pm – 5:30 pm | Room 22

Volunteer Monitoring Case Studies in Georgia: A 
Review of Methods and Approaches to Engage Citizen 
Scientists

Harold Harbert, Seirisse Baker, and Chelsea Hopkins
Georgia Environmental Protection Division, Atlanta, Georgia

Abstract
Georgia Adopt-A-Stream has engaged citizens in stream, lake, and coastal 
monitoring since the early 1990s. Most volunteers use established in situ 
monitoring methods to test basic water quality parameters such as DO, pH, 
conductivity, clarity and salinity. The majority of volunteers collect trend 
sampling data; some have experimented with emerging monitoring equipment. 
This presentation will highlight case studies testing field nutrient methods 
verses lab analysis, the effectiveness of citizen targeted sampling events, an 
analysis of citizen verses regulatory sampling methods and provide an overview 
of the value of using relatively inexpensive water monitoring meters. As more 
citizen, local and watershed groups engage in a greater diversity of water 
protection activities, Georgia Adopt-A-Stream plans to help lead with sound 
science and field tested methods. Join us as we explore a variety of water quality 
sampling approaches to help guide programs throughout Georgia and the 
Southeast.

Florida Keys Water Watch and Georgia Adopt-
A-Stream Volunteer Water Quality Monitoring 
Programs: A Successful Multi-State Outreach 
Partnership

Shelly Krueger
University of Florida, Key West, Florida

Abstract
In 2014, the University of Florida Institute of Food and Agricultural Sciences 
at the Monroe County Extension developed Florida Keys Water Watch 
(FKWW), a community-based volunteer water quality monitoring program 
to promote awareness of the importance of water quality and the connections 
between land-use and aquatic health. The waters surrounding the Florida Keys 
are designated Areas of Critical State Concern and are the primary economic 
driver for Monroe County. In the Florida Keys, fill materials dredged from 
inshore waters were used to create upland and > 500 residential canals, thus 
altering the natural hydrology since the 1950s. 26% of these manmade canals, 
which discharge directly into the waters of the Florida Keys National Marine 
Sanctuary, have been designated as “Poor,” with water quality regularly below 
state standards. FKWW is a partnership with, and modeled upon, Georgia 
Adopt-A-Stream (GA-AAS), a 22-year-old EPA-approved program operated 
through the Georgia Department of Natural Resources Environmental 
Protection Division. FKWW and GA-AAS share program goals to raise 
awareness about the importance of water quality; collect baseline water quality 
data over time; adopt best management practices to reduce nonpoint source 
pollution; create community partnerships; and provide the tools and training 
to create citizen scientists. Both programs train teachers, students, and citizens 

from diverse groups to test for dissolved oxygen, pH, salinity/conductivity, and 
temperature, and enter these data into the GA-AAS Water Quality Database. 
Volunteers are asked to monitor at least one site, at least monthly. Volunteer-
based water quality monitoring programs are valuable to assess environmental 
trends when data is collected consistently over time, and GA-AAS has 
successfully trained thousands of volunteers to monitor rivers, streams, and 
coastal waters since 1993. By partnering with an organization with a proven 
track record, FKWW seeks to replicate the success of GA-AAS in the coastal 
waters of the Florida Keys. Furthermore, the partnership with GA-AAS has 
allowed FKWW to train volunteers in the Florida Keys under their EPA-
approved volunteer monitoring QA/QC protocols while a quality assurance 
project plan (QAPP) is developed for the state of Florida.

Tributaries of Teamwork – The Georgia Adopt-A-
Stream Program Flows into South Carolina

Cathy Reas Foster1 and Erika Hollis2

1Clemson University Extension Service, Pickens, South Carolina; 2Upstate 
Forever, Greenville, South Carolina

Abstract
The Georgia Adopt-A-Stream (AAS) volunteer monitoring program has 
flowed into the Upstate of South Carolina because of tributaries of teamwork! 
In the absence of a state operated volunteer monitoring program, a variety 
of partners joined efforts to bring AAS to Upstate South Carolina. Because 
of these collaborations, the AAS program has successfully and sustainably 
expanded into the Upstate of South Carolina’s Savannah, Saluda and Broad 
River Basins. The Upstate South Carolina team includes local universities, 
high schools, a municipal zoo, nature park, watershed ecology center, lake and 
river associations, county stormwater departments, land conservation groups, 
students, families and more. By working together, partners have hosted Georgia 
Environmental Protection Division trainings, written and received local and 
state grants, gained support from local government and university resources, 
and become certified AAS trainers. The successful journey of this volunteer 
monitoring program, as it flows across a state border, is a model of how 
partnerships can provide support and resources for citizens to become involved 
in watershed protection.

Making a Difference Using Volunteer Collected Data 
and Partnerships Between Federal, State, County, 
and City Agencies: Crow Creek Community and 
Pennington Creek

Jean Lemmon and Candice Miller
Oklahoma Conservation Commission, Oklahoma City, Oklahoma

Abstract
The Oklahoma Blue Thumb program has existed since 1993 and through this 
program nearly a hundred streams across Oklahoma are monitored by “citizen 
scientist” volunteers. This year we are supporting watershed education efforts in 
a new, major way where we have exceptional volunteers in two watersheds; one 
urban, the other rural.

Crow Creek in Midtown Tulsa, Oklahoma, is on the State of Oklahoma’s 
list of impaired waters for low dissolved oxygen, bacteria, and substandard 
communities of fish and benthic macroinvertebrates. It has been monitored 
for 20 years by a Blue Thumb team of citizen volunteers who are working 
with many other people and agencies to address the possible reasons there are 
not enough fish; which include barriers to re-population from the Arkansas 
River and pesticide and fertilizer use in the neighborhoods of the watershed. 
The team has created the Crow Creek Community and are planning multiple 
activities to celebrate Crow Creek and to teach their neighbors about what lives 
there and what each can do to help protect this beautiful creek.
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Interest groups are meeting to address issues in the physical creek bed, 
alternative landscaping demonstration areas, and education of the community. 
Agencies from all levels of government, US Army Corps of Engineers to 
Neighborhood Associations, are involved and excitement is growing as different 
entities are volunteering services to bring about positive change.

Pennington Creek in rural southeastern Oklahoma has also been monitored by 
Blue Thumb volunteers, though the education effort there is to protect what is a 
beautiful stream and keep it healthy.

L7 Assessing Radioactivity in Drinking Water 
Aquifers
4:00 pm – 5:30 pm | Room 23

Elevated Radioactivity in Groundwater in Charles 
County, Maryland

David Bolton and David Andreasen
Maryland Geological Survey, Baltimore, Maryland

Abstract
Charles County, Maryland, located about ten miles south of Washington, 
District of Columbia, is a rapidly growing county that is dependent UPON 
groundwater for its water supply. Gross alpha-particle activity (GAPA) 
in untreated wellwater samples from five public-water supply systems in 
the county have exceeded the US Environmental Protection Agency’s 
Maximum Contaminant Level (MCL) of 15 picocuries per liter (pCi/L). 
Polonium-210 was detected in two of the water systems in concentrations 
up to 46 pCi/L. Radium-226 plus radium-228 values were all less than the 
MCL of 5 pCi/L. GAPA in eleven other water systems was between 10 
and 15 pCi/L. These water systems obtain water from the (confined) Upper 
and Lower Patapsco aquifer systems, which consist of interbedded, laterally 
and vertically discontinuous sands, silts, and clays that collectively are up to 
900 feet thick. To identify the specific stratigraphic interval(s) within these 
aquifers that are associated with elevated radionuclide levels, existing water-
quality data from the Maryland Department of the Environment’s Public 
Drinking Water Information System (PDWIS) and well-construction data 
from well completion reports were compiled. Public-supply wells that are 
completed in the Upper and Lower Patapsco aquifer systems have multiple 
screened intervals that draw water from discrete sand layers, making it difficult 
to assess whether the radioactivity is localized within specific stratigraphic 
intervals. Inconsistencies and variability in data reporting, combined with a 
lack of information on where and how the samples were collected, provided 
additional challenges in interpreting the data. As a result, the existing data 
did not indicate whether specific stratigraphic interval(s) within the aquifers 
are the sources of radioactivity. Additional sampling is planned for domestic 
water-supply wells that are located within one mile of the affected public water 
systems. Because domestic water-supply wells typically have screened-interval 
lengths of ten feet or less, testing for radionuclides in samples from these 
wells will help determine whether the source of radioactivity is restricted to 
discrete stratigraphic intervals or is dispersed throughout the Upper and Lower 
Patapsco aquifer systems.

Polonium-210 and Drinking Water: Occurrence in 
Minnesota and Health Risk Implications

James Jacobus, Christopher Greene, James Lundy, Karla Peterson, and Anna 
Schliep
Minnesota Department of Health, Saint Paul, Minnesota

Abstract
Groundwater is a vital drinking-water resource across Minnesota for 
communities and private well owners. Elevated levels of anthropogenic or 
naturally occurring elements can present significant health risks in drinking 
water. Radionuclides produced by the decay of uranium and thorium in soil 
are known to occur in some of Minnesota’s important drinking water aquifers, 
and many communities undergo significant expense to remove radionuclides. 
Quantification of specific alpha-emitting radionuclides is needed to accurately 
understand both risk and possibly reduce unnecessary treatment costs. The goal 
of this pilot study was to determine if the potent, but rarely quantified, alpha-
emitting radionuclide polonium-210 (Po-210) occurs at measureable levels in 
community water supply wells with gross alpha activity above 15 pCi/L. Thirty-
six wells across eleven major aquifers were assessed for Po-210 and gross alpha 
activity, along with quantification of lead-210 (Pb-210) at ten wells.

Results show that Po-210 was detected in over 60% of wells. The median 
activity was just above 0.1 pCi/L, while activity due to Po-210 exceeded 1 
pCi/L in three wells. The maximum activity found was 4.99 pCi/L, which 
would represent a 1:2,000 cancer risk if consumed over a lifetime. The Mt. 
Simon sandstone aquifer contributed the overall highest activities, but Po-210 
activity varied even within this aquifer. Pb-210 was also detected, with the 
highest activities (2.9 and 1.5 pCi/L) found in post-treatment samples from 
two locations. Importantly, Pb-210 activity was often less than Po-210 activity 
from the same sample of raw water, suggesting that Po-210 is not derived in 
large extent from the decay of soluble Pb-210.

Naturally occurring radionuclides continue to be important contaminants to 
consider as overall health risk drivers, especially in deep, protected aquifers 
that are commonly assumed to be desirable for drinking water because 
anthropogenic contamination is less likely to occur. Further studies of Po-210 
occurrence in both community and domestic wells and the effects of water 
treatment on Po-210 and Pb-210 are needed for the protection of public 
health. Funding for this study was provided through the State of Minnesota 
Clean Water Fund of the Clean Water, Land and Legacy Amendment.

Occurrence of Radium Isotopes in the Cambrian-
Ordovician Aquifer System

Paul Stackelberg1 and Zoltan Szabo2

1US Geological Survey, Troy, New York; 2US Geological Survey, Lawrenceville, 
New York

Abstract
The Cambrian-Ordovician (C-O) aquifer system provides about 590 million 
gallons per day for public drinking-water supplies. Water from the C-O aquifer 
system has previously been shown to contain radium-226 (226Ra) and 228Ra 
at concentrations that frequently exceed the US Environmental Protection 
Agency’s Maximum Contaminant Level (MCL) for combined radium (226Ra 
+ 228Ra) which is 5 picocuries per liter (pCi/L). The concentration of 224Ra in 
water from this aquifer system has not, however, been systematically evaluated. 
For this study, 80 samples of water (before treatment) from public-supply 
wells across Minnesota, Wisconsin, Illinois, Iowa, Michigan and Missouri 
were collected in 2014 and analyzed for 224Ra, 226Ra, 228Ra. The median 
concentrations for 224Ra, 226Ra, and 228Ra were 1.75, 3.71 and 1.49 pCi/L, 
respectively, and the maximum concentrations were 17.7, 25.3 and 13.7 pCi/L, 
respectively. The concentration of 224Ra is, therefore, typically intermediate 
between 226Ra and 228Ra. 226Ra + 228Ra concentrations were greater than 5 
pCi/L in 41% of the samples whereas 65% of the samples had a total radium 
(224Ra + 226Ra + 228Ra) concentration greater than 5 pCi/L. If not treated, 
water that is delivered soon after withdrawal may contain 224Ra – which 
has a half-life of 3.6 days – that poses an additional potential health risk 
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that is not currently accounted for by the MCL. In most samples, 226Ra and 
224Ra accounted for nearly all of the measured gross alpha-particle activity 
indicating that other alpha-emitting radionuclides (such as polonium-210) 
were contributing little gross-alpha activity. Elevated concentrations of all 
three Ra isotopes were significantly correlated with factors associated with 
reducing conditions and increased mineralization and residence time in the 
aquifer system. The proportion of 226Ra, however, increased relative to 224Ra 
and 228Ra with residence time because 226Ra has a longer half-life (1,622 years) 
than 224Ra (3.6 days) or 228Ra (5.75 years) and can, therefore, remain in solution 
longer before decaying. The C-O aquifer system, therefore, becomes enriched 
with 226Ra as water flows down gradient into regionally confined areas because 
water movement is slow and the increasingly mineralized water with high 
concentrations of divalent cations prevents 226Ra from adsorbing to solids.

Naturally Occurring Radionuclides in Water from 
Bedrock Aquifers, Northern New Jersey

Zoltan Szabo1, Steve Spayd2, Thomas Kraemer3, and Judith Louis4

1US Geological Survey, Lawrenceville, New Jersey; 2New Jersey Geological and 
Water Survey, Trenton, New Jersey; 3US Geological Survey, Reston, Virginia; 
4New Jersey Department Environmental Protection, Division of Science, 
Research, and Environmental Health, Trenton, New Jersey

Abstract
Gross alpha-particle activity in groundwater, greater than the Environmental 
Protection Agency Maximum Contaminant Level (MCL) of 15 pCi/L 
(picocuries per liter), were measured from bedrock aquifers of northern 
New Jersey, which consist of sedimentary- (Piedmont Province; Mesozoic 
sandstones and mudstones) and crystalline-rocks (Highlands Province; 
granites, gneisses, and marbles). Forty groundwater samples were collected from 
each Province in areas where elevated radioactivity was detected to evaluate 
sources of radioactivity. Gross alpha-particle activity was measured within 
48 hours after collection; concentrations of uranium (U) and radium (Ra) 
radionuclides and U-234:U-238 isotope activity ratios (UAR) were analyzed 
for all samples, and for a subset, concentrations of polonium-210 (Po-210) and 
lead-210 (Pb-210). Dissolved oxygen (DO) concentration indicated which 
radionuclide was predominant in nearly all samples. In the Highlands Province, 
most (85%) samples contained DO greater than 1 mg/L (milligrams per liter)
(oxic), U concentrations commonly (45%) exceeded 10 µg/L (micrograms per 
liter) with 20% of samples in excess of 30 µg/L, and the alpha-emitting Ra 
radionuclides, Ra-226 and Ra-224, were detected infrequently (17.5%). In 
the Piedmont Province, nearly half the samples (from mudstones) contained 
DO less than 1 mg/L (anoxic). Ra-226 and Ra-224 were detected in all but 
1 anoxic sample, and were both detected in most (80%) oxic samples. Ra-226 
concentrations were greater than 5 pCi/L in 6 (35%) anoxic samples, but 
exceeded 1 pCi/L in only 17% of oxic samples. Median U concentrations 
were 3 µg/L among both the oxic and anoxic samples, but the range of U 
concentrations was greater in oxic samples, with 3 (13%) exceeding 30 µg/L. 
Alpha-particle activity in samples from the Highlands was mostly attributable 
to nearly equal contributions from U-234 and U-238 isotopes (median UAR, 
1.39). Only when excess U-234 activity was considered in addition to activity 
from U-238 and isotopes of Ra was gross alpha-particle activity mostly 
accounted for in the samples from the Piedmont Province where the median 
and maximum measured UAR of 2.19 and 8.45, respectively, indicated U-234 
activity considerably larger than the U-238 activity. Maximum concentrations 
of Po-210 and Pb-210 were 1 and 4 pCi/L, respectively, contributing little to 
sample radioactivity.

Abstracts – Thursday



82 The 10th National Monitoring Conference

Monitoring Designs for the 21st Century

The NEON Aquatic Network: Standardizing 
Deployment of Aquatic Instrument Systems Across 
Continental Ecosystems

Charles Bohall, Michael Fitzgerald, and Jesse Vance
National Ecological Observatory Network, Boulder, Colorado

Abstract
The National Ecological Observatory Network (NEON) is a national-scale 
research platform for assessing the impacts of climate change, land-use change, 
and invasive species on ecosystem structure and function. NEON will collect 
data for 30 years to facilitate spatial-temporal analysis of environmental 
responses of ecosystem change, ranging from local through continental scales. 
Using standardized methods and designs, the data collected can be compared 
across a wide variety of ecosystems at multiple scales. Standardized quality 
assurance and quality control allow data to be processed efficiently and 
disseminated to users through an online data portal. Currently, the network is 
in construction phase, with sensor sets deployed in several locations across the 
United States and more to come. Once completed, a total of 34 sites will be 
constructed in small 1st/2nd order wadeable streams, large rivers, and lakes. A 
typical site hosts up to two in-stream sensor sets designed to collect near-
continuous water-quality data (pH, temperature, conductivity, DO, chlorophyll 
a, trubidity, fDOM, NO3

-) along with up to 8 shallow groundwater monitoring 
wells (level, temp., cond.), and a local meteorological station (2D wind speed, 
PAR, barometric pressure, temperature, net radiation). When coupled with 
aquatic observational data (water/sediment chemistry, aquatic organisms, and 
geomorphology), the NEON aquatic network produces 200+ low-level data 
products for each site, available to users.

This presentation will describe the design of the aquatic instrumentation 
systems within the NEON network and discuss the challenges and 
opportunities for water monitoring across the observatory using NEON data.

Selecting Reference Sites for Assessments in Heavily-
Disturbed Regions

Daren Carlisle1, Richard Mitchell2, and Amina Pollard2

1US Geological Survey, Lawrence, Kansas; 2US Environmental Protection 
Agency, Washington, District of Columbia

Abstract
Selecting reference – or least-disturbed – conditions for regional ecological 
assessments is a challenge, particularly in regions where historic and current 
land use is extensive. Our objective was to evaluate various approaches to 
selecting reference sites for a regional ecological assessment. In 2013, the US 
Geological Survey and the US Environmental Protection Agency sampled 
100 streams across 11 states in the Midwest corn belt of the US with the goal 
of understanding how anthropogenic stressors influence ecological condition. 
The ecological condition of streams was assessed in relation to flow, suspended 
sediment, nutrients, major ions, 230 dissolved pesticides and degradates, and 
sediment-associated contaminants. These stressors were characterized over 14 
weeks (12 water samples and one sediment sample) prior to assessing physical 
habitat, algae, invertebrate, and fish communities. Reference sites were selected 
using three approaches. First, a set of a priori (before sampling) reference sites 
was identified using GIS data that are indicative of human influence (e.g., row 
crops within riparian buffer), which were computed for the watersheds of every 
NHD stream segment within the study region. Reaches were then ranked 
based on these GIS indicators, and additional imagery and field reconnaissance 
were used to verify the potential of sites being in least-disturbed condition. 
A second set of a priori reference sites was identified with best professional 

judgment (BPJ) of state and regional biologists – particularly for sites where 
historical data suggested that biological communities were in least-disturbed 
condition. A third set of reference sites was identified after the sampling 
had been completed, using physical and chemical screening criteria currently 
employed in national assessments. Biological communities were in better 
condition at the a priori reference sites selected via BPJ than at sites selected 
by the other two approaches, but biological communities were generally better 
at all three sets of reference sites than the population of sites across the region. 
In contrast, most physical and chemical stressors did not differ substantially 
among the three sets of reference sites, or between reference sites and the 
population of sites across the region. Implications for future studies is discussed.

Monitoring for Nutrient Water Quality Modeling

Amanda Howell
US Environmental Protection Agency Region 4 WPD, Atlanta, Georgia

Abstract
Eutrophication is a growing problem in our lakes and estuaries. Poor land 
and waste management practices in the watershed and particularly along the 
floodplains have increased the nutrient loads to our rivers and streams. The 
increased loads are then transported into lakes and estuaries potentially causing 
unwanted algae blooms. Algae blooms are known to contribute to impairments 
commonly associated with the decline of local flora and fauna as well as fish 
kills. Certain algae blooms, specifically blue-green algae, are considered to 
be more harmful than others due to the toxic traits to human health. Most 
algae blooms occur during warmer weather and can interfere with the public’s 
access to the water during peak times. If not addressed, algae blooms can 
have a lasting negative impact on both the environment and economy of the 
surrounding area.

Eutrophication is a complex process that depends on multiple factors. In 
order to make scientifically sound and defensible decisions based solely on 
data analysis, extensive monitoring plans, both spatially and temporally, are 
needed. However, states and local governments do not have the funding to 
design extensive monitoring plans for all waterbodies within their jurisdiction. 
Furthermore, over the past decade state and federal budgets have been on the 
decline, forcing states to reduce monitoring locations and sampling frequencies 
to an all-time low. Since budget constraints do not allow for the extensive 
monitoring plans needed, nutrient water quality models will be increasingly 
used for assessment and permitting requirements. Monitoring plans must be 
developed with modeling needs in mind in order to maximize the cost benefits 
and ensure modeling calibration needs are met. Before the monitoring plan 
can be designed, the purpose or goal of the model must be clearly defined. This 
presentation will highlight the typical questions a nutrient water quality model 
can answer, give examples of spatial and temporal data needs for calibration, 
and provide an outline of questions to ask prior to developing a monitoring 
plan.

USGS Urban Water-Resources Monitoring Programs 
in Virginia

John Jastram
US Geological Survey, Virginia Water Science Center, Richmond, Virginia

Abstract
Urban and suburban jurisdictions throughout the Commonwealth of Virginia 
are increasingly facing regulatory pressure to limit sediment and nutrient 
delivery to receiving waters, yet fundamental hydrologic data to support the 
decision-making processes for determining allocations and for planning 
reduction strategies are lacking. Additionally, millions of dollars are spent 
annually by these jurisdictions to maintain or improve the condition of streams 
and the quality of water delivered to receiving bodies, with data demonstrating 
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the effectiveness of these activities also lacking. The USGS Virginia Water 
Science Center is partnering with jurisdictions in diverse urban and suburban 
locales throughout the Commonwealth on monitoring programs specifically 
designed to generate the data needed to address these deficiencies and improve 
the overall understanding of urban streams and stormwater management 
systems. This presentation will describe the challenges faced by these 
jurisdictions, monitoring designs implemented by USGS to generate the data 
needed, results of preliminary analyses, and lessons learned through years of 
applying the latest monitoring technologies in these challenging environments.

Regional Coastal Wetlands Monitoring Workgroup: 
Multi-State Collaboration of Data and Assessment 
Methodologies

Kimberly Matthews1, Liz Sullivan1, Jan MacKinnon2, and Kayleigh 
Michaelides3

1RTI International, Research Triangle Park, North Carolina; 2Georgia 
Department of Natural Resources, Brunswick, Georgia; 3Florida Department 
of Environmental Protection, Tallahassee, Florida

Abstract
Monitoring the coastal wetlands of North Carolina, South Carolina, Georgia, 
and Florida is necessary to understand the current extent, condition, and 
function of these important resources and to begin to predict how these 
ecosystems will respond to changes in land use, climate, sea level, and water 
quality. Currently, there is no standardized or widely accepted monitoring 
program within these South Atlantic states. Instead, various federal, state, and 
local agencies, in addition to universities and nongovernmental organizations, 
are monitoring different aspects of coastal wetlands and their associated waters. 
However, there is little coordination among these agencies and organizations 
and they have limited sharing of data and information and leveraging of 
resources. The Governors’ South Atlantic Alliance (GSAA) has established a 
workgroup to facilitate communication about coastal wetland science in the 
South Atlantic and to collaboratively develop and enhance complementary 
monitoring programs. The goals of this workgroup were to develop an online 
catalog of available coastal wetlands monitoring data, assess the comparability 
of states monitoring efforts, and evaluate existing state methodologies to 
improve the consistency of monitoring efforts. This poster will explain the 
process for forming a multi-state workgroup and present the finding from 
the assessment of coastal wetlands monitoring programs across the Southeast 
Region of the United States.

Monitoring Water Temperature and Specific 
Conductance as Indictors of Source Waters: Warm 
Mineral Springs, Florida, 2014–15

Patricia Metz
US Geological Survey, Tampa, Florida

Abstract
Warm Mineral Springs, located in southern Sarasota County, Florida, is the 
only warm (84 degrees Fahrenheit; °F), highly-mineralized spring in Florida. 
The spring is a multi-use resource that is known for its warm-mineralized 
swimming pool, archeological discoveries, and warm-water outlet that provides 
vital habitat for manatees during the winter months. To maintain and protect 
Warm Mineral Springs, it is essential to understand the characteristics of the 
spring and spring outlet and monitor hydrologic and chemical changes in 
spring conditions.

Analysis of the historic field parameter data (1942–2003) collected by various 
agencies on the spring outlet indicated inconsistent results; water temperature 
ranged from 69–88 °F, and specific conductance ranged from 22,000–31,000 
microsiemens per centimeter (µS/cm). To understand these inconsistencies in 
field parameter data, continuous water temperature and specific conductance 

sensors (measuring every 15 minutes) were placed in the Warm Mineral 
Springs outlet (December 3, 2014 through January 8, 2015) and on a ledge at 
40 feet below the spring pool surface ( January 28 through March 3, 2015).

Continuous water-temperature data indicated that water temperature in the 
outlet was more variable than in the spring pool. The water in the shallow 
spring outlet was influenced by daily air temperature and varied by about 2 °F. 
Continuous water-temperature data collected below the spring pool surface 
indicated that although the water temperature was influenced by daily air 
temperature changes, the spring water temperature only fluctuated about 0.3 
°F. The water temperature was lowest in early morning and highest in the 
afternoon.

Specific conductance at the Warm Mineral Springs outlet does not accurately 
represent the geochemistry of water deeper in the spring and fluctuated 
between 25,300–29, 200 µS/cm. These fluctuations were in response to rainfall, 
surface runoff, tides, and shallow groundwater input. Specific conductance 
measured below the spring surface was much less variable (28,900–29,100 µS/
cm) and was influenced primarily by input of deep and shallow groundwater.

Illinois Nutrient Monitoring Network – Continuous 
Phosphate and Turbidity Monitoringto Determine 
Continuous Total Phosphorus Loads

Colin Peake1, Paul Terrio1, Timothy Straub1, Gregory Good2, Amy 
Walkenbach2, and Kelly Warner1

1US Geological Survey, Urbana, Illinois; 2Illinois Environmental Protection 
Agency, Springfield, Illinois

Abstract
Illinois is largely an agricultural state with several major urban areas. Each 
of these primary land uses are significant sources of phosphorus to surface-
water bodies. The recently adopted Illinois Nutrient Loss Reduction Strategy 
includes a state-wide nutrient export loadings network to estimate the 
quantities of nutrients being transported out of Illinois in its major streams 
and rivers. Monitoring for total phosphorus traditionally involved discrete 
sample collection and subsequent estimation of phosphorus loads through 
modeling programs. Since 2012, the US Geological Survey (USGS) in Illinois 
has developed a network of “super gages” which include the collection of 
continuous near-real-time phosphate, turbidity, and streamflow data. The 
super gages include in-situ colorimetric phosphate analyzers and ultraviolet-
absorbance turbidity sensors that provide data used to develop regression 
relations for total phosphorus concentrations and loads. This presentation 
will discuss the various challenges experienced with the installation and 
operation of these sensors and the development of regression relations for total 
phosphorus.

Optical Techniques for the Determination of 
Fluorescence in Environmental Waters: Guidelines 
for Instrument Selection, Operation, Deployment, 
Maintenance, Quality Assurance, and Data Reporting

Brian Pellerin1, Brian Bergamaschi1, Kurt Carpenter2, Bryan Downing1, 
Guy Foster3, Jennifer Graham3, Stewart Rounds2, and JohnFranco Saraceno1

1US Geological Survey, Sacramento, California; 2US Geological Survey, 
Portland, Oregon; 3US Geological Survey, Lawrence, Kansas

Abstract
In situ sensors that measure optical properties indicative of the type and 
concentration of organic material in water provide an important opportunity 
for understanding and managing water quality. In particular, fluorometers 
that measure the release of absorbed energy at longer wavelengths (e.g., 
fluorescence) have a long history of use in oceanographic research for 
measuring highly resolved concentrations and fluxes of algal material and 
dissolved organic matter (DOM). While in situ fluorescence sensor technology 
is now sufficiently developed to warrant broader application for research and 
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monitoring in freshwater systems, collecting data that meet high-quality 
standards requires investment in and adherence to common methods and 
protocols.

This presentation describes the principles and considerations for the selection 
and use of field fluorometers for DOM and algal pigments (chlorophyll a and 
phycocyanin) as described in a new USGS Techniques and Methods Report. 
While many of the key considerations overlap with guidelines for more 
traditional chemical and physical water-quality sensors, other issues may be 
unique to fluorometers including the effects of interferences from particles and 
colored waters and implications for concentrations and biomass estimates. This 
presentation provides information for sensor selection, characterization, and 
operation, as well as for data quality assurance, control, and management, in 
order to help facilitate the collection of high quality data across studies, sites 
and instrument types.

The Role of ICPRB in the Development of Algae 
Monitoring Methodologies Within the Potomac River 
Basin

Gordon Selckmann
Interstate Commission on the Potomac River Basin, Rockville, Maryland

Abstract
West Virginia Department of Environmental Protection (WVDEP) has 
observed and evaluated the breadth and causes of filamentous green algae 
blooms in rivers across West Virginia since 2007. Beginning in 2012, the 
Interstate Commission on the Potomac River Basin (ICPRB) has assisted 
the WVDEP in documenting algae blooms in the South Branch Potomac, 
Cacapon, and Shenandoah rivers, all located in the Potomac River basin. 
In response to an EPA Region 3 request, ICPRB explored additional 
methodologies to evaluate algal abundance in large river settings in 2014. With 
the continued interest in identifying and quantifying nuisance algal blooms in 
the Mid-Atlantic, ICPRB is further investigating the occurrence and causes 
of nuisance algal blooms through: 1) A large-scale volunteer efforts driven by 
mobile phone APP to identify hotspots, and 2) Microcosm studies to explore 
potential biological effects within small-scale bloom sites. This presentation 
discusses past and current filamentous algae work in the Potomac River Basin 
and outlines a research path for future projects.

Deployment of Continuous Water Quality Monitoring 
Systems

Dan Sullivan1 and Charles Dvorsky2

1US Geological Survey, Middleton, Wisconsin; 2Texas Commission on 
Environmental Quality, Austin, Texas

Abstract
Continuous water quality monitoring stations can be thought of as essentially 
water quality laboratories that are deployed in the water under often harsh 
environmental conditions. These conditions present numerous challenges to 
the collection of data of known quality. Location, site suitability, and suitable 
structures to house equipment are dependent on site conditions and climate. 
The Methods and Data Comparability Board of the National Water Quality 
Monitoring Council has assembled examples of successful continuous water 
quality monitoring station implementations to guide those who may be 
considering deployment of such systems.

Examples will be shown of a variety of existing monitoring systems, focusing 
on the issues and constraints that must be recognized and addressed to deploy 
such systems. These issues include selection of a location that is representative 
of the water body both longitudinally in the river reach and horizontally in 
the river cross section; choice of appropriate instrumentation; selection of 
appropriate instrument placement, both for any equipment needing shelter as 
well as the sensor; assessment of fouling conditions and required maintenance; 
assessment of flood potential, accessibility, and safety; choice of equipment 

needed for telemetry of the data; and selection of quality assurance/quality 
control measures. Only by considering all of these issues can continuous water 
quality monitoring stations provide the data needed by the user.

Is My Well Water Safe to Drink? Characterizing 
Arizona’s Groundwater Quality

Douglas Towne and Jason Jones
Arizona Department of Environmental Quality, Phoenix, Arizona

Abstract
Is it safe to drink the water from my well?

What is the Arizona Department of Environmental Quality (ADEQ) able 
to tell a private, domestic well owner who is curious about the quality of their 
water?

ADEQ’s Ambient Groundwater Monitoring program provides guidance to 
well owners as an outgrowth of its mission to characterize groundwater quality 
in Arizona. The program has sampled 1,740 wells and springs over a 20-year 
period between 1995 and 2015. Sampling activity has been conducted within 
39 of the state’s 51 groundwater basins, and groundwater-quality reports 
have been published on 33 basins. This research evaluates the risk of drinking 
untreated groundwater.

Based on these results, there’s roughly a one-in-three chance that a well in 
Arizona exceeds at least one health-based water-quality standard. More than 
97 percent of exceedances are caused by four constituents: arsenic, fluoride, 
nitrate, and gross alpha/uranium.

Similar to real estate values, groundwater-quality risk is much better estimated 
by a well’s location. Individual groundwater basins across the state have 
dramatically different water quality. More than 75 percent of sampled sites 
exceeded standards in some lowland desert basins, while some upland basins 
had no exceedances.

Predictions are further improved by examining water-quality differences within 
a basin among aquifers, sub-basins, geology, land uses, and groundwater sources. 
These factors can often forecast, with impressive accuracy, the likelihood of 
drinking unsafe groundwater.

These reports detailing groundwater-quality variation are available on 
ADEQ’s website. They allow domestic well owners to consider the health 
risk groundwater in the vicinity poses, and determine which constituents are 
most likely to exceed water-quality standards. This information allows targeted 
sampling of fewer constituents, reducing the cost of domestic well testing.

The presentation will trace how a small state program with limited personnel 
and budget is able to provide guidance to owners of more than 100,000 private, 
unregulated domestic wells scattered across roughly 80,000 square miles 
of non-tribal land. This “underground” tour of Arizona’s vital groundwater 
resources promises to be a scenic ride, revealing the water quality from the 
state’s snow-capped mountains to its signature saguaro cactus deserts.

Nutrient Fate and Transport in Indian Creek, Johnson 
County, Kansas

Thomas Williams, Jennifer Graham, and Guy Foster
US Geological Survey, Lawrence, Kansas

Abstract
Indian Creek, in Johnson County, Kansas, is an urban stream that receives 
discharge from two wastewater treatment facilities (WWTFs). Temporally and 
spatially dense data were collected to characterize nutrient fate and transport 
downstream from the WWTFs. During March 2012 to June 2013, temporally-
dense (every 15 minutes) nitrate data were collected at six sites along a 13.2 
kilometer reach of the creek using in situ UV photometers. During periods 
when effluent dominated streamflow, nitrate concentrations downstream from 
the WWTFs ranged from 1.4 to 13.7 mg/L, and had clear diurnal patterns, 
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likely caused by diurnal variability in biological treatment processes at the 
WWTFs. Nitrate concentrations decreased as distance from the WWTFs 
increased, but decreases were larger than could be explained by dilution alone 
and varied seasonally, indicating biological processes also influenced nitrate 
concentrations in Indian Creek. In summers 2014 and 2015, spatially-dense 
data were collected along the 13.2 km reach using a combination of discrete 
water-quality samples (every 500 m) and floating sensor arrays (every 30 
seconds) to better characterize the upstream-downstream gradient in nutrient 
concentrations. Nitrogen and phosphorus concentrations decreased as distance 
from the WWTFs increased, but spatial patterns for the two nutrients differed 
and were more complex than indicated in the temporally-dense nitrate analysis. 
Understanding the dynamics, fate, and transport of nutrients in Indian Creek 
will help document the efficacy of wastewater treatment processes and the 
development of effective nutrient reduction strategies, watershed management 
plans, and best management practices.

Real-Time Water Quality Forecasts

Julie Wood and Elisabeth Cianciola
Charles River Watershed Association, Weston, Massachusetts

Abstract
Urban rivers can provide a wonderful recreational resource, easily accessible 
to a large number of people. River recreation can improve local economies 
and public health and well-being. Poor or inconsistent water quality can, 
however, discourage recreation or make recreational activity dangerous. Since 
the early 2000s, we have used a water quality forecasting model to provide 
daily, real-time water quality forecasts for users of a heavily trafficked, but 
also significantly impacted urban river. In 2015, we updated our modeling to 
produce “real-time” hourly forecasts to account for changes in water quality 
conditions that can occur throughout a day, due to rainfall, combined sewer 
overflows, etc. The water quality forecasts are based on easily measurable 
hydrologic and meteorological parameters. Real-time data from an on-site 
monitoring station transmits to a server where statistical models are run 
to predict the probability of water quality standards violations at various 
locations along the river. The water quality model was updated in 2015 using 
the statistical package R after two and a half seasons of on-site real-time 
environmental monitoring and regular E. coli sampling. We reviewed E. coli 
data to developed multiple water quality zones, and then tested both multiple 
linear regression models and binary logistic regression models to find the 
best relationships between environmental data and water quality standards 
violations. Input variables included rainfall, flow, water temperature, air 
temperature, wind speed and direction, and PAR. Models were developed and 
piloted during the 2015 recreation season. Water quality forecasts are presented 
to the public using a simple, three-color flag system. This presentation 
will focus on the need and value of developing a real-time water quality 
forecasting system, required data collection, model development and forecast 
communication.

Connecting Coasts, Estuaries, and Freshwater 
Ecosystems

Protecting Water Quality While Constructing a Flood 
Protection Project Along the Napa River in California

J.J. Baum and Heather Jackson
United States Army Corps of Engineers, Sacramento, California

Abstract
The United States Army Corps of Engineers (USACE) has overseen the design 
and construction of the nearly completed Flood Protection Project along the 
Napa River. The USACE is part of a diverse team of Federal, State, and local 
agencies pulled together to reduce potential flooding on the Napa River and its 
tributaries. The Napa River originates near Mount St. Helena, follows a sinuous 

course through the Napa Valley, and drains into San Pablo Bay. The features of 
the Napa River/Napa Creek Flood Protection Project had to fit into the active 
junction of a freshwater river and a tidally influenced estuarine environment. 
The project design incorporated space for new tidal marshlands and 
constructed woody debris to enhance habitat while simultaneously balancing 
the recreational concerns of the local population. The design and construction 
of the project occurred over multiple phases with initial construction starting in 
1999 and the final segments nearing completion.

Water quality has been a significant consideration during the project since 
construction work occurred mainly in-water or adjacent to the Napa River or 
Napa Creek. The Napa River is listed as impaired for sediment on the State of 
California’s Clean Water Act Section 303(d) list. Work performed in support 
of the Napa Flood Protection project incorporated additional management 
requirements due to the impaired status of the Napa River. The level of water 
quality monitoring required was dependent on the phase of construction. 
Working through the dynamic regulatory and monitoring requirements 
on multiple project phases has been a continual challenge. Water quality 
monitoring had to adjust to fit complex areas encountered including: petroleum 
contamination/remediation sites, decommissioned wastewater treatment plants, 
fully drained and bypassed freshwater streams, water from various treatment 
systems, and in river construction. Monitoring results, approaches, and lessons 
learned will be shared to improve future projects.

USGS Water-Quality Monitoring Network for the St. 
Marks Watershed in Florida

Ron Knapp
US Geological Survey Caribbean-Florida Water Science Center, Tallahasse, 
Florida

Abstract
The United States Geological Survey has partnered with the Florida 
Department of Environmental Protection and the Northwest Florida Water 
Management District to establish a network of nine surface water flow and 
water-quality monitoring stations within the St. Marks watershed. The network 
will be used to establish minimum flows and levels, to develop nutrient total 
maximum daily loads, and to improve current understanding of water-quality 
conditions and trends for the St. Marks River, Wakulla River, and Spring 
Creek, located in Wakulla County, Florida.

The entire flow of the St. Marks River enters into a sinkhole at the Natural 
Bridge, near Woodville, Florida. The river re-emerges downstream with 
significantly more flow and different chemical characteristics than upstream of 
the sinkhole. Continuous water-levels and water-velocity data will be collected 
above the Natural Bridge and discharge will be computed. Below the Natural 
Bridge continuous water-level data will be collected and discharge computed. 
Water-quality samples will be collected at both sites.

The Wakulla River is a spring-run river that originates at Wakulla Springs 
and flows south to the confluence of St. Marks River, approximately ten miles 
downstream. Three monitoring sites to the west of the Wakulla cave system 
and one site to the east will collect temperature, specific conductance, and 
fluorescent dissolved organic matter data.

The Spring Creek Spring system is a group of 14 springs located on the Gulf 
Coast of Wakulla County and is thought to be the nation’s largest spring, 
with an average flow of about 1.3 billion gallons per day. The Spring Creek 
Springs system is connected to the Wakulla Springs cave system. Continuous 
water-level, water-velocity, temperature, and specific conductance data will be 
collected and discharge will be computed.
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Assessing the Nutrient Loads Reaching the Coastal 
Ocean Through Tidal Inlets in Southeast Florida

S. Jack Stamates and Thomas P. Carsey
Atlantic Oceanographic and Meteorological Laboratory; National Oceanic and 
Atmospheric Administration, Miami, Florida

Abstract
Tidal inlets in Southeast Florida transport significant quantities of nutrients to 
the coastal ocean. By combining measurements of flow rates through the inlets 
and inlet water nutrient concentrations, we have estimated the total loading 
reaching the coastal ocean. We also describe possible fates of these nutrients 
as they disperse into the coastal environment. Results from the Boynton Inlet, 
the Hillsboro Inlet, the Port Everglades Inlet and the Boca Raton Inlet will be 
presented.

Building Monitoring Collaborations

Charlotte Harbor Aquatic Preserves’ CHEVWQMN 
Volunteer Water Quality Monitoring Program 
Overview

Melynda Brown, Mary McMurray, and Arielle Taylor-Manges
Florida Department of Environmental Protection Charlotte Harbor Aquatic 
Preserves, Punta Gorda, Florida

Abstract
The Charlotte Harbor Estuaries Volunteer Water Quality Monitoring 
Network (CHEVWQMN) has been collecting technically sound water quality 
data in southwest Florida since 1998 through a group of trained volunteers. 
Once a month, over 80 trained volunteers sample for nineteen field and lab 
parameters at 46 locations. This provides a snapshot look of water quality 
across three counties and six aquatic preserves. Managed by the Florida 
Department of Environmental Protection (DEP) Charlotte Harbor Aquatic 
Preserves (CHAP) office, this program provides high quality, invaluable data 
for regulatory and educational purposes and for the management of six local 
aquatic preserves. The data is uploaded into the federal STORET database for 
use in the state’s total maximum daily load program, impaired waterbody status 
determinations and the recently developed DEP numeric nutrient criteria. 
The data is available online through the Water Atlas and by request to the 
CHAP office. The volunteers, DEP Tallahassee Laboratory, Estero Bay Aquatic 
Preserve, Charlotte Harbor Environmental Center and the Charlotte Harbor 
National Estuary Program are invaluable partners contributing to the success of 
the program.

Each estuary within the Charlotte Harbor Aquatic Preserves is greatly 
influenced by the size and use of its watershed. The runoff or freshwater 
influence from each estuary’s watershed during the rainy season, or storm 
events, can bring additional pollutants into the receiving waterbodies, 
particularly in areas that are highly developed or have a large watershed size. 
Water quality data from 1998–2014 show variability between season, estuary, 
and parameters of interest.

This water quality monitoring program is an essential component to monitor 
the health of the estuaries and in the management of the Charlotte Harbor 
Aquatic Preserves complex. Volunteers promote public awareness, and as 
trained citizen scientists, are invaluable to the success of this program.

The US Geological Survey Urban Landscapes 
Capability Team of the Northeast Region

Shawn Fisher1, Pamela Reilly2, Peter Murdoch3, Vivian Nolan3, and Dan 
Hippe3

1US Geological Survey NYWSC, Coram, New York; 2US Geological Survey 
NJWSC, Lawrenceville, New Jersey; 3US Geological Survey, Northeast Region, 
Reston, Virginia

Abstract
Watershed urbanization has been shown to cause changes in water quality 
and quantity, hydrologic alteration of streams and groundwater, changes in 
stream ecology, and increased bacterial contamination of waterways. These 
changes can have profound health effects on the human and ecological 
community and can also affect infrastructure. Therefore, collaboration among 
multiple interdisciplinary scientists is critical in a rapidly changing field of 
research occurring in the urban environment. The mission of the USGS 
Urban Landscapes Capability Team is to encourage and foster innovative 
real-time regional collaboration between the Northeast Region USGS Water 
Science Center scientists, and ultimately their cooperators. With more than 
25 members from the Northeast Region, the USGS has brought together a 
team of scientists to provide their collective expertise on the impacts of urban 
development on ecosystems, aquifer systems, streams and other waterbodies, 
and the resulting implications for watershed management.

This capability team serves as a catalyst to connect USGS scientists researching 
a multitude of urban water issues. Assembling this kind of team promotes 
internal discussion, team building, and training, with the outcome of producing 
better science and products. The diversity of the team members in career 
experience and breadth of knowledge adds significant value to the team in the 
form of mentorship and innovative problem solving. The overall goals of the 
Urban Landscapes Capability Team are to 1) develop and promote an urban 
watershed studies program throughout the region, 2) enhance communication 
between USGS scientists and cooperators on urban water related issues, 3) 
provide insight into novel technologies and innovations in the field of urban 
hydrogeology and ecology, and 4) participate in the Urban Waters Federal 
Partnership by continuing to work with communities to reconnect residents 
to their urban waterways. Examples of ongoing studies enhanced by the 
capability team include water quality/quantity monitoring in urban estuaries, 
examining ecological effects of hydrologic alteration, assessing the effectiveness 
of best management practices on reducing stormwater runoff effects, evaluating 
impacts of climate change on coastal communities, and investigating ways to 
minimize impacts of development on water quality.

CA Urban Streams Alliance – The Stream Team

Timmarie Hamill
California Urban Streams Alliance–The Stream Team, Chico, California

Abstract
The Stream Team is a regional leader in northern California, and has 
significantly improved locally led dialogue and coordination toward greater 
conservation of natural resources. Since 2003, they have facilitated 300,000 
hours of citizen science to restore stream habitat, monitor water quality, and 
implement Low Impact Development (LID) strategies that reduce water 
pollution in urban streams.
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Using Partnerships to Build a Water Quality 
Monitoring Program at Lake Mattamuskeet National 
Wildlife Refuge

Michelle Moorman
US Fish and Wildlife Service, Swan Quarter, North Carolina

Abstract
The US Fish and Wildlife Service has partnered with the US Geological 
Survey, North Carolina Division of Water Resources, North Carolina Wildlife 
Resources Commission, and other academic partners to establish a lake 
monitoring program at Lake Mattamuskeet. The partnership formed because 
managers were concerned about submerged vegetation declines in the lake and 
identified the need to determine the extent to which the decline may be due to 
poor water quality. This vegetation supports a significant waterfowl population, 
and the lake is an important wintering habitat for migratory waterfowl. Since 
2012, the program has included two automated continuous water-quality 
monitoring stations which monitor water level, clarity, dissolved oxygen, pH, 
temperature, salinity, and conductivity., monthly grab samples for nutrients, 
suspended sediments, chlorophyll a, phytoplankton and cyanotoxins, and 
annual biological surveys of submerged aquatic vegetation, osprey productivity, 
and waterfowl usage. The monitoring data collected has shown that there 
has been a significant increase in nutrients and chlorophyll a during this 
period. In addition, the phytoplankton communities present are dominated by 
cyanobacteria capable of producing toxins. Results from this information are 
being used to improve our understanding of why submerged aquatic vegetation 
has declined and better understand the sources of nutrients in the lake. Lake 
Mattamuskeet provides one example of how multiple agencies can work in 
partnership to improve understanding of a lake’s water-quality dynamics.

Building Collaboration and Continuous Monitoring 
Data Exchange Through a State Water Monitoring 
Council

Alena M. Baldwin-Brown1, Leslie J. McGeorge1, Michael R. Kusmiesz1, and 
Robert G. Reiser2

1New Jersey Department of Environmental Protection, Water Monitoring and 
Standards, Trenton, New Jersey; 2US Geological Survey New Jersey Water 
Science Center, West Trenton, New Jersey

Abstract
New Jersey Water Monitoring Council (NJ Council) members share a 
common interest in integrating and strengthening the State’s water monitoring 
community via coordination, collaboration and communication. The 12 
year old NJ Council is now comprised of 40+ members representing 21 
organizations, including federal, state, regional and local government entities, 
interstate organizations, academia, water and wastewater utility authorities, and 
watershed associations. Goals and activities include: facilitating monitoring 
technology transfer; enhancing data exchange and compatibility; promoting 
partnerships and efficient use of monitoring resources; informing statewide 
monitoring strategies and assessments; and identifying water research needs.

The NJ Council has sustained a variety of collaborations through an active 
group of members, leadership from the state environmental agency and the 
state-level USGS Water Science Center, a focus on meeting members’ technical 
information needs, and bringing members information from the National 
Water Quality Monitoring Council (NWQMC). The NJ Council’s website 
(www.state.nj.us/dep/wms/wmcchome.html) contributes to making members’ 
data and information more readily available, and provides an online state water 
monitoring reference through its repository of technical presentations.

Data discovery and exchange is a major focus of the NJ Council. While tools 
such as the national Water Quality Portal (WQP) provide discrete water 
quality data, NJ Council members also seek greater awareness and exchange 
of continuous water quality data across the state. A newer and evolving 
NJ Council product is its inventory of continuous New Jersey monitoring 
sites. This inventory contains both long (> 1 year) and short term (< 1 year) 

monitoring sites in New Jersey and its shared waters from 10 different 
organizations. Information in the inventory includes: parameters monitored, 
date ranges, links to online data, site information, and maps. Enhancements 
are planned to display data through web tools including ArcGIS Online 
and, potentially, through an existing application developed by New Jersey 
Department of Environmental Protection and Rutgers University. The NJ 
Council inventory has been shared with EPA’s Office of Water as an example 
for other states/regions/councils to consider in facilitating the discovery and 
exchange of continuous water monitoring data.

Innovations in Monitoring and Assessment

Assessment of Water Quality Condition Within 
Barnegat Bay Using the Data Being Collected 
Between 2008 and 2013

Hui (Helen) Pang, Patricia Ingelido, Jack Pflaumer, Anne Witt, and Aynan 
Zaman
New Jersey Department of Environmental Protection, Trenton, New Jersey

Abstract
As part of Governor Christie’s Comprehensive Plan to address the ecological 
health of Barnegat Bay, New Jersey, a targeted water monitoring project was 
conducted within Barnegat Bay Watershed by New Jersey Department of 
Environmental Protection and multiple partners over a two-year period. The 
robust dataset produced as part of this project, together with other available 
data during the time frame of 1/1/2008 and 06/30/2013, provided the 
foundation for the Department to complete a comprehensive assessment of the 
water quality condition of Barnegat Bay and its tributaries. The water quality 
assessment included two parts: Part 1 compared the observed water quality 
data to the exsisting applicable numeric New Jersey Surface Water Quality 
Standards, as part of the Department’s biennial 2014 Integrated Report and 
following the method specified in the method document (http://www.nj.gov/
dep/wms/bears/docs/2014_draft_methods.pdf ). Part 2 was a comparison 
between Barnegat Bay data and the targets used by other estuaries in the 
Northeast United States relative to the narrative nutrient criteria. The Part 1 
assessments identified violations of the applicable numeric criteria (such as 
DO, TP and turbidity) at a few assessment units, in the open water bay and/
or within the tributaries. The Part 2 comparisons focused on the data collected 
within the Bay and provided a general sense of the condition of Barnegat 
Bay in terms of parameters that are related to the narrative nutrient criteria, 
either by affecting productivity or responding to productivity (i.e., TSS, 
clarity, and Chlorophyll a). The Department currently lacks such interpretive 
criteria for estuarine and waters. Along with the outcomes of other ecological 
research projects also funded by the Department, the findings from this special 
assessment will help the Department to determine the correct metrics of the 
numeric criteria to restore the water quality and protect ecological health 
specifically in the Barnegat Bay.

Geothermal and Brine Sources of Natural 
Contaminants in Public-Supply Wells in the Rio 
Grande Aquifer System

Laura Bexfield1, Bryant Jurgens2, Peter McMahon3, and MaryLynn 
Musgrove4

1US Geological Survey, Albuquerque, New Mexico; 2US Geological Survey, 
Sacramento, California; 3US Geological Survey, Denver, Colorado; 4US 
Geological Survey, Austin, Texas

Abstract
In 2014, the National Water-Quality Assessment (NAWQA) Program of the 
US Geological Survey (USGS) sampled 60 public-supply wells in the Rio 
Grande aquifer system for a comprehensive suite of analytes to characterize 
and explain the occurrence of contaminants of concern for human health 
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in groundwater used for public drinking supply. Various isotopes and 
environmental tracers (including δ18O, δD, 87Sr/86Sr, δ11B, δ13C, 14C, 4He, and 
3He/4He) were included to improve understanding of groundwater sources, 
flow paths, and ages. The Rio Grande aquifer system consists of hydraulically 
interconnected basin-fill aquifers extending across about 70,000 square miles 
of Colorado, New Mexico, and Texas. Wells were selected for sampling using 
equal-area grids to achieve a spatially unbiased dataset across the aquifer 
system. Concentrations of one or more constituents of natural (geologic) origin 
exceed current or proposed human-health benchmarks for drinking water in 
groundwater samples from 22 of the 60 wells (37 percent). These constituents 
include arsenic, hexavalent chromium, fluoride, strontium, uranium, gross 
alpha radioactivity, and radon. Preliminary analysis of age tracers indicates that 
elevated concentrations of most of these constituents occur predominantly in 
groundwater with calculated mean ages greater than 10,000 years. Groundwater 
samples from several wells with elevated concentrations of these constituents 
also have chemical and (or) isotopic markers that indicate contributions from 
geothermal water or deep sedimentary brines. Data from the 60 wells sampled 
in 2014, plus potential geothermal and brine end members sampled in 2015, 
are undergoing continued analysis to determine the primary geochemical 
processes and fluid sources (including deeply-derived fluids) that likely 
contribute to elevated concentrations of natural constituents in parts of the Rio 
Grande aquifer that are used for public supply.

Continuous Groundwater Quality Monitoring at Three 
Drinking-Water Wells in New Hampshire

Sarah Flanagan, Joseph Ayotte, Richard Kiah and James Degnan
US Geological Survey, Pembroke, New Hampshire

Abstract
High frequency monitoring of groundwater quality by the US Geological 
Survey commenced in March 2014 at three drinking-water wells in New 
Hampshire. The wells include a public-supply glacial aquifer well, a public-
supply bedrock aquifer well, and a domestic-supply bedrock aquifer well in 
southeastern New Hampshire. The monitoring program is designed to assess 
short-term temporal variations in groundwater quality and the influence of 
well use on water quality. Physiochemical properties including pH, specific 
conductivity, water temperature, and dissolved oxygen are measured and 
recorded continuously (every 5 minutes during pumping) at wells using 
multi-parameter instruments with flow-through cells. The wells are sampled 
once every two months for major ion chemistry, alkalinity, nitrate, arsenic, 
arsenic-3 and arsenic-5 species, uranium, strontium, oxygen-18 isotope, 
tritium, carbon-14 isotope, sulfur hexafluoride, chlorofluorocarbons, noble 
gases, and atmospheric gases. Approximately 500 pesticide and volatile organic 
compounds are analyzed from samples collected annually. All three wells have 
measureable arsenic concentrations ranging from 3 to 42 micrograms per liter. 
Correlations of observed changes in arsenic concentrations with changes in 
other measured parameters will be discussed in the context of season, well 
pumpage rates, and recharge patterns. The challenges of operating continuous 
monitors at wells that are pumped intermittently, and potential implications on 
measurable water-quality conditions will be explored.

A New Approach In situ Measurements of pCO2 in 
Shallow Surface Waters

Karl Haase and Ward Sanford
US Geological Surve, Reston, Virginia

Abstract
Carbon dioxide plays a critical role in biological, geochemical, and planetary 
climate systems. There is great interest in quantifying the CO2 cycle and 
in developing strategies for measurement of CO2 related to water quality 
issues and enforcement of greenhouse gas emissions policies. A barrier to 
implementing dissolved CO2 (pCO2) monitoring programs is the cost and 
availability of instrumentation. While dissolved inorganic carbon (DIC) and 
pH can be measured quickly and economically, DIC grab samples do not 

yield high time resolution. Carbonate ion specific electrodes have well known 
interferences (like ammonium) that are common in natural waters. Currently 
available Fourier Transform Infrared (FTIR) and Non-dispersive IR (NDIR) 
systems are expensive, and sometimes have substantial power requirements. It is 
undesirable to leave current systems in unsecured or hazardous locations where 
theft or catastrophic events could result in substantial financial loss.

We have developed an NDIR pCO2 sensor that can be constructed from 
commodity components and that can operate autonomously and completely 
submerged for 40–60 days at a time. The sensor is designed to be easily 
configured for user needs, and can incorporate other measurements such as 
temperature, total dissolved gas pressure (TDGP), and photosynthetically 
active radiation (PAR). These instruments can measure pCO2 with a within a 
range of 0 to 2.5 × 104 ppm pCO2, with a limit of detection of around 1 ppm 
(3 σ) with a typical percent relative standard deviation (% RSD) of 0.05% over 
the measurement range. While not disposable, the cost of construction is small 
enough to use these sensors in situations where they might be lost, and makes 
them appealing for experiments where many simultaneous measurements are 
desired.

Nineteen of these sensors have been deployed around the United States in 
lakes, streams, and unsaturated zones. They are proving to be valuable tools for 
monitoring CO2 exchange processes, and have provided high time resolution 
data that was previously very difficult to achieve.

Utilization of an Autonomous Underwater Vehicle to 
Support Taste-and-Odor Assessments in a Drinking-
Water Supply Reservoir in South Carolina, 2013–2015

Matthew Petkewich, Celeste Journey, Paul Conrads, and Jimmy Clark
US Geological Survey, Columbia, South Carolina

Abstract
The US Geological Survey, in cooperation with the Charleston Water System, 
conducted an investigation to better understand the water quality and flow 
dynamics in the Bushy Park Reservoir and how these conditions may influence 
taste-and-odor episodes caused by geosmin and methylisoboneol. Bushy Park 
Reservoir, located near Charleston, South Carolina, is the major drinking 
water supply for the Charleston area. Spatial changes in water quality were 
assessed using discrete water samples combined with data collected with 
an autonomous underwater vehicle equipped with a multiparameter sonde. 
Spatially dense, georeferenced data from the sonde collected bimonthly were 
used to qualitatively identify locations and conditions for elevated chlorophyll 
and phycocyanin concentrations and changes in stratification. Discrete water-
quality samples were collected and used to verify and calibrate the sonde 
measurements and to quantitatively evaluate the water quality during taste-
and-odor episodes.

Bushy Park Reservoir experienced a spring (April) taste-and-odor episode 
in 2014 and 2015 with geosmin as the dominant taste-and-odor compound. 
However, throughout the spring and summer, the investigation identified a 
persistent occurrence of low-level (less than 25 nanograms per liter) taste-
and-odor concentrations. The taste-and-odor occurrence exhibited an inverse 
relation between geosmin and methylisoboneol concentrations that occurs 
spatially in the reservoir, whereby geosmin concentrations tended to be highest 
near the headwaters of the reservoir and methylisoborneol tended to be highest 
near the dam. Relation between the temporal and spatial changes in flow, water 
chemistry (discrete and spatial data) and phytoplankton community structures 
and taste-and-odor occurrence were evaluated. The results of that evaluation 
will be presented.
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Assessing Variability in Groundwater Quality in 
the San Joaquin Valley, California with Continuous 
Monitoring

John Franco Saraceno1, Justin Kulongoski2, and Timothy Mathany1

1US Geological Survey, Sacramento, California; 2US Geological Survey, San 
Diego, California

Abstract
Unattended water-quality sensors are ideally suited to document both short 
and long term changes in groundwater quality. As part of the National Water 
Quality Assessment Enhanced Trends Program, we developed a sampling 
system to continuously measure water-quality changes at three depths in an 
impacted drinking-water aquifer near Fresno, California, in order to document 
vertical and horizontal movement of solutes and contaminants of concern. 
Water temperature, specific conductance, pH, dissolved oxygen were measured 
continuously using a custom water-quality meter while nitrate was measured 
using an optical nitrate analyzer. Groundwater from two supply wells – one 
deep (200 m) and one shallow (100 m) – were alternately sampled every thirty 
minutes while the shallow monitoring well (70 m) was sampled once per day, 
due to electrical power constraints. Real-time monitoring data agreed well with 
discrete measurements. Data from 2013 to 2015 shows that water quality has 
been relatively constant within each well. Of particular interest is the horizontal 
and vertical transport of contaminates, including nitrate, perchlorate, and 
DBCP, which were detected above maximum contaminant levels or at elevated 
concentrations in the shallower two wells, while in the deep well, nitrate is low 
(~2.8 mg/L) and perchlorate and DBCP were not detected.

Laboratory Evaluation of Online Sensors for 
Monitoring Microorganisms in Water

Samendra Sherchan
Fresno state, Fresno, California

Abstract
The evaluation of microbial water quality in drinking water is necessary 
to protect consumers from water-borne or water-based illnesses caused by 
pathogens, such as bacteria, viruses, and protozoa. In the past, microbial water 
quality was determined through the use of indicator organisms, whose presence 
indicated the potential incidence of pathogenic microorganisms in water. 
However, there has been a great debate among scientists, engineers, public 
health officials and water utilities regarding the use of indicators to determine 
microbial water quality. In addition, outbreaks due to contamination of 
drinking water have occurred regardless of the presence or absence of indicator 
organisms. However, consumers still demand safe drinking water that meets 
health quality standards, and aesthetic aspects such as color, turbidity, taste and 
odor. As a result, most water utilities have developed quality management and 
on-line monitoring systems because of i) lower costs; ii) real-time monitoring 
(not require laboratory measurements); and iii) recent security concerns 
against bioterrorism. On-line monitoring sensors are installed as early warning 
systems for monitoring treated water quality and microbial contamination in 
the distribution systems. In this presentation, we will present our results from 
evaluation of commercially available online sensors and their performance 
when tested using intentional bacterial contamination in a model drinking 
water distribution system. We will also present several Pros and cons of these 
technologies and how they can help to protect public health.

Status of Florida’s Fresh Waters: Probabilistic 
Monitoring Results, Application of Numeric Nutrient 
and Dissolved Oxygen Criteria

Stephanie Sunderman-Barnes, Chris Sedlacek, and Jay Silvanima
Florida Department of Environmental Protection, Tallahassee, Florida

Abstract
The Watershed Monitoring Section (WMS) conducts annual probabilistic 
surveys of Florida’s lakes, rivers, streams, and canals. The target population of 
rivers, streams, and canals is defined as linear waterbodies with perennial flow 
that are waters of the state (drainage ditches and irrigation ditches are not 
included in the population). The target population of flowing waters is divided 
into three classes, rivers, streams, and canals based on size and input from 
Departmental and Water Management District staff. The target population 
of lakes is defined as all natural freshwater lakes (artificial waterbodies and 
those used for aquaculture are not included in the population). The target 
population of lakes is divided into two classes: those between 4 to less than 10 
hectares in size and those 10 hectares and greater. Probabilistic surveys of these 
flowing waters and lakes were completed annually 2009–2014. Indicators of 
waterbody health analyzed include a flowing waters habitat assessment (HA), a 
lake vegetative index (LVI), un-ionized ammonia, fecal coliform, and numeric 
nutrient [chlorophyll a, total nitrogen (TN), and total phosphorous (TP)] and 
dissolved oxygen (DO) criteria. Analyses of combined results for rolling three 
year periods are presented. These results indicate that, for recreational usage 
and aquatic life support, Florida’s flowing waters and lakes are in generally 
good health. However, of the eight indicators reported, aquatic life use support 
metrics for habitat (HA & LVI), nutrients (TN & TP), and chlorophyll a show 
the lowest passing values.

Sources of Water and Hydrogen Sulfide at White 
Springs, Florida, 2012–13

John Stamm and Scott McBride
US Geological Survey, Tampa, Florida

Abstract
Understanding water sources is important when establishing minimum flows 
and levels (MFLs) for springs, as is required in the State of Florida. White 
Springs, a spring currently scheduled for MFL development, is located in the 
Suwannee River Basin in northern Florida. Flow from White Springs, which 
has been intermittent in recent decades, discharges from a vent situated in 
the uppermost Suwannee Limestone. Water levels in White Springs were 
monitored in 2012–13, during which the Suwannee River flowed into or 
otherwise inundated the White Springs pool about 45 percent of the time. 
Water-quality and geochemical samples were collected in November 2012 and 
October 2013 from a vent 60 feet below the surface of the White Springs pool 
using tubing installed by divers that extended from the vent to the surface. 
Samples were also collected at a nearby 150 foot-deep well finished in the 
intermediate aquifer system, and at two nearby springs (Suwannee Spring and 
Bell Spring). Samples were analyzed for a suite of major ions, dissolved gases, 
sulfur hexafluoride, tritium, and the stable isotopes of sulfur, strontium, oxygen, 
and hydrogen.

Preliminary geochemical analyses indicate that flow from White Springs 
in 2012–13 was derived from a mixture of groundwater and surface water. 
Strontium isotope ratios were consistent with those of the rocks of the shallow 
Upper Floridan aquifer, indicating a groundwater source. Multiple lines of 
evidence indicate the presence of a surface-water component in the spring 
discharge, including enriched oxygen and deuterium isotope ratios and elevated 
recharge water temperatures based on dissolved-gas ratios. Isotope ratios of 
sulfur from sulfate were consistent with those of a light sulfur source, such as 
sulfur-rich organic matter or pyrite. The intermediate aquifer, the hydrogeologic 
unit immediately above the Upper Floridan aquifer, is known to contain pyrite. 
The estimated age of the spring discharge based on a piston-flow model using 
sulfur hexafluoride data ranged from 17.4 to 24.3 years.
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A Comparison of Natural Substrate vs. Artificial 
Substrate Sampling Devices for Periphyton and 
Biofilm Assessment

Alex Valigosky1, Paul Anderson1, Michael Mendel2,1, Brad Bartelme1, and 
Beau Williams3

1EnviroScience, Inc., Stow, Ohio; 2Mount Vernon Nazarene University, Mount 
Vernon, Ohio; 3Cleveland Airport Systems, Cleveland, Ohio

Abstract
Although sampling of periphyton in natural substrates often provides a more 
accurate assessment of ecosystem components, these samples can be highly 
variable even at a single location (Stevenson and Pan 1999). The use of artificial 
substrates can reduce this variability and they are particularly useful when 
natural substrata are unsuitable for sampling (such as in deep, channelized or 
silty habitats).

In 2014, Cleveland Hopkins International Airport (CLE) developed a long-
term Anti-icing and De-icing Material (ADM) runoff management plan 
to address nuisance biofilm growth in Abram Creek and the Rocky River, 
downstream of multiple airport stormwater outfalls. A first step in this plan 
involved sampling and characterizing the biofilm at twelve locations and 
determining how the biofilm flora changed seasonally and annually. Water 
chemistry sampling was also conducted at these outfall locations. Samples 
were collected on a monthly basis over one year, with an increased sampling 
frequency during a four month period (March 1 – June 30) known to have 
rapid biofilm growth.

Due to limitations in the study area receiving streams, artificial substrate 
samples were used as the primary data collection technique in order to provide 
a standardized condition for comparison between sites. Artificial substrate 
samplers were constructed using 5 cm × 5 cm slate tiles housed in a stainless 
steel frame which could be anchored to both natural stream beds and concrete 
outfall channels. Sufficient tiles were placed at each location to allow for 
periphyton colonization and periodic removal of individual tiles for analysis. 
Analyses performed included soft algae/diatom identification enumeration, 
analyses of bacterial and fungal growths, Chlorophyll a, ash free dry weight, 
and Adenosine Triphosphate analyses. Water chemistry samples from the 
outfalls and the receiving stream were analyzed for propylene glycol (aircraft 
deicing agent), suspended and dissolved solids, metals, and nitrogen and 
phosphorus nutrient parameters. Chemistry and biological data were organized 
in a Microsoft Access®-based database and analyzed using multivariate 
statistical techniques.

A description of the sampler design will be presented and limitations associated 
with both artificial and natural substrate sampling strategies will be discussed. 
Comparison of artificial sampler and natural substrate data sets will be 
presented.

Deploying and Field Testing ProbeGuard Anti-Fouling 
Device

Kurt Weidich
US Geological Survey, Sacramento, California

Abstract
This report presents the findings of a study by the United States Geological 
Survey, California Water Science Center’s Sediment Transport Project to 
evaluate the ProbeGuard anti-fouling device and the components required to 
deploy the unit as part of a water-quality monitoring station. ProbeGuard uses 
biocide and a sampling chamber to reduce biologic fouling on multi-parameter 
water-quality instruments. Biologic fouling of unattended water-quality 
instrumentation negatively impacts data and equipment. ProbeGuard was 
integrated into an existing station at South San Francisco Bay at Dumbarton 
Bridge, California. The effectiveness of ProbeGuard was tested by co-locating 
two identical multi-parameter water-quality instruments, one with ProbeGuard 
and one without. The instruments were left unattended for 22 days. Data 

analysis characterized the influence and growth rates of biologic fouling on 
measured water-quality parameters. When recovered, the sonde equipped with 
ProbeGuard was primarily clean and the control sonde was heavily fouled.

A Healthy Watershed Assessment for California’s 
Central Coast

Karen Worcester1,2 and David Paradies2,3

1Central Coast Water Board, San Luis Obispo, California; 2Central Coast 
Ambient Monitoring Program, San Luis Obispo, California; 3Bay Foundation 
of Morro Bay, Morro Bay, California

Abstract
The Central Coast Ambient Monitoring Program (CCAMP) has been 
collecting water quality data on the Central Coast of California since 1998. 
More recently, the State of California’s Surface Water Ambient Monitoring 
Program (SWAMP) completed an initial assessment of stream health, risk, 
and watershed condition at a statewide level, using GIS modeling tools and 
various sources of statewide data. This project combines these two sources of 
information to provide a watershed- and reach-scaled assessment of health 
for Central Coast watersheds. CCAMP has developed a multi-indicator site 
scoring approach with similarities to the Canadian Water Quality Index, 
presented at the NWQMC in 2014. This approach combines biological, 
chemical and physical data into sub-indices addressing conventional water 
quality, biostimulation, bioassessment, chemical pollutants, toxicity, and habitat. 
These sub-indices are then combined into an overall Index of Aquatic Health. 
The National Hydrography Dataset Plus is used to assign these site level index 
scores to upstream reaches. Changes in both catchment land use and upstream 
land use are used to determine the extent that the aquatic health index scores 
are applied to reaches above the site. Statewide modeled data are used in areas 
where no direct measures of health are available.

A web tool (accessible via www.ccamp.org) allows the user to “drill in” to view 
the data driving the Index scores. The project provides color scored web maps 
of all Central Coast watersheds, and provides the user information on where 
watersheds are healthy, where they are not, what is causing the problem, and 
whether there is evidence of improvement. The State of California is interested 
in adapting this web tool for use in its “My Water Quality” web portal for 
Healthy Watersheds.

Identifying and Assessing Emerging Risks

Water Data to Answer Urgent Water Policy Questions: 
Shale Gas Development in the Susquehanna River 
Basin

Elin Betanzo and Erik Hagen
Northeast-Midwest Institute, Washington, District of Columbia

Abstract
While the potential of shale gas development has been apparent for some time, 
it is only recently that horizontal-drilling technology and multi-stage hydraulic 
fracturing has allowed for the exploration and development of shale formations 
for natural gas and oil in the United States. Because hydraulic fracturing 
involves injection of high volumes of water and chemicals deep underground at 
high pressures, it has raised questions about potential contamination of surface 
water and groundwater and related human and environmental health and safety 
implications.

This presentation will summarize the results of a case study authored by 
the Northeast-Midwest Institute and the US Geological Survey evaluating 
available water data to answer “Do shale gas development activities 
contaminate surface water or groundwater?” in the Susquehanna River Basin. 
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This presentation will describe the water data needed, available, and data gaps 
for answering this policy question. The findings from this study include the 
following observations:

•	 The water data needed to measure changes in surface water and groundwater 
quality that may be related to development of shale gas resources in the 
Marcellus and Utica shale gas plays underlying the Susquehanna River Basin 
are not currently available

•	 Modifications to existing surface water monitoring programs will be able to 
fill the gaps for surface water quality data

•	 Substantial new groundwater monitoring will be needed to fill the 
groundwater data gaps, and

•	 Substantial participation from the shale-gas industry is necessary to collect 
needed baseline water-quality data or to share water-quality data already 
collected by industry.

This objective and science-based analysis provides insight into the types of data 
the Northeast-Midwest region as a whole might need and describes the extent 
to which available data in the network of Federal, state, and local monitoring 
programs might be collectively used to support decision making. The project 
ultimately seeks innovative, feasible and science-based monitoring approaches 
that will support regional policy decisions and safeguard the region’s water 
resources into the future.

A Pilot Study: Cemeteries and the Potential Impact 
to Groundwater Quality and Human Health (Aurelius 
Township, Michigan)

Angela Brennan, Julia Giesen, and Carrie Givens
US Geological Survey – MI WSC, Lansing, Michigan

Abstract
Limited information exists related to the transport and fate of contaminants 
associated with cemeteries in the United States. The Midland Agency Region 
(UK) and the World Health Organization (WHO) have both suggested that 
cemeteries are a potential bacteriological problem that require further study 
and should be viewed in the same way as individual septic tanks (Young et al. 
2002) or a special type of landfill (Ücisik & Rushbrook 1998). The objective 
of this study was to evaluate the influence of cemetery leachate (including 
microorganisms and chemical constituents) on groundwater and identify 
potential environmental and/or human health concerns caused by cemetery 
leachate to groundwater.

In October, 2015, four groundwater wells were monitored as part of the 
study in Aurelius Township, Michigan; one well was located up-gradient of 
the cemetery (domestic homeowner well), one well was located within the 
cemetery proper (irrigation well), and two wells were located down-gradient of 
the cemetery (domestic homeowner wells). The target analytes included arsenic, 
formaldehyde, nutrients, waste indicator compounds, along with bacterial 
pathogen genes (presence/absence) for E. coli, Staphylococcus aureus, Salmonella, 
Shigella, and enterococci.

Information obtained from this pilot study will be used to determine if further 
research is necessary in evaluating the effect that cemeteries have on water 
quality and ultimately, human health.

Sediment Pore Water Ammonium and Phosphate 
Concentrations in Choctawhatchee Bay as 
Determined by the Diffusive Equilibration in Thin 
Films (DET) Technique

Roger Burke1, Robert Mckinley1, Mel Parsons1, Karen McNeal2, and James 
Martin3

1US Environmental Protection Agency, Athens, Georgia; 2North Carolina State 
University, Raleigh, North Carolina; 3Mississippi State University, Mississippi 
State, Mississippi

Abstract
Choctawhatchee Bay (CB) is a large estuarine ecosystem in northwest Florida 
that provides quality of life and economic benefits to local residents. The CB 
watershed is largely forested, but with significant agriculture in its northern 
part and intense residential and commercial development of the land-estuary 
interface. In spite of these anthropogenic disturbances, CB is not considered 
to be nutrient impaired at present, and the current regulatory strategy is 
to maintain the status quo with respect to nutrients. The rapidly growing 
human population in the area has the potential, however, to create significant 
nutrient stresses on the system in the future. To protect the ecosystem from 
future eutrophication, better estimates of nutrient inputs from the various 
sources are needed. One source that apparently has not been considered in CB 
nutrient budgets is flux from the sediments. Diagenesis of organic matter in 
sediments generally leads to elevated pore water nutrient concentrations, which 
can then drive sediment-water nutrient flux. In July 2013, we determined 
pore water ammonium and phosphate concentrations at eight sites scattered 
throughout CB with diver-deployed sediment probes employing the diffusive-
equilibration-in-thin-films (DET) technique. Observed mean pore water 
ammonium concentrations ranged from about 1.5 to 4.5 mg N/L and mean 
phosphate concentrations ranged from about 0.25 to 0.75 mg P/L. These 
concentrations are 5 to 10 times higher than concentrations observed in the 
water column and suggest the potential for the sediments to be a significant 
source of nutrients to CB surface waters. Further, pore water N/P ratios ranged 
from 3 to 8, which is considerably lower than observed TN/TP ratios in the 
water column (18 to 23). Given that CB algal production is judged to generally 
be P-limited based on the elevated surface water TN/TP ratios, diffusion or 
advection of the P-replete pore waters across the sediment-water interface 
would be expected to stimulate algal production.

The NorWeST Temperature Database, Model, and 
Climate Scenarios for Western Streams and Rivers

Dan Isaak1, Seth Wenger2, Erin Peterson3, Jay Ver Hoef4, and Dave Nagel1

1US Forest Service, Boise, Idaho; 2University of Georgia, Athens, Georgia; 
3Queensland University of Technology, Brisbane, Australia; 4NOAA, Fairbanks, 
Alaska

Abstract
Climate change is warming streams across the West and threatens investments 
made to conserve the region’s valuable cold-water fish species. Efficient 
threat response requires prioritization of limited conservation resources and 
coordinated interagency efforts guided by accurate information about climate 
at scales relevant to the distributions of species across landscapes. This poster 
shows a high-resolution (1-kilometer) summer stream temperature scenario 
mapped to the NHD-Plus 1:100,000-scale stream layer for a historic period 
across 900,000 stream kilometers in eight western states (Idaho, Washington, 
Oregon, Montana, Wyoming, Nevada, Utah, and California). The model 
scenario is based on an accurate stream temperature model (r2 = 0.90; RMSE 
= 1.0 °C) developed by applying a new class of spatial statistical network 
model (SSN/STARS website: http://www.fs.fed.us/rm/boise/AWAE/projects/
SpatialStreamNetworks.shtml) to a massive crowd-sourced database. The 
database was contributed by 100s of professionals working for > 100 state, 
federal, tribal, municipal, county, and private resource agencies and consists 
of > 50,000 summers of monitoring data at > 20,000 unique stream sites. The 
temperature data and climate scenarios are available in a variety of user-friendly 
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formats through the NorWeST website (http://www.fs.fed.us/rm/boise/
AWAE/projects/NorWeST.shtml) to facilitate inter-agency coordination of 
monitoring, aquatic climate vulnerability assessments, and research on stream 
temperatures and thermal ecology. The NorWeST temperature information 
is being rapidly adopted by the management community for decision making 
purposes because of its accuracy, convenience of use, and development from 
data collected by the people working in local landscapes. The SSN models used 
to develop the stream temperature scenarios are a general class of statistical 
model and can be used with any type of data measured on stream networks (i.e., 
water-quality attributes, biological surveys, habitat condition measurements).

Microcystins Occurrence in Wadeable Streams in the 
Southeastern United States

Keith Loftin1, Jimmy Clark2, Celeste Journey2, Dana Kolpin3, Pete 
VanMetre4, and Paul Bradley2

1US Geological Survey, Lawrence, Kansas; 2US Geological Survey, Columbia, 
South Carolina; 3US Geological Survey, Iowa City, Iowa; 4US Geological 
Survey, Austin, Texas

Abstract
The presence of potential toxin-producing cyanobacteria has been documented 
in multiple stream assessments conducted by the USGS throughout the 
Southeastern US during 1993–2011. However, fluvial cyanotoxin occurrence 
has not been assessed systematically in the region. To begin to address this 
gap, the USGS Toxic Substances Hydrology and National Water Quality 
Assessment Programs conducted a spatial reconnaissance of fluvial microcystin 
concentrations in 75 wadeable streams during June 2014. Microcystins were 
detected (ELISA; MDL = 0.10 μg/L) throughout the region. The persistence 
and temporal variability of microcystins were assessed monthly through 
October 2014 in five of the streams where microcystins were observed in June 
and in one reference location. Microcystins were repeatedly detected in all but 
the reference stream. The widespread occurrence of microcystins observed in 
this reconnaissance demonstrates the need for further investigation throughout 
the Southeastern US and in fluvial systems, in general.

Steep Decline in the Mussel Community of an 
Outstanding State Resource Water (Marsh Creek, 
Kentucky) and the Potential Contributing Factors

Michelle Cook, Katie McKone, and Sue Bruenderman
Kentucky Division of Water, Frankfort, Kentucky

Abstract
Marsh Creek (McCreary County, Kentucky) is a high-gradient stream in the 
Southwestern Appalachian ecoregion and Upper Cumberland River basin. As 
of the mid-1990s, Marsh Creek had the most diverse unionid mussel fauna 
in the Upper Cumberland above the Cumberland Falls and was designated 
as Critical Habitat for the Cumberland Elktoe (Alasmindonta atropurpurea) 
in 2004. In addition, this stream is home to federally listed/candidate aquatic 
species, including the Cumberland Arrow Darter (Etheostoma sagitta sagitta). 
However, surveys conducted in 2011 revealed a steep decline in native mussel 
communities. This alarming situation prompted several state and federal 
agencies to form the Marsh Creek Basin Work Group whose goal was to 
evaluate the potential causes for and to reverse mussel declines. In 2012, fish, 
benthic macroinvertebrate, water quality, sediment, and habitat surveys were 
conducted in Marsh Creek and its tributaries, which yielded very poor to fair 
stream condition for the headwaters (i.e., based on fish, macroinvertebrate, and 
habitat index scores). However, downstream surveys showed the stream was 
in good to excellent condition (i.e., fish, macroinvertebrate, and habitat index 
scores). In 2013–2014, members of the Work Group collected mussels for 
tissue analysis to determine what contaminants, if any, documented in previous 
surveys were sequestered in mussel tissue and could be likely contributors to 
the mussel declines. The mussels included were in situ Asian Clams (Corbicula 
fluminea), collected in 2013, and lab-propagated Wavy-rayed Lampmussels 
(Lampsilis fasciola) placed within specialized containers in the stream during 

2013 and collected in early 2014. This presentation discusses results of 
the 2012-2014 water quality, sediment, and mussel tissue surveys and the 
implications of contaminants from historic and current human land uses on the 
mussel communities in Marsh Creek.

Frequencies of Detection and Spatial Distribution of 
Sucralose and Select Pharmaceuticals and Pesticides 
in Florida’s Ambient Freshwaters

Andy Woeber and Jay Silvanima
Florida Department of Environmental Protection, Tallahassee, Florida

Abstract
The Watershed Monitoring Section conducts annual probabilistic surveys of 
Florida’s surface water resources (aquifers, rivers, streams, canals, and lakes). 
Sucralose monitoring began in 2012. The vast majority of sucralose passes 
through wastewater treatment systems without degradation or partitioning 
to bio-solids and persists in the environment (Labare et al. 1993, Soh et al. 
2011). Monitoring for pharmaceuticals (acetaminophen, carbamazepine and 
primidone) and select pesticides began in 2014. According to scientists with the 
International Joint Commission who studied 10 years of data in a worldwide 
study of wastewater treatment systems, studies reported that only about 11 of 
42 drugs were removed in wastewater treatment processes (Bienkowski 2013). 
The removal efficiency of acetaminophen from tertiary wastewater treatment 
is much higher than that for Sucralose, carbamazepine, and primidone (Arvai 
et al. 2013). To identify and assess emerging risks associated with these 
compounds it is important to visually understand the occurrence, frequency 
of detection, and the spatial and temporal distributions of detections vs. non-
detections.

Measuring Effectiveness of Water Management 
Actions

Performance Evaluation of Biofiltration Parking Lot 
Retrofit

Elisabeth Cianciola and Julie Wood
Charles River Watershed Association, Weston, Massachusetts

Abstract
Due to the prevalence of impervious surfaces, stormwater runoff is a 
primary source of water quality impairments for urban waterbodies. Polluted 
stormwater flows untreated into rivers and streams in many cities, delivering 
pollutants such as nutrients, sediments, heavy metals, and organics. Low impact 
development (LID) systems such as biofilters are one approach to managing 
and treating stormwater. In this project, we endeavored to measure the efficacy 
of a biofilter installed as a stormwater retrofit for a parking lot in an urban 
public housing development.

The municipality, watershed and neighborhood organizations, and an 
engineering firm partnered to design and construct three biofilter systems to 
treat stormwater runoff from the parking lot. Stormwater not retained in the 
biofilters discharges to a waterbody impaired by ammonia, turbidity, petroleum 
hydrocarbons, fecal coliform, low dissolved oxygen and floatable debris. The 
biofilters were planted in November of 2013, with replanting occurring in May 
and September of 2014.

The purpose of this study was to assess the effectiveness of one of the onsite 
biofilters in 1) reducing the levels of pollutants delivered from the public 
housing development parking lot to the adjacent creek via stormwater runoff 
and 2) ameliorating the impact of stormwater runoff on flow levels in the 
creek by emphasizing groundwater recharge over surface water discharge. 
We monitored multiple storm events pre-construction between November 4 
and December 12 of 2010 and post-construction between October 16, 2014 
and September 11, 2015. Monitoring data included rainfall from an on-site 

Abstracts – Posters



Working Together for Clean Water 93

rain gauge, flow over a broad-crested (pre-construction) or V-notch (post-
construction) weir, in situ water quality measured with a multi-parameter 
sonde, and laboratory analysis of total suspended solids and nutrients in flow-
weighted composite samples collected using an automated sampler.

Our results suggest that the biofilters significantly reduced peak runoff volume 
and the concentration of total suspended solids, nitrates, and nitrites in 
stormwater discharge. However the biofilters’ impact on total nitrogen and total 
phosphorus discharges is less clear. It can be difficult to determine conclusively 
that a stormwater treatment system is effectively treating runoff, but direct 
sampling and analysis of stormwater runoff provides the best indication of 
system performance.

How West Virginia Government Agencies Use 
Volunteer Data

Timothy Craddock
West Virginia Department of Environmental Protection, Charleston, West 
Virginia

Abstract
The presentation will provide examples of how West Virginia state and 
federal agenices volunteer data. Examples are provided for the development 
and monitoring 319 projects, and the third-party data for West Virginia 
Department of Environmental Protection’s biannual integrated report (305(b)–
303(d)). The monitoring efforts of several volunteer groups will be highlighted.

Biological Treatment for Removal of the Odorants 
Geosmin and MIB in Surface Water Prior to 
Conventional Treatment

Katie Gilmore, Anamari Boyes, Nick Moran, and Amanda Shawver-Karnitz
Manatee County Water Treatment Plant, Bradenton, Florida

Abstract
A pilot study was initiated in January 2009 at the Manatee County Water 
Treatment Plant to evaluate biological filtration of surface water for removal 
of geosmin and MIB prior to conventional treatment. Currently, powdered 
activated carbon (PAC) is used for treatment of these compounds. PAC is 
expensive and not always effective due to high concentrations of odorants, 
feed limitations and short contact time. Effective biological treatment of these 
odorants would reduce or eliminate PAC resulting in a reduction in chemical 
costs, less residuals and fewer customer complaints.

The objective was removal of odorants to below threshold concentrations 
of 12 ng/L for MIB and 7 ng/L for geosmin. Other potential benefits 
explored included the ability of the filters to remove dissolved manganese and 
cyanotoxins. One anthracite and two granular activated carbon (GAC) pilot-
scale filters were used, all built to current WTP specifications. Odorants were 
spiked at various concentrations under a variety of test conditions. The units 
proved to be robust. Temperature, water quality, backwashing and intermittent 
pulses of odorants had little effect on removals. Key findings from the study are:

•	 Geosmin at the 10-yr 95th percentile (129 ng/L), 99th percentile (564 
ng/L) and maximum (2432 ng/L) values can be removed with EBCTs 
of 6.3, 10.5 and 12.6 min., respectively. MIB at levels up to the 10-year 
maximum value of 165 ng/L can be removed with a 6.3 min. EBCT.

•	 Addition of PAC did not significantly affect hydraulic performance of the 
filter. Removal of geosmin by PAC followed by biological filtration was 
equivalent to the sum of the two processes.

•	 Dissolved manganese is removed through the filters. Manganese is a concern 
due to a planned upgrade to ultrafiltration membranes and the potential for 
manganese fouling.

•	 Bench scale units showed a ~22% removal of microcystin spiked at 20 µg/L 
using a 6.36 min EBCT.

Based on these results, Manatee County has completed design and will be 
constructing a full scale “Biological Treatment Unit” using an EBCT of 3.2 
minutes. This will handle up to the 93rd percentile of historical geosmin levels. 
Construction is scheduled to begin in early 2016.

Assessing Water Quality Status and Trends for New 
York City’s Source Water

Jim Mayfield, Karen Moore and Richard Van Dreason
New York City Department of Environmental Protection, Kingston, New York

Abstract
Beginning in 1993, New York City was granted a series of regulatory waivers 
to avoid filtering its water supply. These conditional waivers for the Catskill/
Delaware portion of the supply required implementing studies to identify 
potential pollution sources, addressing existing sources of contamination, 
and developing programs to ensure long-term protection of the watershed. 
One provision of the waivers compelled the New York City Department of 
Environmental Protection (DEP) to undertake a comprehensive evaluation 
of the watershed protection programs on a periodic basis. A key component 
of this evaluation uses water quality data from DEP’s extensive monitoring 
program to help assess the effectiveness of the collective outcome of the 
watershed protection programs. In this presentation we provide results from 
the most recent assessment and discuss confounding factors such as storm 
events and methodology changes that occurred during the period of record. To 
assist in the latest assessment, DEP used several approaches, including the R 
software packages “EGRET” (Exploration and Graphics for RivEr Trends) and 
“dataRetrieval,” to evaluate the long-term record for nutrients and suspended 
sediment. The “Weighted Regressions on Time, Discharge, and Season” 
(WRTDS) method that is part of the EGRET package was used to estimate 
concentration and flux and flow-normalized concentration and flux to gain 
insights into the long-term water quality record. Results from the monitoring 
program continue to show the success of the watershed programs in improving 
and protecting water quality for over nine million consumers.

Long-Term Assessment of Aquatic Communities 
and Environmental Characteristics at Selected Lake 
Michigan Tributaries

Barbara Scudder Eikenberry, Michelle Lutz, Daniel Sullivan, Faith 
Fitzpatrick, and Jana Stewart
US Geological Survey, Middleton, Wisconsin

Abstract
Fourteen wadeable streams in urban or urbanizing watersheds near Milwaukee, 
Wisconsin, were sampled in 2004, 2007, 2010, and 2013 to assess fish, benthic 
invertebrate and algal communities and determine factors related to changes in 
their community structure. Selected physical and chemical data in the streams 
were also collected to evaluate their potential relation to the biota and the 
ecological health of the stream. Taxa relative abundances were used to calculate 
biological metrics, such as diversity and richness, percentages of intolerant 
and tolerant taxa, and indexes of biotic integrity for fish and invertebrates. 
Relative abundances and biological metrics were compared among sampling 
years and with environmental data to evaluate the ecological status of these 
streams, to determine primary stressors on the aquatic communities, and 
to help resource managers understand and work towards improving the 
ecological health of these and other urban and urbanizing rivers in the study 
area. Additional community sampling was also done at a subset of three sites 
in 2011, 2012, and 2013 to evaluate the extent of temporal variation, since 
inter-annual variability in biological metrics may be caused by local variability 
in weather and runoff patterns. Expected physical and chemical changes related 
to urbanization include decreased riparian cover, increased temperature and 
streamflow, increased stormwater runoff, and increased pollutants. Preliminary 
results suggest that most sites have some level of diminished ecological status 
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compared to metrics for streams in less urbanized areas of eastern Wisconsin. 
Results of multiple years of data collection will be presented in the context of 
watershed conditions and historical data.

Understanding Low Impact Development – 
Monitoring and Assessment Advancements

J. Michael Trapp
Michael Baker International, Irvine, California

Abstract
As Low Impact Development (LID) continues to be the focus of stormwater 
permits and has be increasing implemented over the past 10 years an 
understanding of the effectiveness of the LID BMPs is needed. Based on a 
recent experience and a recent survey of local jurisdictions in California, few 
LID BMPs are being regularly inspected and even fewer have monitoring or 
evaluation requirements. Monitoring is conducted primarily at grant-funded 
public demonstration and research sites. Even within these case sites, current 
monitoring methods and objectives are not consistent. The result is a lack of 
data regarding LID effectiveness. A consistent approach for monitoring LID 
is needed to understand the effectiveness and benefits of LID, which can then 
help to modify design and implementation of LID as well as understand the 
overall watershed effects through implementation of LID. This need has led to 
a recent grant through the Southern California Monitoring Coalition to study 
this gain a greater understanding of how these BMPs preform and to guide 
future design, implementation, and monitoring of LID including the adequate 
collection of data to have a more comprehensive understanding of LID and its 
true benefits.

The presentation will explore lessons learned from recent monitoring of LID 
measures as well as describe the current efforts to monitor LID. Additionally 
it will describe a comprehensive effort to identify the key elements for a 
consistent approach to monitoring and determining the effectiveness of LID 
BMPs for pollutants of concern and for reduction in hydromodification 
impacts. The effort to have a comprehensive understanding of LID monitoring 
efforts through coordination with agencies and organizations which are 
working to monitor and understand the performance of LID BMPs will also 
be described. We will also show initial approaches to identifying and answering 
key questions regarding LID BMPs including evaluation of relevant LID 
BMP monitoring work, compilation of existing LID BMP performance data 
and information, characterization and quantification of water quality benefits, 
evaluation of LID BMP performance over time, inclusion of monitoring 
features, and determination of what data to collect to improve LID BMP 
performance over time.

Improving Waters – Are We There Yet?

Diane Wilson
Pennsylvania Department of Environmental Protection, Harrisburg, 
Pennsylvania

Abstract
Pennsylvania has a wealth of water resources with over 86,000 miles of streams 
and rivers along with 161,455 lake acres. Many stakeholders with an interest in 
watershed stewardship have invested enormous effort in the implementation 
of pollution reduction activities to restore and protect water resources in 
Pennsylvania. This effort has been primarily focused on remedying nonpoint 
sources of pollution. Despite these efforts, waterbodies are “impaired” or not 
meeting a water-quality standard for aquatic life or human health protection. 
According to the 2014 Pennsylvania Integrated Water Quality Monitoring and 
Assessment Report, 16,882 stream miles are impaired. The two largest sources 
of pollutants are agriculture and abandoned mine drainage. The most frequently 
named pollutants are siltation and metals. Urban runoff and storm sewers are 
major sources of pollutants in metropolitan areas. In addition, 37,759 lake 
acres are impaired. The leading pollutant source to lakes is agriculture and the 
most frequently named parameters of concern are nutrients, suspended solids, 
and organic enrichment/low dissolved oxygen. Over the past 14 years, 3,628 

miles of river and stream miles along with 17,990 acres of lakes have been 
removed from the impaired waters list. Although efforts to improve waters 
have been implemented, the success of these efforts is not readily apparent 
because there is no formal mechanism for demonstrating such improvements. 
Only complete recovery, which shows total restoration of the water-quality 
standard, is documented. Matters which are affecting the demonstration of 
ongoing progress in water resource restoration include: The significant lag time 
between removal or reduction of a pollutant source and the corresponding 
water-quality response; Insufficient data collected to verify restoration; No 
technical procedure is in place for showing improvement that has occurred 
but still falls short of meeting standards for delisting.To address this, the 
Pennsylvania Department of Environmental Protection (DEP) has developed 
guidelines to define and document incremental improvements in water quality 
in impaired streams, rivers and lakes due to regulatory compliance, grant driven 
and voluntary actions that result in progress towards delisting. The information 
collected through the guidelines is used to develop the DEP’s Improving Waters 
Report. This paper explains the guidelines.

The Effect of Seasonal Riparian Area Management 
on an Impaired Stream in Eastern South Dakota: 
Monitoring a National Water Quality Initiative Project

Alan Wittmuss
South Dakota Department of Environment and Natural Resources, Vermillion, 
South Dakota

Abstract
The National Water Quality Initiative (NWQI) through the Natural Resources 
Conservation Service (NRCS) targets small impaired watersheds for water 
quality improvement. Funding through the NRCS, the South Dakota 
Department of Environment and Natural Resources, and the City of Sioux 
Falls, South Dakota were used to accelerate the implementation efforts in the 
Jensen Creek-Skunk Creek 12 digit hydrologic unit (HUC) as part of the 
NWQI. Skunk Creek is a 74.3 mile stream in a 372,571 acre watershed and 
is a tributary of the Big Sioux River in southeastern South Dakota. Skunk 
Creek was identified as being impaired by sediment and bacteria and was 
placed on the §303(d) impaired waterbody list for the state of South Dakota. 
Rotational grazing and alternative water sources are some of the management 
practices that have been used to address the Skunk Creek impairments. A new 
innovative practice called seasonal riparian area management (SRAM) has 
also been used. The objective of this monitoring effort is to examine trends in 
<i>Escherichia coli<i>, sediment, nutrients, and the biological integrity of the 
stream in the presence of SRAM.

SRAM removes the ability of livestock to access the riparian zone during the 
recreation season (May 1–September 30). Landowners and operators have 
been more receptive to this innovative BMP because they can hay the pasture 
or graze it after September 30. Monitoring sites were placed above, below, and 
within seasonal riparian area management (SRAM) locations to document 
changes in base flow Escherichia coli and sediment concentrations. Median 
Escherichia coli concentrations from the first two years of monitoring have 
shown significant differences between control and treatment sites, ranging from 
1,130 cfus/100 ml to 205 cfus/100 ml, respectively. Differences between sites 
were not exhibited by the nutrients, sediment, or the biological community. 
Further monitoring is warranted to determine if a longer exposure period to 
the implementation treatment will have the desired effect for the other lines of 
evidence.

A survey of how receptive landowners and operators were towards the suite of 
best management practices offered, especially SRAM, is also planned. Results 
of this effort will help guide management prescriptions and nonpoint source 
recovery expectations for other streams in South Dakota.
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Managing, Sharing, Communicating, and Mining 
Data

Verification of National Land Cover Database 
Impervious Coverage Data for the Little Blue River 
Watershed in Jackson and Cass Counties, Missouri

Brooke Brewington and Eric Christensen
US Geological Survey, Lee’s Summit, Missouri

Abstract
The National Land Cover Database (NLCD) impervious coverage is an 
important tool often used in hydrologic modeling. Impervious surfaces prevent 
infiltration of rainfall and increase runoff to streams from roofs, parking lots, 
sidewalks, and roads. In urban environments, impervious surfaces often are the 
primary factor affecting watershed hydrology and stream health. Although the 
latest NLCD 2011 impervious data is readily available online (http://www.
mrlc.gov/nlcd2011.php) it is important to recognize limitations of the data 
that can affect modeling results. Impervious surfaces can be over- or under-
estimated by the Landsat imagery used to compile the NLCD, especially in 
highly fragmented landscapes and suburban and exurban areas where the 
percentage of impervious area can be small and trees can inhibit detection of 
impervious surfaces beneath them.

As part of a multi-tiered study the US Geological Survey, in cooperation with 
the Independence Water Pollution Control Department, evaluated land-use 
effects on contaminant transport within the City. The impervious-coverage 
area was compared by land-use category using 2011 NLCD data, manually-
delineated and visually-estimated values for randomly selected 30-meter 
grid cells in the Little Blue River Watershed in Jackson and Cass counties, 
Missouri. Using manually-delineated areas from the satellite imagery and 
computing their area was used as the standard of comparison to assess both 
the visually-estimated values and the NLCD values. The visually-estimated 
grid cells were in greater agreement with the NLCD data in comparison to the 
manually-delineated grid cells for undeveloped categories while the NLCD 
values were marginally in closer agreement in comparison to the manually-
delineated grid-cell values in developed areas. The average difference for the 
visually-estimated and manually-delineated values compared to the NLCD 
values were both about 16 percent. Compared to the delineated values, the 
visually estimated cells showed a 3 percent average difference for undeveloped 
areas and 6 percent average difference for developed areas. When compared 
to the visually-estimated values, the NLCD values on average underestimated 
impervious cover for developed land uses by about 7 percent and undeveloped 
land uses by about 17 percent. The individual grid-cell differences determined 
for all land-use categories between visually-estimated and NLCD impervious 
areas ranged from about -40 to 85 percent.

A Federal-State Partnership to Share Water 
Monitoring Data

Christopher Greene
Minnesota Department of Health, Saint Paul, Minnesota

Abstract
Contaminants of emerging concern (CECs), including pharmaceuticals, 
personal care products, plasticizers, and pesticides, are a subject of increasing 
interest to risk managers concerned with drinking water quality and ecosystem 
health. In order to prioritize chemicals for further study, it is vital to have 
access to occurrence data for CECs in multiple environmental media. The US 
Geological Survey (USGS) has long been at the forefront of environmental 
monitoring of CECs, but the data, being derived from multiple studies 
over many years, have not always been available in a consistent format. The 
Minnesota Department of Health (MDH) has partnered with USGS to 
compile and organize environmental monitoring data pertaining to CECs in 
Minnesota waters spanning the years 1999 through 2013. Data were extracted 
from published reports and the USGS National Water Information System 

(NWIS), and reformatted to be consistent in chemical nomenclature and 
units of measurement. The resulting database contains over 100,000 records 
derived from 18 published reports and eight studies accessed from the USGS 
NWIS. MDH makes use of occurrence data in its CEC program, conducting 
toxicological and exposure reviews of chemicals nominated by other parts 
of MDH, other state agencies, outside organizations, or individuals. When 
sufficient data are available, MDH develops health-based drinking water 
guidance values for multiple exposure durations. The CEC program also 
communicates the results of its reviews to the public through information 
sheets aimed at a lay audience. MDH has used the new collaborative database 
to quickly and efficiently identify detections of CECs under review, to 
prioritize and screen CECs that have been nominated for review, and to 
identify heretofore unexamined chemicals to be considered for review. The 
database is being made available to interested parties upon request. This 
project was funded in part by the Clean Water, Land, and Legacy Amendment 
(Minnesota Constitution, Article 11, Section 15.) and the USGS Cooperative 
Water Program.

Developing the WatershedWatch Relational Database

Elizabeth Herron, Ed Poyer, and Linda Green
University of Rhode Island Cooperative Extension, Kingston, Rhode Island

Abstract
How do you quickly and easily pull together water quality data from over 25 
years spread throughout thousands of Excel spreadsheets? You don’t. And that 
hinders the ability of communities to make effective use of this wealth of data 
to more effectively manage their local water resources.

Unfortunately that was exactly the situation facing the URI Watershed Watch 
(URIWW) program by 2012. The state’s largest volunteer water quality 
program had grown slowly from one focused on a single watershed with only 
14 sites and hundreds of data points per site per year to one which produced 
tens of thousands of lines of data annually. Data management evolved with the 
program, moving from simple tables stored in Lotus 1-2-3 (remember that?) 
to more complex, inter-connected Excel spreadsheets with some “automated” 
chart capabilities. Limited staff resources, only two full-time employees without 
database expertise, prevented the creation of a relational database that would 
make this great wealth of data truly accessible. We were always so busy running 
a comprehensive citizen science program with all that it entails, we simply 
never had enough time or funding to build a data management system that 
could adequately handle both internal data entry and management needs, and 
external data sharing and assessment needs.

In February 2013 URIWW received much needed funding from the Coastal 
Institute to develop a comprehensive relational database. The goal was to 
improve management, interpretation, integration and sharing of URIWW 
and other data and to provide timely and accessible online water quality 
information to members of the public and professionals alike. Working with 
an experienced database development contractor, we have made considerable 
progress, including creation of a robust database architecture designed to easily 
handle the nearly 500,000 lines of data already generated by WW, and robust 
enough to grow with the program.

This presentation will highlight some of features of this SQL Server database, 
including its compatibility with the state database and its ease of use for non-
techical users. It will also seek input regarding next steps - getting it all on the 
web.
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SARAH: An Electronic Data Capture Application for 
BLM Stream Monitoring

Robin Jones, Jennifer Courtwright, David Fowler, and Scott Miller
BLM/Utah State University National Aquatic Monitoring Center, Logan, 
Utah

Abstract
Weatherproof tablets are increasingly available and cost-effective for electronic 
capture of field data. Electronic data capture can improve monitoring program 
efficiency and quality control. For example, data entry tasks are eliminated and 
the use of real-time quality control checks for missing data, outliers, and data 
range violations can improve data completeness and accuracy.

During the last two field seasons, the BLM National Aquatic Monitoring 
Center has used an electronic data capture application for the BLM’s aquatic 
Assessment, Inventory, and Monitoring (AIM) protocol, a modified version of 
the EPA’s National Rivers and Streams Assessment protocol. Here we showcase 
an application, Stream And River Assessment Hub (SARAH), which was 
designed using the Filemaker platform for use on an iPad. SARAH prompts 
the user for all required data, while reminding the user of any particularly tricky 
protocol details. Values that are outside typical or legal data ranges are flagged 
during data entry and missing data checks are run after each transect or section 
of the protocol. In addition to final data range checks and missing data checks, 
outliers two standard deviations away from the mean are flagged after sampling 
is completed. Users are then prompted to review any identified errors via quick 
links to the data field in question, and comment fields are provided for any 
unresolved errors. Field access to this level quality control allows crews to check 
their work while at the field site, and revisit measurements if necessary.

SARAH has improved data entry efficiency by reducing the amount of time 
required to obtain data in an electronic format and has improved data quality 
control. Use of Filemaker, an off the shelf software, allowed for quick, relatively 
cheap, and easy app development without expert programming experience. 
However, off the shelf software limits flexibility in the development of user 
interfaces and thus the speed and order of operations in which field tasks can 
be completed. Additionally, Filemaker can only be used on iOS operating 
systems. Thus, the BLM is considering the development of version 2.0 to 
support cross-platform use and to improve the flexibility and efficiency of data 
collection in the future.

QA/QC Demystified: The Case for Quality Checks

Revital Katznelson
University of California Extension (Instructor), Berkeley, California

Abstract
Assuring the quality of data generated in any discipline of environmental 
monitoring, or area of inquiry, calls for a myriad of actions intended to affect 
data quality. The effectiveness of these actions must be confirmed by quality 
checks, whose outcomes must be recorded and reported with the data. Writers 
of Quality Assurance Project Plans can find numerous examples of quality 
checks for chemical analyses and field measurements, but finding examples 
for biological and physical habitat assessments can be challenging, particularly 
in the realm of biota sample-collection and generation of evaluative results. 
Conceptually, a quality check is a quality check is a quality check, and there 
are several unifying categories that apply to all areas of inquiry, as well as 
span all aspects of data quality. Quality checks are an essential part of any 
measurement system, be it a system for collection and analysis of water 
samples, or for biota capture and taxonomic identification, of for estimation of 
percent riffle in a given length of stream. The common data elements related 
to quality checks can be arranged in a simple – and universal – data structure, 
fit for communication and information sharing across multiple environmental 
monitoring disciplines.

Expanding the Chesapeake Information Management 
System: Chesapeake Environmental Data Repository 
and an Improved DataHub

Michael Mallonee1,4, Jacqueline Johnson-Cragg2, Andre Stratton3,4 and Tim 
Paris5,4

1Interstate Commission on the Potomac River Basin, Rockville, Maryland; 
2Earth Resources Technology, Inc., Laurel, Maryland; 3Attain, LLC, McLean, 
Virginia; 4US Environmental Protection Agency Chesapeake Bay Program 
Office, Annapolis, Maryland; 5Innovate!, Inc., Alexandria, Virginia

Abstract
The Chesapeake Information Management System (CIMS) is the Chesapeake 
Bay Program’s (CBP) integrated, accessible information management 
system for the Chesapeake Bay region. It is an organized, distributed library 
of information and software tools designed to increase public access to 
Chesapeake Bay information. In the spring of 2015, CBP introduced the 
Chesapeake Environmental Data Repository (CEDR). CEDR is a data 
enterprise database that houses all of the CBP water quality and living 
resources (tidal and nontidal benthic macroinvertebrates, tidal plankton) data 
holdings since 1984.

The DataHub (http://data.chesapeakebay.net/Home), CBP’s primary tool 
for searching and downloading environmental data for the Chesapeake Bay 
watershed, has been re-designed to complement the introduction of CEDR. 
The new features include a streamlined user interface, access to larger data 
downloads, additional download formats, and an improved Application 
Programming Interface (API) for developers. Data sources (e.g., water quality, 
living resources, fluorescence, nutrient point source and toxics) can be accessed 
through a single download portal. Bay Program databases can be queried based 
upon user-defined inputs such as geographic region and date range. Data may 
also be downloaded by CBP sponsored programs and projects. Each query 
results in a downloadable file (tab delimited, CSV, XML, or JSON) that can 
be imported to any program (e.g., SAS, Excel, Access) for further analysis. The 
DataHub is designed on a service-based architecture, utilizing APIs to facilitate 
the reuse of our data resources.

Comprehensive QA/QC for Water Analyses

Blaine McCleskey, Kenna Butler, Kirk Nordstrom, and David Roth
US Geological Survey, Boulder, Colorado

Abstract
Many researchers within the US Geological Survey’s National Research 
Program (NRP) are often involved in every aspect of a study (design, sample 
collection, chemical analyses, interpretation, and publishing) because their 
research involves emerging contaminants, unstable redox species or other 
species, or difficult to preserve and analyze chemical constituents. As a 
result, NRP researchers can offer insights on improving the reliability of 
water analyses. Reliable water analyses are crucial to the characterization 
and interpretation of surface and groundwater chemistry. Despite judicious 
sampling by field teams and careful laboratory analyses, errors can happen 
including contamination, inadequate preservation, and inaccurate analyses. By 
utilizing four levels of QA/QC, the likelihood of identifying and correcting 
errors increases. Level one QA/QC requires field teams to collect equipment 
and field blanks, replicate samples, standard reference water samples, and large 
volume samples that can be periodically resubmitted to the analytical laboratory 
as site-specific reference samples. Level two QA/QC are standard laboratory 
procedures, i.e., analyses of lab blanks, calibration standards, standard reference 
water samples, replicate sample analyses (including dilutions when necessary), 
and spiked recoveries (or standard additions). Standard reference water samples 
do not exist for many constituents of concern (emerging contaminants, 
redox species, and specific organic compounds) requiring chemical analyses 
by multiple techniques and laboratories to provide an additional data check. 
Level three QA/QC includes calculating charge and conductivity imbalance 
and consistency checks. Charge imbalances and conductivity balances should 
be within ±10%. Level three QA/QC also includes consistency checks such 
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as correlating conductivity with one or two major anions, comparing replicate 
samples collected from the field at one time, and comparing replicate samples 
collected at the same location over time. Level four QA/QC is more advanced 
and requires some knowledge of hydrogeochemistry such as knowing how 
an aquifer of a particular rock type should affect the groundwater chemistry, 
or checking saturation indices for particular minerals. Those who interpret 
water chemistries must be conversant in analytical chemistry and be in close 
communication with their analysts and field crews to achieve the most reliable 
data.

Developing a Stormwater Management Program with 
Continuous Water Quality Monitoring and Building 
Community Relationships

Andrew Stroud
City of Columbia, Columbia, South Carolina

Abstract
The City of Columbia in South Carolina first developed its Stormwater 
Management program in 2010 along with receiving its first Municipal Separate 
Storm Sewer System (MS4) permit. Since 2010, the City of Columbia has 
made progressive advances to be compliant with the permit and improve water 
quality within the city through education, collaboration, and data collection. 
The city has installed nine continuous monitoring stations that contain YSI 
multi-parameter data sondes, rain gauges, and pressure transducers in four 
watersheds to assess the water quality within the city. The city provides monthly 
reports of the water quality data on its website for community review. The city 
has also established relationships with multiple watershed associations and 
the community to get citizen buy in from these groups and include them in 
program decisions. For the last six years, the city has conducted the Celebration 
of Water Festival in conjunction with surrounding MS4s. This festival informs 
1,000 to 1,200 citizens on what the city is doing to protect and evaluate water 
quality in a fun family atmosphere. A future goal is to develop an online 
data map that the city residents can use to visualize real-time stream depths 
to see streams that are experiencing flooding. In addition, the map could be 
turned into a mobile application to notify users when high water events occur, 
which will be useful for emergency services and public works officials. The city 
will utilize water quality data from its network and collaborate between city 
departments to prioritize areas of concern for improvement projects. The city’s 
stormwater program strives to improve the quality of the city’s waterbodies and 
is eager to learn and develop new water quality monitoring strategies.

Assessing Trends in Water Resources

Nitrate Trends in Young Groundwater in the Southern 
Coast Ranges Hydrogeologic Province, California

Carmen Burton
US Geological Survey, San Diego, California

Abstract
Groundwater quality in groundwater basins located in the Southern Coast 
Ranges (SCR) hydrogeologic province of California was investigated as part 
of the Priority Basin Project of the Groundwater Ambient Monitoring and 
Assessment (GAMA-PBP) program. Groundwater comprises the majority 
of the water used for public and irrigation supply in most of the basins and 
nitrate concentrations above the USEPA maximum contaminant level are 
found in 0 to 27% (median 9%) of the aquifer used for public supply in the 
10 groundwater basins in the SCR. The different hydrologic settings and 
land-use practices in the 10 basins result in different temporal trends in nitrate 
concentrations. Time-series data (10-30 years) obtained from the California 
State Water Resources Control Board’s Division of Drinking Water database 
for wells sampled as part of the GAMA-PBP study was evaluated with 
Kendall’s tau trend analysis using the Akritas-Theil-Sen slope estimator. Only 

wells with tritium levels greater than 0.3 TU or carbon-14 activity greater 
than 90 percent modern carbon were selected to maximize the probability of 
observing trends. In general, wells located in areas of agricultural land use and 
toward the proximal end of regional groundwater flow paths showed decreasing 
trends in nitrate concentrations, suggesting that the implementation of best 
management practices in agriculture may be facilitating a decrease in nitrate 
concentrations. Groundwater samples from wells in areas of urban or natural 
land uses or near the distal end of flow paths showed increasing trends or no 
trends in nitrate concentration. Many of the urban areas were agricultural until 
the last several decades, so increasing trends may reflect arrival of recharge 
from legacy agricultural practices. The wells in the SCR have top-of-screen 
depths that range from 20-650 ft (median 178 ft) below land surface, so several 
decades may elapse before changes effected on the surface become evident in 
the groundwater.

Creation of a 1974–2012 National Land Use Dataset to 
Support Water Quality Studies

James Falcone
US Geological Survey, Reston, Virginia

Abstract
The US Geological Survey’s National Water-Quality Assessment (NAWQA) 
Program is undertaking a series of studies of trends in water quality and 
ecological condition in the Nation’s streams and rivers. To assist in this, a time 
series of five 60-m national rasters were created to map land use changes for 
the period 1974-2012. The dataset is based on a slightly modified version of 
the National Land Cover Dataset 2011 (NLCD 2011), recoded to a schema 
of land uses, and mapped back in time to develop datasets for 2002, 1992, 
1982, and 1974. The data series includes detailed urban classes (for example, 
commercial, industrial, residential, recreation), mining, agriculture, and 
conservation land uses not available in other national time series products. This 
poster illustrates the methods for development and validation of this published 
dataset.

Sediment Oxygen Demand in Eastern Kansas Streams

Lindsey King, Guy Foster, and Jennifer Graham
US Geological Survey, Lawrence, Kansas

Abstract
Dissolved oxygen (DO) concentrations in streams are affected by physical, 
chemical, and biological factors in the water column and the streambed. 
Because DO is critical to the health and well-being of aquatic life, the State 
of Kansas has a minimum standard of 5 mg/L for DO in streams. Sediment 
oxygen demand (SOD) may substantially influence water column dissolved 
oxygen concentrations; however, SOD is rarely quantified. In 2012, 133 
Kansas water bodies were listed on the Kansas Department of Health and 
Environment 303(d) list as impaired because of low DO levels. Understanding 
the role SOD plays in controlling ambient concentrations of dissolved oxygen 
will allow for better assessment of DO conditions, budgets, and the total 
maximum daily load (TMDL) requirements to improve those conditions. 
Sediment oxygen demand was measured using in-situ chambers at eight Kansas 
streams during 2014 and 2015. Measurements during baseflow conditions in 
late summer and early fall assessed SOD rates during warm and dry conditions, 
whereas measurements during late fall and early winter assessed rates during 
cold and wet conditions. At ambient stream temperature, SOD rates were 
similar across the range of conditions, but when normalized to the same 
temperature SOD rates were 4-8 times higher during cold/wet assessments 
than warm/dry assessments. Higher SOD rates during the cold/wet may be 
caused by the increased availability of leaf detritus in streams. Understanding 
the role that SOD plays in the DO budget in Kansas streams will allow for 
better assessment of total maximum daily load requirements and more accurate 
model development.

Abstracts – Posters



98 The 10th National Monitoring Conference

National Aquatic Resource Surveys – What is the 
Condition of the Nation’s Waters? We Actually Know!

Sarah Lehmann, Amina Pollard, Colleen Mason, Gregg Serenbetz, Hugh 
Sullivan, and Richard Mitchell
US Environmental Protection Agency, Washington, District of Columbia

Abstract
The National Aquatic Resource Surveys (NARS), a US Environmental 
Protection Agency, state, and tribal partnership, has reached a significant 
milestone in our collective efforts to report on the condition of the nation’s 
waters. For the first time, we now have comprehensive assessments of the 
quality of all rivers/streams, lakes, estuarine and nearshore Great Lakes coastal 
areas, and wetlands in the conterminous United States. Assessments completed 
to date address approximately 1,200,000 miles of rivers/streams, 112,000 
lakes, 35,000 square miles of coastal waters, and 62,000,000 acres of wetlands. 
Through the NARS program, we are also beginning to examine changes in 
condition for waters as we move through the second cycle of the national 
surveys. This talk will summarize the overall condition of the nation’s waters 
based on the NARS, showcase different ways that data from the more than 
10,000 sampled sites can be accessed on the new NARS website, and look at 
what is ahead for NARS.

Assessment of Measurable Water Quality Changes in 
the Lower Delaware River Special Protection Waters

Robert Limbeck and John Yagecic
Delaware River Basin Commission, West Trenton, New Jersey

Abstract
The Lower Delaware River (LDEL) was designated as Significant Resource 
Waters in 2007 under Delaware River Basin Commission (DRBC) Special 
Protection Waters (SPW) rulemaking. These rules require “no measurable 
changes to existing water quality unless due to natural conditions.” Site-specific 
baseline 2000–2004 Existing Water Quality (EWQ) targets for 24 river and 
tributary locations were completed by 2005. Since that time, the 3-year first 
round of assessment of Lower Delaware measurable change to EWQ has been 
completed (2009–2011). This was the first attempt at assessment within an 
anti-degradation framework, with a second and larger assessment of the entire 
non-tidal portion of the Delaware River due to begin in 2016. Assessment 
methods are described. Significant results of the Lower Delaware assessment 
included rising chloride and specific conductance concentrations, as well as 
perceived reductions in nutrient concentrations. However, sources of analytical 
uncertainty were identified that clouded definitive conclusions, leading to some 
important lessons learned for future assessment rounds.

Applying Adaptive Management and Lessons Learned 
from National Assessments to Address Logistical 
Challenges in the National Aquatic Surveys (NARS)

Dennis McCauley, Bill Arnold, Jamie Saxton, and Chris Turner
Great Lakes Environmental Center, Inc., Traverse City, Michigan

Abstract
EPA has initiated surveys of randomly selected lakes, rivers and streams, 
coastal and wetland areas throughout the US to address the need for improved 
resource monitoring. The National Lakes Assessment (NLA), National Rivers 
and Streams Assessment (NRSA), National Coastal Condition Assessment 
(NCCA) and the National Wetland Condition Assessment (NWCA) are 
a series of probability-based National Aquatic Resource Surveys (NARS) 
conducted by EPA to provide a comprehensive assessment of the condition 
of the Nation’s waters. Randomized design and standardized training and 
protocols allow EPA to analyze data that are nationally consistent and 
regionally relevant. Each NARS survey was preceded by careful consideration 
of key logistical elements that included pre-survey planning, training, sampling 
logistics, laboratory analysis, data analysis and reporting. Numerous state, tribal, 

and contractor crews were supported across the country for each assessment; 
sampling and sample analyses were tracked from initiation; laboratory 
analyses were completed at EPA, state, regional and contract laboratories; 
and the data analyses and reporting were completed by EPA led workgroups, 
states and contractors. The complexity and difficulty of each step offered 
unique challenges and provided lessons learned for each of the National 
Aquatic Resource Assessments. Major logistical elements are addressed when 
implementing large scale assessments that are constrained by the sampling 
period, number and duration of visits, sample transport, equipment and 
supplies, sampling and sample tracking, information management, regional 
technical expertise and a sound field training program. The authors oversaw 
the contractor implementation and applied adaptive management to address 
logistical challenges encountered during each of four NARS assessments 
operating on five year rotating schedules.

Analyzing Water Management Issues Using GIS in 
West Africa the Case of Nigeria

Edmund Merem1, Joan Wesley1, Peter Isokpehi1, Mercy Shenge1, Bennetta 
Robinson1, Sidigg Fageir1, Marshand Cristler1, Shayron Nichols1, and 
Gloria Hirse2

1Jackson State University, Department of Urban and Regional Planning, 
Jackson, Mississippi; Jackson State University, Department of Public Policy and 
Administration, Jackson, Mississippi

Abstract
In the past several years in the West African sub region, Nigeria continues to 
experience robust economic development with growth rates surpassing those 
of her neighbors. Added to all these, are the pressures from a large population 
spread across different geo-political zones and eco-regions and a growing 
demand for water use to meet the needs of different segments of the economy. 
With that has come an increasing issue of water stress, limiting access and 
mounting degradation compounded by incoherent policy in the context of 
current approach to water management in the country. Notwithstanding 
current policy efforts and constitutional provisions supporting proper 
management under various jurisdictions, water often viewed in the West as 
a tradable resource, remains a social issue in Africa particularly in Nigeria 
where it is yet to be accorded priority as a monetized commodity. Seeing the 
various guidelines designed to safeguard the aquatic ecosystem, the regulatory 
framework in Nigeria has been ineffective in containing the widespread 
discharge of toxics into surface water environments. Given the threats to the 
environment and public health in Nigeria, no effort has been made to assess 
the trends from a mix scale perspective built on descriptive statistics and 
Geographic Information Systems (GIS). Without such a geo based approach, 
managers can lose sight of locational severity and tracking of stressors and 
factors impeding water use. Accordingly, the study adds to the literature by 
analyzing water management issues in Nigeria using a mix-scale method of 
GIS and descriptive statistics. Emphasizing the issues, environmental analysis, 
factors fuelling the problems and ongoing initiatives, preliminary results 
show declines in water quality, widespread degradation, limited access and 
growing demand. With the issues linked to various elements, GIS assessment 
reveals a steady dispersion of socio-economic factors as well as diffusion of 
stressors across time and space in selected areas of the country. Despite current 
initiatives, it is clear that Nigeria’s water environment remains under stress. 
To deal with the issue, this research recommends the need for effective policy, 
regular monitoring and more geo based analysis with GIS.
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The Effect of Statistically Optimizing Locally-
Weighted Regression During Flow Adjustment of 
Concentrations for Trend Analysis

Zach Simpson1,2 and Brian Haggard1,2

1University of Arkansas, Department of Biological and Agricultural 
Engineering, Fayetteville, Arkansas; 2Arkansas Water Resources Center, 
Fayetteville, Arkansas

Abstract
Multiple methods have been used for analyzing trends in water quality 
constituents over time. For many analyses, it is important to adjust 
concentrations for exogenous variables, especially flow. This entails fitting a 
regression of concentrations and flow, then plotting the residuals (effectively, 
the flow-adjusted concentrations) over time to analyze for significant trends 
via an additional regression. Due to complex concentration-flow relationships, 
locally weighted regression (LOESS) is a popular method for flow-adjustment. 
LOESS has predominately been employed with a sampling proportion of 0.5 
since most agree that it is generally adequate for water quality trend analysis. 
However, newer analysis techniques allow for tailoring the sampling proportion 
for each dataset in an automated process so that the optimized LOESS 
regression can better capture the intricacies of the relationships but minimize 
variance with the smoothest regression possible. To compare the two LOESS 
techniques, LOESS was optimized through a k-fold cross-validation procedure 
which iteratively tested a range of sampling proportions (0.2 to 0.8) on the 
data. Then, a LOESS regression with a sampling proportion of 0.5 was plotted 
through the same data. The respective trend analyses were compared to evaluate 
the effect of the two LOESS regression methods. Multiple datasets were 
used in order to compare results across various sample sizes and hydrological 
relationships of concentrations. This study will provide valuable insight on the 
flow-adjustment procedure for trend analysis and the efficacy of optimizing 
LOESS.

EPA’s National Reassessment of Contaminants in Fish 
from US Rivers

Leanne Stahl1, John Wathen1, Tom Kincaid2, Blaine Snyder3, Harry 
McCarty4, and Tara Cohen3

1US Environmental Protection Agency, OW/Office of Science and Technology, 
Washington, District of Columbia; 2US Environmental Protection Agency, 
ORD/NHEERL/Western Ecology Division, Corvallis, Oregon; 3Tetra Tech, 
Inc., Owings Mills, Maryland; 4CSC, Alexandria, Virginia

Abstract
Multiple EPA offices collaborated to conduct a reassessment of fish 
contamination in US rivers as part of the Agency’s 2013–14 National Rivers 
and Streams Assessment (NRSA). This is the first national assessment of 
contamination in river fish that will generate probability-based data for analysis 
of trends in fish contaminant levels when compared to fillet concentration 
results from the 2008–09 NRSA. In 2013 and 2014, field teams collected 
one fish composite sample per site from a statistically representative subset 
of 361 river locations (5th order or greater), 224 sites of which were assessed 
during the 2008–09 NRSA. The composite samples consisted of up to five 
similarly sized adult fish of the same species that are commonly consumed by 
humans. Aliquots of fillet tissue from the composite samples were analyzed 
for mercury (361 composites) and 13 perfluorinated compounds (PFCs), 
including perfluoroctanesulfonic acid (PFOS) (352 composites). Fillet samples 
from the 224 sites that corresponded to locations sampled during the 2008–09 
NRSA were also analyzed for the full complement of 209 PCB congeners. 
All 361 of the fillet samples contained detectable levels of mercury, and all 
fillet samples from the 224 previously sampled sites that were analyzed for 
PCBs contained one or more congeners. All but one fillet sample from the 352 
composites contained PFCs and 349 of those fillet samples contained PFOS. 
The concentration ranges measured for mercury, total PCBs, and PFOS are 
8.6–1,070 ng/g, 0.06–4,700 ng/g, and 0.16–9.9 ng/g, respectively. EPA plans 
to complete statistical analyses of the fillet data by early 2016 and report the 
results at the May 2016 National Water Quality Monitoring Conference.

Mapping Lake Skin Temperature Trends in the 
Northeast USA Using Landsat

Nathan Torbick1, Shuang Wu2, Beth Ziniti2, and Megan Corbiere1

1Applied Geosolutions, Newmarket, New Hampshire; 2University of New 
Hampshire, Durham, New Hampshire

Abstract
Climate change, watershed land use, and anthropogenic eutrophication threaten 
to adversely impact inland lake water quality. It has also been suggested that 
increased temperatures can enhance the frequency, duration, and intensity of 
harmful algal blooms and potentially toxic cyanobacteria as warmer waters 
can create shifts in phenology, stratification, and competitive advantages. To 
gain a more thorough understanding of lake spatial variability and temperature 
trends satellite remote sensing can help provide more insight such as synoptic 
coverage with more complementing spatiotemporal observations over large 
areas. This can be particularly useful for assessing temporal trends and spatial 
hot spots. The first objective of this study was to assess lake skin temperature 
trends for all lakes greater than 8 hectares in northern New England USA 
over the past three decades using moderate resolution time-series Landsat 
imagery. Exploratory analyses using stepwise spatial regression was applied 
to lake temperature trends. Exploratory analyses shows that spatial patterns 
exist in lake skin temperature trends across the northeast USA. Hierarchical 
gaussian spatiotemporal modeling then assessed potential influential drivers 
of lake temperature. Drivers assessed included geographic factors such as 
elevation, distance to ocean, and size of lake while weather drivers included 
minimum and maximum temperature, solar radiation, and precipitation. 
Elevation, minimum temperature and lake size were significant drivers of lake 
skin temperature in the northeast. On average lakes warmed on the order of 1 
degree C / decade over the past 30 years. These outcomes are significant in the 
context of climate change and water resource management.

NCCA 2010 and 2015 in Florida: Comparison of Field 
and Optical Water Quality Conditions – What is 
“Normal”?

Laura Yarbro, Paul Carlson, Sheila Scolaro, and Mike Poniatowski
Florida Fish and Wildlife Conservation Commission, St. Petersburg, Florida

Abstract
As part of the EPA National Coastal Condition Assessment, our team visited 
94 and 82 locations in Florida coastal waters in 2010 and 2015, respectively. In 
2015, approximately 50% of the locations were also sampled in 2010. During 
both assessments, we measured field conditions, field measurements of water 
quality and optical water quality, and we collected water, sediment and fish 
samples for analysis by EPA contract laboratories. Methods of collection of 
field data and samples were the same during both efforts. Comparison of data 
showed that conditions were strikingly different in south Florida in 2010 and 
2015. In south Florida in 2015, including Florida Bay and Biscayne Bay, a 
prolonged drought resulted in hypersaline conditions in the summer, along with 
elevated water temperatures associated with record-breaking heat. We sampled 
this region in August of both years and measured much higher salinity, pH, and 
somewhat elevated water temperatures in 2015 compared with values in 2010. 
However, along with the extreme conditions in 2015, we observed very high 
levels of sediment porewater sulfide concentrations at some locations, dramatic 
changes in optical water properties, extensive seagrass die-off, and much 
diminished success in fishing effort. As sample analysis and data evaluation for 
the 2015 season move forward, we expect that the field conditions observed 
in south Florida in 2015 will in turn affect nutrient concentrations in water 
samples and the chemistry of sediment samples as well as indirectly affecting 
fish tissue chemistry due to the limited sample size. Once analysts begin to 
assess the health and condition of sites in Florida, the challenge will be to 
define what sample conditions are within an expected confidence interval 
of “normal” and how to handle data collected under extreme environmental 
conditions.
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Are We Really Disinfecting Our Gear? Results of a 
Study Using 2% Virkon Aquatic Spray Applications to 
Wading Boots Infested with New Zealand Mudsnails

Lindsey Schreiner1 and Kristine Stepenuck1,2

1University of Wisconsin-Extension, Madison, Wisconsin; 2Wisconsin 
Department of Natural Resources, Madison, Wisconsin

Abstract
New Zealand mudsnails (NZMs), aquatic invasive species that reproduce 
primarily by cloning, have recently become established in Black Earth Creek, a 
popular trout fishing stream in south central Wisconsin. First discovered in fall 
2013, populations of New Zealand mudsnails have since been found at both 
upstream and downstream locations from the site of initial discovery. NZMs 
are easily transported live while attached to waders and other monitoring, 
fishing or other equipment used in the stream. Thus, it is crucial to understand 
effective ways to disinfect such equipment after use so as to prevent further 
dispersal of this aquatic invader to other waterbodies. This study was carried 
out to evaluate the survival rates of the NZM following a disinfection 
protocol commonly carried out by Wisconsin Department of Natural 
Resources (WDNR) staff. Specifically, NZM attached to rubber wading 
boots were treated with spray applications of 2% Virkon Aquatic and placed 
in black plastic bags for 10 and 20-minute exposure times. Results suggest 
that mortality rates were high (87–93%), but were not 100% in either of the 
two levels of exposure time. Thus, WDNR disinfection protocols should be 
reevaluated to ensure this species is not spread to other nearby waterbodies.
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