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Introduction and Purpose 

The Anacostia River passes through much of the eastern sector of the District of Columbia. While 

the river is used heavily for recreation, there are also numerous Superfund sites, vehicle maintenance 

yards, ash and coal stockpiles, and petroleum storage tanks nearby. A recent DCWRRC study ranked 

almost the entire length of the river 'high' in groundwater vulnerability and a significant proportion 

'medium high' to 'high' in pollution potential as well (Schneider et al., 1992). Both inorganic and 

organic contaminants have been documented in the tidal Anacostia, originating from point sources as 

well as non point sources (Karikari and Watt, 1986; Schelekat 1994; Velinsky, 1994; Wade, 1994). 

The benthic community of the river has clearly been impacted by the high levels of contamination 

(Phelps, 1993). 

Little is known concerning the interactions of groundwater and the Anacostia River in the District of 

Columbia. Various investigators (Papadopulos et al., 1974; Schneider et al., 1992) have assumed that 

the hydraulic connection is negligible, but this has been based solely on the intermediate to low 

permeability of the Cretaceous age Patapsco Formation that underlies the Anacostia. However, sand 

and silt layers and lenses are frequently noted in wells drilled through the Patapsco in the immediate 

vicinity of the field site (Schnabel, 1993) and this assumption may not, therefore, be warranted. 

This research project was, therefore, conceived as a first step in a long-range strategy to enhance our 

understanding of the nature of the interaction between groundwater and the Anacostia river. 

 
 



 
 

Page 3  

The specific research objective of this pilot study, however, was to help determine whether 

lowcost, low-environmental impact equipment such as small-diameter piezometer and seepage 

meters could be used to help quantify the interactions between groundwater and surface water 

along the Anacostia River. A related goal was to draw some tentative conclusions concerning 

the magnitude and location of groundwater fluxes in the study area. 

Site Description 

The study site chosen to carry out this objective was the Fort Lincoln wetland complex, located 

along the Anacostia in the northeastern most part of the District (Figs. 1-3). This site was 

chosen jointly by the PI and the National Park Service. It encompasses 8 ha. of the 26 ha. of 

natural palustrine wetland along the Anacostia and the majority of its natural wetland acreage 

within the District (Athanas, 1993). The Ft. Lincoln area has seen considerable new 

construction in recent years, which may impact on the wetlands and the Anacostia itself. 

Proposed construction along New York Avenue and recently drilled water-supply wells in the 

area may also impact the quantity and quality of surface and groundwater in the area. 

The choice of a wetland for the study site is very appropriate at this time because the District 

of Columbia, in association with other agencies, has been involved in the construction and 

maintenance of artificial wetlands along the Anacostia. These include the Kenilworth Gardens 

and Kingman Lake wetlands restoration projects. The ecology of wetlands is highly dependent 

on the ground water and surface water hydrology and geochemistry. This study is to continue 

the process of quantifying the ground water inputs to the Fort Lincoln wetlands relative to 

surface 
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runoff and direct rainfall; this will help us to better understand the kinds of ground water-surface 

water interactions that might be anticipated at constructed wetlands along the Anacostia and thereby 

improve their chances for success.

 

The Fort Lincoln wetland complex may have originally been a single tidal wetland, along with most 

of the tidal Anacostia River. However, these wetlands have been extensively modified by the 

construction of the Pennsylvania Railroad, New York Avenue, a seawall and a berm. These man-

made features have divided the wetland into three hydrologically distinct regions (Fig. 2), termed 

wetlands "A", "B" and "C" by Athanas (1993). Wetland "B" was selected for this study. 

Field Methods 

The piezometer were constructed using 2.2 cm (7/8") internal diameter CPVC tubing which was 

capped at the end and slotted over the lower 20 cm (8"). Nylon mesh was wrapped several times 

around the slots and pasted into position to prevent sediment from entering the piezometer while 

allowing the free inflow of water. Mesh sizes used were 125 um for sands, 100 um for silts, and 40 

um for clays. Holes were augured to appropriate depths, and the piezometers were installed. The 

unconsolidated sediments collapsed to form the well seal. 

The mini-piezometers (Fig. 4) were installed by pounding a 3 cm steel pipe into the ground to 

appropriate depths. A 1 cm plastic tube with a filtered intake at the base was inserted down the 
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pipe, and the pipe was then pulled out of the ground leaving only the plastic tubing. The 

sediment was then allowed to collapse naturally around the tubing. 

Hydraulic testing of the piezometers was done by rapidly removing the water from the 

piezometer and measuring the recovery over time with a water level tape. Hydraulic 

conductivities were estimated using the method of Bouwer and Rice (1976). 

The seepage meters were constructed of the sawed-off ends of 55 gallon drums as shown in 

Figure 5. They were manually worked into the sediment in the deeper water ahead 

characterized by Phragmites australis (Athanas, 1993), and the groundwater flux was 

measured directly by using a plastic bag connected to the hole in the drum. By knowing the 

cross-sectional area of the drum and having a vertical hydraulic gradient from nearby mini-

piezometer nests we were able to estimate of the vertical hydraulic conductivity of the 

wetland soils (Table 2). 

The quantification of groundwater inflows requires a knowledge of the hydraulic 

conductivity or permeability of the sediments surrounding and underlying a wetland, and 

well as the driving force or hydraulic gradients in the area. The methods used to determine 

these values were: (1) the installation of small-diameter piezometers coupled with rising-

head tests and the monitoring of water levels in these piezometers, and (2) the installation of 

seepage meters in the principal area of standing water coupled with measurements of the 

volummetric fluxes of groundwater through these devices and the vertical hydraulic 

gradients nearby. 
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 Results and Discussion 
 
 
 
 With respect to the effectiveness of mini-piezometers in this area, much of the sediment in the 
 
 Fort Lincoln area is too fine grained to be able to use the extremely small diameter piezometers  
 

as envisioned in the proposal. Because of the long recovery times, these piezometers were  
 

extremely difficult to purge and sample. The slightly larger (2.2 cm diameter), but still unobtrusive 

casing was used instead with good results. The seepage meters functioned fairly well, 

 
 
 
 
 although some of the results are difficult to interpret. 
 
 
 
 What follows is a qualitative to semi-quantitative evaluation of the importance of various sources 

of water to the wetland system. Quantitative interpretation is ongoing as part of a master's thesis by 

the junior author of this report. 

 
 
 
 
 
 
 
 

(a) The northern boundary  -  This relatively flat strip parallels New York Avenue (Figs. 2 

and 3). In most places, it is at least 15 m (50') wide. It is approximately 3 to 4.5 m higher than the 

wetland but slopes steeply down at the wetland margin. This area should therefore provide some 

recharge to the system through the loose sands. 

 
 
 
 
 
 
 
 
 
 
 However, in the eastern part, an impervious surface was encountered in several places at depths of 

23-30 cm. This is probably the result of previous use of parts of the area for staging highway 

construction operations. In the west, several deep stream channels dissect the loose clayey sands. 

One channel is occupied by the "northern stream" which is discussed below. Two were wet and 
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muddy during the winter while the others always appear to be dry. Despite the extremely dry 

conditions experienced during the summer of 1995, both surface and groundwater levels 

along the northern edge of the open emergent wetland were only about 2-3 cm lower then 

than during the last winter (Table I). Preliminary measured and observed data therefore 

indicate that the northern boundary is a possible source of water to the system. Calculations 

of hydraulic gradients and the results of water chemical analyses should establish if this is 

correct. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) The northern stream - This stream appears to provide long-term base flow to the 

system. Direct observations over the last year show surface water depths ranging from 2-4 cm 

(1-2") regardless of the season. Groundwater head readings in piezometers within the channel 

have also fluctuated by the same amount from winter to summer. The zone of hydrophilic 

Phragmites in the lower reaches of the stream probably is sustained by the steady flow. 

 
 
 
 
 
 
 
 
 
 
 
 

The primary source of water for this stream is undetermined. Seepage faces along the western 

bank may be the result of natural as well as anthropogenic causes. The D.C. Department of 

Public Works claims that a broken utility pipe near the headwaters of the stream is providing 

the system with one to two gallons of water per day. However, the observed flow rate appears 

to be much higher than this. The U.S. Park Service suggests that flow is influenced by the 

Storm Water Management facilities for the Fort Lincoln Housing Complex on the northern 

side of New York Avenue. Water chemistry studies may help to determine the main source. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) The western highland - Although this area was expected to be a primary source of 

water, 
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direct observations and subsurface borings do not support this view. There are no streams or 

seepage faces leading towards the wetland. Uncased borings exceeding ten feet in depth along 

the eastern flank of the hill were observed to be dry at the bottom. Attempts to locate the water-

table with a hand auger at the base of the hill met with similar lack of success. 

water probably sinks very quickly through the unconsolidated silty sands of the highland and 

the forested wetland immediately below. The low water-table may also be the result of the 

profusion of deeply-rooted trees. During the winter and early spring when leaf cover is lowest, 

a stream that parallels the railroad line to the south was approximately one cm deep at about 30 

m east of the hill. Moist areas began about 23 m from the hill. In the following dry months, 

surface water appeared about 60 m east of the hill and the moist areas were almost dried out. 

Groundwater levels also were affected. Head readings in the piezometers closest to the hill (Pl 

and P3) fell approximately 30 cm (12") from early June to the end of July 1995 (Fig. 6). Lack 

of a steady source of water, permeable soils and high levels of evapotranspiration therefore 

favor the presence of the forested wetland in lieu of an emergent wetland in this area. 

(d) The railroad - The railroad extends along the entire southern boundary of the wetland. 

From observations, the track is raised 3-4.5 m above the wetland. A moderate to steep slope 

(30 degrees) is consistently maintained between the embankment and the lower-lying wetland. 

In most places, the combined gravel covered bed and easement are at least 9 ni wide. 

Due to the high permeability, and slope and extent of the intake surface, the railbed is thought to 
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be an immediate source of water for the wetland after a rainfall event. Groundwater 

discharge observed along the embankment (for example, at P15) may be responsible for the 

presence of the stream that normally flows along the southern boundary of the wetland. This 

is further discussed in the section Precipitation and Seasonal Impacts. During the 

exceptionally dry summer of 1995, the level of water in the stream rapidly diminished, and 

disappeared entirely with the exception of isolated ponds of water in local depressions.

(e) The Anacostia River - At high tide, water from the river extends back up the main outlet 

from the wetland. The exact distance is unknown. Since the outlet stream loses water on its way 

to the river and flows through clays for at least the last two hundred feet, the Anacostia River 

may be a source during high tide and dry seasons. At low tide, the low hydraulic conductivity 

clays adjacent to the river should effectively prevent much interaction with the wetland. 

(f) Precipitation and Seasonal Impacts - Variability in stratigraphy, hydraulic gradients and 

vegetation cover affects surface and groundwater flow during and immediately after significant 

rainfall events. Seasonal effects on the wetland are also dependant upon these same factors. The 

impact of two major storms between 5/16/95 and 5/26/95 and can be examined in Figure 6 and 

Tables 1 and 2. 

The southern stream quickly responds to precipitation possibly because it is primarily fed by 

groundwater discharging along the railroad embankment. During, or immediately after a 

rainstorm event, piezometer P15, which is downslope of the railroad (Fig. 3), was observed to 
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develop artisan conditions when the ground was saturated due to strong upward hydraulic 

gradients. The flow often continued for several days after a major storm. Figure 6 shows the 

effect of two rainstorms on water-level readings at P15 from 5/16/95 to 5/26/95. Similarly, in 

the sandy forested wetland near Pl, during wet spring conditions, the water table rapidly 

rises. A thin sheet of water usually extends from the southern stream across parts of the 

relatively flat surface. Rainfall also increases the extent of groundwater seepage faces along 

the northern stream, thus contributing to surface flow. 

In the scrub and Phragmites zones (Figs. 2 and 3), decayed biomass covers the sandy soils of 

the forested wetland with a layer of predominantly fine organic material. This layer is 

generally about 30 cm deep near S8. Eastward and downgradient of this zone, in the 

emergent wetland near S10, the unit thickens while covering clays and lenses of silty sands 

(Fig. 7a). The low hydraulic conductivity of the fine organic's and clays allows the 

accumulation of surface water while it restricts vertical and horizontal groundwater flow. 

Therefore, under normal conditions, the emergent wetland is primarily sustained by surface 

water flow from the northern and southern streams which in turn are both dependant on 

groundwater fluxes. 

Typically, in winter and early spring, low temperatures and evapotranspiration rates allow 

increased groundwater storage or recharge. In an unconfined aquifer, the rising water table is 

reflected in smaller depth to water level readings in piezometers and more really extensive 

and/or deeper surface water coverage. In semi-confined or confined units, upward hydraulic 

gradients are to be expected, and these may be significant for an area where precipitation 

and/or surface 
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water flow is low. In the semi-confining conditions of the scrublPhragmites zone, upward 

gradients were consistently observed at S8. This piezometer is in a silty sand. Calculations 

of hydraulic conductivity from slug tests (Table 3) and seepage meter measurements (Table 

2) show that the sand is anisotropic. By direct observation, it is also heterogeneous. At 

piezometer X1, temporally alternating upward and downward gradients are difficult to 

interpret. It is possible that X1 and its associated seepage meter SM2 are installed in a sand 

lens or an almost cut off part of a unit in an intertonguing sequence (Figs. 7a and 7b). 

Conversely, local heterogeneities and anisotropy (Figures 6a and 6b) may be responsible for 

the complexity. Regardless of the explanation, groundwater can and does steadily upwell 

into this zone from the semi-confined lower unit. The magnitude of this flux is undetermined, 

but under normal. conditions, it does not appear to be significant. However, in the extremely 

dry summer of 1995, when only the northern stream appeared to maintain the system, 

upward flow within this zone must have been an important factor. 

Conclusions and Future Directions 

The hydrology of wetland "B" is considerably more complex than first envisioned, due in 

part to the extremely complicated stratigraphy. Still, we were able to draw some general 

conclusions concerning the sources of water to the site. The northern stream is clearly the 

most important ongoing source of water to the central part of wetland "B", although other 

sources such as the railbed may dominate the system in the days following a rainfall event. 
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The seepage meters worked fairly well in the Phragmites zone. The minipiezometers, however, 

did not function as well as the standard (but still small-diameter) piezometers. This was 

predominantly due to the fine grain size of the sediments, which made hydraulic testing and 

sampling difficult. 

DC-WRRC funding has been used successfully as a seed grant to attract support from the D.C. 

Department of Consumer and Regulatory Affairs through the Environmental Protection Agency 

§319(h) Nonpoint Source Implementation Grant program. This project is entitled "Role of 

Ground Water in the Hydrology of the Fort Lincoln Wetland Complex (Phase I)", and research 

is continuing on the site. 
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