
.

I

1 

A Study of Infiltration Trenches in Unsaturated Soli 

C.Y. Kuo1 and J.H. Kim 

Interest in employing infiltration trenches to control peak storm runoff and nonpoint source pol­
lution in urban areas has increased in recent years. The work reported here is a study of lnfll­
tratlon trenches in unsaturated soil. The infiltration rates and the water content distributions in 
soli calculated by Fok's model and a finite-difference model are compared for both the Ida silt 
loam and the Webster clay loam soll considering the capillary zone effect due to the groundwater 
table. A computer program for hydrologic routing in infiltration trenches has been developed with 
the infiltration rate calculation based on a three-dimensional cumulative infiltration equation. The 
three-dimensional cumulative equation developed In this study is recommended for the analysis 
and practical design of infHtration trenches, since it is easy to use and inexpensive in computa­
tion. An infiltration trench with overflow has been examined, allowing the overflow not to exceed 
an allowable discharge to downstream. It has been found that the surface infiltration due to 
overland flow does not significantly influence the infiltration rate from a trench. It has also been 
found that a long, narrow trench is more effective for water to infiltrate into soil than a short, wide 
trench for the same trench area (length x width). The hydraulic conductivity of a soil is an im­
portant factor in the design of an infiltration trench, whereas the porosity and the effective capil­
lary potential have minor effects. 

•• 

1 Presenter. Department of Civil Engineering, Vlrg.lnla Polytechnic Institute and State University, Blacksburg, Virginia 
24061. 
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Figure , • Results of hydrologic routing in an infiltration trench 
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•


Use of Stormwater Models to Optimize the Performance 
of a Regional Stormwater Detention System •

•
John P. Hartlqan" and Thomas S. George 

•
The regional approach to stormwater detention has many advantages over the traditional onsite 
design approach, including: 

• increased effectiveness 

•
• reduction in capital and maintenance costs 

• opportunities to manage existing and as projected stormwater problems 

•
• opportunities to provide water-quality management as well as erosion and flood 

control protection 

• increased opportunities for open space protection and recreational uses. 

••
For these reasons, the Department of Public Works, Fairfax County. Virginia, is developing a re­
gional stormwater management master plan for the county. The plan involves identifying and 
providing conceptual designs for up to 200 regional stormwater detention facilities to provide 
controls for up to 100 square miles in the rapidly urbanizing sections of the county. The regional 

•
system will provide streambank erosion control. flood control, and water quality benefits through 
wet and extended dry detention. 

The key to a successful regional stormwater detention system is a comprehensive analysis of the 

•
topographic, land-use, and hydrologic factors within a watershed. Each of these factors governs 
the need for stormwater controls and defines the physical constraints for siting and designing 
stormwater detention facilities. The development of criteria for locating and designing regional 
detention basins is the first step. Topography, soils, land development, and critical environ­

••
mental areas are of prime importance in locational criteria; however, property access and ad­
joining land use are items that must also be addressed. The design criteria focus on the 
particular type of detention facility to be recommended at a site and for Fairfax County facilities 
include wet detention and extended dry detention with 10-year flood control and/or 2-year erosion 
control. Once the regional detention basin sites are selected and conceptual designs are for­
mulated, stormwater models are applied to simulate watershedwide hydrology and screen the 
benefits of alternate regional detention basin sites. In addition, the model is used to evaluate the 
watershedwide benefits of oversized detention basins which achieve lower release rates. 

The result of the Fairfax County master plan is a well-tuned, regional detention system designed 
to control storm runoff under existing and future land-use conditions. Traditional design criteria 
require that postdevelopment peak discharges at a development site be reduced to predevelop­

I) ment levels for a specified design storm. These performance standards result in 40 to 70 percent 

I 
reductions in 2-year and i0-year peak flows for postdevelopment conditions immediately below 
the regional detention basin. However, applying these criteria on a regional scale in Fairfax 
County result in insignificant watershedwide benefits and, at some main stem locations, peak 
discharge increases of up to five percent. Travel time studies are performed with the stormwater 

I 
model to identify facilities that have adverse watershedwide impacts. The model is also used to 
evaluate the benefits of oversized regional detention basins designed to achieve lower maximum 
release rates, with the objective of maximizing the use of available storage and compensating for 
areas not controlled by regional detention facilities. By reducing maximum release rates to 33 
percent of the 2-year predevelopment peak flow, postdevelopment peak discharges (2-year and 
i0-year) are reduced to as much as 90 percent of the postdevelopment peak flows immediately 

I below the detention facilities and up to 65 percent at downstream main stem locations county­

, Presenter. Camp Dresser & McKee, 7630 Little River Turnpike, Suite 500, Annandale, VirginIa 22003. 
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I
 
wide. The figure below shows the increase in benefits of lower maximum release rates achieved 
by about 20 oversized detention basins in the upper watershed of Difficult Run (35 sq rnl) in I 
Fairfax County, VA. At location 50140 on the figure the 2-year postdevelopment peak is reduced 
by 30 percent with predevelopment peak flow release rates and by 54 percent with 33 percent of 
predevelopment flow release rates. This provides an 80 percent increase in 2-year peak-shaving 
benefits with the smaller detention basin release rates. Therefore, a relatively small increase in 
storage and capital costs produces a very significant increase in benefits. ­
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•

The Effect of Submersed Aqua'tic Weed Beds • on Phytoplankton Biomass and Activity 

in the Freshwater Tidal Potomac River •
R. Christian Jenes' 

•
• The invasion of the freshwater tidal Potomac River by Hydrilla and other submersed aquatics 

during the 1980s has stirred controversy about the relative benefits and costs of submersed 
aquatic vegetation. One potential benefit suggested has been the suppression of nuisance algal 
blooms and this enhanced water clarity. During the summer of 1987, an interagency research 

•
• team conducted a broad-spectrum research study to assess the impacts of submersed aquatic 

vegetation, including Hydrilla, on water qualify and biological communities at two sites in the 
freshwater tidal Potomac. This paper reports on the results of phytoplankton biomass and pro­
ductivity analyses conducted during that study. At each of the two study sites, three weed bed 

•
areas were identified: (1) open water control (2) Hydrilla, arid (3) mixed species. With each area 
two stations were sampled. Water for analysis was carefully pumped from a depth of 0.3 rn, being 
careful to avoid contamination from periphyton. Chlorophyll was assayed by fluorometry and 

• 
productivity by C-14 uptake in the lab under an artificial light source. Preliminary results indicate 
that phytoplankton biomass and activity was consistently and substantially lower in the weed 
beds relative to the open water control. The effect was more marked at low tide than at high tide. 
Hydrilla areas had consistently less phytoplankton than mixed weed beds. Results suggest that 
Hydrilla in particular and submersed aquatic vegetation in general can have an inhibitory effect 
on the development of phytoplankton populations. 

II 

•••
I, 

I 

•• 
I f Department of Biology, George Mason University, FaIrfax, Virginia 22030. 
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The Relative Significance I 
of Macrophyte and Phytoplankton Decomposition
 

in the Consumption of Oxygen in the Lower Chesapeake Bay
 I 
luis M. Lagera, Jr.1 and Joseph C. Zieman, Jr. '.Although phytoplankton respiration and decomposition are believed to be the principal processes 

that cause oxygen depletion or hypoxic conditions in the Chesapeake Bay, currently available 
measurements of these processes are still insufficient to test this hypothesis. Most of the avail­
able measurements relevant to this problem are dissolved oxygen measurements that do not ~ 
directly provide oxygen consumption rates. The significance of other water column and benthic 

I 

processes that could also consume oxygen have also not been adequately evaluated. The de­
composition of macrophyte material such as Zostera and Spartina wrack in some bay areas is a Ibenthic process that can consume oxygen. To evaluate the relative roles of water column and
 
macrophyte decomposition in the consumption of oxygen in the lower Chesapeake Bay, we have I
 

been measuring oxygen consumption rates in surface water samples and decomposing macro­

phytes in the York River using BOD bottle incubations.
 I 
1n the summer of 1986, standard litter bag techniques were used to obtain samples of decom­
posing Zostera, Spartina and Quercus at three sites along the lower 10-mile segment of the York 
River at successive stages of decomposition. At biweekly, and then monthly intervals, litter bags I 
were collected and the remaining litter incubated for six hours in filtered seawater at ambient I
temperatures in the dark. Oxygen consumption was calculated from the difference in initial and 
final oxygen concentrations and normalized to an ash-free dry-weight basis. I. I 
Oxygen consumption rates in surface waters were estimated at each site between June and 
September 1987. These samples were incubated for 24 to 120 hours at 20° C. Additional oxygen 
consumption rates were obtained from 6 to 8 hours light- and dark-bottle incubations of water 
samples. ­
Among the macrophytes under study, Zostera had the highest oxygen consumption rates (0.1-5.4 
mg 02/g AFDW/h) white Spartina and Quercus exhibited lower but similar consumption rates I 
(0.1-1.0 mg 02/g AFDW/h). Consumption rates also significantly increased through the course of I
decomposition of Zostera while rates were relatively constant for the other macrophytes. Higher 
oxygen consumption rates in Zostera litter were expected since its low C:N ratio could afford a Ibetter substrate for microbial colonization. 

On a volume basis water oxygen consumption rates were similar at all sites and through the 
whole sampling period, with most values between 0.01 to 0.15 mg 02/1/h. While higher con­ i

:1sumption rates were measured at upstream sites during most sampling times, this was not true 
for the entire study. Higher net production and consumption estimates for the upstream sites are 
thought to reflect higher seston densities. The size-fractionated water column incubations 
showed that at least 50 percent ofthe total respiration is due to organisms or particles larger than I 
1 Il.m in size. 

These preliminary findings indicate that on a weight basis (AFDW), phytoplankton consumption Jrates are substantially higher than those of decomposing macrophyte litter. While most oxygen 
consumption rates for rnacrophyte litter were between 0.5-5 O1g 02/g AFDW/h, phytoplankton rates 

1 

were between 0.5 to 15 mg 02/g AFDW/h with most values higher than 2 mg 02/g AFDW/h. Higher 
consumption estimates for phytoplankton can be attributed to the greater proportion of labile or­ .~ 
ganic matter in algal cells that results in faster oxidation rates. Over time, the cumulative de­

I
I 

mand on oxygen by some amount decomposing macrophytes may be greater than that of an 
equal amount phytoplankton because phytoplankton material has such a short turn-over time. 

1 Presenter. Department of EnVironmental Sciences, University of Virginia, Charlottesville, VirgInia 22903. I 
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Though this information corroborates the prevailing opinion that phytoplankton respiration and 
decomposition impose the heaviest demand on oxygen in the water column, additional studies 
are still required to determine in situ consumption rates and patterns, considering the sizes and 
rates of production of the macrophyte Utter pool and the residence time of the material. 

I 



fr.-eking the Fate of Phosphorus in the Ja:mes- River E'stuary 

WU-Seng lung-1 

PubHc concerns are directed at the eutrophic-afton of the Chesapeak(t B,sy and its trlbutary estu­
aries. The James River Basin contributes a significant amount of phosphorus to the bay. At the 
present tlrrre, phosphate detergents are ban-ned in the Commonwealth as a control measure to 
reduce phosphoras loads to the bay. Trre ban is expected to provide various levets of reduction 
ln phosphorus load's from the Ja-mes River Basin, depending on the hydrologi:c conditfons. Nu­
merous studies of the James.. ~iver Estlrary addressing different issues having been reported over 
the years. However, several important questions stm rema-in: how much phosphorus in the phy... 
toplartK1on biomass in fhe estua-ty comes from point sources, nonpoln1 sources" or the upper 
basi'ri? How much: phosphorus in the- sediments is from these sources? 

A modeling' an'alysis h-as been conducted to address these questions. In the analysis, a technlque 
called ntnnerlcal tagging, is developed to-label a singl'e phosphorus source or a group of sources 
so thai the contribution of the source(s) to the phytoplankton biomass could be quantified. Such 
a technique, similar to radioactive labeHih'g, is' needed because of the nonlinear nature of the 
phytoplankton growth and nutrient uptake relattonshlp. Racent data from the James River water 
quaHty monitoring program conducted t>y the Rrchnl'ond Regional' Planning, Dlstrlct Commission 
are used to support the analysis. The informaUon geNerated by the numerical tagg,in9 analysis 
could bs used to develop a sound, long-tetm water-quality management strategy for the James 
River t3aSitl. 

-, 

f Department OfClvH Engineering, UniversIty of Virginia, Charlottesville, Vtrglhla 22903. 
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•

Chesapeake Bay Water-Quality Conditions •


Kevin Curling and Bruce Nellson1•

Since June of 1984, the Chesapeake Bay Program has actively monitored the bay and its tribu­
taries. In the state of Virginia, the Water Control Board, Old Dominion University, and the Virginia •
 Institute of Marine Science share the responsibility of sampling the state's waters. VIMS samples 
that part of the bay located between the Maryland-Virginia border at Smith Point and Wolftrap, 
and stations at the mouths of Mobjack Bay, and the York, Poquoson and Back Rivers. •


•
The water-quality monitoring is designed to produce a very well defined picture of the bay, both 
spatially and temporally. Of 49 stations in the bay proper, 28 are located in Virginia (20 are 
sampled by VIMS and eight are sampled by ODU). Cruises are conducted twice monthly, except 
during November, December, January and February, when only one cruise is taken. All stations •
 are sampled within a three-day period. 

• 
The upper Chesapeake Bay in Virginia does appear to have some problems, mainly hypoxia 
during the summer months, that were not known to exist by many scientists and managers. The 
data from the monitoring program also present a bay that is much more dynamic than originally 
thought. Temporally, there have been both large and short-term changes. Large-scale differ­
ences between years are due to differing climatic conditions (e.g., summer droughts). The 
short-term changes, such as heavy rain runoff, also appear to affect the bay proper. The bay 

II recovers from unusual conditions, such as long-term high flows, in a rather short period. 

• 
During high-flow periods, a strong pycnocline will develop in the bay, effectively eliminating any 
physical transport between surface and bottom water layers. The dissolved oxygen In the lower 
layer can be depleted rapidly. During the summer of 1987, this occurred. However, the bottom 
water was effectively reaerated, even while the pycnocline was developing. This reaeration 
event took place in a period of two weeks. After the bottom water was reaerated, the dissolved 

II 
oxygen was not depleted again because the pycnocline started to dissolve. This reaeration 
phenomenon also occurred in 1984. During 1987, there were also very large chlorophyll blooms 
and nutrient spikes during the spring. 

• Model studies have corroborated the scientists' contentions that sediments effect the quality of 
the overlying waters. Preliminary efforts have been initiated to monitor sediment-water column 
exchanges. 

•,
 
•
•
•
•
•
 

1 Presenter. Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Virginia 23062. 
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I 
Geogra,phlc Information System for the Analysis I 

of Volatile Organic Contamination 
in the Triassic Basin of Prince William County, Virginia I 

David L. Nelms1 and [)onna L. Richardson 
111 

1,II The U.S. Geological Survey (USGS), in cooperation with Prince William county, Virginia, is in­ •veStigating volatile organic carbon (VOe) contamination in the groundwater system of the trias­
sic basin. Contamination of the groundwater resources has been documented by comprehensive 
lnvestlaatlons conducted at an industrial area by private consultants. The contamination appar­ ~ 
en1fy has moved from its source, the industrial area, to a nearby county water-supply well'. In 
addltlon, tha Prince WilHam Health District has documented voe compounds in wells sampled 
in other areas of the Triassic basin and is concerned that areas identified for future groundwater I
development may also be contaminated. 

A Geographic Information System (GIS), ARC INFO, is being implemented to identify sources and 
areas of contamination and to assess the effect of the basin's hydrology on contaminant move­ ~ 
ment. Data, considered to be pertinent to voe contamination, were used to construct individual 
data layers that comprise the framework of the GIS. Groundwater Site Inventory (GWSt) well 
sites, State Water Use Data Systems (SWUDS) well sites, National Water Data Storage and Re­
trieval (WATSTORE) water-quality sites, National Uranium Resource Evaluation (NURE) water­
quali1y sites, Triassic basin geology and lineaments, stream and road networks, .and land use of ~ 
1972 were obtained from the USGS. Storage and Retrieval (STORET) weft and water-quality data 
were obtained from the U.S. Environmental Protection Agency (EPA). Locations of wells and un­
derground storage tank sites were provided by the Virginia Water Control Board. Locations of 
hazardous-waste generators were obtained from the Virginia Department of Health. The Prince 
WilHam Health District provided locations and data on sites sampled for voe and EPA priority 
pollutants. 

GIS was utilized to manipulate these data layers to produce maps of over-burden thickness, po­
tentiometric surface, well locations, sampling site locations, and location of sites of possible 
contamination in the study area. These maps and the various data layers have been used to 
locate VOC and soil-gas sampling sites for this study. Display of data using GIS define the 
characteristic composition of the contamination at each area of concern and aid in the integration 
of the geology, lineaments, and the potentiometric surface to determine the factors most affecting 
the movement of contaminated groundwater in the Triassic basin. With refinement of the GIS 
system and its data layers, Prince William County will have the capabilities to manipulate data 
layers using GIS to site landfills, municipal supply wells, and industrial complexes. Such capa­
bilities wUI facilitates siting wells away from likely sources and pathways of contamination and 
will help locate landfills and industrial complexes in areas of least likely impact on the public 
health or environment. 

1 Presenter. U.s. Geological Survey, 3600 West Broad Street, Room 600, Richmond, Virginia 23230. 
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•
A Pilot GIS Study • to Assist Environmental Management Decisions 

II in the Elizabeth River Basin, Virginia 

• Todd W. Augensteln1 and David R. Wolf 

The U.S. Geological Survey (USGS) is currently engaged in a cooperative geographic information 

II system (GIS) project with the U.S. Environmental Protection Agency. Input from about 15 other 

II 
federal, state, and local agencies will also be Included. The impetus for this cooperation has 
been the effort to restore the Chesapeake Bay-the country's largest estuary-to its healthy and 
productive past. The Elizabeth River Basin, located in and around Norfolk, Virginia, drains ap­
proximately 205 square miles of some of the most heavily Industrialized and developed area in 
the bay watershed. 

• To assess the potential for contamination in the Elizabeth River Basin, data layers covering lo­
cation, movement, and impact of contaminants are needed. By incorporating these spatial data 
layers from USGS and other federal, state, and local agencies into a centralized framework 
compatible with the GIS, specific analytical techniques can be carried out by local administrators, 
scientists, and managers in order to make more sound environmental management decisions II· within the basin and ultimately the bay watershed. 

•
•
•
•
 
I 
I 
I 
I 
I 
I 
I 

1 Presenter. U.S. Geological Survey, 3600 West Broad Street, Richmond, Virginia 23230. 
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Status of the H:ydrologic Data-CoHectio'n N:etworks in Virginia 

Byron: J. Prugh, Jr. 1 

The surface-water, groundwater, and quality-water data-collection networks in Virginia provide 
hydrologic data that permit assessment of the state's water resources, management of its res­
ervolrs and hydroelectrie-power production, wlthdrawals and discharges for its industrial needs, 
forecasting of its floods and drouqhts, documentation of its compact and legal requirements, and 
researeh and speclat studies by Its educational and technical establishment. 

Tne. basic hydrolog.ic data-collection networks operated by the u..S. G,eological Survey (U.SGS) 
i:m Vlrginia, consist of 82 continuous-record surface-water stations, 85 partial-record surface-water 
sUes, 30 continuous-record and 34 periodic-record groundwater-level observation wells, and 11 
surface-water water-quality stations In the 1988 water year. 

The USGS network is complemented by 79 continuous-record surface-water streamflow gages 
and by 27 continuous-record and 170' perlodle-record groundwater-level observation wells oper­
ated and maintained by the Vi.rginia Water Control Board (VWCB). 

The size of the networks, has been progressively shrinking in recent years because of financial 
a:rld personnel constraints. The surface-water network has been the most strongly affected. 
Since 1980, 34 continuous-record streamflow ga'ges have been discontinued by USGS, whereas 
only four have been- added. During the same period, 30 continuous-record streamflow gages 
have been discontinued by the VWCB, whereas only two have been added. Although a number 
of these gages were part of special projects, the failure to provide for the continued operation 
of at least a part of these sites does not bode weH for the future. A continued decrease in the 
network may mean a lack of needed hydrologic data in the future. 

With respect to the partial-record surface-water network, more than 20 sites have been added to 
the peak-flow network since 1980; however, none of the 207 low-flow sites operated from 1980-85 
we're continued because of a lack of funding. This lack of funding is especially unfortunate in 
retrospect after the severe droughts of 1986 and 1987. 

One possible solution is that an increased emphasis be placed on the use of partial-record sites 
in Virginia to assess low flows and peak flows. In conjunction with strategically located continu­
ous-record sites, use of partial-record sites appears to be the most cost-effective approach to 
delineating: local trends in hydrologic variables. 

The continued operation of these networks is important to help plan for increasing water needs 
and to monitor changing hydrologic conditions as land-use changes alter hydrologic responses 
of the river systems. 

• .. 

1 U.S. Geological Survey, 3600 West Broad Street, Room 606, Richmond, Virginia 23230. 

-24­



•
•
•
•
•
•
•
•
•
•
•
•
•
 
II 

•• 
II 

•
1 Presenter. Department of Agricultural Engineering, Virginia Polytechnic Institute and State University, Blacksburg, Vir­
ginia 24061. 
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VirGIS: A Tool for Targeting Nonpoint Pollution Control Resources 

v.o. Shanholtz, R.K. Byler, S. Mostaghlml, T.A. Oillaha, and E.R. Yagow1 

A computerized data base has been assembled to identify agricultural areas with the greatest 
potential for contributing sediment and attached phosphorus to surface waters. The data base 
has been generated using the Map Analysis Package (MAP) and additional software developed 
to assist with calculations and data management not available in MAP. This system of computer 
programs and digitized data bases has been named the Virginia Geographic Information System 
(VirGIS). This system was developed by the Department of Agricultural Engineering at Virginia 
Tech under sponsorship of the Division of Soil and Water Conservation as part of the Chesapeake 
Bay Program. 

By the end of the current fiscal year, more than eight million acres in the Chesapeake Bay 
drainage area in Virginia will be included in this system. The data base for each Soil and Water 
Conservation District (SWCD) consists of various data layers (soil type, elevation, stream net­
work, etc.) whose values are encoded in one-hectare cells and are used to calculate soil erosion 
using the Universal Soil Loss Equation (USLE), a delivery ration, and the erodibility index (EI). 

Current products from VirGIS are clear mylar overlays for USGS 7-1/2 minute topographic maps 
which individually display the water quality index (WQI), EI, and land use. These can be used by 
local Soil Conservation Services (SCS) personnel for identifying highly and nonhighly erodible 
land and for determining eligibility for the Conservation Reserve Program. The WQI overlay will 
be useful to SWCD technicians in targeting areas for active recruitment to participate in the 
Chesapeake Bay Program. 

The future potential of the system includes distribution of the computerized data bases to each 
SWCD, once user friendly software is developed to allow for interactive farm planning with SCS's 
CAMPS program. 



Virginia Coast Res'erv;eLong-Term Ecological Research Program 

Raymond D. Dueser1 

The Long-Term Ecological Research (LTER) program of the National Science Foundation supports 
a network of 15 field sites dedicated to long-term envlronmentat monitoring and research on ec­
oloqical questions requiring long time periods for their resolution. Research groups are selected 
for inclusion in this network in part on the basis of research design, capacity for interdisciplinary 
research, and site integrity and security. The Department of Environmental Sciences, along with 
colleagues from -Old Dominion University and the Virginia Institute of Marine Science, submitted 
a proposal last November toestablish the Virginia Coast Reserve LTER Program. This program 
was funded for five years, beginning September 1, 1987. 

The study area is the Virginia Coast Reserve, owned and managed by the Nature Conservancy 
as an area for conservation, research, and education. The LTER site extends 60 miles along the 
seaward margin of the Virginia Eastern Shore, from near Chincoteague Inlet southward to the 
mouth of Chesapeake Bay. This site encompasses 35,000 acres of barrier islands, intervening 
inlets. and extensive shallow bays, tidal flats, and salt marshes. It thus includes an extensive, 
ecologically diverse system of great natural and economic importance to the Commonwealth. 

The research program is organized around questions related to (1) patterns and controls of prl­
-mary production, (2) population distribution and abundance, (3) food chains, (4) organic matter 
accumulation. (5) nutrient cycling, and (6) disturbance frequency and effects. Both terrestrial and 
nearshore-marine environments are being studied, with particular emphasis on islands, bays, 
and marshes. 

We are concerned with the effects of both short-term, stochastic events (e.g., tropical storms and 
hurricanes) and long-term, secular changes in the environment (e.g., sea-level rise) on the 
structure and function of this barrier island-lagoon complex. Given the dynamic character if this 
coastline over the past 5,000 years, the program also includes a strong emphasis on the historical 
development and evolution of the modern landscape. This research program is thus designed 
to provide information on the environmental history of this portion of the Virginia coastal zone, 
on its modern functioning, and on its probable response to future regional- or global-scale envi­
ronmental changes. 

1 Department of Environmental sctences. University of Virginia, Charlottesvllle, Virginia 22903. 
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Methodology to Predict 

•

• Estuarine Salinity Recurrence Intervals 

during Drought/Flood Events •
David R. Basco1 

•
•

Time variability of the principle forcing mechanisms (freshwater inflow, tide, wind, 
precipitation/evaporation) induces salinity variability in estuaries. Insufficient length of records 
from field measurement programs prohibits the estimation of salinity recurrence intervals from • available data sets. 

•
The joint-probability method provides one way to synthetically calculate salinity distributions with 
specific recurrence intervals for drought/Hood events. Deterministic, analytic, or numerical mo­

•
dels for hydrodynamics and transport are combined with stochastic methods that utilize local 
exceedance frequency curves for each forcing function. The methodology is analogous to that 
currently applied for coastal storm surge elevation prediction. The paper will describe the 
methodology and present a simple example using analytical models. 

Practical application lies in the use of 2-D and 3-D numerical models on high-speed computers. 
The relative magnitude of salinity change for the same recurrence interval can be quantified for 

•
upland reservoir construction, water rights reallocations, marsh enhancement, deep draft navi­
gation channel construction and other man-made influences on estuaries. A more rational ap­
proach to estuarine productiVity as related to salinity is the ultimate goal. 

••••••••
1 Coastal Engineering Institute, Old Dominion University, Norfolk, Virginia 23529. 
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Modeling Surfaoe· and Ground-Water Inputs to a Sensitive Wetland •

G. Kenneth Young and Joseph S. Krolak1 •
The objective is to present a model that allows evaluation of specific environmental and hydro­
geological monitoring issues. The compelling issue is the construction of a controversial pro­
posed road along the high side of Huntley Meadows Park, In Fairfax County, Virginia. The road •is thought to separate a wetland from Its source of water. The surface and subsurface water 
supply to the park are monitored. Data from test borings of subsurface geology are studied, and 
new deep borings were made to provide data for determining both groundwater transmissibility 
through principal strata of interest and potential compression of strata under a new roadway •constructed on fill. 

The conceptual, disaggregated parameter, rainfall-runoff, daily time Increment model is fit to a 
case study of a park. It is composed of three cells-one above the park with a high slope, one •within the park with a flat slope, and one within the park consisting of the wetlands. The input is 
rainfall and the output is runoff. The model performs its water balance computations using a daily 
mass balance with the end of one day becoming the beginning of the next. •
The modeling approach makes a dally water balance of the perched surface aquifer soil storage. 
If it rains, water is infiltrated and also runs off previous areas. The infiltration varies linearly from 
a maximum if the soil is dry, to zero if the soil is saturated. The available volume of soil storage 
is the product of porosity, soil depth, and the area of the surface that is previous. Water in stor­ •
age moves down gradient by Darcy's Law and is also lost to the atmosphere by evapotranspira­
tion. If it is a dry day, water still leaves the soli by evapotranspiration and by Darcy's Law 
movement. The two cells are linked by groundwater flows, base flow (interflow), and surface 
runoff from impervious and previous areas. The end of one day's soil moisture is the start of the •
next day's soil moisture. The computations go on day-by-day, for as long as daily inputs are 
provided. The rainfall data used to drive the model are from National Airport and are statistically 
representative of local rainfall falling on the park. The water balance to the central wetland is the -
sum of all water crossing the boundary between cell two and cell three. The model is coded in 
FORTRAN and runs on a personal computer. 

For the soil depth, porosity, infiltration, and permeability, the response sensitivity is slight. For 
evapotranspiration, the sensitivity is noticeable but inelastic; the output change is much less than ­
the put change of 20 percent. For that matter, all the above variables are inelastic. The water 
balance is sensitive to rainfall input. This is expected because rain drives the water balance. ~ 

I
i 
:1 

1 Presenter. GKY & Associates, lnc., 5411-E Backllck Road, SprIngfield, Virginia 22151. 
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Evaluation of a Created Wetland •
 as an Urban Management Practice •


A. Evans, Jr., T.J. Grizzard, F. Helllatls, and N.A. Goulet, Jr. 1 

•
•

The past few decades have brought an awareness of the need to control nutrient loading to sur­
face waters-specifically, nonpoint pollution associated with stormwater runoff. Conventional 
stormwater detention basins located in the Washington, D.C., area have generally exhibited low 
phosphorus (P) removal efficiencies for stormwater runoff. Preliminary investigations suggest 
that artificially established freshwater marshes may be more efficient in removing stormwater­

•


•
associated nitrogen (N) and P. To determine the Nand P efficiency of an artificially created 
wetland, a field study was conducted in which an existing dry detention pond was converted into 
a O.3-acre marsh. The basin of the dry pond was contoured in 0.5-foot intervals to a maximum 
depth of two feet, with an average depth of six inches. The marsh was planted with four wetland 

•
plant species, solrous, Leersia, Saggitaria, and Cephalantus at varying basin depths. Instru­
mentation was installed at the site to monitor meteorological conditions and storm inflow-outflow, 
and to automatically sample flow during storm events. Results to be presented include a de­
scription of the methodology used to convert a dry pond into a marsh, the instrumentation used 
to monitor the site, preliminary data regarding plant stand establishment for the first year of the 
study, and removal efficiencies for Nand P prior to full plant-stand establishment. 

•
•

•

•
•
•
•
•
•
•
•­

1 Presenter. Occoquan Watershed Monitoring LaboratorY,9408 Prince William Street, Manassas, Virginia 22110. 
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The Role of Submarine G'roun'dwater Discharge 

in Transpo'fttng Nutrient FI'ux to Coastal Marine Environments I ,
G.M. Simmons, Jr.,1 K. von Schmidt-Pauli, J. Waller, and E. La,mourex 

This project served as a pilot study to' examine the possibility of quantifying nutrient movement 
into shallow marine environments in the Chesapeake Bay by submarine groundwater dlscharqe I 
(SGWD). The research site used for this study was off Chincoteague, Virginia, and was selected 
because of the site's proximity to establtshed U.S. Geological Survey wells on the island. Seep... 
age meters and mini-piezometers were used to quantify seepage flux and submarine manometer Iwas used to measure hydraulic heads of SGWD at the research site. Three stations were es­
tablished at the site. The first station was 30 cm underwater at low tide, the second was 1,0­t"V 

cated 10 m offshore, and the third was located 1'00 m offshore. Samples were collected monthly 
between March and May 1987. I 
The results showed that SGWD occurred and the highest rates, (1.6-0.6 Um2/ hr) were at the 
shallowest depth nearest shore. The lowest rates were at the station farthest offshore (iDa m) 
and averaged 0.8 L/m2/hr. Discharge at the middle station ranged between 0.2 and 0.4 Um 2/hr. I 
Salinity of SGWD also showed the influence of fresh groundwater with values ranging between, 
12.1 and 20.3 ppt at the shallow station when ambient seawater ranged between 25.0 and 30.8 
ppt. Hydraulic heads were maximum at low-tide periods (10.5-13.6 em) and lowest at hig-h-tide 
periods (8.0-8.8 em). I 
Analyses of the SGWD showed that considerable amounts of ammonia were carried into bay 
waters by this mechanism. At the shallow station, concentrations ranged between 32.5 and I1687.8 mM/m 2/hr. The lowest values were measured at the intermediate station and ranged be­

mM/m2/hr.tween 1.4 and 7.1 Values of ammonia flux by other investigators, using different 
techniques to quantify flux, have reported values at uM/m 2/hr levels. Analyses were made for 
dissolved and total phosphate concentrations. Dissolved- phosphate accounted for,..., 80-85 per­ I 
cent of total phosphate concentrations. Highest concentrations also occurred at the shallowest 
station and ranged between 81.8 and 1718.4 mM/m 2/hr. In contrast to ammonia, the lowest flux 
measurements of phosphate were measured at the 100 m station and ranged between 2.2 and I4.6 mM/m 2/hr. As with ammonia, other reported values are in the range of uMlm2/day. 

This study suggests that SGWD could be a very important pathway for nutrient flux in low-lying 
coastal habitats with little/no well defined river drainage systems. This pathway also could con­ Itribute to perturbation of SGWO carried toxic synthetic chemicals. In either case, the role of 
SGWD in benthic ecology may be underestimated because of its site specific nature at the 

I 

sediment/water interface. I
 
I
 
~ 

~ 
1 Presenter. Department of Biology, Virginia Polytechnic Institute and State University, Blacksburg, VirgInia 24091 . 
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Dissolved Nutrient Transport • in Soils of Tidal Freshwater Marshes ••
•
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•
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along the Chickahominy River 

R.M. Chambers," J.W. Harvey, and W.E. Odum 

We have completed the first year of a two-year study of subsurface transport phenomena in tidal 
freshwater marshes. Our objectives are to demonstrate the nature and extent of nutrient ex­
change processes as they pertain to water flow in marshes of different geomorphology. We are 
attempting to model the flow paths of soil water and dissolved inorganic nitrogen and phosphorus 
in low marshes (flooded completely every tidal cycle) and high marshes (less frequently flooded). 
Pore water samples for routine chemical analyses are retrieved with PVC suction Iysimeters 
(sippers) that are nitrogen evacuated to maintain the anoxic character of the water (sippers 
nested to depths of 10, 20, 30, 40 and 50 cm into the marsh soil). To date there are 80 sippers 
placed in one high marsh and one low marsh on the Chickahominy River. From data collected 
June-August 1987, the dissolved phosphate and ammonia profiles in both of these marshes were 
characterized by extreme variability by depth and by position in the marsh. In the low marsh, 
SRP ranged from 0 to 130 micromolar, with a mean of21.0 +1.9 s.e. (N=118). The high marsh 
SRP values ranged from 0 to 65 uM, mean = 25.9 + 2.8 s.e. (N =83). The ammonia concen­
trations (uM) in the low marsh averaged 38.4 + 3.5 s.e.; in the high marsh, 16.8 + 1.8 s.e. Along 
creekbanks, where drainage of water from the marsh Interior occurs, SRP concentrations were 
positively correlated with dissolved iron concentrations (r2 = 0.32). Chemical and hydrological 
evidence indicates the opportunity for subsurface drainage of pore water differs in the two 
marshes. The extent to which draining pore water delivers dissolved nutrients to adjacent 
creeks, however, is still unclear; dissolved nutrient export is not necessarily a direct function of 
pore water drainage. 

t Presenter. Department of EnVironmental Sciences, University of Virginia, Charlottesville, Virginia 22903. 
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III 
Rydredogic Controls 011 D'ehitrifier A'cfivity ina S'alt-Marsh' S'oil I­


I.
 
Wetland soil is widely regarded as a useful processor of wastewater and agricultural runoff, es­
pecially for the removal of nutrient pollutants, such as inorganic nitrogen. Microbial trans­
formations leading to' the removal of inorganic nitrogen compounds in field sorts are greatly I. 
dependent on environrnerital conditions, especially molsture/aeratlon. Certain wetland soils be­
come aerated during water table drawdown, such,as occurs at tidal creek banks at low tide. We 
investigated whet~er soil denitrifier activity varied on the same spatia! and temporal scales as I.soil aeration during' low and neap, tides in a salt marsh at the Vir~inia Coast Reserve Long-Term 
Ecolog,ical Research site. 

W'a used a short-term acetylene blockage assay for denitrifler activity, measuring nitrous oxide I. 
evolved in closed incubation tubes in the field. We measured nitrous oxide by gas chromatog­
raphy with electroncapture detection, and soil aeration gravimetrically by water uptake into soil 
samples held at constant head. I. 
Surface soils sampled along a transect normal to a tidal creek yielded high denitrifier actlvlty 
within one meter of the creek bank, decreasing by a factor of 20 over the next meter, and by a 
factor of 160 over the n~X1: three meters. Denttrltter activity also varied with depth in the creek­ i_
bari·k soil; with surficial soil yielding 26 times the activity of 5011 taken from a depth of 12 em, and 
40' times the activity of 30 em deep soil. Additionally, soH denitrifier. activity varied over the 
spring/neap tidal cycle. Creek-bank soil activity at 12 cm depth lncreased 21 times at neap-tide. 
when'the solt was irregUlarly flooded. 

TtHs heteroqenelty in d:enitrifier actiVity correlates wen with the variation noted In soil aeration. 
Creek-bank surficial sells drain 10'percent of the water by volume three hours after exposure by 
t'h~ receding tide. Deeper sotl shows somewhat less dralnaqe, and soil sampled six meters from 
the creek bank shows no dralnage in this time scale. 

These measurements have im:pC:'1rfant Im'pllcation-s for wastewater treatment, aarlculturat runoff, 
and nutrlent poliutton in' Virginia's waters. High levels of nutrient processing appear to occur in 
locafized "active zones" within a wetland, and possibilities may exist for optimizing such condl­
tlons. 

1 Presenter. Department of EnVironmental SCiences, UniverSity of Vfrglnfa, Charlottesville, Virginia 22903. 
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Water-Quality Research on Smith Mountain Lake •


Carolyn Thomas" and David M. Johnson1•

•

Smith Mountain Lake is a 20,OOO-acre pump-storage hydroelectric reservoir located on the Roa­
noke River 30 miles downstream from the metropolitan Roanoke area. The dam was completed 
in 1965 and the lake reached its present level in 1969. The nearly 500 miles of shoreline is being •


•
rapidly developed, and concern has been expressed about the impact of various shoreline land 
uses on lake water quality. The primary objective of this study, sponsored by Ferrum College 
and the Virginia Environmental Endowment, was to assess the impact of each major shoreline 
land use on the quality of near shore water. 

•
Results of a previous project (1985-86) to study the water quality at Smith Mountain Lake indi­
cated that variability of most of the parameters such as total suspended solids and differences. 
To remedy this, the number of sample sites were increased from 16 to 30 by organizing and 

•
training lay monitors to take samples. The samples were then analyzed in our laboratory. This 
type of sampling has great potential for increasing surveillance of water quality. Sampling 
equipment, training, workshops, and quality assurance will be described. 

•
•
•
•
•
•
•
•
•
•
•
 
1 Presenters. Division of Life Science, Ferrum College, Ferrum, VIrginia 24068. 
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T,opographicEffects
 

on the Hydro'log,lcal Response of Two Catchments
 •
in Shenandoah National Park 

D.M. Wolock' 

Topographic shape is a watershed attribute thought to influence the development of saturated 
areas capable of producing surface runoff in upland catchments. The influence of topography has 
previously been incorporated in the variable source area hydrological model TOPMODEL. The 
topographic effect Is quantified as the relative frequency distribution of the index In(a/tanB), 
where a ls the upslope area per unit contour that drains past a point, and B is the local surface 
slope. Spatial distributions of In(a/tan8) were calculated for Deep Run (DR) and White Oak Run 
(WOR), two watersheds located in the southwestern region of Shenandoah National Park. The 
index was calculated on a 30 by 30 m grid interpolated from digitiz.ed 7.5 minute contour maps. 
The spatially aggregated relative frequency distributions of 10(altanB) for the catchments were 
well described by a three-parameter gamma distribution fit to the first three moments of the ob­
served distributions. The mean In(altan8) value was higher in WOR compared to DR, whereas 
the skew of the frequency distribution was greater in DR. The theoretical implications of these 
differences in the moments of the In(a/tan8) distributions were examined by performing a sensi­
tivity analysts of TOPMODEl. The TOPMODEL simulations indicated that OR is more strong1y 
dQminated by subsurface storm flow that WOR, and that surface runoff is more likely to occur on 
WOR. The observed flow records at the outlets of the catchments suggest that after normalizing 
for differences in watershed area, WOR generates higher peak flows than DR. This observation 
is consistent with the predicted differences between the stormfJow generation mechanisms of the 
catchments. 

1 Departm.ent of Environmental Sciences, Unlver$ity of Virginia, CharlottesvH!e, Virginia 22903. 
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A Site-Specific Precipitation Model for Virginia Ecosystems •
Rebecca K. WaJda1 and R.H. Giles, Jr. 

••
Precipitation is the key element in general models of the hydrologic cycle. It is usually the topic 
of interest for supplying water to the biotic system. However, a lack, or overabundance, of pre­
cipitation may adversely effect the flow of water at any, or several, of the stages of the cycle. 
Consequently, differences in water levels can generate changes in species and community 

•
structure and composition. The natural resource area manager is faced with the problem of 
having to know expected precipitation values and not having a convenient, useful method for 
obtaining these figures. This study reports use of computer systems to analyze, model, and 
present measurable precipitation information in a useful form for resource area managers. Data 

•
for 15 stations have been obtained from the Virginia Water Resources Research Center and are 
being analyzed through regression analysis. Upon completion of analysis, the influential vari­
ables and the Gandin optimal interpolation precipitation model will be used to construct a mi­
crocomputer-based program to estimate monthly measurable precipitation, list other major 
output, and produce graphic images of the study area. Programming will be done in Turbo Pas­
cal. The completed system will allow users to enter past measured precipitation, location, and 

•
other values, and it will integrate the values into mathematical models, present graphic images 
of the area with expected precipitation, and list tabular results of a variety of analyses potentially 
useful to wildlife resource managers. Results of analysis and system construction will be avail­
able by the time of the conference. 

••I, 
I 

••••• 
II 

1 Presenter. Department of Fisheries and Wildlife Sciences, Virginia Polytechnic Institute and State University, Blacks­
burg, Virginia 24061. 
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Steps Toward a CO'mprehensive Watershed Management Plan 

R. Fernando Pasquel1 and Mohammad W. Haque 

One of the tasks of Prince William County's Department of Development Administration (DDA) is 
the review of floodplain and stormwater management (SWM) studies prepared for industrial, 
commercial, and residential developments. In addition to its review functions, the DDA is starting 
to look at watershed management, and in particular to SWM, in a comprehensive manner. The 
need for this comprehensive approach stems from the significant increase in developing activity 
that the county has experienced in the last few years. 

in order to offset the impact that development has on our streams and floodplains, the Board of 
Supervisors initiated a SWM Program in 1973. This program, though refined through the years, 
did not look at at water resources planning on a watershed basis. A new program, a compre­
hensive watershed management program, will include projects in SWM (quantity and quality), 
floodplain management, sedimentation and eroslon control, groundwater management, and wa­
ter resources monitoring. 

The initial step towards a comprehensive watershed management prog.ram is data collection. 
This paper describes the development and characteristics of a SWM Data Base Management 
System (DBMS) using R:Base System V. This OBMS is used for the entry, retrieval, and analysis 
of SWM and floodplain data. The information collected in the data base is used to prepare re­
ports, and to update and maintain the hydrologic and hydraulic models of the streams. These 
watershed models are being updated by DDA staff, and by consulting firms as part of drai,nage 
improvement projects and development projects. 

The hydrologic and hydraulic models will be useful tools In the design of development projects, 
and will be used to evaluate the cumulative effects of floodplain encroachments and SWM facili­
ties on water-surface elevations and runoff hydrographs. In addition, these models will be used 
to study the feasibility of regional facilities as part of a county wide retention/detention system. 

In order to collect SWM information for the data base, a SWM Fact Sheet was prepared. For the 
different types of SWM facilities, this fact sheet provides three types of information, general fa­
cility information, design information, and administrative information. Each of these three parts 
of the fact sheet correspond to an input screen and a table in the data base. The data base will 
store information on all the SWM facilities built in the county. However, only the facilities that 
have a significant effect on peak discharges, volumes, and timing of the hydrographs will be in­
corporated in the models. The DBMS will enable users to obtain the data they require, for anal­
ysis and report preparation, in an efficient and timely manner. 

t presenter-. Department of Development AdministratIon, Prince William County, 1 County Complex Court, Prince William, 
Virginia 22191. 
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I 
I Application of 

Agricultural Nonpoint Source Pollution Computer Models 
to Virginia Watersheds 

I J.M. Flagg, S. Mostaghlml\ and P.W. McClellan 

I Much of the blame for the decline of water quality has been focused on nonpoint sources of pol­
lution. The U.S. Environmental Protection Agency (EPA) estimates that as much as 90 percent 

I 
of the nitrogen resulting from nonpoint source pollution comes from agricultural runoff and 
cropland sediment loss. Nuisance algae blooms and eutrophic waters are often the direct result 
of increased nitrogen in surface- and ground-water systems. Many mathematical models have 
been developed to simulate nitrogen losses from agricultural lands. However, due to lack of field 

I 
data, they have not been verified for a variety of watershed conditions. Before these models can 
be effectively used to make management decisions regarding nitrogen losses and its effect on 
water quality, they must be verified against field data. 

The goal of this study was to investigate the suitabifity of two nonpoint source pollution models 
to Virginia's conditions. Data collected from two watersheds located in Westmoreland County 

I and Fauquier County, Virginia, were used to evaluate ANSWERS and AGNPS abilities to ade­

I 
quately simulate runoff, sediment, and nitrogen losses by comparing their prediction with the 
observed data. One of the models is used to simulate the effects of alternative management and 
land-use scenarios on runoff, sediment and nitrogen losses from Virginia watersheds. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

1 Presenter. Department of Agricultural EngineerIng, VIrginia PolytechnIc Institute and State University, Blacksburg, Vir­
ginia 24061. 
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S'easonalandlnte,rannual Vari.ations in Streajm~'Wat'er 'Chemistry 
in Two Catchments Impacted by Acid Deposits 

P.F.Ryan1 

The atmospheric deposition over the Eastern U.S. is si,g'nificanUy more acidic at present than 
durin,g preindustrial times. The e'ffectsof add depositlon on a 'catchment scale may be assessed 
by examining temporal trends of the chemical composition of stream water leaving the catch­
ment. As part of the Shenandoah Wate,rshed St.udy, the chemistry of two streams.whfte OakRun 
{WQR) and Deep 'RuA (DR), 10 the southwestern part ofthe She'nandoah National Park, Virginia, 
'ha's been moni~ored since 1979. The temporal v8'riation ofsol-, alkalinity, H+, CI-, and base 
'Cations was examined. 'Interannual trends were obscured by pronounced seasonal variation. In 
DR SO,l- and Mg2+had winter maxima and summer minima. These concentrations were highly 
eerrelated with stream discharge and appeared to be controlled by the flow path of water through 
tR,e catchment soils. tnWOR -alk,alhlityand base cations hadsummer maxima and winter minima. 
ThJs pattern of variation appeared to be related ito stream discharge andtemperature. A mech­
anism involving soil CO2 concentration and hydrologic flow path was proposed. When tested 
wtthtn season only H" had a statlstlcatly slgnificant interannual trend. H+ was increasingly in 
both catchments (WOR, 0.05 ueq 1-1yr-1; DR, 0.41 ueq1-1yr - 1) . When less stringent statistical 
tests were US~d, '80/- (1.69 ueq 1- 1yr - 1) and base cations (1.90 1- 1yr-1

) also showed a positive 
tref1-d in OR. The data suggest that the OR catchment is In the process of losing its abiNty to retain 
,sulfate and thus the stream has become increasingly acldlc. WOR has not shown a rapid change 
in stream chemistry and is presumably neutralizing acid deposition through cation exchange and 
suUat,eretention. 

1 Department of Environmental Sciences, University of VIrginIa, Charlottesville, Virginia 22903. 
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I A Critical Evaluation
 

of the Role of Sulfate- and Iron-Reducing Bacteria
 

I in the Mediation of Acid Mine Drainage
 

I P. E. Belli and A. L. Mills 

I 
Sulfate reduction is commonly considered· to account for increased bufferlnq capacity in sul­
fate-acidified freshwater systems. The Contrary Creek arm of Lake Anna in central Virginia re­

I 
ceives acid mine drainage from several abandoned pyrite mines. Because of the large iron load 
in acid mine streams, bacterial iron reduction is potentially an important contributor to carbon 
and electron flow and may contribute to alkalinity generation or the increased buffer capacity 
observed in this system. When a pure culture of the sulfate reducer Desulfovibrio vulgaris strain 

I 
8M (isolated from the sediments of Contrary Creek) is cultured in synthetic iron hydroxide me­
dium with additions of sulfate, most of the buffering capacity is retained in the amorphous ferrous 
sulfide mineral phase and not in the medium filtrate. A similar phenomenon is observed with 
co-cultures of iron reducing bacteria. Results suggest that both iron and sulfate reduction are 
essential processes in the generation of permanent alkalinity in mine drainage acidified lakes. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 Presenter. Department of Environmental Sciences, University of VirginIa, Charlottesville, Virginia 22903. I 
-39­

I 



--

Sources of Sulfa,te
 
in Deep S'ediments of an Acidified Lake:
 

Chemical and Isotopic Evidence
 

P.E. Mclntire,1 A.L. Mills, J.S. Herman, and G.M. Hornberger 

Sediment sulfate concentration profiles that exhibit sulfate ccneentratlons of up to 28 mM at 
depths of 20 to 60 cm have been observed in some regions of Lake' Anna, Virginia, which receives 
I:arge amounts of sulfate from acid mine dralnaqe. These proflles, which have hig'h sulfate con­
centra-tions at depth (HSD), cannot be explatned by sediment dlaqenesls models including sedi­
mentation, diffusion, and sulfate reduction alone. Previous experiments based on the des:tgn of 
a strong inference tree suggests that vertical groundwater advection of sulfate or oxygen, which 
induces sulfide oxidation, was not the cause of the unusual sulfate patterns. Measurements of 
sulfate-reducing and sulfur-oxidlztnq bacteria, sediment sulflde, and organic matter concentraUon 
analyses, and deterrninlatlons of the spatial and temporal variability in the occurrence of the SO 
profiles give circumstantial evidence that sediment sulfide oxidation did not cause HSD. Use of 
stable sulfur isotope ratio analyses confirmed that the HSD sulfate did not originate from the ox­
idation biogenic sulfides. Sulfur at depth in the HSD sediments had a stable isotope ratio e4 SJ32S) 
of +14.4 compared to a value of -12.5 for the sediment suJfides. Experiments in which cores 
haVing HSD were transplanted to the non-HSD region (and the converse) showed no changes in 
sulfate concentrations over the four-month incubation period. These results were interpreted to 
mean that upward advection of sulfate was not an important process in the sediments. 

[ 

.­I. 
II 

'1 Pres'ootet. oepartment of Environmental Sol:ences, University of Vlrgln.la, Charlottesville, Vlrgfnla 22903. 
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I 
I Acid Neutralization Capacity 

of Eastern Brook Trout Streams 
in the Mountains of Virginia 

I James R. Webb1 

I 
The Virginia Trout Stream Sensitivity Study (VTSSS) was initiated to provide information about the 
potential effect of elevated atmospheric acid deposition on the stream habitat of the indigenous 
eastern brook trout (salvelinus fontinalis) in the mountainous region of Virginia. Low stream­

I 
water acid-neutralization capacities are known to be associated with small forested mountain 
watersheds underlain by shallow, base-poor soils developed on granitic or noncalcareous sedi­
mentary bedrock types. This type of system is represented by most of the "wild" trout stream 
resource in Virginia. Objective assessment of the acid deposition problem relative to this sen­
sitive ecosystem component, however, has been constrained by lack of baseline information or 
means to measure changing conditions over time. 

I 
I Principal VTSSS project phases include: (I) a synoptic survey to determine the sensitivity of wild 

trout streams to acidification and (II) initiation of a long-term trend monitoring system. Prelimi­
nary results for Phase I and progress on Phase II can be reported. 

I 
VTSSS Phase I involved collection of stream-water samples from 350 individual wild trout streams 
during the period April 24-May 4, 1987. This sample represented approximately 80 percent of the 
total number of identified streams with naturally reproducing trout populations in the state. Ex­
clusion of the nonsampled streams was primarily based on watershed disturbance criteria, ac­
cess difficulty, and watershed size. A small number of streams were excluded due to the 
presence of carbonate bedrock which should provide infinite buffering capacity. Sample analyses 

I include alkalinity, pH, conductivity, calcium, magnesium, potassium, sulfate, nitrate, chloride, and 

I 
silica. Initial evaluation of sensitivity has been based on alkalinity-with 100 ueq alkalinity/L taken 
as a threshold value above which chronic stream-water acidification is unlikely to occur at current 
levels of acid deposition. 78 percent of the sampled streams have alkalinity values of 100 ueq/L 
or less, 49 percent have alkalinity values of 50 ueq/L or less, and 11 percent have alkalinity values 
of 0 ueq/L or less. Stream waters with alkalinity concentrations of ~ 0 ueq/L had pH values from 

I 
4.7 to 6.0. Stream waters with 0-50 ueq/L had pH values of 5.3 to 6.8. Stream waters with 51-100 
ueq/L had pH values of 6.3 to 7.0. These results indicated that most of the state's wild trout 
streams are weakly buffered against acidification. 

VTSSS Phase II involved selection of 65 of the Phase I streams for quarterly sampling and anal­

I ysis. Principal selection criteria included low alkalinity, minimum watershed disturbance and 

I 
development, probability of long-term watershed protection, geographic distribution, and acces­
sibility. Trend interpretation will focus on (1) changes in stream-water sulfate concentrations as 
an indication of changes in the magnitude of acid nux through watershed/stream systems; and 
(2) changes in alkalinity and base cation concentrations as an indication of the watershed/stream 
system response. 

I 
I 
I 
I 
I 

1 Department of Environmental Sciences, University of Virginia, Charlottesville, Virginia 22903. 
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ir1,eOUS'The Use of S'pOnbl Potential in Detecti:ng: 8"nd Monitori,ng' 
the Areal Extent of Contaminant p'lumes 

Ronald- A. Etchurl 

The object of this research was to determine if the geop'hysical technique of spontaneous po­
tentiaf (SP) could detect and monitor a contaminated waste site. SP is a geophysical method that 
measures naturally occurring voltaqe in the earth. SP effects tan be due to electrochemical or 
electrokinetiC offg-ins. Electrokinetic effects are known as streaming potentials and' are caused 
by the flow of fluid through a po-rous mate-rfal (groundwater seepage through soil). 

The test srte was the Rose Hilt lagoons located approximately fOur mires south of LeXington" 
Virginia. The Rose Hill lagoons site consists of two unHned and. uncovered lagoon's within a 
fenced enclosure of less than 011e acre. The site was used fot the disposal of solvents, plastl­
clzers, and other materials resUlting from Industrial coating processes. The use of these lagoons 
beg'aft about 1972 and ended in May 1980. 

SE!ophysical suNeYs of the Rose HUt site were initiated in June 1987 by installing a grid array of 
copper electrodes on 25-foot tenters. SP measurements were collected on alternate days 
thtough July 1981. A computer gen'erated SP contour map based on average values for the entire 
~ohthOf July was developed. Thetnajor anomalous areas ln thrs map are associated with two 
I~ghoris. The strongest anomaly (..400 millivolts) Is centered on the lower lagoon. (The anomaly 
associated with the upper lagoon appears to be spread out over the area between the entrance 
gate anti the area where wastes were dumped into the upper lagoon.) In addition an automated 
data collection system was devised and used at the site for two tasks: (1) long-term monitoring 
otSP changes and environmental variables and (2) measuring SP changes induced by the rapid 
recharge of water into the lagoons by heavy rains. The SP results were also evaluated by com­
parisbn With geological observations, electrlcal reslstlvlty, and seismic and penetrometer surveys 
of the site. The results of these geophysical and geotechnical surveys indicate the SPanomalies 
are associated with the major concentration Of toxic materials and would require neutralization 
in any closure plan ol this site. 

ibeJ)a'rtTWent tif ·Clv!i Ehglneerl11~, Virginia Mll1t~rYlnstltute, l:eXlngtoh, Virginia 24450. 
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