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Abstract
The Philadelphia Water Department (PWD) is in the process of developing a hydrodynamic wa-
ter quality model of the tidal Delaware Estuary between Trenton, NJ and Delaware City, DE.  As 
part of this process, the PWD contracted the Woods Hole Group and their subcontractors, which 
include the Academy of Natural Sciences of Drexel University (ANSDU) and the Chesapeake Bio-
geochemical Associates (CBA), to collect data that will be used to calibrate and validate the PWD 
model. The contract’s project is split into two parts: 

 1. Collection of hydrologic and meteorological time-series; 
 2. Seasonal and spatial characterization of sediment oxygen demand. 
 
The contract was executed in April 2012, and work began shortly thereafter.  The objective of this 
poster is to provide the scientific community of the Delaware Estuary with a progress report for 
the on-going work being performed as part of this comprehensive,  multidisciplinary, project.

Measurements of Hydrologic and Meteorological Time-series
Woods Hole Group presently maintains a surface-buoy data collection system in the Delaware 
River at three stations. These stations are identified as:

Sediment Oxygen Demand and Surrogate Parameter Data Collection and Analysis
Sediment oxygen demand (SOD), the net uptake of oxygen by aquatic sediments, is the sum of direct 
microbial uptake of oxygen by organic matter decomposition and the microbial and inorganic re-oxida-
tion of reduced NH4+, Mn(II), Fe(II) and S(II) species.  In coastal and estuarine environments, an im-
portant proportion of ecosystem oxygen demand can come from sediment oxygen demand.  Some of 
the key variables in SOD are rates of organic and inorganic nutrients to the sediment-water interface, 
sediment deposition rates, bottom water oxygen concentrations, bottom macro-fauna activity, salinity 
and temperature.  The type of organic matter also is a factor, namely how labile is the organic matter 
incorporated into the upper levels of the sediments (i.e., how easily it is degraded by microbial activity). 
Studies in the past (work by Cornwell, Boynton, Cowan, and others) suggest SOD rates may be related 
to organic matter content, although there is some variability.  Owen and Cornwell (1997) and Cowan and 

Short-term Deployments
Supplemental to the long-term surface buoy stations, 
short-term stations will be deployed at multiple locations 
within the estuary; actual sites and the number of deploy-
ments will ultimately be chosen by the PWD.  The ob-
jective of this task is to characterize the impact of trans-
verse bathymetric interactions on longitudinal transport 
and other higher frequency processes.  To that end, a 
suite of instrumentation will be deployed concurrently, in 
a cross-channel configuration for a period of at least 30-
days.  Instrumentation and equipment deployed for each 
short-term deployment will be dependent on the site spe-
cific environment of the chosen location, but will consist of 
some combination of an upward-looking (bottom mounted) 
ADCP(s) and/or side-looking TRDI 300 kHz H-ADCP unit 
(Figure 9) In preparation for the short-term data collection 
deployments, a reconnaissance survey was performed 
in 2012 to characterize 10 potential short-term stations.  
At each site, the reconnaissance team characterized the 
bathymetry, cross-sectional profile, bottom sedimentol-
ogy, infrastructure, and water column structure accord-
ing to NOAA CO-OPS standard procedures. Presently, 
the PWD has selected two short-term stations for data 
collection: one located downriver of the Tacony-Palmyra 
Bridge (River Mile 107), and the other at Penn’s Landing 
Philadelphia (River Mile 99.5) (Figure 1).  These short-
term stations will be deployed at the end of January 2013.  
This deployment will consist of four bottom-mounted AD-
CPs and one H-ADCP installation.  Two bottom mounted 
ADCPs and one H-ADCP will be deployed at the station 
downriver of the Tacony-Palmyra Bridge.  At the Penn’s 
landing station, two bottom-mounted ADCPs will be de-
ployed to supplement the data presently being collected 
by the H-ADCP maintained by NOAA (station db0301).

Boynton (1996) showed correlation of 
SOD or nutrient fluxes with surface sedi-
ment chlorophyll a concentrations.  The 
sediment chlorophyll a concentration 
is considered to be a good measure of 
the more labile organic material, while 
total organic carbon measures both la-
bile and refractory organic matter. 
For example, there was an excellent 
relationship between SOD (and nutri-

Woods Hole Group maintains regular contact with the Philadelphia District, USCG District 5, and 
the Maritime Exchange for the Delaware River and Bay (Pilots Association) to coordinate field ac-
tions for this project.  This data collection approach consists of a surface buoy-mounted current meter, 
interfaced with a conductivity sensor, and data logging and telemetry system (Figure 2).  
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Specifically, the complete 
system includes:

The downward looking orientation of the 
Aquadopp Z-cell provides a near com-
plete profile of current measurements, 
from 1.5 m down to the river bottom.  

The solar panels provide a power supplement to the Aquadopp Z-cell and AquaTROLL 200 internal 
batteries, essentially eliminating the need for battery changes. In addition to the hydrologic 
instrumentation, BUOY C is outfitted with a meteorological sensor suite.  

All meteorological data is in-
terfaced with the data log-
ging and telemetry system on 
the buoy. The meteorological 
sensor suite consists of:

•   R.M. Young (05106) Wind  
  Speed and Direction 
  sensor
•  R.M. Young (41342VF)

Temperature sensor

•  R.M. Young (61302V)
Barometric Pressure 

  sensor

• R.M. Young (32500) 
  Compass

 • Nortek 1-MHz Aquadopp acoustic Doppler profiler
  with Z-cell technology (downward looking);
 • In-Situ Aqua TROLL 200 with conductivity, 
  temperature, and pressure sensors;
 • Data logging and telemetry system
   o Campbell Scientific CR-1000-ST logger;
   o Garmin GPS;
   o MetOcean CABO Iridium tracking beacon;
   o Sierra Wireless IP modem (via Verizon);
   o Autonomous power by 4 x 20 watt SunTech 
    solar panels;

The buoy’s logging and telemetry system reports data to Woods Hole Group at a near real-time interval 
(6-minutes).  A benefit of this system is that preliminary data can be observed by the PWD staff in near 
real time via a Campbell software web portal to the base station.  Transmitted and direct-download data 
are post-processed and undergo a rigorous QA/QC routine before being finalized and reported to 
the PWD  (See Figures 4-6) 

This system is providing the most secure method for the collection of a continuous time series 
of velocity profiles in the study area.  In particular, the three systems performed without error or 
damage throughout the passage of Hurricane Sandy (Figures 7-8).  Data collection is contracted 
to continue until June 30th, 2013, but may continue further depending on the needs of the PWD.
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 • BUOY A – Burlington, NJ (River Mile 117.5)
 • BUOY B – Philadelphia, PA  (River Mile 93.5)
 • BUOY C –Marcus Hook Bar, DE (River Mile 77)
Deployment positions for the three long-term stations are plotted in Figure 1.

ent fluxes) and sediment chlorophyll a 
for samples taken in the tidal Delaware 
River (Owens and Cornwell, 1997).

Woods Hole Group, Chesapeake 
Biogeochemical Associates, and the 
Academy of Natural Sciences of Drex-
el University have teamed to collect a 
comprehensive dataset that will be used 
to correlate sediment oxygen demand 
with various other surrogate sediment 
parameters so the PWD can use this 
information in development of a water 
quality model.  In additional to direct 
measurements of sediment oxygen de-
mand in undisturbed sediment cores 
and overlying ambient water, analysis 
has been performed for other param-
eters in the cores sediments and ambi-
ent bottom water. 

These parameters include: 
 
 • sediment grain size
 • %solids and %water 
 • %organic matter 
 • %organic carbon
 • %nitrogen
 • chlorophyll a   
 • nutrientflux:
  NO3+NO2N,NH3N,SRP(OP)
 • water quality parameters 
  (depth, temp, conductivity, pH, 
  DO,salinity)

The complete dataset will be 
comprised of data from four field 
surveys:
1. Surrogate Parameters Survey 
  June 11-15, 2012
2. Summer SOD Survey
  August 21-23, 2012
3. Fall SOD Survey 
  November 6-7, 2012
4. Spring SOD Survey
  estimated for March-May, 2013

All surveys have taken place in the 
upper estuary and tidal  river, Trenton 
to Delaware City  (River Miles 60–
133), including  the Schuylkill River.  
The specific  sampling locations were 
selected to provide a combination of 
spatial coverage, sedimentary envi-
ronment, and areas surrounding PWD 
infrastructure such as water intakes, 
combined sewer overflows, and waste 
water treatment plants.
Sample Collection:
Samples collected during the Surro-
gate Parameter Survey (Survey 1) 
were obtained using a stainless steel 
Van-Veen grab.  Samples were col-
lected aboard the ANSDU research 
vessel Discovery, a 22-foot Privateer. 
Sediment cores were collected in the 
following surveys (Surveys 2 and 3, 
and will be in Survey 4).  Short cores 
(< 20 cm in length) will be collected 
using two methods, which depend on 
the depth of water at the sample site.  
For shallow locations (< 3 m depth), a 
pole-mounted push coring device was 
used from aboard the ANSDU vessel.  
At the deeper locations a HAPS Box 
Corer (KC-Denmark) system, provid-
ed by Dr. Chris Sommerfield at the 
University of Delaware, was used to 
obtain cores.  The larger HAPS core 
(~15 cm ID) will be subsampled using 
a small incubation core barrel (7cm ID 
X 30 cm length).  Coring operations 
with the HAPS corer were performed 
aboard the M/V Northstar 4. 
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Breakdown of the sample 
collection requirements for each 
survey:
 • Survey 1: 89 sediment grab sites 
  to provide spatial characterization 
  of surrogate parameters;
 • Survey 2: 49 SOD sites, with    
  6 field replicates, for a total of   
  55 samples; oNutrient flux 
  (NO3+NO2N, NH3N,SRP(OP))
  measurements of the water 
  column  at 10 sample sites;
 • Survey 3: 32 SOD sites, with 4   
  field replicates, for a total of 36 
  samples;
 • Survey 4: 32 SOD sites, with up to 
  4 field replicates, for a total of 36 
  samples;
A series of SOD core “blanks” will be 
collected at up to 8 sites during both 
the fall and spring surveys and up to 
12 sites during the summer survey. As 
stated earlier, these analyses will be 
used to correct the SOD calculations 
by removing the water column com-
ponent of oxygen demand.  This is a 
standard correction used in measur-
ing SOD and nutrient fluxes. 

Analysis and Reporting of SOD and 
Surrogate Samples Calculation of 
SOD is made for each site by linear 
regression analysis of overlying water 
oxygen concentration and time.  The 
slope of the regression is multiplied by 
the volume of overlying water in the 
core and divided by the core surface 
area (3.175 x10-3 m2). All SOD and 
nutrient fluxes are reported in concen-
tration units: mole*m-2*h-1 and g*m-
2*d-1.  For sites where replicate cores 
are incubated, an average of the repli-
cates is reported for those sites along 
with the range.  All reported data are 
corrected for water column respiration, 
and represent only oxygen consumed 
by the sediment. 

Since the data collection objective of 
this project is not yet complete, final 
results are not available. However, 
data analysis is presently underway 
to evaluate the relationship between 
SOD flux and surrogate parameters, 
and whether there is a seasonal vari-
ation to that relationship.  All sample 
collection, analyses, and data inter-
pretation are scheduled to be reported 
to the PWD by June 30th, 2013.
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