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PREFACE 

Ground water is a resource of immense value that is heavily used by people in the United States. 

The protection of ground water from contamination, however, has long been neglected. In recent 

years, the need for ground water protection and management has been recognized. Particularly for 

rural areas, where up to 97 % of the people may use ground water for a number of purposes, 

ground water protection strategies have been investigated and implemented. On the other hand, 

little attention has been paid to ground water protection in urban settings. 

Pollutants due to urban land use activities create immense problems for cities such as 

Washington, DC. These pollutants originate from such diverse activities as soils disturbance by 

construction, leaking underground storage tanks, and chemical application to golf courses, 

gardens and -landscapes. There is an increasing recognition that urban land use activities may 

produce highly toxic substances. The understanding of the toxic pollutant transport and fate under 

the city poses a great challenge to researchers and city planners. 

To provide city managers with the tools needed to design and implement a ground water 

protection strategy in the District of Columbia, the DC Water Resources Research Center 

(WRRC) initiated this study on urban land use impacts on the ground water. The study 

complements an on-going project at the WRRC called "Ground Water Resource Assessment in 

the District of Columbia", which includes the installation and sampling of ground water 

monitoring wells. 
In order to assess the impacts of urban activities on the ground water, information had to be 

compiled on land use and the hydrogeologic conditions in the District of Columbia. The ranking 

of pollution sources and land use categories according to their potential pollution impact provides 

a tool to assess potential risk within hydrogeological or political boundaries.. Within this context, 

it must be kept in mind that a high rating must be seen as relative to the land use categories 

present in the District of Columbia, and not as an absolute value. 

The results of this study can be used not only as a basis for a ground water management and 

protection program, but also for educating citizens on the environmental conditions in their 

neighborhood. This general assessment is by no means intended as a final evaluation, but rather to 

start the discussion process among city managers, scientists and citizens. Our background survey 

is therefore designed to call attention to the issues, not as a definite statement on environmental 

hazards to the ground water. 
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ABSTRACT 

The DC WRRC initiated a background survey of impacts of urban land use on the city's 

ground water. Its main objective was to develop pollution potential maps for the District of 

Columbia using available physical geological and land use data. 

Because the primary drinking water source in the District of Columbia is surface water, 

information regarding urban ground water quantity and quality is scarce. The need for 

management and protection of ground water has only recently been recognized. Two hundred 

years of unchecked disposal practices are now being called to account by city agencies. This 

study is an essential element of the regional ground water resources. assessment study currently 

under way under the sponsorship of the Water Resources Research Center. The research focussed 

on available land use and ground water quality data to identify and locate the common sources of 

ground water contamination in the District of Columbia.
The multitude of data required for this project were compiled using a Geographic Information 

System (GIS). GIS maps were developed for hydrogeologic settings, land use categories, specific 

urban pollution sources, and voting wards. Weight and ranking factors for various land use and 

pollution source categories were developed by a Delphi approach. The findings were augmented 

by results from a survey of 30 environmental professionals. The pollution potential map 

combined with the ground water vulnerability map allowed the city-wide spatial assessment of 

land use impacts on ground water quality. 

De-watering activities and the presence of pipelines and subways underground were found to 

have a significant effect on the quantity and flow regime of urban ground water in the District of 

Columbia. Threats to ground water quality are diverse and difficult to quantify. While city-wide 

ground water quality has not yet deteriorated perceptibly, the density of potential pollution 

sources per square mile is considered very high. What is needed now is a program to 

systematically identify and monitor the potential sources of ground water contamination. The 

geographic information system presented in this report provides the basis for such a program by 

pointing to areas with high ground water pollution potential that require special consideration. 

Results can also be displayed by voting ward and used to educate residents on environmental 

conditions. A city-wide GIS based on voting wards enhances understanding of the dynamic urban 

hydrologic cycle and thus aids in establishing environmental equity. 
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GLOSSARY OF TERMS 

Geologic formation, group of formations or part of a formation that 
contains sufficient saturated permeable material to yield significant 
quantities of water to wells and springs 

Aquifer 

Confining bed, e.g. layer of consolidated or unconsolidated material 
that restricts the movement of water into or out of a confined aquifer 

Aquitard 

Confined aquifer in which ground water is under pressure and will rise 
above the overlying confining bed if given an opportunity to do so, e.g. 
through a well (SEE Confined Aquifer) 

Artesian 
Aquifer 

Consolidated rock underlying unconsolidated surface materials 
such as soil 

Bedrock 

Water having a salt content between 0.5 and 16 ppt (parts per 
thousand) 

Brackish 

chlorine Bleaching, oxidizing and disinfecting agent used in waste water 
purification 

Coastal Plain                       Lowland area extending in a gentle slope inland from the shoreline of 
an ocean 

Combined 
sewage sewage containing both domestic sewage and surface water or 

stormwater, incl. flow in heaviliy infiltrated sanitary sewer systems and 
flow in combined sewer systems 

Confined 
Aquifer 

Aquifer bounded below and above by impermeable beds or beds with 
distinctly lower permeability than the aquifer itself 

Confining Bed                    Impermeable unit overlying or underlying an aquifer and preventing 
or impeding movement of water into or out of the aquifer 

Consolidated  Sediment    Firm and rigid sediment mass caused by the natural interlocking    
                                          and/or cementation of mineral grain components 



 

Contamination       Process of becoming impure; damage to the quality of water resources by  
                                          sewage, industrial waste or other matter 

Digitizing Process of computer-coding points along various boundaries (e.g. 
watershed, land use zones, geologic units) in a coordinate system 

Line joining water falls on numerous rivers that mark the point where each 
river descends from the upland to the lowland.

Fall Line 

Lowland bordering a river and subject to flooding when the river 
overflows its banks 

Flood Plain 

Water beneath the Earth's surface in a layer of rock or soil called the 
saturated zone because all openings are filled with water 

Ground water 
 

A measure of the magnesium, calcium and iron content dissolved in 
water 

Hardness 

Herbicide Compound, e.g synthetic organic chemical, used to control plant growth
 

Hydraulic Conductivity Rate at which water moves through aquifer material 
under a unit hydraulic gradient

Science dealing with subsurface waters and related geologic 
aspects of surface waters 

Hydrogeology 

Hydrologic 
Cycle Continuous sequence of processes in which water passes from the 

atmosphere to the land or oceans and back to the atmosphere 

Not permitting passage, e.g. of water Impermeable 

Body of water formed by confinement, e.g. liquid waste reservoirs Impoundment 

Land Cover    Natural and artificial covers of the land surface 

Land Use - Human activities which are directly related to the land 

Solution formed when water percolates through soluble material, e.g. 
liquid from percolation of precipitation through landfill wastes 

Leachate 



 
 

Ground water that occurs above the water table 
Perched Water -  "perched" above a layer of unsaturated rock or 

soil 

Permeability - Property of soil or rock to pass water through it 

Pesticides -    Chemical compounds used to control undesirable 
plants and animals 

Point Source - Specific source of pollution 

Pollutant -    Substance which causes impurity, e.g. in water 

Topography - Physical features of a geographical area, 
particularly land elevations 

Urban Runoff - Storm water from city streets and gutters 
containing litter, organic and bacterial wastes 

Water Table - Surface of a ground water body at which the water 
pressure equals the atmospheric pressure 

 
 
 
 
 
 
 
 
 
 
 
 



DISTRICT OF COLUMBIA 

URBAN LAND USE ACTIVITIES AND THE GROUND 
WATER: A BACKGROUND SURVEY OF THE DISTRICT 

 
 
 I. INTRODUCTION 
 

Water supply sources in the District of Columbia have changed over time. Native Americans and 

early settlers selected sites close to shoreline springs to take advantage of the ground water supply. 

Later, shallow wells were sunk to capture the supply for both the residents of Georgetown and the 

agricultural estates in the rest of city. Williams (USGS Circ 752) gives a detailed account of many 

of the historic springs. Until the 1880's, residents used water from springs and wells as drinking 

water and for industrial and fire-fighting purposes. The wells, their uses and quality are 

documented in Darton's report on artesian studies of the east coast (USGS, 1908). Through efforts 

of the US Army Corps of Engineers, the city in 1859 changed to a municipal water supply system 

using water from the Potomac River. A system of conduits was built to carry water from Great 

Falls to a series of r1servoirs along the banks of the Potomac River. This system gradually replaced 

ground water as a water supply. The surface water supply system is still in use, but has been 

expanded over time. The DC government has documented the history of the water and sewerage 

system in a booklet (DES, 1979). 

Because the primary drinking water source in the District of Columbia is surface water, 

information regarding urban ground water quality and quantity is scarce. The need for management 

and protection of ground water has only recently been recognized. Two hundred years of 

unchecked disposal practices are now being called to account by city agencies. With the high 

possibility of contaminated ground water flowing into local streams, basements and construction 

pits, a detailed study of D.C.'s ground water resources and how they are affected by land usage is 

required. 

This study will provide the basis on which the District government can prepare management plans 

and regulations for the prevention and control of ground water pollution and the monitoring of its 

valuable ground water resource. Nationally, some 250,000 chemicals and their bi-products are 

introduced into the groundwater each year. In the District of Columbia, the problem of ground 

water protection and management is further complicated by urban land use and underground 

structures that significantly affect natural flow direction, rate of groundwater flow, and chemical 

interaction. All are related to water quality. Identification of potential or actual pollution sources 

must be the first step in establishing a viable program for ground water management. 



 
 
 

II. PURPOSE AND SCOPE 

Under the Federal Clean Water Act (FCWA) and subsequent amendments, the states are mandated 

to undertake an assessment of ground water quality and quantity. States are being encouraged to 

develop strategies for the protection of ground water and to establish state programs for the 

implementation of these strategies. As a city-state, the District of Columbia is currently developing 

a ground water control program to comply with the federal regulations. 

In addition to complying with the legal requirements for ground water protection, assessment of 

the quality and quantity of ground water in the District of Columbia and the surrounding regions 

will allow water resource managers: 

1. to explore possible use of ground water as an alternative water supply during emergencies; 

2. to monitor surface water that could become contaminated through interaction with polluted 

ground water; 

3. to identify potential health hazards from ground water contamination, for example from leaking 

underground storage tanks; 

4. to investigate and minimize the adverse effects of underground construction on the ground water 

in the District; and 

5. to prevent the contamination of the interstate drinking water aquifer since the District lies on the 

recharge zone of this aquifer. 

The District of Columbia presents a unique challenge to ground water managers in that it is 

firstly an all urban environment and secondly a conglomerate of various federal, local and 

international jurisdictions. 

This study is an essential element of the regional ground water resources assessment project 

currently under way under the sponsorship of Water Resources Research Center, University of the 

District of Columbia. The research focuses on available land use and ground water quality data to 

identify and locate the common sources of ground water contamination. This is accomplished by 

designing and performing background surveys of urban land use activities that could have 

significant impact on ground water quality. Collected data are used to provide a pollution potential. 

analysis. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 III. METHODOLOGY AND DATA REQUIREMENTS 

A number of generalized methods to evaluate the potential for ground water contamination have 

been developed within the last decade. One of these methods, called DRASTIC, was designed for 

assessing pollution potential based on hydrogeologic settings present in a region (Aller et al., 1987). 

The general approach in this background survey is based on the DRASTIC system. However, not all 

the data required for a strict DRASTIC approach were available. Additionally, the completely urban 

character of the study area presented some limitations. Some modifications to the DRASTIC method 

were therefore necessary. 

The effects of urban land use activities on the ground water are many and varied. They range 

from the alteration of ground water flow patterns via artificial fill, underground utilities and dewatering 

activities to the degradation of ground water quality through the introduction of pollutants into the 

ground water system. In order to compile the multitude of data necessary to assess urban land use 

impacts on the ground water, a Geographic Information System (GIS) was employed. The USGS 

defines a GIS as "a computer system capable of assembling, storing, manipulating and displaying data 

... identified according to their location." At times, this definition is expanded to include not only the 

computer hardware and software, but also the people operating the system. 

For this study, the GIS used is MapInfo. Data are assembled in four database types. Type 1 is 

the boundary file, used to work with areal data such as geology, soils or land use. Type 2 is the mapfile, 

which contains linear data such as streets or railroads. Data for boundary files and mapfiles are entered 

with a digitizer, i.e. an electronic tablet which transforms points on a paper map to points on a computer 

map. Type 3, the point file, includes information on point locations such as underground storage tanks 

(USTs). Data such as addresses are entered in a format similar to dBase, i.e. as data files. Lastly, the 

image file (type 4) is used to identify objects through legends, labels, etc. Image file data are entered 

directly onto the computer map while *the map is on screen. It must be kept in mind that, while the data 

display can  be scaled to any format, data accuracy and resolution can never be more precise than the 

original paper map from which they were taken. Distortion may also occur to a slight degree during the 

process of digitizing. The maps presented in this report consequently provide a broad perspective on 

conditions in DC. While they are suitable for the assessment of pollution potential in hydrogeologic 

settings or voting wards, they are not necessarily suitable for site-specific micro-management.  

With the GIS, areas vulnerable to ground water contamination re delineated. Ground water 

vulnerability is a function of natural factors such as geology, soils, depth to water, and slope. 
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A valley with sandy soils and a shallow water table is an example of a highly vulnerable area. By 

contrast, hill tops with silty soils and deep water tables are less vulnerable to ground water contamination. 

An area that is vulnerable to ground water contamination, but which is covered by natural 

vegetation, has a low ground water pollution potential. Therefore, compilation of general land use and 

pollution source data follows as the second step in this background survey. High impact land use 

categories include industrial and, transportation corridors, as well as such point sources as superfund 

sites, underground storage tanks, land fills, gardens, golf courses, cemeteries, sewer pipelines, 

maintenance yards. Pollutants introduced by these sources include petroleum products, road salts, 

pesticides, herbicides, fertilizer, heavy metals, sewage and leachate. 

Weight and ranking factors for various land use and pollution source categories were developed by 

a consensus (Delphi) approach. The findings were augmented by results from a survey of approximately 

30 environmental professionals. An overall pollution potential ranking system was thus devised and 

applied to the base maps. 
A composite map was created from information on ground water vulnerability and potential pollution 

sources. This map, showing pollution potential, can be used by city managers to designate areas in need 

of protection, to install monitoring systems and/or to take corrective action if necessary to prevent large-

scale pollution of important ground water resources. 

The following information was entered into the GIS: 

Phvsical Data 

Physical data relevant to the question of land use impact on the ground water include geology, soils, 

and topography, climate, depth to water and water quality. Information on the geology of the District of 

Columbia was obtained from the general geology map published by Froelich (1973) which was 

included in the DC Soil Survey of 1976. That publication also contains the general soil map for DC. 

Information on the general topography of the District of Columbia was obtained from the National 

Capital Planning Commission (NCPC 1976). 

A spatial analysis of climate in the District was considered unnecessary because of the small 

areal extent. Climate was assumed to be constant and without spatial variation throughout the city. All 

information on precipitation and temperature was obtained from the weather station at National Airport 

in Arlington, Virginia. 
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Obtaining useful depth to water and water quality data presented its own set of 

challenges. The absence of a routine ground water monitoring network requires data acquisition 

from a variety of sources, with the resulting questionability of data quality. Depth to water has 

changed over time and is still changing with dewatering activities from sump pumps (Federal 

Triangle area, METRO routes) and during construction (commercial, METRO). Therefore, depth 

to water data have a high degree of uncertainty. Only a limited amount of water quality data 

could be obtained because much of it is confidential and the District currently has no legal basis 

for collecting water quality data from private explorations. Thus, the depth to water and water 

quality data are only a rough estimate of the actual conditions. 

Physical data were analyzed using DRASTIC modified ranges, weights and ratings, 

resulting in a ground water vulnerability map for the District of Columbia. 

Land Use data 

Land use data were divided into two groups: One map shows the general land use in city 

land use categories such as residential, commercial, and open space. In this study, the proposed 

land use map for the District of Columbia, published by city government, was used as the base 

map, because the scale and land use classes of other classification systems did not match the tasks 

and goals of this project. Land use classes on federal level I and II, for example, did not meet the 

more detailed requirements of this study. 

The second group of land use data involves a series of maps displaying specific pollution 

potential sources within the District. Among those are maps of USTs and maintenance yards; 

gardens and golf courses; land fills and cemeteries; transportation corridors; and sewer systems. 

The two sets of land use data were analyzed and used to develop a pollution potential 

map for the District of Columbia. 

An overlay of the two maps showing ground water vulnerability and pollution potential 

in the District of Columbia allowed an analysis of the overall threat to ground water quality. As a 

last step, a map of the voting wards in the city was created to assess potential ground water 

contamination by management area. 
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IV. GROUND WATER VULNERABILITY 

A. LOCATION AND PHYSIOGRAPHY 

The city of Washington, District of Columbia, is located at 39 N degrees latitude and 77 W 
degrees longitude, bordering on the states of Virginia and Maryland (see Fig. l). It covers an area 
of about 65 square miles. The Potomac River forms the natural boundary with Virginia to the 
southwest. The District is bounded on the northwest by Montgomery County, MD; on the 
northeast boundary by Montgomery County and Prince George's County, MD; and on the 
southeast, by Prince George's County, MD. 

The two major physiographic provinces in the District of Columbia are the sedimentary 
rocks of the Atlantic Coastal Plain in the eastern part of the city and the bedrock of the Piedmont 
Province in the western part. They are separated by the Fall Line, which bisects the District of 
Columbia from northeast to southwest. The District is characterized by nearly level to gently 
rolling uplands, steep valley walls, widely separated inter-stream divides and narrow valley 
bottoms. Topographic gradients range from sea level, where the Anacostia and Potomac rivers 
are tidal estuaries, to more than 400' in the Piedmont Province. Hilltop elevations on the Coastal 
Plain rarely exceed 230'. General physiography and surficial features are shown in figure 2. 
Major surface water bodies include the Potomac River and its principal tributaries, the Anacostia 
River and Rock Creek. Rock Creek is incised in a narrow valley that drains the Piedmont, while 
the Anacostia_meanders in the flood plain of a broad gently sloping valley across-the Coastal 
Plain. Drainage is to the Potomac. All streams have a dendritic drainage pattern with some 
structural control. 

 
B. CLIMATE 

On average, precipitation comes to approx. 40" per year, distributed evenly throughout the 
seasons (Fig. 3). 54% of the total annual precipitation, or 21 inches, falls during the period from 
April to September. Some winter precipitation occurs as snow, but the ground does not stay 
covered for more than a few days at a time. The average annual snowfall is 18 inches. It is 
estimated that approximately 25%, or 10 ", of the total annual precipitation enters the subsurface 
as ground water recharge. 

 

 The average temperature in Washington, DC is 77 degrees F in summer, with an average daily 
maximum of 86 degrees, and 37 degrees in winter, with an average daily minimum of 29 degrees 
F (Fig. 4). 

 
 
 
 
 
 



Figure 2. General physiography (from: NCPC, 1976) 

 
 
 



 



 

C. SOILS

Fig. 5 shows the general soil map for the District of Columbia, taken from the DC Soil Survey 

(1976). The map "provides a broad perspective of the soils and landscapes in DC. It provides a 

basis for comparing the potential of large areas of DC for general kinds of land use. From the map, 

areas that are generally suitable for certain kinds of land uses can be identified. Likewise, areas 

with soil properties distinctly unfavorable for certain land uses can be located." For example, 

geotechnical reports are required prior to construction in the highly unstable Christiana clay soils. 

West of the fall line, soils are underlain by old metamorphosed igneous and sedimentary 

rocks, while east of the fall line they cover-much younger, poorly consolidated sediments. In both 

physiographic provinces, soils are underlain by small areas of unconsolidated alluvial and terrace 

deposits. 
The major soil association in the District of Columbia is urban land, indicating the high degree of 

man-induced change that the natural system was subjected to. Urban land consists of areas with cut 

and graded soils that are covered by more than 80 % with structures and works. The urban land 

association occupies 15 %, or 6624 acres, of the total District area. Most of the urban land is located 

in the downtown business district and along the major road and street corridors. Urban land 

generally occupies the gentler slopes. Seven of the remaining ten soil associations are comprised of 

at least 35 % urban land. Only three soil 'associations have no urban land associated with them: the 

pure Manor-Glenelg soils, present in wooded areas along Rock Creek and the Dalecarlia Reservoir; 

the Iuka-Lindside-Codorus soils of the flood plains; and the Udorthents comprised of cuts, fills or 

otherwise disturbed land present in the Mall area and along the Anacostia River. 

Table 1 displays some of the characteristics of the 11 soil associations present in DC as they 

relate to ground water vulnerability to pollution. The soils in the District of Columbia are generally 

well drained, with permeability ranging from <0.2 in/hr to 20 in/hr. Moderately well drained soils 

include the flood plain soils with corresponding shallow water tables, and the Beltsville-Chillum 

soils. The latter association is characterized by perched water tables, which are caused by 

underlying clay deposits. 
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Table 1. Hydrologic soil characteristics. (Adapted from DC Soil Survey, 1976) 

 

Soil 
Assoc. 

Natural 
Drainage 

Permeability 
Range (in/hr) 

Depth to 
water(ft) Remarks Soil 

Media 

1 Moderately 
well drained < 0.2 - 6 1.5 - 2.5 

perched 
.2 in/hr for 1-45" 
depth (fragipan) loam 

2 Somewhat ex- 
cessively drained 2 - > 6 > 6  sand 

3 Well drained 0.06 - 6 > 6  silt - 
sand 

4 Well drained 0.2 - 20 > 6 20 in/hr for 30-60" 
depth (Sassafras) loam 

5 Somewhat ex- 
cessively drained 0.6 - 2 > 6  sand 

6 Somewhat ex- 
cessively drained 0.6 - 2 > 6  sand 

7 Somewhat ex- 
cessively drained 2 - 6 > 6  gravel 

8 Well drained 0.6 - 2 > 6  loam 

9 Moderately 
well drained 0.6 - 20 1 - 3 

20 in/hr for 
50-60" depth 

(Codorus) 
loam 

10 Well drained N/A N/A  N/A 

11 N/A N/A N/A   

 
 

The distribution of drainage characteristics across the city is shown in figure 6. Soils 
found west of the fall line in the Piedmont Province are generally well to somewhat 
excessively drained. They are underlain by highly permeable, weathered material and the 
water table is below six feet. East of the fall line, the preponderance of fine grained deposits 
within the Atlantic Coastal Plain Province impede the vertical movement of water, resulting 
in a less effective drainage. 
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D. HYDROGEOLOGIC SETTING 

A series of city-wide geologic maps, prepared by state and federal geologists, have 
appeared over the years (Cloos, 1953; Hansen, 1969;). A city-wide geologic map was prepared by 
Froelich and others (1973) of the USGS, and forms the base map for this study (see fig. 7). This 
map was enclosed as an insert to the USDA Soil Survey of the District of Columbia. A new 
geologic map is currently being prepared by USGS. 

An assessment of ground water occurrence in Washington, DC must use a multitude of 
data sources. In earlier studies, the water yields of both the Piedmont and the Coastal Plain 
province were thoroughly investigated (Dayton 1896, Johnston 1964). More recently, within the 
USGS RASA program, Vroblesky and Fleck (1991) described the hydrogeologic framework of 
the coastal plain in Maryland, Delaware and the District of Columbia. However, their analysis 
was restricted to the major aquifer systems in the area. The works of several other authors provide 
helpful information, among them Meng, et al. (1988); Moody et al. (1988); Nutter et al. (1969); 
O'Connor and Watt (1991), O'Connor and Kirkland (1991), O'Connor (1989), Papadopulos 
(1974) etc. 

While there is currently no centralized ground water monitoring program in the District of 
Columbia, ground water data have been obtained and stored by various government agencies and 
private companies. The District of Columbia has commissioned the DC Water Resources 
Research Center to conduct a ground water resource assessment study to provide the basis for 
implementing a ground water management strategy. 

This background survey used the following approach to gather existing ground water data: 
First, the historical records provided by Darton and Johnston were analyzed. Then, data from 
subsurface borings taken during the construction of the METRO subway in 1968 to 1970 were 
examined (Mueser et al., 1973). Lastly, data from a Sewer System Evaluation Survey conducted 
in 1982 (DES, 1983) and data from private consulting companies were assessed. The wide 
distribution of data, in addition to varying data compilation formats used by the scientists and 
engineers, resulted in a very heterogeneous set of data. Some provided water levels only, others 
included geophysical logs and still others had water quality data added to their investigations. 
Information on data quality control is mostly unavailable. However, the data contained in these 
various records provided valuable information on the ground water regime of the District of 
Columbia. Figure 7 shows the geological formations governing the natural ground water regime 
in D.C. The two major physiographic provinces, the sedimentary rocks of the Atlantic Coastal 
Plain to the east an4 the bedrock of the Piedmont Province to the west, can easily be discerned. 
Figure 8 depicts the geology in three cross-sections. 
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Figure 6. Drainage characteristics (based on: USDA, 1976) 17 
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Figure 7. General geology (from: Froelich, 1975) 
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1. PIEDMONT PROVINCE 

0  

The Piedmont Province consists of metamorphosed and igneous rocks of Precambrian 
and/or lower Paleozoic age. The oldest Piedmont unit in DC is the Wissahickon Formation 
(Wp/Wd), where Wp is the pelitic schist facies and Wd is the diamictite gneiss facies. The pelitic 
schist facies is comprised of fine to coarse crystalline and foliated schists. The diamictite schist 
facies includes medium to coarse crystalline, layered to massive, jointed gneiss. Igneous activities 
formed the Georgetown mafic-ultramafic complex (Gm/U). This mixed group of metaigneous 
and metavolcanic rocks can be found as foliated to massive and jointed. The Kensington gneiss 
(Kg) is the youngest bedrock unit in the District of Columbia and consists of medium to coarse, 
crystalline, layered to nearly massive, jointed gneiss (Froelich, 1975). 

n 

Ground water in the Piedmont Province occurs both in the weathered and the solid 
bedrock. Its movement and yield in solid bedrock are governed by the secondary porosity of 
fracture zones and formational contacts. While primary porosity is low, the foliation, faults and 
joints of the Piedmont rocks provide secondary porosity, which allows water to penetrate and 
move in the bedrock. Below 400 ft, there is little to no movement of water because of the 
decrease in secondary porosity. Above that level, infiltration and percolation of the subsurface 
water cause chemical interactions that alter and decay the bedrock and control the water 
chemistry. The result of these chemical interactions along the fracture system is weathered 
bedrock material called saprolite. Saprolite is a weathered mantle of earthy material, with a 
texture ranging from sandy to clayey. The average thickness of the saprolite layer in the District 
of Columbia is 50 feet, but reaches thicknesses of up to 160 feet. Well drained, sandy to silty 
saprolite residuum overlies the Kensington gneiss unit in thicknesses up to 120 feet. The pelitic 
schist facies of the Wissahickon Formation is overlain by up to 160 feet of well drained, silty 
saprolite. The thickness of sandy, well drained saprolite covering the diamictic schist facies 
varies from 120 feet on uplands to 25 feet where overlain by Coastal Plain deposits. The 
Georgetown mafic complex is overlain by poorly drained, clay-rich saprolite with a thickness of 
10 to 50 feet. The thick layers of sandy to silty saprolite with their capacity for storing and 
transmitting water form an important hydrogeologic setting. 

Saprolite is also observable, though less thick, along the valley walls of Rock Creek, its 
tributaries and along the Potomac River, which form gorges incised into the bedrock itself. At the 
bedrock/saprolite interface, increased chemical disintegration of the bedrock takes place because 
of the saprolite's capacity to hold water. The boundary between saprolite and bedrock fosters 
springs when exposed on hillsides. 
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In his study of artesian wells in the District of Columbia, Darton (1896) found well 
capacities from 7 to 40 gallons per minute in bedrock wells. 

Johnston (1964) correlated the depth of weathering with well yields and found an 
increase of yield with overburden depths up to 99 feet. For deeper layers of saprolite, available 
data were insufficient for correlation. Even though fracturing and formational contacts influence 
well yields in bedrock wells, the limited recharge available to the Georgetown mafic complex 
from saprolite is evident in the water yields measured for the various units (Table 2). The 
average depth of the wells used to obtain these values ranges from 104 feet for wells in the 
Georgetown mafic complex to 198 feet in the Wissahickon Formation. 

Table 2: Water Yields of the Piedmont Formations (From: Johnston, 1964) 

Formation Yield Range (gpm) 
 From To Average 
Kensington Granite Gneiss 0.5 30.0 9.0 
Georgetown Mafic Complex 3.0 10.0 6.0 
Wissahickon Formation 0.2 110.0 4.0 

 
 
 
 
 
 
 
 

Water chemistry in the Piedmont Province is characterized by a high iron content of up to 
34 ppm. The water--is soft to moderately hard (2 to 175 ppm) and dominant in calcium 
bicarbonate hardness. 

2. ATLANTIC COASTAL PLAIN PROVINCE 

The Atlantic Coastal Plain Province comprises about 70% of the city. The consolidated 
and unconsolidated sediments are divided into highly porous gravels, porous sands and swelling 
clays. 

The Tertiary and Quaternary deposits can occur as both confined and unconfined aquifers. 
The nature of the gravels, sand and clays that comprise the Atlantic Coastal Plain play an 
important part in controlling ground water behavior. Understanding the paleo-environment of the 
sediment depositions is critical to the management of Coastal Plain aquifers. The paleo swamps, 
marshes, channels and deltas play a key role in the migration of ground water and the occurrence 
of perched water tables and confined aquifers, especially within the oldest sedimentary unit, the 
Potomac Group. 
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The Cretaceous Potomac Group formation (Kps, Kpc) has the largest areal extent in 
Washington, DC. The clay and silt facies (Kpc) occurs mainly in the eastern part of the formation area 
and consists chiefly of pink, red and gray silty clay interbedded with irregular sand and gravel lenses. It 
contains fossil bones, plant remains and lignite. The sand and gravel facies (Kps) consists of gravel, 
sand and arkose with occasional sandy clay lenses. It occurs in the western part of the area and overlies 
bedrock. 

The sand and gravel facies of the Potomac Group, also known as the Patuxent formation, forms 
a sole source aquifer that, as a confined unit, constitutes an important drinking water supply in 
Maryland and Virginia. In the District of Columbia, it is the only significant water-bearing stratum of 
regional extent, and the kps outcrops -comprise the recharge area for a major drinking water aquifer. 
The recharge area strikes slightly NE/SW across the jurisdictions into the neighboring states. The 
regional dip for the Coastal Plain units is to the SE into Maryland, where the Potomac Group's 
thickness exceeds 700 feet. There is some water loss to the Potomac and Anacostia but the clay unit of 
the Potomac Group, also identified as the Patapsco Formation & Arundel Clay, acts as an aquitard. 

Table 3: Water Yield of the Potomac Group Formations (From: Johnston, 1964) 

 
 
 
 
 
 
 
 

Name Yield Range (gpm) 
 From To Average 
Patapsco Formation &    

Arundel Clay 10.0 120.0 40.0
Patuxent Formation 10.0 300.0 80.0

Potomac Group (undiff.) 1.0 800.0 96.0 

 

In a computer simulation of the Patuxent aquifer, Papadopulos (1974) estimated 
transmissivities in the range of 1,000 to 2,000 sq. ft/day for the Washington, DC area. 

Overlying the Potomac Group unconformably are the Monmouth formation (Km), the 
Aquia formation (Ta) and the Calvert formation (Tc). The texture of these formations ranges from 
very fine sand in the Calvert formation to moderately fine sand in the Aquia formation to sand in 
the Monmouth formation. The three formations provide drinking water to Virginia, but are of 
limited areal extent in the city. 

Local ground water resources are contained within the more recent Coastal Plain 
deposits. Upland gravels and sands (Tug) were deposited by the ancestral Potomac and have an 
average thickness of 30 feet. The river terrace deposits (Qt) occur at various levels 
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with an average thickness of 30 feet. Within those Pleistocene river terraces, a mixture of silty 
and sandy clays with sands is interlayered and lensed with gravelly sands in a complex pattern. 
As micro-environments, iron capstone layers and sand pockets or lenses allow for numerous 
perched tables within the terrace deposits. Seven terraces were identified in the District of 
Columbia. The three major terraces are the 25-foot terrace, the 50-foot terrace, and the 90-foot 
terrace, located in the downtown area. Following the depositional conditions, each terrace 
exhibits a characteristic change in gradation in its vertical profile from coarse-grained and 
gravelly soils at its base to sands, silts, and clays at shallower depths. According to a series of 
borings conducted during the preliminary subsurface investigation for the Metro subway (Mueser 
et al., 1967), the older 90-foot terrace contains a thick base of gravelly sand with a cover of silty 
clay. The 50-foot terrace generally contains two successive cycles of the coarse to fine pattern, 
while the younger 25-foot terrace contains the greatest proportion of fine-grained soils. This 
youngest terrace was grouped with the more recent alluvium in the geology map by Froelich. 
Alluvial deposits in DC form one unit together with artificial fill (Qal). It is comprised of the 
lowest stream terraces and bottoms with grain sizes ranging from clay to gravel. The thickness 
ranges from a few inches to 25 feet or more. The areas of artificial fill are concentrated along the 
banks of the Potomac River and Anacostia River. 

Figure 9 shows the general hydrogeologic settings found in the District of Columbia 
(Reed and Obermeier, 1982). 

 
 
In his 1964 study, Johnston found that the ground water chemistry of the Atlantic Coastal 

Plain is characterized by high iron contents of up to 4.3 ppm. Ground water in the Coastal Plain 
is dominant in calcium magnesium bicarbonate hardness and is soft to moderately hard with 
values ranging from 2 to 175 ppm. Total Dissolved Solids (TDS) range from 23-801 ppm, 
averaging 87 ppm. Salts of chloride and sulfate were found in both provinces but dominated in 
the Coastal Plain unit. Some water showed locally excessive amounts free carbon dioxide and low 
pH, resulting, in high corrosiveness. 

Results from more recent environmental site assessments conducted in the Coastal Plain 
units by local environmental consulting companies show that despite a significant increase in 
urbanization, overall ground water quality has not changed substantially. One exception to that 
rule are locally high concentrations of petroleum hydrocarbons due to leaking underground 
storage tanks. 
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3. URBANIZATION IMPACTS ON THE GROUND WATER REGIME 

Prior to urban development, water in an unconfined aquifer system flows from upland 

recharge areas toward lowland discharge areas, moving in the direction of decreasing head as a 

moderated replica of topography. Human activities have greatly influenced the occurrence and     

movement of water in the unconfined aquifer 

systems of Washington, DC. Figure 10 

shows some of these activities in a 

schematic: The ground surface is sealed by a 

layer of asphalt and concrete, reducing 

infiltration with the consequence of reduced 

recharge and lowered ground water table. 

Ground water moving along its original flow 

paths encounters obstructions such as 

telephone cables and sewer pipelines, forcing 

a change in flow direction. The construction 

of large-scale water-distribution and sewer 

systems, the METRO subway system, and 

buildings have impacted on the ground water 

regime both during and after construction. 

The use of temporary dewatering systems 

during construction causes temporary 

fluctuations of water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Vertical Profile showing  
underground utilities 

 
 

levels in addition to natural factors such as variations in recharge and discharge, and tidal 
fluctuations. After construction, the underground structures can dam ground water flow, resulting 
in a rerouting of ground water flow paths. Where permanent dewatering systems, such as sump 
pumps are required, a permanent lowering of the water table may occur. As a result of lowering 
the water table, ground water flow directions may change significantly. 

Borings taken during the preliminary subsurface investigation of the subway routes in 
Washington, DC in the late sixties show the depth to water to vary between 0 feet at the 
intersection with surface water and 63 feet on topographic ridges (Appendix A). In 

 
 
 



 
 
 

their report, Mueser et al. (1967) warn that: "..it must be recognized that in many locations the 
subway will be on alignment roughly at right angles to the general direction of ground water 
flow and frequently is positioned so that it forms an underground dam, blocking seepage in 
relatively pervious overburden soils. ...raising ground water levels on upland side of subway 
and lowering water levels on the opposite side." 

EXPLANATION 

-Late 1700 drainage 1 
-1974 river shorelind  

___canal 
M/ Milled areas 

 

Figure 11. Stream network and river shoreline: late 1700's versus 1974 (from: Williams, 1977) 
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Surveys of private engineering reports and recent experience during the installation of monitoring 
wells (e.g. presence of dry boreholes, see Appendix B) suggest that interference from dewatering 
for METRO and high rise construction has indeed caused isolated depressions of the water table. 
In some cases, the water table dropped as much as 30 feet (DC WRRC, Ground Water Resource 
Assessment Study, unpublished). These ground water resources may be in danger of becoming 
depleted. 

The DC Water Resources Research Center is currently developing a ground water table contour 
map based on the METRO borings taken from 1968 to 1970, supplemented by data from that 
period obtained from research reports and private consulting companies. Subsequently, a water 
table contour map based on more recent water level measurements will be constructed to evaluate 
the changes over time and to determine the current flow patterns. For the current background 
study, however, the ground water table is assumed to follow the terrain, with highest depths to 
water on the ridges and lowest depths to water in the lowlands. 

Another factor affecting ground water flow patterns is the sewering of streams and the changes in 
aquifer materials due to artificial fill. The Mall and Ellipse are composed mainly of compacted 
fills. These filled-in tributaries are now conduits of ground water. Sediment dredged from the 
Potomac and Anacostia rivers (1890s and 1930s respectively) was used as fill to. create new park 
lands and alter the shoreline over the last hundred years. The topography in downtown 
Washington used to be marked by the drainage systems of Tiber Creek and James Creek_ and 
their tributaries. All these stream courses were subsequently filled and the principal drainage 
channel of Tiber Creek replaced by a trunk sewer. The extent of other fill areas particularly along 
the Potomac and Anacostia Rivers is shown in figure 11. While the streams were sewered, the 
gravelly deposits of the old river beds are still conducive to ground water flow, causing ground 
water to migrate along and infiltrate into the sewer pipes. An indication of the productivity of the 
local aquifers and the impacts of urbanization can be found in a Sewer System Evaluation survey 
commissioned by the Department of Environmental Services in 1981. Ground water contributed 
773,908 gallons per day to the sump pumps in the downtown sewershed, which accounted for 19 
% of the total flow within the system (fig.12). Metro Rail sump pump discharges show ground 
water infiltration into the sewer system at a rate of 423,283 gallons per day. During the 
construction of a monitoring well for the DC WRRC Ground Water Resource Assessment Study 
(1992, unpublished), a dry gravel layer indicated that ground water may have been lost due to 
urbanization. 
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 Figure 12. Location and flow rates of sump pumps in downtown Washington, DC. 30 
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While a recent study in Philadelphia (Paulachok, 1991) lists seepage from sewers and 
water pipes as a major source of recharge to ground water under urban conditions, not much is 
known about the interrelation between sewer/water pipelines and the ground water in 
Washington, DC. The hydraulic connection between sewer pipelines and the ground water in the 
District of Columbia was illustrated by. the 1983 sewer inflow study, but whether ground water 
infiltration into sewers alternates with sewage/water exfiltration into the ground water is 
uncertain. There is enough evidence, however, to suggest that the altitude and configuration of 
the water table are now primarily controlled by Kaman activities, i.e. leakage to and from sewers, 
leakage to and storm water distribution pipes and dewatering activities. 

E. DETERMINATION OF GROUND WATER VULNERABILITY 

Because this study is concerned with land use impacts on the ground water, only water 
table ground water systems were considered. In the District of Columbia, the effects of 
contamination of surficial ground water are threefold: First, contamination of the Potomac 
Group aquifer threatens the drinking water supply of neighboring counties. Second, discharge of 
contaminated ground water into surface water bodies endangers the water quality of Potomac and 
Anacostia Rivers and ultimately the Chesapeake Bay, in addition to posing a health risk to 
District residents using the waters as recreational areas or the fish as food supply. Third, 
contaminated ground water poses a health threat if exposed in construction pits, basements etc. 

Taking these effects into consideration, the following ground water regimes were 
identified: Within the Atlantic Coastal Plain, the water table portion of the Patuxent formation 
corresponds to the recharge area for that important regional aquifer. The coarse grained upland 
gravels, while of limited areal extent, may connected to the Patuxent formation, could drain to 
surface waters or seep into construction pits or basements. The-river terrace deposits and recent 
alluvium are of moderate grain size and may drainage into the Potomac and Anacostia rivers, 
thereby posing a threat to the water quality of those rivers and ultimately to the Chesapeake Bay. 
Risk from polluted ground water seeping into basements and construction pits may also be 
considerable, due to major developments occurring in the downtown area, where these deposits 
are concentrated. The fine-grained deposits of Aquia, Calvert and Monmouth Formation are of 
limited areal extent. The ground water bearing clays of the Potomac Group, while not an aquifer, 
may discharge polluted ground water into surface water bodies, basements and construction pits. 
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Within the Piedmont Province, - the Georgetown mafic complex has the thinnest saprolite 
deposits and can generally be considered to be a -bedrock aquifer. Most of the ground water in 
this unit occurs in the fractures of the bedrock. The remaining formations have thick mantles of 
weathered material with silty to sandy texture conducive to ground water flow. 

Ground water vulnerability was determined according to the hydrogeologic settings in the 
District of Columbia and based on the DRASTIC rating system. DRASTIC is a standardized 
system for evaluating the susceptibility of aquifers to ground water contamination based on 
hydrogeologic settings (Aller et al., 1987). Considering the relative importance of physical 
characteristics that affect ground water vulnerability, as well as the availability of mappable data, 
the following factors are included in the system: 

 Depth to water  
Recharge to the aquifer  
Aquifer media 
Soil media Topography (slope)  
Impact of the vadose zone media, and  
Conductivity of the aquifer. 

 
 
 
 
 

The system consists of weights, ranges and ratings for each of the DRASTIC factors (see 
Appendix A). The four major assumptions of the system are:

- Contaminants are introduced at ground surface; 
- contaminants are flushed into the ground by precipitation;  
- contaminants have the mobility of water, and 
- the evaluated area is 100 acres or larger. 

The system used in this background survey had to be modified according to available data 
and software. For each of the DRASTIC factors, some adjustment was necessary. The analysis 
was based on the geologic units, as these are most easily correlated with the ground water regime. 
While DRASTIC was designed-primarily for drinking water aquifers, this analysis includes all 
water bearing strata, irrespective of their use or prospective yields. 

Depth to Water/Topography 

No water level contour maps are available at present, and existing water level data are 
spaced too far apart both spatially and temporally to be useful. It was therefore decided to 
combine topography and depth to water under the depth to water factor by assigning estimated 
average values of depth to water based on the topography augmented by current knowledge of 
water levels. Ranges were used following the DRASTIC classification system. The water levels 
vary from 0 - 5 feet for the floodplains (Qal) to 30 - 50 feet in the Potomac Group (Kps, Kpc) and 
the upland gravels (Tug). 
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Recharge 
 
In a natural setting, climatic conditions supply an estimated recharge of 10 inches per year to the 
ground water. While these conditions can be assumed constant throughout the city, urbanization 
has resulted in sealed surfaces with subsequently reduced infiltration. The soil association "urban 
land" is sealed off by more than 80%, justifying a reduced value for recharge. For that 
association, recharge was reduced to 6 inches per year, while all other associations were assigned 
a value of 8 inches per year. The excess water is drained into storm drains and discharged into 
rivers. In this estimation, recharge from pipelines and/or river beds was not included. The 
geologic unit with the I. chest degree of urban land cover is the river terrace unit (Q, with the 
resulting lower recharge value. 

Aquifer Media  
 
The aquifer media were determined based on the geologic map by Froelich (1973). All 

water-bearing strata were considered. Because the DRASTIC system provides a variable ranging 
for the impact of aquifer media, it was possible to distinguish among the sand and gravel deposits 
of the Coastal Plain Province, all of which are interlayered with silt and clay, but to varying 
degrees. Thus, the Patuxent aquifer of the Potomac Group was accorded the highest rating, the 
Patapsco/Arundel unit the lowest rating. The other deposits were rated along a scale between 
these two extremes. In the Piedmont Province, the Georgetown mafic complex was given the 
lowest rating because of its thin, clayey saprolite layer. The other bedrock units have more 
weathered material, and the saprolite is coarser, therefore more permeable. The diamictite schist 
facies of the Wissahickon formation was accorded the highest rating because it of its sandy 
aquifer, soil and vadose zone media. The remaining two Piedmont units (Kg, Wp) have a very 
thin and/or a silty saprolite layer, resulting in a lower vulnerability rating. 

Soil Media 

The soil media related to each geologic unit were determined by superimposing the soil and 
geology maps and assessing qualitatively the major soil associations within each unit. Information 
on soil texture for each soil association was then analyzed and averaged. The primary soil 
medium within the Atlantic Coastal Plain is loam, which resulted in rather homogeneous values 
for this factor. Exceptions were the alluvial deposits with slightly more sand. In the Piedmont 
Province, soil media were coarser, leading to higher ratings in that area. 





 

Impact of Vadose Zone 

The impact of the vadose zone was determined by combining information from the soil 
survey with geologic information. Strata underlying soils were considered to constitute the 
vadose zone. 

Hydraulic Conductivity 

No spatial hydraulic conductivity data were available, so that conductivity impact had to 
be included in the aquifer media. 

For each geologic unit, the ratings on the above factors were multiplied with their 
respective weights (from DRASTIC) and summarized. A summary of factors, their weights and 
ratings is given in table 4. For DRASTIC tables, please refer to Appendix A. 

To calculate the ground water. vulnerability index for any geologic unit, the weight and 
rating of each factor are multiplied and the products added up. For example, the calculation for 
Qal is 

Depth              Recharge            Aquifer            Soil Vadose Zone Index 
  to Water                   Media             Media              Media 

5x10 + 4x8          + 3x6          +  2x8      +  5x6 = 146 

The results were grouped in four classes of High, Medium High, Medium Low and Low 
ground water vulnerability. Highly vulnerable are the alluvial deposits, primarily because of their 
low depth to water, and the diamictic schist of the Wissahickon Formation, due to the mantle of 
coarse saprolite and the relatively low depth to water. 

Fig. 13 shows the spatial distribution of ground water vulnerability in the District of 
Columbia. Within each physiographic province, local variations cause heterogeneous flow and 
chemical conditions, resulting in a different vulnerability to contamination. The areal distribution 
of each vulnerability class is as follows: 

HIGH 23.021 sq mi (Qal, Kps, Wd)  

MEDIUM HIGH  18.523 sq mi (Qt, Kg, Wp)  

MEDIUM LOW 7.519 sq mi (Tug, Ta, Tc, Km, af) 

LOW 11.062 sq mi (Kpc) 
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Figure 13. Ground water vulnerability (based on: Froelich, 1973) 37  

 
 
 
 



 
 
 

The urbiscape has had a major impact on the hydrologic cycle in the District. 
Disturbances to ground water flow and chemistry include: quarries, industrial or institutional 
wells, cemeteries, dumps, valley cut and fill, road grading, dredging deposits, and pipelines. 
Construction projects have also had an impact with deep excavations, tunnels, loss of recharge 
cover, trenching for utility lines, and roof drain injection. While the effects of urbanization on the 
ground water flow regime were discussed in chapter IV, this chapter will explore impacts on 
ground water-quality. 

Figure 14 illustrates a variety of land use activities that may significantly impact on the 
ground water. The diffuse effects of general land use categories such as residential, commercial 
and industrial are as important to consider as the specific impacts of point sources, e.g. 
cemeteries, spills, and underground storage tanks. 

In identifying the sources of groundwater contamination, an examination of the historical 
as well as current land uses and their implications to the area is necessary. 
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Figure 14. Urban land use impacts on the ground water. 
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A. GENERAL LAND USE 

The arrival of the first settlers brought many changes to the land use. The early settlers 

cleared the land, built small towns and large estates mainly near rivers and springs. The tobacco 

trade fostered three local cities in the seventeenth century: Bladensburg,-Georgetown and 

Alexandria. By the creation of the National Capital in the 1790s, the population was small but 

growing:- The planning and layout of the city of Washington according to the L'Enfant Plan (1790s) 

established the current street pattern. People came to Washington and stayed, developing the capital 

into a port city. After the war of 1812, the capital was renewed and the commerce of the area thrived 

from shipping during the canal era. As the economy increased and the government prospered, 

the"city grew.° Utilizing surface water as ground water could no longer satisfy the demand for water, 

the major water supply initiatives of the mid 1800s indicate this growth. From 1860 to 1900, 

Washington changed into a Victorian city. The Civil war had brought drastic changes in population 

for the capital city. Soldiers were everywhere. Many stayed after the war, together with many freed 

slaves, resulting in the Boss Shepard Plan (1890s) for the development of neighborhoods.. The 

McMillan Plan (1902) covering parks and monuments furthered the city's development. Wars again 

after that caused major increases in the city's population and taxed the city services and housing. 

World War I led to numerous high rises being built, especially in NW, The impact of World War II 

was even greater. The post-war building boom saw the major development of the city reaching to 

Maryland's boundaries. The Permanent Highway Plan for the completion of the street system and the 

Rapid Transit Plan (1950s) reflect the growing influence of the suburbs. Housing projects and single 

family homes were being built rapidly. The number of District inhabitants increased steadily during 

this period. In the 1950s, forests and farms largely disappeared from the DC landscape. By the 

1960s, DC enjoyed its largest population, which has since decreased. 

The various stages of development all left their traces. These include remnants of abandoned 

transportation corridors such as the Deanwood Line, reclaimed Baltimore & Ohio (B&O) railroad 

yards, the B&O Metropolitan Line (Georgetown) and the Cabin John Trolley Line (Georgetown to 

Glen Echo) as well as abandoned city landfills such as Kenilworth and Oxon Cove. Cemeteries 

located along the boundaries of old towns such as Anacostia, Washington and Georgetown are 

another historic legacy. 
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Figure 15. Proposed generalized land use map (DC office of Planning, 1990)  
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While historic maps abound (Library of Congress, Martin Luther King Jr. City Library), 

and coverage in air photos and satellite imagery exists, the scale and federal land use classes 

displayed do not match the tasks and goals of this project. Land use classes on federal level I and 

II compiled on orthophotos (USES-L-112, Wray 1974) did not meet the more detailed 

requirements of this study. An exploration of federal level III land use classes, city land use 

categories as well as a site specific classification system showed that city government land use 

categories and zoning maps were best suited to the purposes of this background survey. The more 

detailed assessment by specific item, i.e. embassies, schools, etc. was considered unnecessary at 

this time, but would be required in an evaluation of legal impacts and responsibilities. 

The land area in the District is restricted by its constitutionally established boundaries, its 

status as the Nation's capital and by design as a monumental city with wide boulevards, and great 

reserved open spaces. The grand design and wide open spaces obscure the fact that the city lacks 

land for development. All land use planning for the city itself and for the federal establishment is 

conditioned by the shortage of land in this "celebrated city of magnificent distances". The land use 

categories used for the District of Columbia vary widely, from the ownership/tax exemption classes 

applied in the Indices (DC Government 1990) to classifications based on use only, as in the 

generalized land use map utilized in this study. 

Figure 15 shows the proposed generalized land use map for the District of Columbia (DC 

Office of Planning, 1990):. The area covered by each land use is shown in table 5. Each land use 

category can be considered to have a certain inherent pollution potential, which is discussed next. 
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Table 5. Land Usage in the District of Columbia (from: DC Office of Planning, 1990) 

Land Use Category Percent 
 Area 

Residential 48.07 
.Low Density 21.48 

Moderate Density 23.00 
Medium Density 2.57 
High Density 1.02 

Public and Institutional 38.74 
Federal 6.76 
Local Public Facilities 3.18 
Institutional 3.87 
Parks 24.93 

Commercial 4.28 
Low Density 1.85 

Moderate Density 0.56 
Medium Density 0.17 
Medium-High Density 0.34 
High Density 1.36 

Production and Technical 3.13 

Mixed Use 5.78 

Total 100.00 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O p e n  S p a c e  

Open space covers about 25 % of the District's land surface. The major contaminants that can 
be expected to enter the ground water from open space areas are pesticides, herbicides and 
fertilizer. In the District, the vast majority of open space land is park land under the control of 
the National Park Service, which strictly limits pesticide and other material applications. It is 
therefore unlikely, that open spaces pose a large threat to the ground water. A limitation to that 
assessment is the risk of improper disposal, which would impact more because open space has 
a high degree of perviousness. 
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Residential Activities 

Residential areas are subject to indiscriminate disposal of oil, batteries-, cleaning materials and 
animal carcasses as well as over-application of pesticides, fertilizers and herbicides. A wide variety of 
household products including cleaners, pesticides and automobile products are consumed each year. 
The proper usage and disposal of household waste hinges on a systematic public education program 
and the availability of means to dispose of wastes properly and easily. It can be estimated that, in the 
absence of such program, a significant amount of waste is introduced into the groundwater either 
directly by leaching or through sewer and storm drains that are corroded by these products. 

The problem of leaking or malfunctioning septic systems is insignificant in the District of 
Columbia, as all households are connected to the public sewer system. Another type of problem, 
however, is caused by roof drainage pipes that are present in a number of older homes. Many single 
family homes of earlier design have roof and pavement drains that extend into the ground. It is estimated 
that these drains contribute about 20% of the groundwater recharge. The drainpipes act as injection wells 
for urban runoff. These pipes discharge directly into the ground, with the consequence that pollutants in 
rain water, on the roof or on the ground can be directly introduced to the ground water. These drains 
may significantly affect the groundwater quality in the District and must be taken into account. 
Quantitative information about residential disposal practices in the District is not available. However, 
with almost 50 % of the city area in the residential category, the impact of residential disposal must not 
be neglected. 

Public and Institutional Activities 

Excluding open space from this category, the area covered by public, federal and institutional 
land use is approximately 14 %. 

Federally owned land other than park land is concentrated north and south of the Mall and in 
relatively large tracts such as the Walter Reed Army Medical Center, U.S. Soldier's Home, St. 
Elizabeth's hospital and the Bolling/Naval Complex in outlying areas of the District. Also included in 
that category are 142 embassies and a number of city agencies as well as schools and 10 universities. 
Potential pollution sources include the over-application of pesticides, herbicides and fertilizer to the 
lawns and gardens associated with public and institutional land use, negligent disposal of hazardous 
material, and spills. 
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Commercial and Industrial Activities 

Service, financial, and retail businesses are the largest sectors of the city's economy, but of these only 
the service sector has been in a period of growth. The growth industries in the 80s were office support 
services, communications, printing and publishing, wholesaling, transportation services, food services 
and tourism support services. Other industries include tank farms, cleaning and laundry 
establishments, maintenance yards and utility plants. The downtown business district contains most of 
the commercial uses in the city. Also called. the Central Employment Area, the area extends generally 
from North Capitol Street in the east, Pennsylvania Avenue in the South, 15th Street In the west and 
M Street in the north. The area is entirely within the northwest quadrant of the city and has in recent 
years been expanded to include the Connecticut Ave and K Street area. The New York Avenue. 
corridor and the Red Line Metrorail corridor through the city's northeast quadrant contain the vast 
majority of the District's industrial and manufacturing land uses. 

Leaks and spills may occur in commercial and industrial land use areas during delivery, 
transfer and transfer of raw materials and end products. During material storage and processing, 
contaminants may be released due to leaks, spills, accidents, improper operation, and improper 
maintenance. 

The trend for land use over this century shows that the percentage for commercial and 
industrial uses has remained unchanged while a sharp drop in vacant land is complemented by an 
increase in residential, public and semi-public and parks and recreation lands (Fig. 16). The location 
of the commercial and industrial corridors, particularly along the railway, directly over the outcrop of 
the regional aquifer system, is clearly a danger to the ground water. 

A difficulty in assessing pollution potential based on the above categories alone lies in the 
information loss due to overlapping categories. For example, a military base is shown as federal land, 
but may be residential or industrial in use. Open space may consist of city land or federal park land, 
which in turn may be a national park or a golf course. To gain more information for the above 
categories, an investigation of potential point sources was conducted. 
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B. CONTAMINANT SOURCES 

In urban environments, the most serious groundwater contaminations are due to the following: 
salts from winter road deicing, leakages from dump sites and landfills, accidental or intentional 
disposal of hazardous and industrial wastes, and a variety of leaks, for example from 
underground storage tanks and pipelines. (DC WRRC, 1984) The sources of potential 
groundwater contamination identified for the District of Columbia are listed in Table 6. 

 

Table 6. Sources of Potential 
WRRC, 1991) Groundwater Contamination in DC (adapted from: DC 

Potential Sources Potential Problem Pollutant 
Landfills/Open Dumps Leachate Non-Hazardous/ 
  Hazardous Waste 

Stockpiles Leachate Various 

CERCLA sites Leachate Hazardous Waste 

Graveyards Poor Maintenance, Leachate Pesticides 
  Metals 
Storage Tanks Tank Failure, Leaks, Hydrocarbons 
 Spills Chemicals 
Yards Handling, Use, Disposal Hydrocarbons 
 of materials, leaks Chemicals 
Transportation Accidental releases Hydrocarbons 
Corridors leaks, over-application Chemicals
  Pesticides 

Pipelines Leaks Bacteria 

Community Gardens/ Poor Maintenance, Over- Pesticides 
Golf Courses application  

Residential/ Handling, use, disposal Chemicals 
Institutional of materials, over- Pesticides
Activities application  
Commercial Activities Handling, Use, Disposal Hydrocarbons 
 of materials, leaks Chemicals 
Industrial Activities Handling, Use, Disposal Hydrocarbons 
 of materials, leaks Chemicals 
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The list is based on EPA's Source Description summaries as provided in the 1987 publication "EPA 
Activities Related to Sources of Ground Water Contamination". 

The potential pollution sources listed above were grouped together to allow for spatial analysis 
of pollution potential in the District of Columbia. 

The major point land uses with the potential for regional contamination of the ground water 
were identified as 

- landfills, cemeteries, and CERCLA sites;  
- community gardens and golf courses; 
- underground storage tanks and maintenance yards;   
- transportation corridors; 
- pipelines  
- and natural leaching. 

Minor sources are 
- de-icing stockpiles; 
- materials stockpiles (coal, sand & gravel);  
- surface impoundments (Blue Plains); 
- urban runoff stations;  
- materials transport; 
- observation wells and construction excavation;  
- brackish water intrusion; and 
- ground water/surface water interaction. 

 
 
 
 
 
 
 
 

 
        Little or no threat to ground water in the District of Columbia is attributed to the following 
potential sources:  
- production wells; 
- mining and mine drainage;  
- animal feeding operations;  
- irrigation practices; 
- radioactive disposal sites; 
- open burning and detonation sites;  
- mass burial of animals; 
- waste tailings and waste piles;  
- injection wells; and 
- subsurface percolation from septic systems. 

 

Not all potential point sources listed above lent themselves to the spatial analysis that forms 
the basis for this background survey. For example, accidental spills during materials transport, in 
observation wells or in construction excavations are temporary in nature and the type of released 
material is variable. Too little is known about ground water/surface water interaction and brackish 
water intrusion to show the presence, if any, and extent of that type of contamination. Other sources, 
such as pipelines and underground storage tanks, are present throughout the city so that any spatial 
presentation had to be selective. Similarly, natural leaching is present in both physiographic 
provinces, so that correlation with hydrogeologic units became meaningless. One category, 
residential 
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disposal, has already been discussed in the chapter on general la use and is not included here. 
The following chapters represent the result of investigating potential pollution sources and 
correlating them with ground water vulnerability areas. 

1. LANDFILLS, DUMPS, GRAVEYARDS, CERCLA SITES 

  Figure 17 shows the distribution of landfills, cemeteries and CERCLA sites in Washington, DC.

Landfills and Open Dumps 

EPA estimates there are approximately 16,500 landfills, be municipal and industrial, in the 
United States. Municipal landfill typically contain non-hazardous wastes, while industrial landfill 
receive mostly hazardous wastes. Landfill performance for be hazardous and non-hazardous 
substances is regulated under the RC act. Open dumps are distinguished from landfills in that was 
disposal at those sites is unsupervised and unauthorized. Tracking of  open dumps and the materials 
disposed in them therefore poses great difficulty.

 In its soil survey of the District of Columbia, the U.S. Dept. of Agriculture study 
established that the soil properties in the District are by and large unfavorable for landfill 
facilities. Sc permeability, slope, depth to bedrock, depth to seasonal high groundwater and 
susceptibility to flooding were the basic evaluating criteria for suitability. 

Currently, the disposal of hazardous waste is prohibited in the District of Columbia, and 
there are no operational landfills. It t been recorded that about eighty sites were used as landfills or 
of dumps in the past (USGS 1986). All were basically municipal waste disposal sites although 
some illegal dumping of hazardous mater: cannot be ruled out. These illegal dumping sites are 
continually be. uncovered during construction excavation. The largest city landfill in the District, 
the Kenilworth Landfills, were in operation from 11, to 1970. Their location along the Anacostia 
River and in hydrogeologic setting with medium vulnerability indicate that impact of these 
landfills, from leachate and fly ash, on the ground water and the Anacostia River may be 
significant. The Oxon municipal landfill is similarly located along the Potomac River also poses a 
potential threat to both ground and surface water. "Go dump", located in SE Washington, is one of 
three known illegal dump site. The nature of the material disposed there while the dump active 
(1970s) is unknown. Some leaching is currently taking place. 
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Figure 17. Location of landfills, dumps, cemeteries and CERCLA sites 
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 Graveyards  

Ground water contamination from cemeteries, while usually localized, may include metals, non-
metals and micro-organisms. Few ground water studies seem to have been concerned with this 
issue. The type of caskets, casket liners and embalming fluids used over time need to be studied. 
Arsenic was the major embalming material until 1910. Two pounds per person were used. 
Currently, the DC Water Resources Research Center is working with the Mortuary Science 
Department at the University of the District of Columbia to gather data on longevity of metal and 
wooden caskets as well as the on the behavior of body chemicals and injected fluids in the ground. 

The District of Columbia has thirteen cemeteries (see figure 17) and their impact on the ground 
water quality should not be neglected for two reasons: The larger cemeteries are located on well 
drained local topographic highs that serve both as recharge areas and spring sources for many 
streams. Many sites are on critical recharge sites such as Rock Creek and Soldier's Home 
Cemeteries or on the banks of streams as is Oak Hill and Congressional. In addition to their 
location in highly vulnerable areas, the length of operation is also a factor. The majority of 
graveyards, including the still active Rock Creek Cemetery (1790s), have been in operation for 
over 100 years. 

CLRCLA sites 
 Sites where hazardous substances have been released into air, land or water are regulated under the 

Comprehensive Environmental Response, Compensation and Liability Act of 1980 (-CERCLA). 
Also called "Superfund", this act requires the Environmental Protection Agency (EPA) to establish 
a priority list of sites in need of remedial action. In the District of Columbia, 23 sites are on the 
"National Priority List". Some have been cleaned already, others are currently undergoing 
remedial action. The nature of the materials released and the extent of ground water contamination 
associated with these sites is unknown. Most of the sites are located in the downtown area in 
terrace and alluvial deposits. Some lie in the gravels and sand of the upland terraces and the 
Potomac Group aquifer.- In the Piedmont bedrock, no sites are listed. 

2. STORAGE TACTICS AND MAINTENANCE YARDS 

Figure 18 illustrates the abundance of underground storage tanks (USTs) and maintenance 
yards throughout the city. 

 Storage Tanks 

Some of the most serious sources of contamination are heating oil or gasoline leaks from 
underground storage tanks. Gasoline penetration to the groundwater from petroleum sources 
occurs in several ways. In hard rock shells, groundwater flow is likely to be in the feet per year 
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range, and therefore the contamination is slow. A petroleum contamination plume is usually narrow 
and may not occur through the entire thickness of the aquifer. Large quantities of petroleum mal 
leak through an aquifer over many years without being detected. In urban areas, gasoline leaks must 
be controlled at the stations. Until recently, most underground storage tanks were made of 
unprotected carbon steel. Now they are more likely to be of coated steel and fiberglass. The typical 
service station tank has a capacity of 4,000 gallons. 

EPA currently predicts a 77% chance of leakage after 16 years. According to a survey 
made by the American Petroleum Institute, 92.3% of all leaks from steel tanks are caused by 
corrosion. A number of factors speed up metal corrosion. Installation and operational practices as 
well as a variety of chemical reactions are leading causes. As a remedial measure, petroleum 
companies such as Exxon, Shell and Texaco are replacing unprotected steel tanks with fiberglass 
tanks. 

Storage tanks are by far the leading threat to groundwater in the District. There are some 
10,000 underground storage tanks around the city, the majority of which contain heating oil or 
gasoline. Because of the limited number of industrial establishments, chemical storage is not a 
factor. EPA estimates that about 25% of the underground storage tanks are leaking. EPA is 
currently funding an Underground Storage Tank/Leaking Underground Storage Tank program for 
the District. The program, under the Department of Consumer and Regulatory Affairs, is 
responsible for UST regulation and monitoring of all tanks with a capacity larger than 1,100 gallons 
as well as_ oversight and enforcement of clean-up operations. Numerous spill sites are beginning to 
come to light due to the Leaking Underground Storage Tank regulations (LUST), changes in 
environmental laws on land transfer and land use history studies. As of June 1992, there were about 
320 leaking underground storage tanks at various stages of monitoring and/or remediation work. 
Water quality analysis includes some 35 compounds, with benzene, toluene, ethylbenzene and 
xylene on a routine basis. LUSTS are found mainly in the downtown area and along major roads. 
This is due to the degree of underground work and development occurring in these areas and is not 
necessarily a true indication of the distribution of LUSTS in the city. 

For this background study, only the largest tanks were considered. Figure 18 shows the 
distribution of USTs with a capacity of 12,000 and 10,000 gallons. In both case, a concentration of 
tanks downtown and along major transportation corridors can be noted. However, only 178, or less 
than 2%, of all USTs in the city are displayed on the map. Since all land use groups, whether 
residential or industrial, have USTs and since tanks are more likely to age beyond the 70% likelihood 
of corrosion in residential than in industrial areas, the threat to ground water from LUSTS must be 
considered citywide. 
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Figure 18. Location of Underground Storage Tanks and maintenance yards  
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Figure 19. Location of community gardens and golf courses 57 

 
57 

 
 



 

 
 

Maintenance Yards   
Vehicle depots for city transportation, fire and police stations, as well as auto servicing stations 
are sources of a number of contaminants, particularly waste oil. Solvents and acids are also 
potential contaminants. 

In Washington, DC the major yards are found in all hydrogeologic settings, with the majority 
located in the terraces and alluvial deposits. The yards displayed on figure 18 are from a variety of 
categories: bus yards, railroad yards, city maintenance yards, National Park Service maintenance 
yards, taxi yards, junk yards, utility plant yards and impoundment lots. While the maintenance 
yards themselves may be paved, contaminants can reach the ground water through seepage on site 
and from urban runoff detention basins, leaky storm water drains and surface water/ground water 
interaction. 
Some of the threat from yards results from historic practices: indiscriminate disposal of waste oil, 
spraying of arsenic for weed control and leaks from railroad cars carrying chemicals. 

3. COMMUNITY GARDENS AND GOLF COURSES  

Figure 19 displays the number of community gardens and golf course in Washington, DC. Golf 
courses and community gardens are found primarily in residential and open space areas. This fact 
illustrates the difficulty of assessing pollution potential based on general land use categories alone, 
which may include.-possible point sources such as community gardens and golf courses. 

 
Community Gardens  

At the time of this report, Washington, DC has 34 community gardens. Nine gardens are under the 
control of the National Park Service, while the remaining gardens are managed by the city. The 
application of pesticides and herbicides is not formally controlled and is the most significant 
potential pollution source from community gardens. 

 
Golf Courses 

Of the four golf courses present in the District, three are controlled by the National Park 
Service. The 1991 record of pesticide use on all three golf courses together shows approx. 620 
gallons and 1227 pounds of pesticide applied. Using only the amount of active ingredient, 
approximately 400 lbs. were applied in 1991. 

The fourth golf course is part of a military installation, and information regarding application 
of pesticides, herbicides and fertilizer is not available. 
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4. MATERIALS STOCKPILES 

Figure 20 shows a variety of materials stockpiles in the District of Columbia-. In addition to the 
storage piles for substances. used during production, as listed by EPA (1987), some other categories 
were included. The locations-are primarily in areas of commercial and industrial land use,; with the 
exception of manure and leave/compost piles, which are situated in open space. However, the extent 
of the latter is limited and the materials stored there not hazardous, so that a threat to the ground 
water from those locations is most likely negligible. 
The three main stockpiles of salts in the city are maintained by the Street Maintenance Division of 
the Department of Public Works. The salt is contained on a concrete platform and is covered. 

The tank farms consist of a number of above-ground storage tanks. Above-ground storage -
tanks are very limited in number in the District. Four tank farms and one ink storage tank are shown 
on figure 20. 

5. OTHER URBAN IMPACTS 

Pipelines 

The District has both combined and separate storm and sewer lines. The combined sewer system 
constitutes 40 percent of the total drains. Some sewer line leaks are expected particularly in the 
older parts of the city. For instance, more than 35 percent -pf the lines in the downtown area are at 
least 80 years old. In an Infiltration/Inflow study of the area nearly one-fourth of the extraneous 
flow was attributed to groundwater and ten percent was due water main leaks (Sewer System 
Evaluation Survey Vol. 1). This indicates the likelihood of significant exfiltration from sewage and 
waste water lines where the ground water table is at a lower level than the pipelines. Major steam 
pipelines run through the downtown area as part of the heating system for several Federal and city 
buildings. These create a thermal imbalance impacting on the underground microbiology. 
Approximately 1,200 miles of natural gas mains are maintained by the gas company. The lines run 
at a depth of two to three feet below the ground surface. The water distribution system has over 
1,400 miles of buried pipe. These and other utility lines affect the natural groundwater flow pattern 
and pollutant migration. 
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EXPLANATION 

A = Incinerator Ash 
C = Coal 
F = Metro Fill 
I=Ink 
L = Compost 
Leaves  
M = Horse 
Manure  
P = Tank Farms 
S = Salt 
U = Waste 
Treatment Sludge  
W = Chlorine 
X = Sand/Gravel 

 
 
 
 Figure 20. Location of materials stockpiles 
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Figure 21. Location of combined and separate system sewers 
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Transportation Corridors 

Transportation corridors affect ground water quality through accidental spills during 
materials transport and through road salting and pesticide application along roads and railroads. 
Roads and railroads are located in those areas with predominantly commercial and industrial 
activities. 

During material transport on roads, accidental spills of varying extent and frequency 
occur. The D.C Fire Department Hazardous Materials Response Unit responds to accidental 
releases of liquid and solid hazardous materials. Most of these incidents are minor in extent and 
are rectified by the department at the time of report. Records of unplanned/ accidental releases 
that may affect ground water quality are scattered among the various offices such as the 
Department of Consumer Regulatory Affairs (DCRA) and the DC Fire Department Hazardous 
Materials Response Unit (DCFD HAZMAT). 

Because of the mild climate, street salting is unlikely to be a major factor in ground 
water contamination. The Street Maintenance Division of the Department of Public Works 
services over 1200 miles of roadway using on the average 12 to 16 tons of salt per year. In 
extremely mild winters however, no salting is carried out. The practice of hauling and piling of 
snow after salting can introduce a point-source for high concentration salt. Because most of the 
city's streets are provided with a runoff collection system, it can be estimated that the highest 
concentration of salt is transported into the storm and combined sewer drains. However, 
recharge through the river bed can be a major source of groundwater contamination. 

An unexpected potential contaminant from railroad lines was revealed in a survey of 
certified pesticide applicators in Virginia, Maryland and the District of Columbia. The survey 
was conducted by the Extension Service of the University of the District of Columbia (1981). 
From a 34% return of the survey from commercial, federal and state applicators, the following 
use for the period 1979-1980 was documented. By far the largest amount of fungicide and 
herbicide in the city was used for clearing railroad tracks and grounds. While the numbers 
encompass an area larger than the city itself, the proportions speak for themselves. (Table 7) 
The gravel layers under the railroad lines may compound the impact of this large amount of 
pesticides applied to railroad corridors. 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

Table 7. Summary of. Pesticide Survey (1981) 

Site most usually applied Amount used (gal.) Percent 

Railroad Yards & - 
main lines 812,070.00 98.6 

Basements, storage, 
commercial 4,500.00 0.6 

Buildings, sidewalks, 
lots, paths 2,618.25 0.3 

Greenhouse, plant 
collections 1,831.75 0.2 

Turf 1,585.00 0.2 

Lawn 265.00 0.03 

Landscaping 385.50 0.04 

Other 2.00 0.0 

Total 823,257.50 100.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 Figure 22. Location of transportation corridors 
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C. DETERMINATION OF POLLUTION POTENTIAL 

The determination of pollution potential was based on the general land use map for 
the District of Columbia. Weight and ranking factors for various land use and pollution 
source categories were developed by a consensus (Delphi) approach. The findings were 
augmented by results from a survey of approximately 30 environmental professionals. The 
assessment of contamination categories was based on a combination of USEPA 
contamination categories classes I - VI and ground water contaminant problems listed for 
DC (DC WRRC Report 62,103) 

A list of major urban pollution sources was redesigned and modified from EPA 
Light Industry Contamination Potential (EPA 440/690-005). This matrix was altered to fit 
urban land uses versus contamination sources (Appendix E). The city-wide uses and 
sources reflect DC and EPA classes of potential sources. A number of environmental 
professionals were surveyed as to their assessment of pollution potential of potential 
sources within each land use category. A basic vulnerability system of High, Medium, Low 
(HML) was used and assessed. The HML system reflects EPA tables where ground water 
contamination is related to risk/land use/pollution category. The HML system is easily 
converted to a 1-2-3 rating for quantitative analysis and discussion. 

An overall pollution potential ranking system was thus devised and applied to the 
base maps. It was decided to use a rating scale corresponding to the scale of ground water 
vulnerability, i.e. HIGH, MEDIUM HIGH, MEDIUM LOW and LOW. Contamination 
sources were analyzed according to their occurrence in each land use category and a 
combined rating thus obtained. 

Golf courses and community gardens were the contaminant source associated with open 
space. Except for improper dumping, open space itself is not associated with any other 
potential contamination. Additionally, most of the open space in the District of Columbia is 
under the control of the National Park Service. Compared to the pollution risks associated 
with the other land use categories and the very low density of pollution sources versus 
acreage, open space on average was assigned a relative pollution potential of "LOW". 

Contaminant sources present in residential areas include underground storage tanks, 
pipelines, community gardens, cemeteries, and landfills/dumps. Residential activities such 
as improper disposal practices and pesticide/ fertilizer application pose a threat to ground 
water quality. The cumulative effect of disposal practices and spills in addition to pesticide 
and herbicide application in lawns and gardens may be considerable. The overall moderate 
density of potential pollution sources, however, resulted in an assessment of "MEDIUM 
LOW" for the pollution potential of residential areas. 
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Public and institutional facilities have a number of contaminant sources associated with 
them: Underground storage tanks, pipelines, cemeteries, and CERCLA sites. Additionally, 
over-application of pesticides, herbicides and fertilizer to the green space associated with 
public and institutional land, negligent disposal of hazardous material, and spills may occur. 
Public and institutional land is distinguishable from residential land by the number of 
CERCLA sites recorded for the former category. The presence of these high-impact 
contamination sources warranted the rating "MEDIUM HIGH" for the pollution potential of 
public and institutional activities. 

Because" the concentration of hazardous materials is higher in commercial and industrial 
areas than in any other land use category, the two categories were assigned a pollution 
potential of "HIGH". However, it must be noted that the District of Columbia has very little 
heavy industry, so that the "HIGH" rating must be seen in relation to the other land use 
categories present in the city. 

The ranking of sources and level of risk/potential pollution impact yields a correlation 
between hydrogeology and land use for each area to be judged and discussed. This general 
assessment is designed to start the process and give a background system to call attention to 
the issues, not as a definite statement on environmental hazards to the underground. 
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Figure 23. Pollution potential (based on: DC Office of Planning, 1990) 
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This discussion of land use activities and their impact on the ground water consists of three 

related parts, each dealing with a different aspect of ground water vulnerability and contamination. 

First, the overall ground water pollution potential is assessed by overlaying the ground water 

vulnerability map with the pollution potential map. Secondly, the occurrence of contaminant point 

sources within each vulnerability class is analyzed. A third aspect is the spatial distribution of point 

sources within political or other anthropogenic, as opposed to physical, boundaries. Examples for 

such boundaries are zip code areas, neighborhoods and voting wards. In this background survey, the 

eight voting wards were evaluated for the occurrence of potential pollution sources. 

A. ANALYSIS FOR OVERALL POLLUTION POTENTIAL 

Figure 24 depicts the combination of ground water vulnerability and pollution potential.

Areas where both factors are high can be found in the central downtown area and in eastern 

part of Washington, DC, along the Anacostia River. Locally isolated areas of high pollution potential 

also occur in the highly vulnerable diamictite gneiss facies of the Wissahickon formation in the 

western part of the city. 

The largest conterminous area of high pollution potential, i.e. the main industrial corridor, is 

located atop the silt and clay facies of the Potomac Group. This geologic unit provides a hydrologic 

barrier to ground water contamination by impeding ground water flow, counteracting the high 

The presence of areas with high to medium high pollution potential found in the downtown 

terraces indicates the possibility of contamination of the perched water tables associated with the 

terrace deposits. The lower water table, on the other hand, may be protected by the clay layers that 

produce these perched tables. Depending on the geologic and land use conditions, ground water 

contamination in these areas can therefore vary both vertically and horizontally. 

High concentration of areas with medium high pollution potential can be found along the 

Potomac and Anacostia rivers. Any contamination from facilities along the rivers would quickly 

impact both the ground water and then the surface water, as ground water discharges into the rivers. 

Low pollution potential areas along the major rivers in the District are part of the National Capital 

Park system. 
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B. ANALYSIS FOR HYDROGEOLOGIC-SETTINGS 

In table 8, the spatial distribution of pollution sources within each hydrogeologic 
setting is listed. Hydrogeologic settings are shown by the geologic formations of which they 
are comprised and together with their vulnerability rating. The numbers of pollution sources 
are listed for each geologic formation. 

Areas with high and medium high vulnerability combine 76 % of potential pollution 
sources on, 42.71 percent of the land area, indicating a contamination hazard from specific 
point sources particularly in the western part of the city, along the rivers and downtown. 

To show the relative threat from potential pollution sources to each vulnerability class, 
a density analysis was performed by calculating the number of potential contaminant point 
sources per square mile within each- hydrogeologic setting. The hydrogeologic settings do not 
include surface water bodies. The number of point sources is therefore related to land surface 
only. The average number of potential pollution sources per square mile of land surface is 
5.33. Compared to that average, the areas most threatened with ground water contamination 
are in the medium high vulnerability class, with a density higher by almost 25 ~. A more 
detailed investigation of these areas seems warranted. 

The above analysis considers all potential point sources as having an equal impact. 
Also, the number of underground storage tanks shown is only a small percentage of the total 
number"-present in the District. The underlying assumption is that the relative concentration 
within each setting will reflect the overall ratio when all tanks are considered. Even in this 
selective display, however, underground storage tanks comprise the single largest faction of 
point sources and strongly influence point source density. Excluding underground storage 
tanks yields an average density of 2.36 sources per square mile, with values of 2.94/sgmi, 
2.00/sgmi, 2.23/sgmi and 1.81/sgmi for each of the hydrogeologic settings ranked by 
decreasing vulnerability.  

It should also be noted that in the highly vulnerable hydrogeologic settings, yards, 
CERCLA sites and stockpiles are represented disproportionately. While the existence and 
extent of contamination from these point sources is unknown, their potential pollutants are 
highly hazardous. On the other hand, it is known that pesticides, herbicides and fertilizers are 
applied on golf courses and community gardens. The application, however, is seasonal and the 
materials pose a lesser risk. 

Data are currently insufficient for a more quantitative comparison of potential point 
sources. Further investigation of their impact is necessary. 
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C. ANALYSIS FOR VOTING WARDS 

The linkage of urban land use to the ground water regime is critical. One urban land 
use or contamination source may have different levels of impact across the city because of 
changing hydrogeologic conditions and ground water migration patterns. Thus, similar land 
uses do not necessarily have similar pollution potential with respect to ground water 
vulnerability. The behavior of ground water and its vulnerability is linked to land use, which is 
a product of economic, social and political decisions. To reflect the socioeconomic aspect, this 
last analysis is based on political boundaries, i.e. voting wards. A transparent overlay showing 
the District's voting wards is provided in Appendix F. 

Another factor in choosing a political boundary in this analysis is environmental equity, 
a new term used to address the question of whether some population segments have been 
placed at a higher environmental risk than others. Attaining environmental equity requires 
community involvement and awareness. The geographic information system presented in this 
report can be used to plot and evaluate a number of potential contamination sources for each of 
the eight city wards. City planners and citizens can use this system for comparison and impact 
assessments of pollution potential in their own neighborhoods. The volume and number of 
impacts per ward can easily be assessed using either overlays or data tables generated as part 
of the GIS. 

Ward data tables are a useful first step to assess existing conditions as well as for target 
management and protection decisions. The GIS coverage developed in this study provides a 
foundation for land use impact evaluation based on socio-political boundaries. 

Table 9 summarizes the distribution of potential pollution sources among the eight voting 
wards in the District of Columbia. Ward areas include surface water areas, resulting in a larger 
total area and in a lower density of point sources than the density for hydrogeologic settings. 
However, of concern here are only the relative differences within each unit.  

The average density of pollution sources is 4.66 per square mile. Wards 1, 2 and 5 contain 
over 50 % of all point sources investigated in this background survey. Ward 1 and 2 include the 
downtown business area as well as federal installations, while the majority of industrial land uses 
is located in ward 5. Wards 3, 7, and 8 are dominated by residential land use and have 
approximately equal numbers of pollution sources associated with them. Ward 4 lies in the middle, 
with 13 percent of all point sources. Community gardens and stockpiles are two groups that are 
represented disproportionately in this ward. The stockpile materials, however, are mostly low-
impact such as leaves and horse manure. 
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VII. CONCLUSIONS 

The District of Columbia's ground water is a valuable resource that must be protected to ensure the 
safety and well-being of present and future generations. Failure to do so squanders its potential for 
use as drinking water, or in irrigation, firefighting or other purposes. 

While ground water is not used as a drinking water supply in the District, it is time to alert the 
inhabitants to the less obvious hazards associated with the indiscriminate pollution of their ground 
water. Contaminated ground water seeping into basements presents a risk to private citizens. 
Construction workers and sump pump engineers may be subject to health hazards if construction 
pits or sumps fill with contaminated ground water. Discharge of contaminated ground water into 
surface water bodies endangers the water quality of Potomac and Anacostia Rivers and ultimately 
the Chesapeake Bay, in addition to posing a health risk to District residents using the waters as 
recreational areas or the fish as food supply. Ground water as an emergency drinking water supply 
for the District of Columbia will be lost if this valuable resource is not protected. Contamination of 
the Potomac Group aquifer also poses a threat to the drinking water supply of neighboring 
counties. 

At the present time, there is a lack of research regarding urban impacts on the ground water. The 
methodology for such research, as proposed in this background study, takes into account the need 
to select land use information that is appropriate in scale and time for the study objectives. 

During the course of this project, many implications of urban land use and its impact on the flow 
regime, the quantity and the quality of ground water in urban settings such as the District of 
Columbia became apparent that had not been investigated before. 

Contaminant migration in urban ground water flow systems is difficult to assess because 
urbanization effects have been superimposed on the natural flow regime. Utility and subway 
lines form obstacles in the ground water flow paths conditioned by natural gradients. An 
assessment of current flow paths in the District must be undertaken to obtain the information 
necessary to predict contaminant migration patterns. 

De-watering activities affect both flow behavior and ground water quantity. During well 
installation for a centralized ground water monitoring program, started as part of the District's 
ground water assessment study, water levels in some locations were significantly lower than 
expected. The extent of ground water depletion city-wide due to de-watering activities must be 
quantified and the locations of extreme water loss need to be found in order to allow the 
development of a ground water management plan. 
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The threat of pollution resulting from previous land uses must be investigated. This 
threat is not readily apparent and is not well understood. Cemeteries, abandoned railways 
and inactive dumps are not obvious hazards, yet they may be a continuous source of 
contaminants. Identifying and quantifying the risk they pose is the first step in addressing 
this problem. 

The high density of five pollution sources per square mile in the District illustrates 
the need to incorporate point sources in urban investigations, because general land use 
classes are not sufficient to capture the pollution potential of an area and may cause the 
pollution potential to be underestimated. The effects of potential pollution sources, 
particularly in open space and residential areas, need to be further investigated and 
quantified. 

The impact of residential areas on ground water quality can no longer be ignored. 
The cumulative effect of bad management practices in residential areas may be greater than 
any other source, yet there is no monitoring or other attempts to recognize its extent. The 
age of a neighborhood, as a major characteristic of urbanization, could be a useful indicator 
in determining areas with high pollution potential within the residential land use category. 

The extent of urbanization impact is a function of neighborhood ache, economic class 
and type of land use. An investigation of these factors in relation to ground water 
contamination would yield valuable information for evaluating environmental equity in the 
District of Columbia. Attaining environmental equity requires community involvement and 
awareness. The geographic information system presented in this report can be used to plot 
and evaluate a number of potential contamination sources for each of the eight city wards. 
City planners and citizens can use this system for comparison and impact assessments of 
pollution potential in their own neighborhoods. 

A special consideration applies to the District of Columbia that is detrimental both to 
the assessment of pollution potential and to the implementation of meaningful ground water 
protection strategies. This is the variety of land owners present in the city, including foreign 
embassies (8% of the land), the federal government (40%), the District government (5%), and 
private land owners (47%). Without their support, efforts to explore the nature and scope of 
pollution sources may be greatly hampered. In addition to considering the hydrogeologic 
setting of pollution potential areas, any protection strategy is therefore dependent on the 
cooperation of the land's owner. This cooperation may be elicited by educating city planners, 
federal and foreign agencies and private citizens on the need for ground water protection and 
their role in any protection strategy. 

Assessing the existing ground water condition by hydrogeologic setting or voting ward, 
using the GIS developed in this survey, will be a viable approach to increasing awareness of 
the complex interrelationship between urban land use and the ground water. 
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APPENDIX A  
 Ground Water Elevation profiles from 

METRO borings  
 
 (adapted from: Mueser et al., 1967) 
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APPENDIX B 
 

Location of wells and bore holes 
(from: DC WRRC 1992, unpublished) 
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APPENDIX C 

DRASTIC weights and ratings for ground 
water vulnerability factors 
(from: Aller et al., 1987) 

 



 
 

 
 
 
 

 

Table C1. Ranges and ratings for depth to water 

DEPTH TO 
WATER (FEET) 

Rang Rating 

0-5 

5-15 

15-30 

30-50 

50-75 

10 

9 

7 

5 

3 

Weight: 5 Pesticide Weight: 5 

N
RECHA

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 ET 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

RGE 
(INCHES)

Range Rating 

0-2 1 

2-4 3 

4-7 6 

7-10 8 
10+ 9 

Pesticide Weight: 4 

Table C2. Ranges and ra

Weight: 4 

tings for net recharge 



 
 

 
 

 

 
 
 

 
 

AQUIFER MEDIA 

Thin or A t 10
Gravel 10
Sand 9
Peat 8
Shrinkin or Aggregated Clay 7
Sandy Loam 6
Loa
Silty Loam 4
Clay Loam 3
Muck 2
Nonshnnking and Nonaggregated Clay 1

Pesticide Weight: 5 

Range Rating Typical Rating 

Massive Sh   2 

 Table C3. Ranges and ratings for aquifer media 

 
 ale 1-3
 

Metamorphic/Igneous 2-5  3 

Weathered M rphic/Igneous 5  4 

Glacial Till 4-6  5 
Bedded Sandstone. Limestone and    

Shale Seq 5-9  6 
Massive San 4-9  6 

Massive Limestone 4-9  6 

Sand and Gr 4-9  8 

Basalt 2-10  9 

Karst Limestone 9-10  10 

Weight: 3 Pesticide Weight: 3  
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Table C4. Ranges and rati edia 

SOIL MEDIA

Rang                                  Rati

    Weight: 2  

ngs for soil m

 

e       ng 

5



 
 

 
 

 
 
 
 

 R  Typical Rating 
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Range ating

Confining Layer 1 

Silt/Clay 2-6 3 

2-5 3 

L  6 

 6 

 Sandstone. Shale  6 
 with   

ificant Silt and Clay  6 
s 2-8 4 

Sand and Gravel 6-9 8 

Basalt 2-10 9 
Karst Limestone 8-10 10 

Table C5. Ranges and ratings for im edia

IM THE VADOS E MED

Shale 

imestone 2-7

Sandstone 4-8

Bedded Limestone. 4-8
Sand and Gravel

sign 4-8
Metamorphic/Igneou

pact of the vadose zone m  

PACT OF E ZON IA 

Weight: 5    Pesti ide Weight. 4 c
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 IX D 

List of Point Sources in the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LIST OF POINT SOURCES IN DC  
(from west to east) 

D1. CEMETERIES 
Chain Bridge Road Cemetery  
Georgetown University Jesuit Cemetery  
Holy Rood Cemetery 
Oak Hill Cemetery  
Historically Black Cemetery  
US National Cemetery (Ft. Stevens)  
Rock Creek Cemetery 
National Cemetery (US Soldiers' Home)  
Glenwood Cemetery 
St. Mary's Cemetery  
Prospect Hill Cemetery  
Mt. Olivet Cemetery Congressional Cemetery  
St. Elizabeth's Hospital Cemeteries (3)  
Hebrew Cemetery 
Woodlawn Cemetery 
Payne Cemetery (Out of service) 

D2. LANDFILLS/DUMPS 
Kenilworth Landfill Oxon 
Run Landfill Van Ness 
Dump 
Key School Dump 
God's Dump 

D3. CERCLA SITES 
Washington Gas Light  
Washington Plating  
James T. Warring & Sons  
St. Elizabeth's Hospital  
USN Naval Research Lab  
USN Naval Security Station  
USAF Bolling Air Force Base  
USA Ft. McNair 
USA Ft. Lincoln Barrel Site  
New Post Office 
General Services Administration  
Food and Drug Administration  
Bureau of Engraving & Printing  
USN Washington Naval District 

I As of 1991, for current status check EPA Region III office in Philadelphia 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Walter Reed Medical Center 
National Arch
Soldiers' and Airmen's Ho
Customs Field Office 

 Site 

D4. 

s Bus Yard  
ot  

 (NPS)  

aintenance Yard (NPS)  
ard 

nt Lot  

e Yard  
t  

Railroad Yard Railroad Yard 
dment Lot  

rd  
 Plant  

enance Yard  
us Yard  

rd  

ives and Records Administration  
me 

Anacostia Drum

YARDS 

Friendship Height
Georgetown Impoundment L
F Utility Plant 

intenance YardRock Creek Park Ma
14th St Car Barn Bus Yard 
East Potomac Park M
City Maintenance Y
Oxon Run Impoundme
PEPCO Utility Plant 
 Railroad Yard 
City Maintenanc
PEPCO Utility Plan
City Maintenance Yard  
1st St SE Bus Yard  

Brentwood Impoun
NPS Maintenance Yard 
NPS Maintenance Ya
GasLight Utility
Taxi Yard 
City Maint
Bladensburg B
Railroad Yard 
NPS Maintenance Ya
PEPCO Utility Plant  
NPS Maintenance Yard  
Railroad Yard 
Junk Yard  
Railroad Junk Yard 

 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CO  

Ft.  
Glo

MMUNITY GARDENS 

Reno 
ver Park 
lvin Hazen Me

Ro ARD 3
Wh
Ne  
14t  
Ka
Ka

ck Creek Garden W
itehaven Garden 

wark Street 
h & Irving Streets 
lorama Park 
lorama & Champlain S
mmunit

treets
Co y Park West WARD 1
Ma
Tw
Old  
Pea  
Bla WARD 4
Ft. 
Em  
Wa  
Ind

mie D. Lee 
in Oaks 
 Soldiers' Home 
body Garden 
ir Road Garden 
Stevens 
ery 
ter Street Garden 
ependence Garden WARD 2

Arthur Capper Seniors Garden
6th  
Mo  
Mo
Lan

 & N Streets 
ntana Garden 
rse Street Garden 
gston Garden WARD 5

Community Garden Northeast
Na th Garden  
Sasha Bruce House  
Rear 12th Street Garden WARD 6
12th & K Streets  
Ft. Dupont Park  

tional Arboretum You

Deanwood Garden WARD 7
Lederer Youth Garden 
Weatherless Elementary School  
 

D6. 6. 

D5. GOL

Roc
Eas urse  
Ft. 
Langston Golf Course 

F COURSES 

k Creek Park Golf Course  
t Potomac Park Golf Co
McNair Golf Course  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  
nt (P)  

nted Police (M)  
Rock Creek Compost (L) 

les (M)  
 

omerville Co. Terra Cotta (P)  
tten Cement Plant (X)  

n Transfer Station (A)  
) 
  

ard (S) 
r Plant (C) 

 (F)  
/Good Hope Roa

mpany Anacostia Shore 
 Fuel Company Brookland (P) 

ve Print Shops (I) 
roleum/AGIP Anacostia Shore (P)  

t. Olivet Incinerator (A)  

ng Road Incinerator (A)  
ational Arboretum Compost (L) 

D7. STOCKPILES

Dalecarlia Reservoir (W) 
Fort Reno (S) 

front (S)Georgetown Water
PlaFederal Heating 

Rock Creek Mou

Rock Creek Riding Stab
Fort Totten Compost (L)
T. S
Fort To
Fort Totte
Blue Plains (W
Blue Plains (U)
GPO (I) 
South Capitol Y
US Capital Powe
 METRO Fill Morris Road

ner AveMETRO Fill Wag
ravel Co

d (F)  
(XX)  Sand & G

sonWood
Rhode Island A
Stewart Pet
Brentwood/M

O Benning Road (C) PEPC
enniB

N
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DC WRCC SURVEY TALLY SHEET 

General Survey Request: 

1. Within the appropriate block, rate each column in a hierarchy from 1 to 10 (1 = 
lowest impact, 10 = highest impact) 

NAME: 

OCCUPATION: 

    3. Example:          5/H 2/L 3/M ...... 

6/M l/H 10/M......

 Ma e Categories 

2. Rate each block for pollution potential related to land use using L = low, M = 
medium, H = high or NA = not applicable 

 

jor Urban Land Us
Potential Urban 
P

 
 
 
 
 
 

ollution sources 
Housing Trans- 

n
Open 
Space

Commer 
l

Industrial Institutional Vacant Other 
portatio cia

UST         

Pesticides         

Fertilizer/ 
Slud e 

        
g

Urban Runoff         

Hazardous Waste 
Leschote         

Spills         

Air Pollution/ 
D osition         ry Dep

De-Icing         

Chew. Leaching/ 
Stock iles 

        
p

Pipeline Leaks         

other         
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