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Introduction

This report summarizes the activities of the District of Columbia (DC) Water Resources Research Institute
(the Institute) for the period of March 1, 2007 through February 28, 2008. This was an exciting year at the
Institute as more internal collaborations and partnerships were forged among Departments at the University of
the District to provide relevant water resources research results and transfer information to assist policy
makers and residents in the District of Columbia.

We are continuing the effort to assist in ensuring high municipal drinking water quality in the District of
Columbia, by maintaining the partnership with the Cooperative Extension Service (CES) Water Quality
Education Program, the Agriculture Experiment Station (AES), the School of Arts and Sciences, and the
School of Engineering and Applied Sciences. A Water Quality Testing Laboratory and an Environmental
Simulation and Modeling Lab are supporting research and extension projects especially in the areas of Storm
and Wastewater Management. The Water Quality Testing Lab has allowed the Institute and the Water Quality
Education Program the opportunity to serve as unbiased monitor of DC municipal drinking water quality
through random sampling and testing of residential homes and public/private facilities while the
Environmental Simulation Lab has been used to develop and evaluate the application of mathematical models
as a predictive tool for water resource management. Integrating monitoring and mathematical modeling, both
labs have served the research and training needs of our faculty, students as well as water and wastewater
operators in the District.

The issue of emerging contaminants in the Districts water way was a hot media topic during the fiscal year.
Many articles were written regarding the inability of our Blue Plain Advanced Wastewater Treatment Plant to
eliminate pharmaceuticals and organics from effluent discharged into the Potomac River. This is a new
challenge that the Institute will embark on solving during the subsequent years. We are in negotiation with
BenTen Inc., a Japanese water purification system manufacturer to acquire a new piece of equipment with the
ability to process contaminated water in times of emergency. This equipment also produces electrolytic water
which functions as both a disinfectant and herbicide. This will again open a new avenue for solving problems
related to emergency management, stormwater management as well weed control in urban gardening.

The Cooperative Extension Service/Water Quality Education Program Extension Agent continues to impact
the Institute's information transfer and outreach capacity. Listed are some of her accomplishments in
conjunction with the Institute: • Prepared and distributed water quality education brochures and fact sheets to
DC residents; • Conducted workshops on water quality education at various DC Recreation Centers and
Public Schools; • Visited DC Water and Sewer Authority (DCWASA) Water Quality Division for potential
collaboration • Periodically visited USDA\CSREES National Water Program to enhance Water Quality
Education Program for future collaboration; and • Participated on the Mid−Atlantic Regional Water Quality
Program Steering Committee

The Institute website http://www.udc.edu/wrri/ provides updated information about current activities. The
Institute has also electronically disseminated its Water Highlights Newsletter, Winter/Summer 2007 issue.
This document is very informative and highlights current research and educational projects sponsored by the
Institute along with interactions among faculty members and their student interns on projects and conferences.

An electronic mailing list of over 150 Water Resources faculty and experts in the consortium of universities in
Washington DC is maintained and regularly updated and sent regular information via email on local, region,
and nation water issues when received by the Institute. This line of information transfer has enhanced the
visibility and credibility of the Institute amongst these stakeholders.
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Research Program Introduction

The DC Water Resources Research Institute will continue to provide the District with inter−disciplinary
research support to both identify and contribute to the solution of DC water resources problems. These
research and educational projects provide students with essential practical skills required for future job
opportunities and also allow faculty members access to new technologies and equipment that develop their
expertise in water resource management. Only one of the five projects funded was completed and no cost
extensions were granted on two. The other two applied for additional funds to continue the next phase.
Therefore, this report contains one final and four progress reports.

In summary, Dr. Phelps's final report entitled, “Active Biomonitoring for PCB, PAH and Chlordane Sources
in the Anacostia Watershed” used active biomonitoring with Corbicula fluminea (Asiatic clam) to find sources
of pollutants in Maryland's Anacostia River upper tributaries. The contaminated tributaries included Indian
Creek (PAHs), Lower Beaverdam Creek (PCBs), Still Creek (chlordane) and Riverdale East (chlordane). On
Indian Creek the high clam PAHs at sites downstream from Muirkirk Industrial Park and Beltsville Industrial
Park indicated no parking lot runoff from coal−tar sealant but only unsealed asphalt and concrete and urban
stream sediment origins. Clams placed in upper Lower Beaverdam Creek downstream from the New
Carrollton Metro Station did not show tPCB increase but following Ardwick−Ardmore Industrial Park the
low−molecular−weight PCBs increased 10X (224 ppb). A culverted runoff from the Industrial Park had 3X
higher PCBs. Still Creek clam biomonitoring indicated PAH and chlordane contamination, and stream
walking identified the Upper Mainstem drainage as a major chlordane source. Clams placed in all parts of the
small Riverdale East stream accumulated chlordane levels exceeding NAS/NAE standards for the protection
of fish−eating wildlife and USFDA standards for human fish consumption. The highest clam tissue total
chlordane (400 ppb) was near the Baltimore−Washington Parkway overpass.

Dr. Deksissa, in his project “Modeling of Integrated Urban Wastewater System in the District of Columbia” is
developing an integrated mathematical model that takes into account the interaction of all urban wastewater
system components: sewer, wastewater treatment plant and river. An appropriate modeling approach was
selected for each sub−model as well as model connector. A conceptual sewer model and model connectors to
link the three sub−models were developed. Potential application of the current version of the proposed model
was also evaluated on the basis of hypothetical data. The preliminary results of the study show the usefulness
of the proposed modeling approach for a real time control, and therefore helpful for researcher, planner and
regulator to detect weak points in the system. Furthermore, brief discussion of model formulation, model
implementation and model evaluation as well as the preliminary monitoring data collected in the Rock Creek
watershed is presented. Funding for Phase II of this project was granted for FY2008.

Dr. Chen along with his student intern, Travis Branham, published one article from his project “Gradual
Variation Analysis for Groundwater Flow of DC”. He established a mathematical model based on gradually
varied functions for groundwater data volume reconstruction. These functions do not rely on the rectangular
Cartesian coordinate system. A gradually varied function can be defined in a general graph or network.
Gradually varied functions are suitable for arbitrarily shaped aquifers. Two types of models are designed and
implemented for real data processing: (1) the gradually varied model for individual (time) groundwater flow
data, (2) the gradually varied model for sequential (time) groundwater flow data. In application, we also
established a MySQL database to support the related research. Phase II of his project was also approved for
FY2008 funding.

Drs. Behera and Kanungo applied for six months no cost extension and provided a progress report on the
project “Decision Support System to Deal with Water Emergencies for Metropolitan DC”. They have
developed a free−format and qualitative questionnaire that allows the respondent tremendous flexibility in
providing responses. One of the delays has been in obtaining the IRB approvals and they anticipate
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completing the surveys during the summer.

Dr. Kumar was granted six months no cost extension and thus provided a progress report on the project
“Molecular Signaling by Environmental Arsenicals in Mammalian Cells” We examined the cytotoxic effects
of arsenic on MCF−7 human breast cancer cell line. The cells were treated with various concentrations of
sodium arsenite ranging from 0.5 µg/ml to 6 µg/ml for 24 hours. Sodium Arsenite inhibited the growth of
MCF−7 cells. We further studied if the arsenic induced growth inhibition is due to induction of apoptosis in
these cells and whether arsenic induces the DNA damage response pathway genes P53 and P21. Results
indicated that arsenic inhibit the proliferation of MCF−7 cells. We studied the effect of Arsenic on the
expression of P53 and its target gene P21. There was a marked increase in P53 and its target P21 protein
expression after treatment with sodium arsenite and found that Sodium Arsenite treatment induces the
expression of DNA Damage response genes in MCF−7 breast cancer cells.

Listed below are the five grants awarded to researchers for FY 2008 104B grant.

Title of Award: Development of Web−based rainfall Statistical Analysis Tool for Urban Storm Water
Management Analysis Principal Investigator: Pradeep Behera, Ph.D., P.E. Associate Professor Engineering,
Architecture &Aerospace Technology University of the District of Columbia Tel: 202−274−6186 Email:
pbehera@udc.edu Grant Award: $8,200

Title of Award: Addressing the Distribution of Synthetic Organics and the degradation of Polyaromatic
hydrocarbons in the Anacostia River through Microbial and Stable Isotope

Principal Investigator: Karen L. Bushaw−Newton, Ph.D. Assistant Professor Department of Biology
American University bushaw@american.edu (202) 885−2203 Grant Award: $15,000

Title of Award: Gradual Variation Analysis for Groundwater Flow in the District of Columbia (Phase II)
Principal Investigator: Li Chen, Ph.D Associate Professor University of the District of Columbia Email:
lchen@udc.edu (202) 274−6301 Grant Award: $15,000

Title of Award: Modeling of Integrated Urban Wastewater System in the District of Columbia (Phase II)
Principal Investigator: Tolessa Deksissa, Ph.D Research Associate University of the District of Columbia
Phone: 202−274−5273 E−mail: tdeksissa@udc.edu Grant Award: $25,682

Title of Award: Application of Spatiotemporal Informatics to Water Quality Principal Investigator: Byunggu
Yu, Ph.D. Department of Computer Science and Information Technology University of the District of
Columbia Email: dkumar@udc.edu Telephone: (202) 274−7455 Grant Award: $ 15,000

Our matching requirements were met with non federal in−kind contributions from the indirect cost waved by
each university and cash match from the University of the District of Columbia. These research projects will
provide water quality training for graduate and undergraduate students in the District of Columbia.
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Dr. Harriette L.  Phelps 
 

          

ABSTRACT 

 

In 2007, active biomonitoring  with Corbicula fluminea (Asiatic clam) was used to find 

sources of pollutants in Maryland’s Anacostia River upper tributaries.  The contaminated 

tributaries included Indian Creek (PAHs), Lower Beaverdam Creek (PCBs), Still Creek 

(chlordane) and Riverdale East (chlordane). On Indian Creek the high clam PAHs at sites 

downstream from Muirkirk Industrial Park and Beltsville Industrial Park indicated no parking 

lot runoff from coal-tar sealant but only unsealed asphalt and concrete and urban stream 

sediment origins. Clams placed in upper Lower Beaverdam Creek downstream from the New 

Carrollton Metro Station did not show tPCB increase but following Ardwick-Ardmore 

Industrial Park the low-molecular-weight PCBs increased 10X (224 ppb). A culverted runoff 

from the Industrial Park had 3X higher PCBs.  Still Creek clam biomonitoring indicated PAH 

and chlordane contamination, and stream walking identified the Upper Mainstem drainage as a 

major chlordane source.  Clams placed in all parts of the small Riverdale East stream 

accumulated chlordane levels exceeding NAS/NAE standards for the protection of fish-eating 

wildlife and USFDA standards for human fish consumption. The highest clam tissue total 

chlordane (400 ppb) was near the Baltimore-Washington Parkway overpass.  

 

INTRODUCTION 

 

 The freshwater Anacostia River in DC and MD has been identified as one of the three 

most contaminated areas of the Chesapeake Bay (CBP 2002).  Chlordane and PCBs in fish 

tissue are the causes of a fishing advisory (Velinsky and Cummins 1994). Tumors in over 60% 

of Anacostia catfish are a result of high sediment PAHs (Pinkney e.a. 2000).  Early studies 

focused on the contaminated sediments of the 10km tidal Anacostia in DC (AWTA 2002; 

Velinsky e.a. 1992; Wade e.a. 1994). More recent studies using active biomonitoring (DeKock 

and Kramer 1994) with the locally common Asiatic Clam (Corbicula fluminea) have found 

major contaminant sources in the Maryland portion (83%) of the Anacostia watershed (Warner 

e.a. 1997, Phelps 2002, Phelps 2003, Phelps 2004, Phelps 2005, Washington Post 2004). 

   

The research objectives of this 2007 study were to address several key questions that 

could be now asked about Anacostia tributary contaminant sources based on the results from 

earlier studies. These questions were: (1) is coal-tar sealcoating, which has been banned as a 

high source of PAHs in some cities, being used in Anacostia watershed Industrial Parks, (2) 

where are the upstream sources of the high total PCB levels found in Lower Beaverdam Creek 

clams, (3) where is the source of the high chlordane levels found in clams placed in Riverdale 

East, a small first-order tributary of the Northeast Branch and  (4) what are the major 

contaminants of Still Creek which has 43% of its watershed in Greenbelt National Park?  
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Active biomonitoring with clams was used with stream walking to reach upstream sites 

including those close to industrial parks and Metro stations.  

 

METHODOLOGY 

 

 In 2007 the active biomonitoring for contaminants in the Anacostia watershed was 

conducted using Corbicula clams (17 – 23 mm shell height) collected by sieving the sandy 

Potomac River at Fort Foote (MD), 5 km downstream from the mouth of the Anacostia.  The 

Fort Foote Potomac (FF) clam reference sample was taken at the time of collection.  The clams 

were kept cool and dry and translocated in plastic mesh bags within 6 hours to Anacostia 

watershed biomonitoring sites (Table 1, Figure 1).   
 

Table 1. Corbicula Active Biomonitoring Site Data. 

____________________________________________________________________________ 

 

Sample  tissue  northing westing 

Date/Site 

No. live 

(dead) 

gm 

ww Analysis  

5/1/07      

FF (Forte Foote reference) 40 56.5 ALL 38046’27.27” 76001'45.50" 

5/9-23/07      

NCM (New Carrolton Metro) 80(1) 46.3 PCB 38056’42.10” 76052’15.66”    

LMT (Landover Metro) 84(1) 42.1 PCB 38055’56.38” 76053'21.49" 

STL (Still Creek) 173(9) 77.5 ALL 38058'20.29” 76054'53.32”    

RVF (Riverdale E Far) 42(2) 17.4 PEST 38057'15.84” 76054'31.80” 

RVFF (Riverdale E Furthest) 33(57) 15.1 PEST 38057’09.79” 76054’28.28”    

5/24-6/8/07      

ODR (Odell Road) 102(1) 34.5 PAH 39002’33.76” 76053’59.65”   

ICN (Indian Creek North) 153 56.3 PAH 39001’22.61” 76054’11.39”   

9/18/07 -10/3/07      

FF (Fort Foote reference) 40 34.7 ALL 38046’27.27” 76001'45.50" 

AA2 (upper ArdwickArd.) 39 31.6 PCB 38056.19'51" 76052'59.19" 

AA3 (mid ArdwickArdmore) 39 28 PCB 38056'15.14" 76053'05.19" 

AA4 (lower ArdwickArd.) 28 21.6 PCB 38056'14.86" 76053'05.42" 

SL5 (Upper Branch Stl Cr) 34(5) 20.8 Chlor 38058’.52.77” 76053'09.77”    

SL6 (Small Branch Stl Cr) 34(4) 24.6 Chlor 38058’.56.33” 76053'30.26”    

SL7 (Lower Branch Stl Cr) 7(40) 25.8 Chlor 38058’.51.35” 76053'09.25”          

____________________________________________________________________________ 
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Figure 1. All Anacostia watershed biomonitoring sites, with new 2007 sites in green. 

 (courtesy Metropolitan Washington Council of Governments) 

 

Clam bag GPS location was recorded and longterm temperature monitors (TidbiT, 

Onset Corp) attached at some sites.  After two weeks the clams were retrieved, washed, 

depurated 24 hours with three changes of spring water at room temperature, frozen (to open 

the shells), thawed and the tissues extracted and weighed.  The re-frozen tissues were picked 

up for analyses by Severn-Trent Laboratories (now TestAmerica) at their Burlington VT 
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laboratory. The clam tissues were analyzed for EPA Priority Pollutants (19 PAHs, 22 

pesticides, 20 PCB congeners and 7 Aroclors)(Phelps 2004). Analysis of benz(e)pyrene was 

added to estimate the sources of contaminants in parking lot runoff (Mahler 2005).  Analysis 

of total chlordane was added to sites in Still Creek and Riverdale East. Not all samples were 

analyzed for all contaminants. Contaminants were expressed as ug/kg (ppb) ww.  Wet tissue 

weight (ww) is customarily used for tissue concentrations and the ratio of dry to wet tissue 

weight in local Corbicula is 0.20 (personal observation).  

  

In May-June 2007 clams were placed in Indian Creek at Odell Road (ODR) below 

Muirkirk Industrial Park, and at Sunnyside Road (ICN) below Beltsville Industrial Park.  Clam 

tissues were analyzed for concentrations of 18 PAHs plus benz(e)pyrene which were used to 

estimate the sources of parking lot runoff (Mahler 2005).  

 

To biomonitor for PCB sources in Lower Beaverdam Creek, in May 2007 clams were 

placed at New Carrolton Metro (NCM) and Landover Metro (LMT) sites above and below 

Ardwick Ardmore Industrial Park respectively. In September-October 2007 clams were placed 

by stream walking upstream of Landover Metro along Ardwick-Ardmore Industrial Park at 

sites AA2, AA3 and AA4 (Figure 2). The clam tissues were analyzed for 20 PCB congeners. 

 

 
 

Figure 2.  Lower Beaverdam Creek with clam monitoring sites AM2, AA3, AA4, LMT. 
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May 2007 the Northeast Branch subtributary of Still Creek was biomonitored near its 

confluence with Indian Creek for all contaminants (site STL). In September-October the 

subtributaries were walked to biomonitor for chlordane at three subtributaries: SL5 (Upper 

Mainstem), SL6, and SL7 (Figure 3).  The high clam mortality at SL7 was due to high water 

temperatures. 

 

 
 

Figure 3.  Still Creek MD watershed map with sites STL, SL5, SL6 and SL7. 

 

To find the sources of chlordane in the heavily contaminated small Northeast Branch 

Riverside East (RVE) (Phelps 2004) the stream culvert was walked in October 2006 to place 

clams at site RVF just downstream from the Baltimore-Washington Parkway culvert.  In May 

2007 clams were placed again at site RVF and also site RVFF in a surburban area above the 

Baltimore-Washington Parkway culvert (Figure 4).  Clam tissues were analyzed for 22 

pesticides including heptachlor epoxide and α, γ and total chlordane. At RVFF the stream is 

very shallow which may account for the high clam mortality. 
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Figure 4.  Riverdale East Far (RVF) and Riverdale East Furthest (RVFF) upstream sites. 

 (Map courtesy of Maryland Stream Survey) 

 

RESULTS 

 

Indian Creek PAH biomonitoring at Industrial Parks 

 

 The PAHs accumulated by clams placed downstream from Muirkirk Industrial Park at 

Odell Road (ODR) and downstream from Beltsville Industrial Park at Indian Creek North 

(ICN) had high levels of high molecular weight (HMW) PAHs (4 ring) and fluoranthene to 

pyrene ratios of 1.1 to 1.3, both of which are evidence of combustion sources rather than oil 

spills (Hwang and Foster 2006) (Figure 1, Table 2).  PAH ratios were used to identify types of 

parking lot sealants in runoffs (Mahler 2005)  
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Table 2.  PAHs (ug/kg) in clams placed below Muirkirk (ODR) and Beltsville (ICN) Industrial 

Parks, and at Still Creek (STL) and Potomac reference (FF) sites.  0 = below detection limits. 

 

 

 

 

PCBs at Lower Beaverdam Creek. 

 

In upper Lower Beaverdam Creek (Figure 2), clam tPCB at New Carrolton Metro 

station site (NCM) (23.8 ppb) was statistically equal to the Fort Foote Potomac Reference site 

(28.6 ppb).  tPCB increased 10X at the downstream Landover Metro LMT site (223.7 ppb) 

with addition of  lower molecular weight PCB congeners (Figure 5). Stream walking above 

LMT along Ardwick Ardmore Industrial Park found PCB congeners increased at site AA4 

below a runoff culvert (Figure 6)(. 

 

Sample ID FF ICN STL ODR 

Sampling Date 5/1/07 5/1/07 5/9/07 6/8/07 

          

Naphthalene 13 15 11 0 

2-Methylnaphthalene 0 0 0 0 

1-Methylnaphthalene 0 0 0 0 

Biphenyl 0 0 0 0 

2,6 Dimethylnaphthalene 0 0 0 0 

Acenaphthylene 0 0 0 0 

Acenaphthene 0 0 0 0 

2,3,5 Trimethylnaphthalene 0 8.5 0 0 

Fluorene 0 0 0 0 

Dibenzothiophene 0 0 0 0 

Phenanthrene 8 68 17 14 

Anthracene 0 0 0 0 

1-Methylphenanthrene 13 40        11 0 

SUM 2-3 RING 34 121.5 39 14 

          

Fluoranthene 24 300 120 140 

Pyrene 19 220 91 120 

Benzo(a)anthracene 10 33 15 24 

Chrysene 52 703 74 90 

SUM 4 RING 105 1256 300 374 

          

Benzo(b)fluoranthene 0 54 21 39 

Benzo(k)fluoranthene 0 26 9 19 

Benzo(e)pyrene 0 57 31 50 

Benzo(a)pyrene 0 8 0 58 

Perylene 0 0 0 0 

Indeno(1,2,3-cd)pyrene 0 0 0 11 

Dibenz(a,h)anthracene 0 0 0 0 

Benzo(g,h,i)perylene 0 10 0 10 

SUM 5-7 RING 0 155 61 187 

TOTAL PAHs 139 1533 400 575 
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CLAM PCB CONGENERS AT NEW 

CARROLTON AND LANDOVER METRO SITES
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 Figure 5. Clam PCB congeners at New Carrollton Metro (NCM), Landover Metro 

(LMT) and Fort Foote Reference (Potomac) sites (2.05 SD). 

 

Clam biomonitoring above Landover Metro showed an increase in low-molecular-

weight PCB congeners at site AA4 below an Ardwick-Ardmore culvert (Figure 2, Figure 6).  

CLAM PCB CONGENERS NEAR ARDWICK-ARDMORE 

INDUSTRIAL PARK ON LOWER BEAVERDAM CREEK
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Figure 6.  Clam PCB congeners at sites AA2, AA3 and AA4 on Lower Beaverdam Creek. 
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Still Creek  biomonitoring. 

 

At the confluence of Still Creek with North Branch (STL) (Figure 3) the major clam 

contaminants were total PAHs (383 ppb, Table 2) and total chlordane (140 ppb). Active 

biomonitoring in Still Creek subtributaries found high total chlordane in SL5 (Upper 

Mainstem, 135 ppb) and low or none at SL6 (0 ppb) and SL7 (25 ppb) (Figure 3). 

 

   

Riverdale East biomonitoring.  

 

The 2007 Riverdale East clam active biomonitoring  at the  two furthest upstream sites 

(RVF, RVFF) detected only α and γ and total chlordane, dieldrin, and heptachlor epoxide 

(Table 3, Figure 4) 

 

Table 3.  Riverdale East pesticides in translocated clams. 

___________________________________________________________________ 

SITE                                   RVE                          RVF                 RVFF             FF  

DATE     8/04 10/06            10/06    5/07        5/07              5/07  

α Chlordane (ppb) 57    41            220  36               14       0   

γγγγ Chlordane (ppb) 87    55            180  62               27                  7   

tChlordane (ppb) (654)   490          1800 380        210      --    

Dieldrin (ppb)  66           --      --  90                67       0  

HeEx (ppb)  36    --             --  14         37       0 

(α+γα+γα+γα+γ)/tChlordane (22%)    20%             22%      26%            20%              --             

KEY: RVE = Riverdale East site at Northeast Branch (Phelps 2004); RVF = Riverdale East 

Far site below the Baltimore-Washington Parkway underpass (BWP); RVFF= Riverdale East 

suburban site above BWP; FF = Fort Foote Potomac Reference; ppb = ug/kg; tChlor = total 

chlordane; HpEx = Heptachlor Epoxide; (--) =  not measured; ( ) = estimated 

 

 

CONCLUSIONS AND DISCUSSION 

 

In 2007, Indian Creek tPAHs in clams placed downstream from two major Industrial 

Parks, Beltsville (ICN, 898 ppb) and Muirkirk (ODR, 561 ppb) exceeded reference site (FF, 65 

ppb) with a majority of 2-3 and 4 ring PAHs (Table 2).  High levels of However only the 

Muirkirk Industrial Park (ODR) site had enough indicator 5-7 ring PAHs to analyze for 

parking lot sealant (Mahler 2005).  The ODR clam tissue PAH ratios indicated runoff PAHs 

were from unsealed asphalt and concrete and urban stream sediment and not from coal-tar 

sealcoating. Coal-tar parking lot sealant does not appear to be a significant source of PAH 

contamination in Indian Creek Industrial Parks. 

 

At the confluence of Still Creek with the Northwest Branch (STL, Figure 3) too little 

tPAH was detected to distinguish urban stream sediment from coal-tar parking lot sealant 

sources.  The total chlordane (140 ppb) at site STL exceeded the National Academy of 

Sciences/National Academy of Engineering (NAS/NAE) recommended maximum 



 11 

concentration (100 ppb) of total chlordane in whole fish tissue for the protection of fish-eating 

wildlife (Ator e.a. 1998) (Table 3).  This level of chlordane was also found in clams placed in 

Still Creek’s Upper Mainstem but not in two other subtributaries. The Upper Mainstem 

catchment includes suburban and industrial areas which should be further biommonitored for 

the source of chlordane.       

  

 

In upper Lower Beaverdam Creek, the finding that New Carrollton Metro (NCM) clam 

tPCB did not exceed Potomac reference indicated Metro station operations were not a source 

of  PCBs. The 10X increase in low-molecular-weight PCBs (BZ41 – BZ118) in clams placed 

downstream from Ardwick-Ardmore Industrial Park at Landover Metro suggested the park 

was the major PCB source (Figure 2 ,Table 2). The 3X increase in clam PCBs below a culvert 

site (AA4) which added new low-molecular-weight PCBs suggested that Industrial Park runoff 

as a source (Fig 2).  However this finding does not identify a specific industry.  Many 

Ardwick-Arkmore Industrial Park business sites along Lower Beaverdam Creek appear to be 

storage and not industrial or manufacturing. The origins of low-molecular-weight PCBs in 

Ardwick/Ardmore Industrial Park need further investigation. 

 

Clams placed in the small Riverdale East stream that enters the lower Northwest 

Branch had the highest chlordane of any monitored Anacostia sites (Phelps 2004, Figure 1).  

Chlordane was used widely in this area for termite control until EPA suspension in 1988 

(USEPA 1990). Technical applied Chlordane was a mixture of over 140 related compounds, 

the largest proportion of which were α, γ and trans-nonachlor chlordane which accounted for 

25% (Ouyang e.a. 2005).  This was close to the average 22% (αααα++++γγγγ)/tChlor)) found in the 

Riverdale East clams (Table 3).  Clams placed at all Riverdale East sites exceeded the National 

Academy of Sciences/National Academy of Engineering (NAS/NAE) recommended 

maximum concentration (100 ppb) of total chlordane in whole fish tissue for the protection of 

fish-eating wildlife (Ator e.a. 1998) (Table 3).  Clams at all but the upper RVFF site exceeded 

the 300 ppb USFDA action level for total chlordane in fish tissue for protection of human 

health (Ator e.a. 1998).  Heptachlor was 10% of technical chlordane and heptachlor epoxide is 

an oxidation product of both chlordane and heptachlor 

(http://www.atsdr.cdc.gov/toxprofiles/tp12-c5.pdf).  The finding of no heptachlor and only 

heptachlor epoxide in upper Riverdale East (RVF and RVFF) clams suggests weathered 

chlordane as the source (Table 2). At station RVFF heptachlor epoxide exceeded the FDA 

seafood consumption advisory of 30 ppb (Ator e.a. 1998).  As there is no identifiable industry 

near the suburban site RVFF a large chlordane dump site is suspected.  This potentially major 

source of chlordane to the Anacostia River needs attention and remediation. 

 

Active biomonitoring with stream walking for clam translocation was able to better 

locate and identify some major sources of Anacostia River contaminants in Maryland low-

order streams. More active biomonitoring studies could rapidly answer questions such as what 

and where are the runoff contaminants at Poplar Point (thought to have legacy toxics), Sligo 

Creek (the model Anacostia restoration tributary), Metro Stations.  However, active 

biomonitoring remains an initial monitoring effort. Additional and more costly studies will be 

required to develop an effective toxics remediation plan to remove the Anacostia River from 

the list of most contaminated sites in the Chesapeake Bay and among national rivers. 
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Gradual Variation Analysis for Groundwater Flow of DC 
 

 

Abstract 

Groundwater flow in Washington DC greatly influences the surface water quality 

in urban areas. The current methods of flow estimation, based on Darcy’s Law and the 

groundwater flow equation, can be described by the diffusion equation (the transient 

flow) and the Laplace equation (the steady-state flow). The Laplace equation is a 

simplification of the diffusion equation under the condition that the aquifer has a 

recharging boundary. The practical way of calculation is to use numerical methods to 

solve these equations. The most popular system is called MODFLOW, which was 

developed by USGS. MODFLOW is based on the finite-difference method in rectangular 

Cartesian coordinates. MODFLOW can be viewed as a “quasi 3D" simulation since it 

only deals with the vertical average (no z-direction derivative). Flow calculations 

between the 2D horizontal layers use the concept of leakage.    

In this project, we have established a mathematical model based on gradually 

varied functions for groundwater data volume reconstruction. These functions do not rely 

on the rectangular Cartesian coordinate system. A gradually varied function can be 

defined in a general graph or network. Gradually varied functions are suitable for 

arbitrarily shaped aquifers. Two types of models are designed and implemented for real 

data processing:  (1) the gradually varied model for individual (time) groundwater flow 

data, (2) the gradually varied model for sequential (time) groundwater flow data. In 

application, we also established a MySQL database to support the related research.  

 

Research Team Members: Li Chen (Professor), Travis L. Branham(Student) 

 

  

 

 

 

 

 

 

 

 

1. Introduction 

 

 Groundwater flow in DC has greatly influenced the surface water quality in urban 

areas. The current method of flow estimation mainly uses the ground flow equation, 

which is a partial differential equation. Software systems such as MODFLOW can only 

solve 2D equations and pass the data vertically to form a 3D volume. The research on the 

3D models of groundwater flow has fundamental and practical importance to 

hydrogeology. A method used to establish a true 3D Groundwater flow will be very 

useful to groundwater related research in DC. The new method can also be extended for 

use in other regions. 

  



 A feasible and true 3D model for groundwater flow is essential to groundwater 

research. This project attempts to establish a 3D model using discrete mathematics, 

especially graphical and graph-theoretical methods, to compute groundwater flow. It is 

called the gradual variation method. This method can be combined with the existing 

technology such as MODFLOW for more accurate results. The research is focused on the 

groundwater flow of the DC area. We have established a connection to use gradually 

varied functions in groundwater research. We have accomplished three tasks: (1) 

extracting of real data from databases of DC areas, (2) storing the data into local 

database, (3) reconstructing the water-head surfaces for time sequences using gradually 

varied surface fitting. We have also completed the design of the combined gradually 

varied fitting using the finite difference method. 

 

The results of the research will provide a reliable source to better understand the 

groundwater of DC. The images of data flow will indicate the activity of the groundwater 

flow. Beyond the theoretical achievements, the undergraduate and graduate students of 

computer science will have the opportunity to learn how to conduct state of the art 

groundwater research and use various software systems. These students could work in the 

environmental sciences in the future.  

  

 

2. The Problem, Methods and the Research Path 

 

In order to use discrete methods for Groundwater Modeling, we need to solve the 

following problems:  (1) Groundwater flow equations and its discrete forms, (2) 

Gradually varied functions for groundwater data, (3) Real data preparation, (4) 

Algorithms, especially fast design,  (5) Real data processing and applications. 

 

Much research has already been done to find  a discrete model for the groundwater flow 

equations. So our first task is to investigate the suitableness of gradually varied functions 

for groundwater data. Then, we must find a connection between the flow equations and 

gradually varied functions. We also need to design an input data format to store the data 

in a database.   

 

A gradually varied function is for the discrete system where a high level of 

smoothness is not a dominant factor. It can be used in any type of decomposition of the 

domain. It is more flexiable than rectangle-cells used in MODFLOW and triangle-cells 

used in FEFLOW.   Because gradual variation does not have strict  system requirements, 

the other mathematical methods and the artificial intelligence methods can be easily 

incorprated into this method to seek a better solution.  Based on the boundary conditions 

or constraints of the groundwater aquifer, the constraints could be in explicit forms or in 

differential forms such as the diffusion equations. The gradually varied function exists 

based on the following theorem: The necessary and sufficient condition of the existance 

of a gradually varied function is that the change of values in any pair of sample points is 

smaller or equal to the distance of the points in the pair.    

 

 



3. Background and Related Research 

 

The research of groundwater flow is one of the major topics in groundwater 

research [1] [2] (this sentence does not make sense and just repeats itself).  The 

groundwater flow equation based on Darcy’s Law usually describes the movement of 

groundwater in a porous medium such as aquifers.  It is known in mathematics as the 

diffusion equation. The Laplace equation (for a steady-state flow) is a simplification of 

the diffusion equation under the condition that the aquifer has a recharging boundary. The 

conservation of mass states that for a given increment of time (∆t) “the difference 

between the mass flowing in across the boundaries, the mass flowing out across the 

boundaries, and the sources within the volume, is the change in storage.”[2] 

                                                (1) 

Its differential form is 

                                                (2) 
To solve this equation, a grid method is usually used, such as the finite difference or 

finite element method [3] [4]. Other methods including the analytic element method 

attempt to solve the equation exactly, but need approximations of the boundary 

conditions [5][6]; they are mainly used in academic and research labs.         

The practical way of calculating is to use numerical methods to solve these 

equations. The most popular system is called MODFLOW, which was developed by 

USGS [7]. MODFLOW is based on the finite-difference method on rectangular Cartesian 

coordinates. MODFLOW can be viewed as a “quasi 3D" simulation since it only deals 

with the vertical average (no z-direction derivative). Flow calculations between the 2D 

horizontal layers use the concept of leakage. 

Gradual variation is a discrete method that can build on any decomposition or 

networking.  It was originally introduced to solve image processing problems and 

discrete surface reconstruction [8][9][21]. See Fig 1. When a boundary is known, it can 

used to fit (solve) for the interal points in any type of linked connection.   The original 

research    

 
 



Fig 1. Gradually Varied Surfaces of this project is to use Darcy’s Law or differential 

constrains to determine the value of the unknown points instead of the random selection 

of the construction of gradually varied surfaces when there are more than one possible 

selections [10].  When the determination of the values are uncertain, we will try to use the 

artificial intelligence methods such as neural networks and genetic algorithms to help us 

to find near optimal solutions. These types of studies have already been done by many 

researchers in groundwater flow [11][12]. 

On the other hand, current research still showed  considerable interest in 

establishing new modeling methods for groundwater flow [13-16]. Both the US and DC 

governments are concerned with  the  future of groundwater flow research [17][18].  This 

project on the 3D models of groundwater flow has fundamental and practical importance 

to hydrogeology. A method used to establish a true 3D model for groundwater flow will 

be very useful to groundwater related research in DC and in other urban areas.  

 

 

 

 

4. Data Preparation 

 

Data Preparation is a very important part of this project, please see appendix or [20] for 

more information. We have to use PHP to build a web application to access groundwater 

log data in Virginia and Maryland. Data is stored in MySQL databases. 

 

 

Fig. 2 Web based data collection 

“A vast quantity of information, on many subjects that may be of interest to the general 

public, is offered, through various government agencies, free of charge; the methods for 



acquiring and understanding this data, however, can be difficult and troublesome for 

many individuals. The web-based application outlined in this paper attempts to address 

the difficulties inherent in the dissemination of data to interested members of the general 

public, and specifically data which has a geographical reference component. 

This application deals specifically with water quality data in the metropolitan 

Washington, D.C. area, as reported by the U.S. Geological Survey (USGS). Interested 

individuals will access the web-based utility and, from there, easily navigate to the 

desired information. The data is presented initially by icons, representing water quality 

testing locations, plotted onto a map of the metropolitan Washington, D.C. region; as the 

user clicks an icon, he or she will be presented with a list of dates, with each date 

corresponding to an actual water quality test. By clicking on a date, users will then be 

presented with a page-by-page view of the values for each type of test performed at that 

time (e.g. lead, arsenic, etc.). In addition to the ability to browse these sites randomly, 

users may enter an address, and a radius, to find only the sites of closest geographical 

interest.” [20] 

The application, in its current form, can be found at: 

http://www.travisbranham.com/waterquality/ 

  

 

 

 

 

 

 

5. Ground Water Surface Fitting 

 

We have done extensive research on data collection and initial data reconstruction 

using gradually varied functions that are for the discrete system where a high level of 

smoothness is not a dominant factor. Since they can be used on any type of 

decomposition of the domain, gradually varied functions are more flexible than rectangle-

cells used in MODFLOW and triangle-cells used in FEFLOW.   Because gradual 

variation does not have strict  system requirements, the other mathematical methods and 

the artificial intelligence methods can be easily incorporated into this method to seek a 

better solution.  Based on the boundary conditions or constraints of the groundwater 

aquifer, the constraints could be in explicit forms or in differential forms such as the 

diffusion equations. Again we select the gradually varied function because of   the 

following theorem: The necessary and sufficient condition of the existence of a gradually 

varied function is that the change of values in any pair of sample points is smaller or 

equal to the distance of the points in the pair.   

 

5.1 Individual surface fitting 

 

Gradual variation is a discrete method that can be built on any graph.   The 

gradually varied surface is a special discrete surface. We now introduce this concept. 

  



The Concept of Gradual Variation: Let function f: D�{1, 2,…,n}, if a and b are 

adjacent in D implies |f(a)- f(b)| ≤1, point (a,f(a)) and (b,f(b)) are said to be  gradually 

varied.  A 2D function (surface) is said to be gradually varied if every adjacent pair are 
gradually varied.   

 

Discrete Surface Fitting: Given J⊆D, and f: J�{1,2,…n} decide if there is a F: 

D�{1,2,…,n} such that F is gradually varied where f(x)=F(x), x in J. 

 

Theorem (Chen, 1989) The necessary and sufficient conditions for the existence 

of a gradually varied extension F is: for all x,y in J, d(x,y)≥ |f(x)-f(y)|, where d is the 

distance between x and y in D.  

 

The above theorem can be used for a single surface fitting if the condition in the 

theorem is satisfied. The problem is that the sample data does not satisfy the condition of 

fitting.   So the original algorithm cannot be used directly for individual surface fitting.  

 

A new algorithm based on the sample point contribution to the fitting point is 

created. The core part of the program is given in the following code. 

 

     

 
 

 

5.2  Sequential surface fitting and involvement of the flow equation 

 

The individual surface fitting in the above code is not an adequate method since 

the relationship of groundwater surfaces at each time is not accounted for in the 

calculation. In particular, we have to use the flow equation in the sequential surface 

calculation.  

Algorithm Design 

�  for (k=0;k<nGuildPoints;k++){ 

�   ii=(latIndex[k]-latMin)/latDet; 

�   jj=(longtIndex[k]-longtMin)/longtDet; 

 

�   distance=sqrt((ii -i)*(ii-i)+(jj -j)*(jj-j)); 

�                   temp_j=abs((array[i][j] - dat[k][time]))/Ratio-distance; 

                                    if(temp_j>0){ // not satisfy gvs condition 

 

�  if( array[i][j] > dat[k][time]) 

�   temp=-temp_j *Ratio ; 

�  else 

�   temp= temp_j *Ratio; 

�  array[i][j]=array[i][j]+temp ; 

�             } 

�      

     

 

Deleted:  



 

According to flow equation (2),  

 h2-h1 = alpha*(h2(x-1,y)+h2(x+1,y)-2h2(x,y)+ 

h2(x,y-1)+h2(x,y+1)-2h2(x,y)) –G                   (3) 

 

 We can let  

f4= (h2(x,y)-h1(x,y)+G)/alpha + 4*h2(x,y) =   

h2(x-1,y)+h2(x+1,y)+ h2(x,y-1)+h2(x,y+1).                     (4) 

 

f4 can also be viewed as the average of 4 times the center point.  Using the gradually 

varied function, the average is ((h2-h1+G)/alpha + 4*h2(x,y))/4.  Based on the properties 

of gradually varied functions, the maximum difference is three. For example, h2_old(x-

1),y) is bigger , then  h2_new(x-1),y) should be smaller. 

 

The iterating procedure is to update the center point after the first fit.   

 

 

 

 

 

 

6. Real Data Processing and Application 

 

This results use an algorithm to fit the initial data set using an individualized fit, 

see Fig 3. This algorithm is also made by the rough graduate varied surface fitting by 

scanning through the fitting array. There are many clear boundary lines in the images.   In 

order to reduce error, our new algorithm will use more accurate formulas to calculate the 

derivatives (1):   

 

                         
(a) day 1                               (b) day 50                          (c) day 100 

 Fig 3. Northern VA Groundwater distribution calculated by gradually varied 

surfaces date from 04/01/07. The intensity indicated the depth of the groundwater. 

 

The following figures show the meaning of the sequential surface fitting after we 

have added the water flow equation. We also select the fitting order by the distance to the 

sample points. Therefore, the fitted images are much smoother.   

 



                    
 

                (a)day1                               (b) day 2                        (c) enhanced difference 

 

                                    
 

                          (d) Day 2 with flow equation         (d) Day 3 with flow equation             

                                iteration                                           iteration  

Fig 4. Northern VA Groundwater distribution calculated by gradually varied 

surfaces and the flow equation.   

 

 

  

 

 

Future work: to ensure the accuracy of the calculation, we will add the finite 

element method to our research. We also want to use MODEFLOW to calculate local and 

small-region flow, and to use gradual variation to compute regional or global data.  
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ABSTRACT 

 
The ultimate objective of this study is to develop an integrated mathematical model that 

takes into account the interaction of all urban wastewater system components: sewer, wastewater 

treatment plant and river. Despite their interaction in various ways, these three components were 

often considered separately. Recent development in modeling urban wastewater system indicates 

that considering all the three components as one system is needed, as this approach allows 

evaluation and optimization of system performance in terms of environmentally and 

economically sound planning and management. In working towards the development of 

integrated model, most important parts of the project activities have been accomplished: 

selecting the program platform or software, sub-model selection, collection of preliminary 

monitoring data, and model implementation. Appropriate modeling approach was selected for 

each sub-model as well as model connector. A conceptual sewer model and model connectors to 

link the three sub-models were developed. Potential application of the current version of the 

proposed model was also evaluated on the basis of hypothetical data. The preliminary results of 

the study show the usefulness of the proposed modeling approach for a real time control, and 

therefore helpful for researcher, planner and regulator to detect weak points in the system. 

Furthermore, brief discussion of model formulation, model implementation and model evaluation 

as well as the preliminary monitoring data collected in the Rock Creek watershed is presented. 

 

INTRODUCTION 

 

Like in the other older cities of the United State, frequent Combined Ssewer Overflows 

(CSOs) are the main problem in the District of Columbia, where one third of the city is served by 

a combined sewer system (USEPA, 2004). When the capacity of the combined sewer system is 

exceeded during storm events, the excess flow, which is a mixture of sewage and storm water 

runoff, is discharged to the receiving waters: Anacostia and Potomac Rivers, Rock Creek and 

tributary waters. According to the District of Columbia water quality standards, the designated 

use of these receiving waters is Class A, i.e. they are suitable for primary contact recreation. 

Mainly because of the problem of CSOs, the water quality of these receiving waters does not 

currently meet the standards. Subsequently, their actual use is Class B, i.e. they are suitable for 

secondary contact recreation and aquatic enjoyment (DC, 2000).  

 

In order to address those water quality problems in the District, a pragmatic approach is 

required. Although monitoring is relatively accurate, the interaction of sewer system, waster 

treatment plant and the receiving water is better described by the integrated mathematical model 

of the urban wastewater system as a whole. Before making major investment on the upgrading of 
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the existing physical infrastructure, the evaluation of the system as a whole using an integrated 

model might be of worthwhile. Integrated models allow cost effective analysis and evaluation of 

system performance as a whole, as it takes into account all the three components (sewer system, 

wastewater treatment plant and river) as one system rather than traditional way of individual-

sytem analysis.  

 

In urban wastewater management, the receiving water must be considered as a subsystem 

that fully interact with the other subsystems, i.e. the catchment, the sewer system and wastewater 

treatment plant. It is well recognized that urban wastewater management cannot rely upon 

uniform, simple emission standards from sewer and wastewater treatment plant. For best 

management, the uniform emission standard must be complemented by the environmental 

quality standard or the local condition of the receiving water quality (Tyson et al., 1993).  

Integrated modeling of the three components is a holistic approach that applies for both types of 

the standards. The usefulness of the proposed approach has also been demonstrated in the 

previous studies (Meirlaen et al., 2002; Vanrolleghem et al., 2005).   

 

The ultimate objective of this study is to develop an integrated mathematical model that 

consists of sewer, treatment plant and river, and evaluate its application in the case study of the 

District of Columbia. The primary objective of this work includes appropriate model selection 

and modeling tool, and development of interfaces or model connectors.  

 

METHODOLOGY 

 

The proposed integrated model includes three components such as sewer, Wastewater 

Treatment Plant (WWTP) and river. To develop an integrated model, a seven-step modeling 

approach was applied. These steps are discussed in detail in the following and include (1) model 

selection, (2) program platforms, (3) rainfall-runoff and dry weather flow, (4) hydraulic 

modeling, (5) pollutant accumulation and wash-off, (6) water quality and pollution transport, and 

(7) model connectors. 

 

 
Figure 1. Schematic representation of integrated urban wastewater system 
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Model selection  

 

In modeling integrated urban wastewater system, making use of the available models that 

have already been well established for individual component is preferred to developing a 

completely new model. For each sub-system, there are several mathematical models available in 

literature. The challenge is, therefore, how to select the appropriate model that applies for the 

management of integrated urban wastewater system.   

 

In this study, model selection and implementation was conducted on the basis of three 

key factors. First, model complexity – mathematical model under consideration must be complex 

enough to describe the real situation. Second, appropriate process description and state variables 

of the model need to be selected. All selected sub-models (sewer, treatment plant and river) need 

to have similar description of state variables. For example, in QUAL2E (Brown and Barnwell, 

1987) bacterial biomass is not described as a state variable. In addition this model is based on 

Biological Oxygen Demand (BOD) rather than Chemical Oxygen Demand (COD). Hence 

QUAL2E is not compatible with the Activated Sludge Model (Henze et al., 1987), as the latter is 

based on COD as well as considers bacteria as state variable. The third important factor in model 

selection is mass conservation. The model needs to maintain close mass and elemental balances 

(Reichert et al., 2000). Furthermore, the proposed integrated model needs to be applicable for a 

scenario analysis ‘what if’. Subsequently, a dynamic mechanistic mathematical model was 

developed for the proposed integrated model on the basis of complete mass and elemental 

balances as well as model compatibility.  

 

Program platforms 

 

Despite the fact that the idea of integrated modeling was made about 30 years a go (Beck, 

1976), an appropriate software platforms became available only recently. Selection of simulation 

software or program platform was conducted on the basis of four main criteria. First, open model 

structure in which the user can modify or add a new model in the model bases of the platform. 

Second, parallel or simultaneous simulation, which allows real time control of the interaction of 

the whole system. Third, simulation of long time series feasibility. Fourth, reported integrated 

use of the software at a real case study. As it fulfils these criteria, the WEST
®
 simulator 

(Wastewater treatment plant Engine for Simulation and Training) (MOSTforWATER N.V., 

Kortrijk, Belgium) version 3.7.5 was selected as a software platform for this study. Detail 

information about the WEST
®
 simulator is presented in Vanhooren et al. (2003).  

 

Rainfall-runoff and dry weather flow 

 

Both rainfall-runoff and dry weather flow are the integral part of hydrologic modeling of 

integrated urban wastewater system. As they are affected by various factors, their estimation 

should include at least the major once. In this study, a conceptual rainfall-runoff model has been 

proposed for the integrated model. The runoff volume can be estimated based on rainfall volume, 

catchment characteristics such as imperviouness and abstraction losses which include depression 

storage, infiltration and evaporation. After meeting the depression storage volume, a fraction of 

the difference between rainfall volume and depression volume become runoff. The runoff 

volume is collected and conveyed through the urban drainage system (curb gutters, catch basins, 
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storm sewers and outfalls) and ultimately end up to the receiving water, which is in this case 

river.  

 

The urban dry weather flow is estimated from the different land uses. The residential dry 

weather flow is estimated based on the population served and per capita water use. The 

estimation of dry weather flow from other land uses such as institutional and commercial is 

based on the literature values. 

 

Hydrological modeling  

 

The mechanistic modeling of time varying hydraulics in open channel is often made on 

the basis of the state-of-the-art approach of Saint Venant equations (Deksissa, 2004a). Since their 

approximation is computationally demanding, the application of state-of-the-art kinematics 

approach of hydraulic model on the integrated model is limited. Subsequently, a conceptual flow 

routing model was selected. This conceptual hydrological model generally respects the 

continuity equation but replaces the conservation of momentum with some conceptual 

relationship. The underlying concept is a cascade of linear reservoir model or tanks-in-series 

model with the water being routed downstream. This method works for both fixed as well as 

variable volume tanks. Under gradually-varied flow conditions, stage-discharge relationship can 

be used to route variable flow through the tanks. Being simple, it allows rapid simulation, but 

can not simulate, at least directly, effects such as backwater effect and pressurized flows. Each of 

the reservoirs can be described by a storage equation and continuity equation as follows:  

 

)()(
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inf tQtQ
dt
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outflowlow −=  (1) 
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3
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Pollutant accumulation and wash-off 

 

Both pollutants accumulation and wash-off depend on many factors that need to be taken 

into consideration while modeling these processes. Pollutants are accumulated on the catchment 

during dry weather period before they are transferred into and along the sewer system. The 

accumulation processes occur not only on the catchment surfaces, but also in the sewer pipes. 

The amount of accumulation depends on street nature, particle size, duration of the dry weather 

period etc., and whereas pollutant accumulation in sewer pipes is due to the sedimentation of 

particles that cannot be kept in suspension by the flow energy.  These processes may be 

described by linear or exponential asymptote.   

 

Pollutant wash-off during rain event involves a series of parameters: rainfall intensity, 

height and duration, particle characteristics, type and condition of the surface. Taking into 

account the street dirt loading, the pollutant wash-off during rain event may be calculated on the 

basis of exponential relationship. 

 

In this model an exponential buildup function and exponential wash-off function will be 

used as described in previous works (Behera et. al, 2006; Alley and Smith, 1981; Alley, 1981).   

 

Water quality and pollution transport  

 

The state-of-the art water quality and pollution transport is utilizing the de Saint Venant 

equations, also termed as diffusion and dispersion equations, which are computational 

demanding, and applying such a complex modeling approach is not convenient for fast 

simulation and parameters estimation of an integrated model (Meirlaen et al., 20002). 

Subsequently, conceptual mass balance approach consists of two terms (transport and 

biochemical reactions) was applied. On the basis of Equation 1, the pollutants mass balance in an 

open channel flow can be described as follows:  

 
 

)()()()()(
)(

infinf tRVtCtQtCtQ
dt

tdM
outflowoutflowlowlow ±−=

Transportation term Reaction term 
 (3) 

  

Where:  

M(t) Accumulated mass at time t [g] 

Cinflow(t)    Concentration in the inflow [g m
-3] 

Couflow(t) Concentration in the outflow [g m
-3

] 

R A source or sink reaction rate [g m
-3 

d
-1

] 

V Flow volume of the tank [m
-3

] 

 

Biochemical reaction 

 

In describing the pollutants mass balance, the term R in Equation 3, the biochemical 

reaction term is an integral part of mass balance that must be taken into consideration while 

modeling a non-conservative pollutant in all three components.  The number of biochemical 
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reactions depends on the number of processes that dominate the system behavior of the 

component. For example, photosynthesis is not relevant in the activated sludge unit, but is one of 

the governing processes of oxygen balance in river.  

 

There are two general approaches of modeling biochemical reactions. The first approach 

is based on open mass balance, both mass and elemental balances are not taken into account, e.g. 

QUALE2 (Brown and Barnwelll, 1987). In this approach the model may fit well with a give set 

of monitoring data, but the mass balance remains incomplete. In the second modeling approach, 

both mass and elemental balances are conserved, e.g. RWQM1(Reichert et al., 2000). In this 

study, the second approach, complete mass and elemental balances, was applied. To maintain 

conservation of mass and elemental composition of organic matter, Chemical Oxygen Demand 

(COD) rather than Biological Oxygen Demand (BOD) modeling approach was applied. For the 

wastewater treatment plant and river components, state-of-the art water quality models have been 

reviewed and an appropriate modeling approach was selected. Subsequently, the selected 

modeling approach for those two components has been implemented in the WEST
®
 simulator 

including ASM1 for activated sludge modeling and RWQM1 for river water quality modeling. 

Similar concept was also applied to build a sewer water quality model.  

 

Model Reduction 

 

In modeling water quality, model reduction is of paramount importance when the 

available model is too comprehensive and complex to be used in the modeling of integrated 

urban wastewater system. Integrating modeling of the three components using the state-of-the art 

sub-models without model reduction is actually not practically applicable. Subsequently, in the 

water quality sub-models of this study, appropriate model reduction has been made. Under sewer 

system, there are two major subcomponents: rain fall runoff simulation and pipe network that 

collects and conveys storm water as well as wastewater (dry weather flow) into the treatment 

plant. Both subcomponents were modeled such that the proposed model need to have a minimum 

complexity, but should be able to describe the real situation. Model reduction was done on the 

basis of prior knowledge and appropriate process description or selection (Deksissa et al., 2004b; 

Vanrolleghem et al., 2001). For example using a one-step instead of two step nitrification 

process reduces a model complexity and model parameters otherwise need to be determined. 

Such consideration depends on the characteristics of the system under consideration. In all cases, 

dominant processes must be taken into consideration first and evaluated for appropriate 

description of the system behavior. The number of process and reaction parameters must be kept 

to the minimum, as the higher the number of model parameters to be considered, the larger the 

size of monitoring data it will require for the model calibration.  

 

Model connectors  

 

Model connectors are required to create an integrated sewer-WWTP-river model in 

which model variables described in sub-models need to be linked. In order to do that the model 

connector/interface must respect closed mass and elemental balances. Detail description of the 

method that was applied in this study was given in the previous work (Benedetti et al., 2004).  

For the proposed model, three model connectors were considered: sewer –river, sewer – WWTP, 
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and WWTP-river. All three model connectors are being built and incorporated in the integrated 

model.  

 

MODEL IMPLEMENTATION 
 

 

After selecting an appropriate modeling approach, the model has to be built in an 

appropriate program platform as described in the previous sessions. Prior to putting all sub-

models together, each sub-model for each component was tested for quality assurance. Brief 

discussion about how the implementation of each sub-model and integrated model was done in 

the WEST
®
 simulator is given in the next session including (1) sewer, (2) wastewater treatment 

plant, and (3) river, and (4) integrated urban wastewater system. 

 

Sewer  

 

Before compiling/integrating all the model components of urban waste water system 

together as one model, each sub-model was implemented first and tested for quality assurance. 

For example Figure 2 indicates the model configuration for sewer system. In this example, the 

retention basin is installed in order to slow down and reduce the peak flow of storm water in the 

sewer. Overflows from the retention basin can partly be discharged to the receiving water, and 

partly be conveyed to the treatment plant. The retention basin can be storm tank, tunnel or pond.  

 

 
Figure 2. Urban catchment and pipe connected to the storm water retention basin 

 

 

Wastewater Treatment Plant 

 

In modeling biological Wastewater Treatment Plant (WWTP), similar approach (tank-in-

series) was applied. The state-of-the-art Activated Sludge model 1 (Henze et al., 1987) is 

available in the modelbase of the WEST
®
 simulator. For example, model configuration of 

WWTP in the WEST
®
 simulator can be expressed as indicated in Figure 3. In the integrated 

model both primary (PST_1) and secondary (SSR_1) settler were included. Primary settler may 

or may not be included in the integrated model, depending on the objective of the study.  In 

addition to liquid part, the solid part (sludge) is also considered in the model. In this example, 

while large part of the sludge is wasted from the secondary settler (Waste_2), the remaining part 

of sludge is recycled.  
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Figure 3. Wastewater Treatment Plant  

 

 

 

River  

 

The river model is implemented in the WEST
®
 simulator as indicated in Figure 4. It 

shows a series of tank-in-series, a cascade of linearly reservoir model, in which the outflow of 

the upstream river stretch or reservoir becomes the inflow of the downstream river stretch or 

reservoir. If there are any side streams, one can add other inputs as in_2 (upstreame2), in_3 

(upstream3) etc, depending on the number of side streams. 

 

 
Figure 4. Model configuration: River stretches in the WEST

®
 simulator 

 

 

Integrated urban wastewater system  

 

In the WEST
®

 simulator, the proposed integrated model of urban wastewater system can 

be described as indicated in Figure 5. In this example, the model input for the sewer system 

includes rainfall, residential or industrial wastewater discharge connected to the sewer system. In 

case of river, two main inputs of wastewater discharges were considered: runoff from urban 

catchment and the wastewater treatment plant effluent. Inputs for the wastewater treatment plant 

include a combination of runoff from the urban catchment and dry weather flow. In this model, 

three model connectors were also incorporated: Trans_1, Trans_4 and Trans_5. For the sake of 

demonstration, few numbers of tanks-in-series were used as indicated in Figure 5. In the real 

situation, the optimum number tank-in-series depends on the mixing condition of the system, 

which can be determined on the basis of monitoring data. 
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Figure 5. Integrated model configuration in the WEST

®
 simulator 

 

 

Data requirements  

 

Data requirement is one of the driving forces for reducing model complexity to the 

minimum. It increases with the line of model complexity. Developing an appropriative integrated 

model taking into account the limitation of data requirements, collecting minimum data required 

to calibrate and evaluate each submodel or all model components as a whole is in progress. As 

generating monitoring data requires laboratory test, a new water quality testing lab is being 

established at the University of the District of Columbia. As of now important lab equipment and 

supplies have been purchased, and preliminary water quality data were also collected and 

presented herein.  

 

In order to apply the proposed integrated model to simulate conventional pollutants 

(nutrients) in all components, minimum required data set in general is indicated in Table 1. The 

level of model complexity together with the amount of data required actually determined by the 

purpose of model application. If one wants to simulate the pH change in the river or sewer, more 

chemical water quality data needs to be collected other than just major plant nutrients.  In this 

work, as monitoring is relatively expensive, minimizing the data requirement of the model is 

taken in to consideration.  
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Table 1. Minimum data requirements for modeling of integrated urban wastewater system  

System 
Water Quality and Quantity Variables 

Sewer Treatment plant River 
Hydrologic variables    

• Water flow     
• Flow velocity    
• Flow and gage relationship     
• Hydro morphological or physical dimension      
• Water temperature     
• Solar light intensity     
• Catchment area     
• Rainfall    
• Population equivalent     

Chemical variables    

• Carbonaceous Biological Oxygen Demand (BOD)     
• Carbonaceous Chemical Oxygen Demand (COD)    
• Total nitrogen    
• Total phosphorus    
• Total Suspended Solids    
• Nitrate plus nitrite     
• Ammonia plus ammonium     
• Dissolved Oxygen    
• Carbonates and bicarbonates     
• pH    

Biological variables    

• Hetrotheroph microbial biomass    
• Authotheroph microbial biomass    
• Algal biomass    

 

MODEL EVALUATION  

 

As it is too early to evaluate the entire model, few applications of the proposed model are 

presented herein. Using hypothetical data, attempt was made to evaluate three applications. First, 

a conservative pollutant transport in river is simulated (Figure 6). Using 15 km of river stretch, 

the plum propagation is similar to a typical spill model. Practical application of the river model 

applied in this study was presented in Deksissa et al. (2004b and 2004c). 

 

Second, the effect of storm event on the river flow was simulated (Figure 7). It reveals 

that the trend of river flow follows the same trend as the rainfall runoff or sewer discharge. In 

this test, all runoff from the catchment is connected to the river, which is the case in the separate 

sewer system. In those situations, there is no infrastructure for storm water management included 

in the analysis.   
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Figure 6. Simulating pollutant transport in river 
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Figure 7. Modeling of effect of storm event on the stream flow: Runoff from the catchment is connected to 

the sewer pipe; part of flow in the pipe is discharged to the river 

 

 

Third, on the basis of hypothetical data the effect of infrastructure for storm water 

management (retention basin) on the sewer overflows was simulated (Figure 8a and 8b). The 

result shows that, depending on the size of retention basin, the frequency of river contamination 

by sewer overflows can be reduced (Figure 8b, last graph with 2 line curves). The larger the size 

of retention basin, the lesser the frequency of contamination it would cause to the river. In 

addition, the wastewater treatment plant bypass was also included in the simulation. Depending 

on the capacity of the wastewater treatment plant, the diluted wastewater may be bypassed to the 

river and its impact on the river water quality can be simulated as well. 

 



 13 

 

Sewer2River1

CACH Retention_Basin

River_1

Pipe

River_2

CSO

Sewer2River2

CF_2 FC_2River_3 River_5River_4

Rain

DownstreamUpstream

out2wwtp

River  

 

Wastewater 

Treatment 

Plant 

(WWTP) 

 

Sewer System 

 

 

 
Figure 8a. Model configuration for modeling the impact of storm water retention basin on the 

sewer overflows 
 
 
 
 

 
Figure 8b. Simulating the effect of storm water retention basin: top (blue curve) is runoff from the 

catchment, middle (red curve) is for river stretch 1 (River_1) and bottom (red and blue curves) is the flow 
rate of River stretch 1 and 2 respectively highlighted in Figure 8a 
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PRELIMINARY DATA COLLECTION  

 

Preliminary monitoring data have been collected at the outfalls draining into Rock Creek 

in Washington DC (Figure 9). Duplicate water samples were collected two different times 

(October 12 and 27, 2007) from seven outfalls, and analyzed for limited water quality variables 

(Table 2).  The amount of rainfall on those two days was 0.41 and 4.36 inches, respectively. The 

result shows that storm event has resulted in higher pollution load except BOD5, which was 

diluted. It is evident that Combined Sewer Overflows (CSOs) are the reason for contamination of 

the Creek during storm event. Rock Creek is a shallow fast flowing stream, but violates the 

District water quality standards due to CSOs. There are about 28 outfalls that drain into the Rock 

Creek, unless addressed it continues to affect the water quality of the Creek. 

 
Table 2. Preliminary data collection in the Rock Creek watershed 

After storm (4.36”) Before storm (0.41”) 

Parameters 
Average 

Standard 

deviation 
Average 

Standard 

deviation 

BOD5 [mg O2 l
-1

] 39.44 29.52 57.60 10.94 

Total Coliform [PN/100 ml] 6516.56 1818.12 786.30 472.34 

Fecal Coliform [PN/ 100 ml] 180.86 97.68 29.53 24.25 

PO4 [mg l
-1

] 2.97 0.44 1.31 0.23 

Nitrate [mg l
-1

] 0.47 0.14 0.82 0.06 

 

 

Figure 6. Monitoring outfalls in the Rock Creek watershed 

 

The preliminary data set presented herein (Table 2) is not enough to run the proposed 

integrated model; however it confirms the importance of CSOs in the restoration plan of the 

Creek. To reduce effects of CSOs best management practices are being implemented in the 

District as part of a long term control plan recommended by the District of Colombia Water and 

Wastewater Authority. The proposed integrated model can be used as a tool to evaluate the 

effectiveness of the best management practices as well as optimization of the system as a whole 

(Muschalla, 2008). 
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CONCLUSION 

 

In this preliminary study, attempt was made to develop an integrated model of sewer-

WWTP-river. Although the model is continuously being updated on the basis of available 

knowledge about the system, the proposed integrated model was successfully implemented in the 

WEST
®
 simulator. The current version of the model can simulate rainfall runoff, sewer system 

and river water quality in parallel.  On the basis of preliminary model evaluation and preliminary 

monitoring data presented herein, one can conclude that the proposed model has a potential to be 

applied as a tool for urban wastewater management. Full application of the model requires time 

series monitoring data of each sub-model. Further researches include model update, collection of 

monitoring data and model calibration.  
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Project Status Report 

 

We would like to respectfully seek a 3 month extension to the project since we have 

experienced delays due to reasons that were beyond our control. We also take this 

opportunity to inform you about the work completed and the quantum of the work that 

remains. 

 

The objectives of the project were as follows: 

 

• Identification of different vulnerabilities to the water system; 

• Identification of gaps in the information gathering and sharing framework; 

• Identification of gaps in the decision making framework as it currently exists; 

• Development of a framework to address those gaps and improve response 

readiness and reactions to water emergencies; 

• Develop a larger proposal that will develop and deliver a suite of DSS that will be 

field tested and validated. 

 

As of date the following activities have been carried out. 

 

Literature review 

 

The literature yielded three main sources of threats to water security: natural hazards, 

terrorist strikes and infrastructure threats. While the present discourse is generally 

directed by a heightened awareness of terrorist threats, the other sources of threats to 

water security are in some case more probable and equally damaging. Our stance in this 

research has been to identify (rather let respondents or practitioners identify) the threats 

and subsequently validate those inputs with what is known. There are issues specific to 

the DC region that may not be applicable to other regions. Therefore we have paid 

specific attention to ensuring that our protocol brings out those issues. 

 

Development of the questionnaire and the interview protocol 

 

The questionnaire that we have developed is a free-format and qualitative questionnaire 

tat allows the respondent tremendous flexibility in providing responses. One of the delays 

has been in obtaining the IRB approvals. Our second mode of data collection is based on 

snowball sampling. This will form the inputs for network analysis of the data. 

Specifically, there are two benefits to network analysis in the context of water security. 

The first is by making visible and tangible those elements of the organizational context 

that are normally regarded as invisible and intangible. These include information flow 

and communication patterns that underlie the response in the state an emergency, and 

following it. The second advantage is that by utilizing existing networks the impact of 

existing policies and the impact of proposed changes can be analyzed. 

 



Identification of the respondents 

 

The primary respondents that we have started out with include the following: 

 

Dr. Munir Chudhury  

DC  Department of Environment 

 

Salil Kharkar, 

Manager Process Engineer 

 

Mohsin Siddique 

DC DE (Stormwater Division) 

 

We are also in the process of identifying more personal from DC-WASA and 

Washington Aqueduct for our research.   

 

Our data collection plan includes interviews with the Police Departments in the Metro 

area, the Department of Homeland Security and other allied agencies. 
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Molecular Signaling by Environmental Arsenicals in Mammalian Cells 

Arsenic is a major contaminant in drinking water that is associated with various 

cancers, skin lesions, peripheral vascular disease and hypertension. Additionally, humans 

are exposed to organic arsenicals when used as pesticides and herbicides (e.g., 

monomethylarsonic acid, dimethylarsinic acid (DMAV) also known as cacodylic acid) 

(ref).  The main sources of arsenic in drinking water are erosion of natural deposits; 

runoff from orchards, runoff from glass and electronics production wastes. On January 

22, 2001 EPA adopted a new standard for arsenic in drinking water at 10 parts per billion 

(ppb), replacing the old standard of 50 ppb.  The rule became effective on February 22, 

2002.  The date by which systems must have complied with the new 10 ppb standard was 

January 23, 2006. According to EPA estimates about 3,000 (or 5.5 percent) of the 

nation's 54,000 Community Water systems (CWSs) and 1,100 (or 5.5 percent) of the 

20,000 non-community water systems (NTNCWSs) will need to take measures to lower 

arsenic in their drinking water. Although, arsenic is a known human carcinogen in vitro, 

carcinogenicity of arsenic in vivo has not been established. Unlike many other 

carcinogens, arsenical compounds do not directly induce gene mutations. However, they 

do potentiate the genotoxic effects of other mutagens and are associated with 

chromosomal abnormalities. These properties indicate that arsenic has a mode of action 

different from other well-characterized environmental carcinogens whose actions are 

mediated by DNA damage and warrants investigation into the molecular signaling 

modulated by environmental arsenicals. 



 Long-term exposure to inorganic arsenic (As) from drinking water has been 

documented to induce cancers in lung, urinary bladder, kidney, liver and skin in a dose-

response relationship (1) Arsenic accumulates in the skin. A well-established exposure-

response relationship exists between arsenic level of drinking water and skin lesions. 

There are significant associations between these dermatological lesions and risk of skin 

cancer (2). Arsenic is a well-established human carcinogen (3-5); however,
 
the exact 

mechanism by which it causes cancer is not known. Most of the effects of arsenic on 

human diseases have been established on the basis of epidemiologic studies,
 
which have 

shown a significant association between the consumption
 
of arsenic through drinking 

water and cancers of the skin, lung,
 
bladder, liver, and kidney (6), neurologic disease (7), 

cardiovascular
 
disease and other nonmalignant diseases (8). Premalignant

 
skin lesions 

(melanosis, leucomelanosis, and keratosis) are
 
the hallmark of arsenic toxicity. However, 

the molecular basis of arsenic-induced skin lesions
 
and its progression to cancer is poorly 

understood. 

Normal eukaryotic cells progress through a well-defined
 
cell cycle consisting of 

four distinct stages, G1, S, G2 and
 
M. The cell cycle progression is mainly controlled by 

several
 
key checkpoints, including G1/S restriction/checkpoint, S-phase DNA damage

 

checkpoint and G2/M spindle integrity checkpoint. Faulty G1/S control of cell cycle 

enabling cells to pass through restriction point is caused by the activation of
 
many 

oncogenes such as cyclin D1 or inactivation of tumor suppressor genes such as Rb and 

play
 
critical roles in tumorigenesis.  

Materials and Methods 

Cell Culture and Media 



Human MCF-7 breast cancer cells were grown as a monolayer in Dulbecco’s modified 

Eagle medium (DMEM) (Invitrogen Life Technologies, Inc., Carlsbad, CA, USA) 

supplemented with 10% heat-inactivated fetal bovine serum and 25 µg/ml gentamicin. 

The cells
 
were grown and maintained in 75-cm

2
 tissue culture flasks in a humidified 

atmosphere of 5% CO2 and
 
95% air at 37 °C. The cells were detached by 0.2% trypsin 

containing 0.025% ethylene diamide tetra acetic acid (EDTA) dissolved in phosphate 

buffer saline (PBS, pH 7.4) (Invitrogen) and the cells were counted by trypan blue dye 

exclusion method (MP Biomedical, Aurora, OH). 

Chemicals, Reagents and Antibodies 

The following antibodies, reagents, and chemicals were obtained commercially: Arsenic 

as sodium meta arsenite (Sigma-Aldrich); monoclonal antibodies for P53, P21, cleaved 

PARP and actin (Cell Signaling, Danvers, MA); horseradish peroxidase-conjugated 

secondary antibody (Jackson Immunoresearch Laboratories, West Grove, PA)WST-1 

reagent used for cytotoxicity assay and proteinase inhibitor cocktail tablets (Roche); ECL 

Plus Western blotting detection system (GE-Healthcare); and Coomassie protein assay 

reagent (Pierce). 

Cell Viability Assay 

Effects of Arsenic on cell viability and proliferation of MCF-7 breast cancer cells were 

determined using a cell viability detection kit (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-

5-tetrazolio]-1,3-benzene
 

disulfonate, WST-1) according to the manufacturer's 

instructions
 
(Roche Applied Science, Indianapolis, IN) Briefly, cancer cells  were seeded 

onto
 
96-well plates at density of 3,000 cells/well in media and maintained

 
overnight in 

100 ul of 10% fetal bovine serum-containing medium. The following day, cells were 



treated for
 
various times with sodium arsenite made in complete medium using six

 
wells 

per treatment condition. At the end of treatment, 10 µl of the WST-1 reagent was added 

to each well. Plates were incubated for 2 h at 37 °C and analyzed at
 
A = 450/600 using a 

Bio-Rad Model 680 micro plate reader.  

Western Blotting  

Immunoblotting was performed essentially as described previously (9). Adherent and 

floating
 
cells were collected. Whole cell extracts (total cell homogenates)

 
were prepared 

by cell lysis in radioimmune precipitation assay
 
buffer and proteins were separated on a 

4-12% gradient
 
SDS gel (Pierce). Following SDS-PAGE, proteins were

 
transferred to 

polyvinylidene difluoride membranes (0.45 µm)
 
immunoblotted with the appropriate 

primary antibody and peroxidase-conjugated
 
secondary antibody. The antigen-antibody 

complex was determined
 
using the ECL detection assay (GE-Healthcare). 

Statistical Analyses 

Student’s t test was used to analyze treated vs. untreated cells. Results were expressed as 

averages ± SD. P<0.005 was considered significant.  

Results 

Arsenic inhibit the proliferation of MCF-7 cells. We examined the cytotoxic effects of 

arsenic on MCF-7 human breast cancer cell line. The cells were treated with various 

concentrations of sodium arsenite ranging from 0.5µg/ml to 6 µg/ml for 24h. Sodium 

Arsenite inhibited the growth of MCF-7 cells (Figure 1).  We further studied if the 

arsenic induced growth inhibition is due to induction of apoptosis in these cells and 

whether arsenic induces the DNA damage response pathway genes P53 and P21. 
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Figure 1.  Sodium Arsenite inhibits the proliferation of MCF-7 breast cancer cells. 

 

Sodium Arsenite treatment induces the expression of DNA Damage response genes 

in MCF-7 breast cancer cells. We studied the effect of Arsenic on the expression of P53 

and its target gene P21. There was a marked increase in P53 and its target P21 protein 

expression after treatment with sodium arsenite (Figure 2.).  

 

Figure 2. Sodium Arsenite induces the 

expression of P53 and its target gene P21. 
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Information Transfer Program Introduction

The Cooperative Extension Service/Water Quality Education Program Extension Agent continues to impact
the Institute's information transfer and outreach capacity. Listed are some of her accomplishments in
conjunction with the Institute: • Prepared and distributed water quality education brochures and fact sheets to
DC residents; • Conducted workshops on water quality education at various DC Recreation Centers and
Public Schools; • Visited DC Water and Sewer Authority (DCWASA) Water Quality Division for potential
collaboration • Periodically visited USDA\CSREES National Water Program to enhance Water Quality
Education Program for future collaboration; and • Participated on the Mid−Atlantic Regional Water Quality
Program Steering Committee.

The Institute website http://www.udc.edu/wrri/ provides updated information about current activities and has
also electronically disseminated its Water Highlights Newsletter, Winter/Summer 2007 issue. This document
is very informative and highlights current research and educational projects sponsored by the Institute along
with interactions among faculty members and their student interns on projects and conferences.

On December 12, 2007, the Institute and the School of Engineering and Applied Science collaborated with
EPA to provide "Key EPA Internet Tools for Watershed Management", a free computer hands−on training.
Over twenty participants from other Universities, DC Department of the Environment, Environmental
Non−profit organizations, and some of our faculty members enjoy the all day training session. The was
learned from the training:

• Learn to use EPA's networking and information sharing tools on watershed topics • Extract reports from
EPA water program databases such as the TMDL database • Take a spin on Enviromapper for Water, EPA's
online mapping application based on the National Hydrography Dataset • Query an interactive funding catalog
• Check out local ordinances use by communities around the country

• Get an overview of the NEW Watershed Plan Builder Tool • Query water quality standards for a state •
Learn about EPA's technical tools for biological assessments and sediment assessments • Query STORET to
extract water quality monitoring information • Delve into Envirofacts reports on permitted facilities •
Investigate waterbody information from Enviromapper for Water • Generate watershed−wide data summary
on impaired waters from WATERS.
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Student Support

Student Support

Category
Section 104 Base

Grant
Section 104 NCGP

Award
NIWR−USGS

Internship
Supplemental

Awards
Total

Undergraduate 7 0 0 0 7

Masters 1 0 0 0 1

Ph.D. 0 0 0 0 0

Post−Doc. 0 0 0 0 0

Total 8 0 0 0 8

Student Support 1
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