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Abstract 
The Drinking Water Mapping Application (DWMA) provides EPA with Web-based tools to 
generate reports and maps vital to managing drinking water programs under the Safe Drinking 
Water Act. The DWMA is an application within EPA’s Watershed Assessment, Tracking & 
Environmental Results (WATERS) architecture that uses ESRI ArcIMS, the Oracle database, 
GIS mapping layers using ESRI’s SDE, and external image and feature layers from EPA, the 
USGS, and the Microsoft TerraServer. The current DWMA Version 3 applies the enhanced 
National Hydrography Dataset (NHDPlus) to develop Source Protection Areas for surface 
intakes based on NHDPlus catchments.  While EPA maintains security policies on the locational 
data related to drinking water facilities, it is possible to present information from other programs 
that involve the results of proximity analyses for information in the DWMA. Examples are given 
on how DWMA content can be applied in cross-program geospatial analyses drawing on 
information from the EPA’s Total Maximum Daily Load (TMDL) program and on approaches 
developed in a pilot project involving underground storage tanks. 

1.0 Introduction  
The U.S. Environmental Protection Agency’s (EPA’s) Office of Ground Water and 

Drinking Water (OGWDW) Drinking Water Mapping Application (DWMA) is a Web-based 
geospatial application that enables queries of the Safe Drinking Water Information System 
(SDWIS/FED), as well as the identification of potential contaminant risks to surface water and 
groundwater used for public drinking water supplies. The DWMA provides a secure application 
that EPA staff can easily use to obtain reports and maps that help manage programs under the 
Safe Drinking Water Act (SDWA). The core data sources, Web interface, functionality, and 
system architecture of the DWMA are described in Anzzolin et al. (2004) and in Cooter et al. 
(2006). 

This paper will show the results of enhancements to the original DWMA that take 
advantage of new content and functionality in the enhanced National Hydrography Dataset, or 
the NHDPlus (Simley, 2008). Examples will also be presented on ways to work within the 
restrictions on the display of locational data related to drinking water facilities or related source 
protection areas (U.S. GAO, 2006) by using information from other programs.  These examples 
will draw on proximity analysis approaches that combine information on the locations of 
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impaired waters from EPA’s Total Maximum Daily Loads (TMDL) program and information 
related to state Underground Storage Tank programs. 

2.0 Enhancements to Source Protection Area Polygons Using the NHDPlus 
Source water areas (SWA) are the land areas that contribute water (and pollutants) to the 

surface water intakes or groundwater wells that supply drinking water. Because there are more 
than 8,000 surface water intakes associated with public water systems in the United States, EPA 
developed techniques to automate the process of building analytical surface Source Protection 
Areas (SPAs). In earlier version of the DWMA, the first step in building the SPAs was to build 
upstream drainage networks for each drinking water intake based on medium resolution National 
Hydrography Dataset (NHD) (http://nhd.usgs.gov). To build the upstream drainage network, an 
upstream distance had to be chosen. A value of fifteen miles upstream was selected as a robust 
approximation of the distance water would travel in a single day. This distance is used by some 
states as part of their analysis methodologies for source water assessments (Tennessee 
Department of Environment and Conservation, 2003). Similar robust estimates can be found in 
older EPA guidance for watershed modeling (U.S. EPA, 1982), as well as in more recent 
landscape ecology studies (Heggem, 2004). A recursive upstream search algorithm was encoded 
in a procedure to collect the upstream drains (i.e., a small stream segment) within 15 miles 
upstream. This procedure was exercised for each of the 8,000+ surface water intakes. The next 
step for building surface SPAs was to create the watershed for the upstream drainage network. 
Because these drain catchments were not available at the time this task was being performed, 
analytical watersheds were built using a “convex hull” approach. A convex hull is defined by the 
set of points that is the smallest convex set that includes all of the drains that comprise the 
upstream network. Figure 1 shows an analytical surface SWA polygon (shown in green) defined 
by the convex hull that surrounds the derived upstream network (shown in red).  The blue 
triangle is at the location of the intake at the downstream or pour point of the SPA.   

 

 

 

 

 

 

 

 

 

Figure 1. Drinking Water Intake Analytical Watershed 
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In cooperation with the U.S. EPA, the USGS has developed an enhanced version of the 
NHD called the NHDPlus (U.S. Geological Survey, 2008).  NHDPlus is an integrated suite of 
application-ready geospatial data products, incorporating many of the best features of the 
medium resolution National Hydrography Dataset (NHD) with other GIS systems such as the 
National Elevation Dataset (NED) and the National Watershed Boundary Dataset (WBD).  
NHDPlus includes a set of special “value-added attributes” (VAAs). The VAAs include 
elevation-derived catchment polygons for flowlines in the NHD reach network, and estimates for 
mean annual flow and velocity for each flowline and its associated catchment. The velocity 
information provides a convenient way to perform upstream and downstream navigation on a 
Time-of-Travel (TOT) basis.  Any initial point, line or polygon features related (georeferenced) 
to one or more NHDPlus flowlines or catchment polygons can then be provided with an 
upstream or downstream watershed-oriented neighborhood based on the selection of a useful 
TOT criterion (e.g., 24 hours TOT).  The new features and functionality of the NHDPlus are 
applied in the DWMA Version 3 to create enhanced SPAs for surface intakes based on 
collections of NHDPlus catchments within 24 hours time of travel upstream of intake locations 
georeferenced as point events on specific NHDPlus flowlines.   Figure 2 shows the SPAs based 
on convex hulls from the DWMA Version 2 compared with the enhanced NHDPlus-based SPAs 
developed for the DWMA Version 3 in a landscape setting with low to moderate gradient.  
Figure 3 shows another comparison, this time for a landscape setting with much higher gradients.  
Especially in the higher gradient landscape settings, the functionality provided through the 
NHDPlus yields much better analytical results than the fixed 15 mile upstream rule applied with 
the convex hull method in the DWMA Version 2. 

 

Figure 2. Enhanced NHDPlus-based SPAs for a Low Gradient Watershed 
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Figure 3. Enhanced NHDPlus-based SPAs for a Low Gradient Watershed 

 
In addition to the 8,000+ surface water intakes associated with U.S. public water systems, 

there are almost 200,000 wells. Analytical wellhead SWAs were created for each of these wells 
by generating simple buffers with a radius of 1 mile around each wellhead.  This approach was 
employed in both the DWMA Version 2 and in the DWMA Version 3.  Figure 4 shows an 
example of a landscape with SPAs created for both intakes and wells.    . 

 

 

 

 

 

 

 

 

 

Figure 4. Surface and Ground Water SPAs 
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3.0 Cross-program Presentations of Sensitive Drinking Water Information  

Much of the content of the DWMA, including drinking water facilities and SPAs fall 
under EPA’s policy on sensitive drinking water information (U.S. GAO, 2006). Sharing 
information products related to the DWMA’s sensitive drinking water information with a wide 
public audience must be approached carefully.  One acceptable approach is to adopt a cross-
program perspective. While there are restrictions that apply to displaying the precise locations of 
drinking water entities, it is possible to display the locations of entities from other programs that 
are in proximity to drinking water facilities or that are located within SPAs.  Examples are drawn 
from two different programs: EPA’s Total Maximum Daily Load (TMDL) program and the 
Underground Storage Tank (UST) program. 
 

Section 303(d) of the Clean Water Act defines a process for the listing of impaired waters 
where pollutant reductions are to be determined as part of Total Maximum Daily Load (TMDL) 
analyses (National Research Council, 2001).  Database and GIS mapping layers related to 
impaired waters are available through EPA’s Assessment Total Maximum Daily Load Tracking 
and Implementation System (ATTAINS) http://www.epa.gov/waters/ir/index.html.  Figure 5 
shows the distribution of all impaired waters for the conterminous United States for a 2002 
baseline period. This figure also shows the results of a proximity analysis that selects only those 
impaired waters where any portion of the listed entity is located within a surface water SPA.  
This geospatial analysis technique provides drinking water-related information from the TMDL 
program that can be shared with the public.  EPA is evaluating this type of information as a 
performance measure, which would be based on a proximity analysis relating community system 
intakes with impaired waters.  If the presentation of mapping materials is expressed through an 
appropriate subset of waters in the TMDL program, this information could be shared with the 
public and offered in the form of a web service. 

Especially for drinking water supplies dependent on groundwater, many states have 
identified leaking underground storage tanks as a potential contaminant risk in source protection 
areas.  In 2004 OGWDW and the Office of Underground Storage Tanks (OUST) signed a 
memorandum of understanding that identified the opportunity for targeting public health 
protection through program collaboration (McCormack, 2006).  The DWMA has served as the 
platform for pilot studies with cooperating states to include state UST data and UST facility 
locations in the DWMA to support a variety of proximity analyses (Anzzolin, 2007).  The 
DWMA Version 3 also includes a “yellow page” geospatial layer of gas stations to provide 
proof-of-concept materials for all states.  Figure 6 shows a proximity analysis that highlights (in 
purple halos) a public water system wellhead that falls within 2,500 feet of a facility with 
Underground Storage Tanks (USTs).  This figure shows a companion presentation where the 
UST facility is highlighted, but where the sensitive drinking water information is not displayed.  
Once again, the locations of UST facilities meeting proximity tests (e.g., within SPAs or within a 
certain distance of a wellhead) provide information that possibly could be shared with the public 
and offered in the form of a web service. 
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Figure 5. Proximity Analysis for Section 303(d) Impaired Waters 
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Figure 6. Proximity Analysis for Underground Storage Tanks (USTs) 

 

4.0 Conclusions 
 The DWMA Version 3 takes advantage of new content and functionality in the NHDPlus 
to provide significant enhancements for analytical Source Protection Areas (SPAs) related to 
surface intakes. The NHDPlus “value-added attributes” (VAAs) provide more precise tools for 
upstream/downstream navigation on the NHD’s network of flowlines, and the catchments 
defined for each initialized flowline can be combined to produce genuine watershed-oriented 
SPA polygons.  The DWMA includes a wide range of cross-program information, including 
impaired waters from the Clean Water Act’s Section 313 Total Maximum Daily Load Program. 
Examples also are provided on ways to work within the restrictions on the display of locational 
data related to drinking water facilities or related source protection areas by using information 
from other programs such as the TMDL program and the UST program. These cross-program 
approaches provide geospatial mapping information that could be shared with the public and 
could also be made available in the form of web services.  
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