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1. Executive Summary 
 

The Department of Environmental Sciences at the University of Virginia maintains the 

Shenandoah Watershed Study (SWAS) program in cooperation with the National Park Service. 

Over the 29-year period, 1979-2008, the SWAS program has developed and maintained a 

monitoring framework designed to account for the spatial and temporal variability of hydrologic 

and biogeochemical conditions in the watershed ecosystems of the Shenandoah National Park 

(SHEN). The SWAS program is a component of the SHEN Long Term Ecological Monitoring 

Program. The SWAS framework includes 14 study watersheds selected to represent the major 

bedrock types in SHEN. Data collection includes quarterly, weekly, and hourly sample collection 

for analysis of stream water composition, and discharge gauging. This data collection allows 

detection of biogeochemical change in SHEN watersheds and supports research to advance 

understanding of factors and processes that govern current conditions and determine response to 

stressors. 

 

This report continues a calendar year basis for data reporting and interpretation. We plan a 

schedule for annual reports in which statistical analysis of trends are reported every three to five 

years, or as warranted by notable observations or other important considerations. The current 

report provides descriptive information for data obtained primarily for the period, 01/01/08 – 

12/31/08, including comparisons with previous years in the SWAS program record. 
  
The major program recommendations submitted with this report are consistent with previous 

recommendations concerning the need for increased emphasis on the more-sensitive headwater 

reaches of SHEN streams, characterization and monitoring of soils and springs, and investigation 

of the fate and transport of atmospherically deposited mercury. Additional recommendations 

concern the use of newly available bedrock and vegetation maps. Much of the recommended 

work has been initiated. We again recommend that recent work to model the frequency, duration, 

and magnitude of episodic acidification be extended to better address the effects of discharge-

related extreme conditions on aquatic biota in SHEN. We have also now fully adopted the 

NPSTORET data management system developed by the National Park Service for management 
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of water resources data in national parks. Work on updating and including site documentation in 

NPSTORET for SWAS study sites is proceeding.  

 
 

 

2. Significant Program Changes, Observations, and Findings  
 

Expanded discussions of the following are provided in Section 8. 
 

 NPSTORET, a data management system developed by the Water Resources Division of the 

National Park Service, was adopted for SWAS Program water quality data management. The 

data report for 2008 was largely generated using the reporting capabilities of NPSTORET.  

 The documentation of SWAS stream study sites in SHEN, including synoptic, quarterly, 

weekly, and episodic sampling sites, is currently under revision for inclusion in NPSTORET.  

 Planning and work on a third decadal survey of acid-base chemistry in western Virginia 

brook trout streams, including 67 streams in SHEN, was initiated. The survey will take place 

in 2010. 

 Differences in stream water quality parameters between 2008 and previous years were 

suggestive of recovery from stream acidification. 

 In 2008 the acidity levels of most of the 14 SWAS study streams, as indicated by acid 

neutralizing capacity and pH,  were lower than in previous years.  

 In 2008 mean nitrate concentrations in all of the 14 SWAS study streams were lower 

compared to mean concentrations prior to 2008. The higher nitrate levels in earlier years can 

be attributed to severe forest defoliation in the early 1990s by gypsy moth larva. 

 In 2008 mean sulfate concentrations in 12 of the 14 SWAS study streams were higher  

compared to mean concentrations prior to 2008.  

 In 2008 mean concentrations of base cations (Ca2+ + Mg2+ + Na+ + K+) in seven of the 14 

SWAS study streams were higher compared to mean concentrations prior to 2007.  

 Stream discharge in 2008 was higher than in 2007 and higher than in many previous years. 

 Change in stream water acid-base chemistry between 2008 and previous years is related to a 

number of factors including differences in discharge and differences related to previous 

forest defoliation by the gypsy moth. There is no indication of change related to decreased 

deposition of  sulfur from the atmosphere. 
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3. Recommendations for SHEN Management and SWAS Program  
 

The following recommendations arise from the above-listed significant findings and other 

material provided in this report.  Expanded discussions of the recommendations are 

provided in Section 9. 

 

 Obtain water composition and biological data to characterize upper stream reaches, springs, 

and seepage areas that are not presently sampled as part of SWAS or other components of the 

SHEN Long-Term Ecological Monitoring program. [Note: research was  initiated in 2007; 

analysis of data is in progress.] 

 Further investigate the fate and transport of atmospherically deposited mercury in SHEN 

surface waters. [Note: a range of research has been initiated.] 

 Further Investigate the relationship between episodic discharge-related extremes in SHEN 

stream water quality and the status of aquatic biota.  

 Establish a long-term monitoring program to track change in the availability of base-cations 

(e.g., calcium and magnesium ions) in SHEN soils. 

 Use newly available bedrock and vegetation maps available for SHEN with SWAS  Program 

development and data interpretation. 

 Complete development of the SWAS Program Protocol document and standard operating 

procedures for field and laboratory work. [Note:  protocol and SOP development in 

progress.] 

 

4. Introduction/Background 
 

Over the 29-year period, 1979-2008, the Department of Environmental Sciences at the 

University of Virginia and the Shenandoah National Park (SHEN) have collaborated to develop 

the SWAS research and monitoring program. The SWAS program is a component of SHEN’s 

Long Term Ecological Monitoring Program. As described below, the primary objectives of the 

SWAS program are to identify and understand change that is occurring in SHEN’s forested 

mountain watersheds. A partial listing of causes of significant ecosystem change presently facing 

SHEN includes forest growth, insect infestation, climate change, and air pollution. These causal 

factors may all in some way affect the hydro-biogeochemical environment of SHEN watersheds 

and thus come within the purview of the SWAS program. 

 

The solute composition of stream waters is a critical environmental parameter in forested 

mountain watersheds. It directly affects the distribution and productivity of fish and other aquatic 

biota. Moreover, because stream-water composition is determined by a complex integration of 

hydro-biogeochemical inputs and processes in watersheds, change in stream-water composition 

provides a measurable indication of ecosystem change that is occurring on a watershed scale. For 

these reasons, stream-water composition is monitored at a number of locations in SHEN. Current 

SWAS data collection in SHEN includes a combination of quarterly, weekly, and higher-
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frequency water quality sampling on 14 streams and continuous discharge measurement on five 

streams.  

 

The selection of the 14 watersheds for SWAS data collection was based on a number of factors, 

including: representation of major geologic formations and range of stream sensitivity in SHEN, 

coordination with the Park's Long-Term Ecological Monitoring System (LTEMS), degree of 

direct human alteration of watershed conditions, and site accessibility. Coordination with the 

LTEMS program provides routine monitoring of aquatic biota for most of these watersheds.  

A regional context for SWAS program findings is provided through coordination with the 

Virginia Trout Stream Sensitivity Study (VTSSS), which extends quarterly water quality 

sampling to an additional 51 streams located mostly in the George Washington and Jefferson 

National Forests. The streams studied by the both the SWAS and VTSSS programs provide 

habitat for native brook trout. 

 

An additional data-collection program, involving both the SWAS and VTSSS programs, 

involves collection and analysis of stream water samples from approximately 450 streams in 34 

western Virginia counties. Current plans call for decadal sampling of these streams, which 

represent about 80% of the mountain headwaters streams in Virginia that support reproducing 

brook trout. Previous surveys were conducted in 1987 and 2000. The next survey, to be 

conducted in the spring of 2010, will include sampling of 67 streams in SHEN.  

 

Additional information about the SWAS program can be accessed from the program website:  

http://swas.evsc.virginia.edu. 

 

 

 

5. Objectives 
 

The SWAS program has both scientific and resource-management objectives. The underlying 

scientific objective of the SWAS program has been to improve understanding of hydro-

biogeochemical processes and factors that govern ecosystem conditions in SHEN mountain 

watersheds. This scientific objective complements a resource management objective that has 

been defined by the need to document and assess change that is occurring in SHEN streams and 

watershed ecosystems. 

 

 

6. Study Area Description 
 

SWAS data collection and interpretive analyses are designed to provide information about the 

status of stream and watershed ecosystems in SHEN as a whole. Provision of information on this 

geographic scale has been accomplished by development of a stratified monitoring framework 

that substantially partitions the inherent spatial and temporal variability that exists among SHEN 

watersheds. This monitoring framework is designed to: 

(1) account for differences in watershed properties that determine biogeochemical 

conditions and stressor-response relationships, and 

http://swas.evsc.virginia.edu/
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(2) allow identification and understanding of change that occurs on different time scales. 

A map showing the location of the 14 SWAS study watersheds in relation to the three major 

bedrock classes in SHEN is provided in Figure 1. A diagram depicting the spatial and temporal 

components of the SWAS watershed-monitoring framework is provided in Figure 2. 

 

Important aspects of spatial variability among SHEN watersheds are captured by the distribution 

of the study watersheds among the three major bedrock types. Previous studies in SHEN have 

shown close associations between watershed bedrock type and stream water composition, the 

distribution of aquatic biota, the acid-base status of soils, and the distribution of forest cover (see 

Lynch and Dise, 1985; Bulger et al., 1999; Vana-Miller and Weeks, 2004). SHEN landscape 

includes three major bedrock types, siliciclastic (quartzite and sandstone), granitic, and basaltic.  

 

Watersheds underlain by siliciclastic formations are associated with low pH and low acid 

neutralizing capacity in streams, fewer invertebrate and fish taxa in streams, lower base-

saturation in soils, and forest cover consistent with poor site quality. In contrast, watersheds 

underlain by basaltic formations are associated with relatively high pH and high acid neutralizing 

capacity in streams, greater numbers of invertebrate and fish taxa in streams, relatively high 

base-saturation in soils, and forest cover consistent with good site quality. Watersheds underlain 

by granitic formations are intermediate in these respects. Each of these bedrock types influence 

about one-third of the stream miles and land area in SHEN. 

 

Important aspects of temporal variability are captured by stream water sampling at different 

frequencies, including quarterly, weekly, and hourly. This allows identification and 

understanding of both chronic and episodic change in stream water composition. By maintenance 

of continuing long-term data collection, misinterpretation that might otherwise result due to 

transient changes can be avoided.  

 

Table 1 provides a listing of the SWAS study watersheds, with descriptive information including 

geographic coordinates and elevation of stream water sampling sites, watershed area above the 

stream water sampling sites, watershed bedrock, and stream water sampling frequency. 

 

 

 

7. Methods 
 

Field and Laboratory Methods 

As indicated above, routine SWAS data collection in SHEN includes a combination of quarterly, 

weekly, and higher-frequency water quality sampling on 14 streams and continuous discharge 

measurement on five streams. The routine field work schedule involves weekly visits (requiring 

two days per week) to six stream sites for water quality sampling, maintenance of discharge 

gauges, and maintenance of, and retrieval of samples from, automatic high-runoff sampling 

systems. Stream water samples are also collected on a quarterly basis by SHEN staff at an 

additional eight sites. 
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Chemical Analysis 

Chemical analysis of all stream water samples is performed at the SWAS program laboratory at 

the University of Virginia. Analyses are conducted for all major chemical properties and 

constituents, including pH, acid neutralization capacity (ANC), conductivity, sulfate, nitrate, 

chloride, calcium ion, magnesium ion, sodium ion, potassium ion, silica, and dissolved 

aluminum. The data report for this reporting period describes analytical methods and lists 

chemical composition and quality assurance data.  

 

 

8. Program Changes, Observations, and Findings  
 

Laboratory Instrumentation and Data Management 

 

As described in previous reports, the SWAS program analytical laboratory acquired and began 

transition in 2007 to new instrumentation for the analysis of pH, acid neutralizing capacity 

(ANC), and major anions and cations in stream water samples. The new instrumentation was 

needed due to the age of the existing instruments. Although data quality was ensured though 

strict adherence to methods and quality assurance protocols, the existing analytical methods were 

labor-intensive and the old instruments were inadequately supported by the manufacturers. ANC 

titrations were performed manually. pH was measured using a precise but time-consuming 

manual method.  Anions, base cations, and ammonium were analyzed using separate instruments 

and multiple processes, instead of a single, integrated system. Data from some of the analyses 

had to be hand-entered into the database system. The new instrumentation has overcome most of 

these difficulties. 

In addition, the SWAS program adopted NPSTORET, a data management system developed by 

the Water Resources Division of the National Park Service. SWAS data management is now 

performed using a program-specific laboratory information systems and NPSTORET. The 

SWAS data report for 2008 was largely generated with NPSTORET. Additional work is 

underway to complete an upgrade of SWAS study site documentation for inclusion in the 

NPSTORET data base system. 

 

Number of Samples Collected 

Figure 3 indicates the total number of stream water samples collected for analysis through the 

SWAS program during each of the years during the period of record, as well as the number of 

weekly grab samples and episodic (ISCO) samples collected at the intensively studied sites 

established in 1993. The total number of samples increased in the late 1980s with initiation of 

weekly sampling on North Fork Dry Run and quarterly sampling of geologically representative 

streams throughout SHEN. The number of samples further increased in the early 1990s with 

initiation of additional weekly sampling and episodic sampling on three sites (Paine Run, Piney 

River, and Staunton River) selected for intensive study. The lower number of samples collected 

in recent years compared with the early 1990s is due to less-frequent sampling during high-

discharge conditions. The number of grab samples has been generally constant. The high number 

of ISCO samples collected in 2003 was due to unusually high discharge. The relatively low 
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number of samples collected in 2007 reflects low discharge and the resulting low number of 

ISCO samples collected in 2007. The somewhat higher number of samples collected in 2008 

reflects higher discharge and the resulting higher number of ISCO samples. 

 

Discharge 

Figure 4 compares total annual discharge amounts (given as runoff) for the three more 

intensively studied SWAS study streams with continuous discharge gauging. As indicated, 

annual runoff for 2003 was the highest in the period of record (1992 – 2008). Discharge in 2007 

was relatively low. Discharge in 2008 was relatively high. 

 

Figure 5 provides time series plots of discharge in 2007 and 2008 for the five SWAS study 

streams with continuous discharge gauging, as well as cumulative frequency distributions (CFD) 

comparing discharge in 2008 with prior years. The time series plots show that 2008 was not 

exceptional with respect to high-flow events. The CFD plots indicate that low discharge 

conditions were less common in 2008 than in the previous record. 

 

Acid-Base Status of Stream Water 

Figure 6 provides plots of major acid-base constituent concentrations for the fourteen SWAS 

study streams by calendar year, indicating weekly and quarterly grab sample values and median 

values by year. Figure 7 provides time-series plots of major acid-base constituent concentrations 

for the fourteen SWAS study streams. As evidenced in Figure 7, the concentrations of these 

constituents change on both seasonal and shorter-term time-scales   

 

Change that occurs over longer-time scales is indicated in Table 2, which lists differences in 

mean values of the major acid-base constituents for all 14 of the primary SWAS study 

watersheds between (1) calendar-year 2008 and (2) pre-2008 (1988 – 2007). Data were collected 

for all 14 study sites beginning in 1988. 

 

Figure 8 summarizes the differences in mean values indicated in Table 2.  

 

The differences in mean values between 2008 and pre-2008 are indicative of long-term change 

associated with acidic deposition and forest defoliation. Differences associated with variation in 

discharge are also evident. 

 

The comparison of ANC means shows that 13 of the 14 study streams were less acidic in 2008 

than during the prior data collection period.  ANC is an integrator of the factors that contribute to 

the acid-base status of surface waters, and increasing ANC is consistent with recovery from 

acidification in both stream water and watershed soils. 

 

The mean pH values for nine of the 14 study streams were higher in 2007 than the mean for the 

previous years. This is consistent with the general increase in ANC and suggestive of recovery 

from acidification.  
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The comparison of nitrate concentration means shows that mean nitrate concentrations were 

lower in all of the study stream in 2008 than in the previous years. This is consistent with the 

previously observed decrease in nitrate concentrations following the transient increase associated 

with the gypsy moth infestation and forest defoliation in the early 1990s. 

 

Explanations for the differences observed in the other parameters included in Table 2 and Figure 

8 are less obvious.  

 

The mean sulfate concentrations were higher in 12 of the 14 streams, but lower in the other two 

streams. Given reductions in sulfur emissions and deposition, sulfate concentrations in surface 

waters are declining in some regions. However, as discussed in previous reports and suggested 

by the current comparison, sulfate concentrations in southeastern surface waters are not 

consistently declining. This has been attributed to the effect of sulfur retention in soils. It is 

notable that results for sulfate in 2008 were different than in 2007, when sulfate concentrations 

for most of the study streams were less than in previous years. This year-to-year difference may 

be related in part to occurrence of relatively low discharge in 2007 and relatively high discharge 

in 2008. In any case, a single year’s change does not provide a strong basis for interpretation. 

More perspective on SHEN watershed response to reductions in sulfur emissions will be 

provided when long-term trend analysis is repeated. 

 

The change in the mean for the sum of base cation concentrations was even distributed among 

the 14 study streams. This is a mixed result consistent with observations in recent years, 

suggesting that soils in some areas of SHEN are losing base cations, while others are not. The 

base cations, including calcium, magnesium, and potassium ion, are mainly derived from 

watershed soils, and depletion of base cations in watershed soils is a primary aspect of ecosystem 

harm associated with both acidic deposition and forest disturbance. Again, a single year’s change 

does not provide a strong basis for interpretation. 

 
 

 

9.  Current Recommendations 
 

Obtain water composition and biological data to characterize upper stream reaches, springs, 

seepage areas, and other stream waters that are not presently sampled as part of SWAS or other 

components of the SHEN Long-Term Ecological Monitoring program.  

This is a continuing recommendation. 

This recommendation responds to the SHEN Water Resources Scoping Report (WRSR; Vana-

Miller and Weeks, 2004) in which it was observed that most of the data for SHEN water 

resources have been obtained for lower-elevation stream reaches, and that data are regularly 

collected for only a fraction of SHEN streams. The WRSR recommended: (1) investigation to 

identify the locations of springs and seeps, followed by characterization of baseline conditions; 

and (2) sampling other streams and lower-order reaches to evaluate the park-wide applicability 

of stream status determined through data obtained for the SWAS watersheds.  

In response to this recommendation, a project is underway to examine headwater reaches and 

springs and seeps in the park. This project is entitled Biological significance of headwater 
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streams and springs in Shenandoah National Park (Snyder et al., 2007).  The project involves 

collection of water composition and benthic macroinvertebrate data for a representative sample 

of headwaters and springs throughout SHEN. The project is a collaborative effort conducted by 

the U.S. Geological Survey and the University of Virginia. Data collection for this project was 

completed in 2008. Data analysis is proceeding. 

 

Establish a program to monitor change in the availability of base-cations (e.g., calcium and 

magnesium ions) in SHEN soils. 

This is a continuing recommendation. 

Base cations in some SHEN watershed soils are evidently decreasing as a result of prolonged 

exposure to acidic deposition and other disturbance (e.g., forest defoliation). Base cations 

provide acid neutralization through soil exchange and serve as critical nutrients for aquatic fauna 

and terrestrial vegetation. Because natural replenishment of base-cation supplies in watersheds 

soils is a slow process, the depletion of base cations may limit recovery from surface water 

acidification despite recent reductions in sulfur emissions and deposition. The loss of base 

supplies in watershed soils should thus be considered a fundamental, long-term impact of acidic 

deposition on watershed ecosystems.  

Given the importance of base-cation supplies in watershed soils with respect to both streams and 

forests, a program to monitor base status in soils is important for understanding current and 

future ecosystem conditions in SHEN. Monitoring would be most informative if conducted 

within the established SWAS study watersheds and by protocols established for evaluating acidic 

deposition effects on soils. Soil sampling conducted at 79 sites within these watersheds in 2000 

could serve as a baseline and foundation for a long-term soil monitoring program (Welsch, 

2001).  

 

Investigate the fate and transport of atmospherically deposited mercury in SHEN surface waters. 

This is a continuing recommendation.  

Atmospheric deposition of mercury (Hg) associated with long-range transport has led to 

increased concentrations in freshwater systems and biota, in some cases exceeding thresholds for 

fish consumption. However, total Hg deposition has not been found to be an effective predictor 

of bioaccumulation in aquatic species. Recent investigations in SHEN have shown that despite 

relatively high deposition levels, Hg concentration levels in fish and salamanders in SHEN 

streams are relatively low by comparison with some other areas with relatively low deposition 

levels. Although low, Hg concentration levels in SHEN fish vary among streams for 

undetermined reasons, and long-term effects of Hg deposition are thus unknown.  

Again, responding to recommendations in the WRSR, we suggest studies to identify the 

processes and landscape factors that govern this variation in SHEN. Studies should be designed 

to build on recent and current studies of Hg mobility in SHEN. A study of Hg concentrations in 

fish (conducted by USGS Biological Resources Division, SHEN Natural Resource Management, 

and the SWAS investigator team) has been completed (Snyder et al, 2006). The findings indicate 

associations between Hg levels in brook trout and both bedrock type and elevation. Another 

study has been completed as a graduate thesis project investigate longitudinal and temporal 

variation of Hg in SHEN stream waters and sediments (Moore, 2006). A project is currently 
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underway by University of Virginia researchers to examine Hg fluxes at the Big Meadows 

wetland in SHEN. Results of this work are not yet available. 

Given the known link between bioaccumulation of Hg and the presence of organic matter in low 

oxygen environments, upper reaches of streams and seepage areas represent a logical focus for 

further investigation. 

 

Investigate the relationship between episodic discharge-related extremes in SHEN stream water 

quality and the status of aquatic biota.  

This is a continuing recommendation. 

 

The most acidic conditions in SHEN streams occur episodically during high-discharge 

conditions. Previous investigations in SHEN have substantially increased our understanding of 

both the hydrochemical parameters of episodic acidification and biological response to episodic 

acidification in SHEN. The Fish in Sensitive Habitats project, for example, established that 

episodic acidification is a major factor associated with both recruitment failure for brook trout 

and mortality of adult blacknose dace. Although general relationships are observed in SHEN 

streams between fish diversity and base-flow ANC, the predictive power of such relationships is 

limited. It seems probable that the distributions of fish and other aquatic species can be better 

explained by also considering the occurrence of episodic acidification.  

A recent cooperative project of the USGS and the SWAS team has provided a model to predict 

the magnitude, frequency, and duration of episodic acidification in SHEN streams as a function 

of bedrock type, watershed size, and elevation (Rice et al., 2005; Deviney et al., 2006). We 

suggest further development of this model as a tool for predicting and explaining distributions of 

aquatic species in SHEN. This would be a logical and productive response to the WRSR 

recommendation for better integration between the hydrochemical components and biological 

components of the SHEN LTEMS program. 

 

Re-examine the SWAS watershed classification system based on newly available bedrock and 

vegetation maps. 

As discussed above in section titled, Study Area Description, SWAS study watersheds were 

selected based on a lithologic classification scheme. This classification scheme is based on 

bedrock maps prepared in the 1970s. Much of the spatial variation in SHEN ecosystem 

properties,  as well as differences in response to atmospheric deposition, has been shown to be 

associated with the defined lithologic classes. The newly available bedrock and vegetation maps 

should allow improvement in both interpretation and regionalization of findings and observations 

made for the individual study watershed.  

 

Incorporate continuous or high frequency stream water temperature monitoring in the SWAS 

monitoring program. 

It has been predicted that much of the wild trout habitat in the region surrounding SHEN will be 

severely degraded during the current century due to increasing water temperature associated with 

climate change (Flebbe, et al., 2006). This suggests that temperature monitoring should be 

adopted as a component of routine SWAS data collection. Discussions concerning the method 
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for implementing temperature monitoring have been initiated. At present continuous temperature 

data are obtained through deployment of multiparameter water quality sondes at Paine Run, 

Staunton River, and Piney River. 

 

Develop a SWAS Program protocol document, including field and laboratory standard operating 

procedures, consistent with protocols established for the Vital Signs Program of the National 

Park Service. 

Preparation of an updated SWAS protocol document is underway. 
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Table 1:  SWAS study watersheds 

 

 

1 SILI = siliciclastic (Harper, Antietam, and Weverton Formations) 
2 GRAN = granitic (Pedlar and Old Rag Formations) 
3 BASA = basaltic (Catoctin Formation) 
 

Site Stream Name 

Stream 
Water 
Sampling 
Frequency 

ELEV 
(ft) 

AREA 
(km2) 

UTM Coordinates 

Percent Bedrock 
Coverage 

SILI1 GRAN2 BASA3 

DR01 DEEP RUN weekly 1360 3.12 695591 4238919 
100.0 0.0 0.0 

NFDR 
NF OF THE 
DRY RUN 

weekly 1600 2.31 729933 4279183 
0.0 100.0 0.0 

PAIN  
VT35 

PAINE RUN weekly and 
episodic 

1390 12.39 693243 4229927 
100.0 0.0 0.0 

PINE 
VT60 

PINEY RIVER weekly and 
episodic 

1140 12.59 737939 4286960 
0.0 31.3 68.7 

STAN 
VT59  

STAUNTON 
RIVER 

weekly and 
episodic 

1010 10.50 729380 4258243 
0.0 100.0 0.0 

VT36 
MEADOW 
RUN 

quarterly 1480 8.86 691758 4225462 
100.0 0.0 0.0 

VT51 
JEREMYS 
RUN 

quarterly 930 21.97 727652 4288251 
31.0 0.0 69.0 

VT53 
TWO MILE 
RUN 

quarterly 1220 5.56 703527 4245225 
100.0 0.0 0.0 

VT58 
BROKENBACK 
RUN 

quarterly 1080 9.86 735102 4272372 
0.0 93.4 6.6 

VT61 
NF 
THORNTON 
RIVER 

quarterly 
1100 19.08 736982 4286022 

5.2 27.0 67.8 

VT62 HAZEL RUN quarterly 1080 13.24 738348 4277397 
0.0 100.0 0.0 

VT66 ROSE RIVER quarterly 1120 23.73 729550 4266066 
0.0 9.1 90.9 

VT75 
WHITE OAK 
CANYON  

quarterly 1160 14.08 730905 4268968 
0.0 14.1 85.9 

WOR1 
WHITE OAK 
RUN 

weekly 1480 5.13 696960 4235772 
100.0 0.0 0.0 
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Table 2:  Difference and confidence interval between calendar-year 2008 and  pre-2008 mean 

concentrations (grab samples only) 

StationID Analyte LowerCL Difference Between 
Means 

UpperCL 

DR01 ANC -3.156378 1.447918 6.052215 

DR01 NITRATE -2.944923 -1.764709 -0.584496 

DR01 PH -0.052996 -0.002854 0.047287 

DR01 SBC -5.317011 -0.169610 4.977791 

DR01 SULFATE -1.978570 1.346985 4.672540 

NFDR ANC -13.474663 -4.968848 3.536966 

NFDR NITRATE -14.866538 -9.877889 -4.889240 

NFDR PH -0.037060 0.014347 0.065755 

NFDR SBC -23.829993 -15.098553 -6.367113 

NFDR SULFATE 3.643529 6.196123 8.748717 

PAIN ANC 2.510680 4.152853 5.795025 

PAIN NITRATE -7.408745 -4.870922 -2.333099 

PAIN PH -0.042598 0.022215 0.087028 

PAIN SBC -1.352979 1.174952 3.702882 

PAIN SULFATE 1.483340 3.159294 4.835249 

PINE ANC -13.106083 7.139397 27.384876 

PINE NITRATE -13.620732 -9.859874 -6.099016 

PINE PH -0.008153 0.040102 0.088358 

PINE SBC -23.419642 -7.425326 8.568991 

PINE SULFATE 1.453866 4.640090 7.826314 

STAN ANC -1.164126 3.979087 9.122300 

STAN NITRATE -1.311810 -0.501851 0.308109 

STAN PH 0.019732 0.093751 0.167770 

STAN SBC -5.123332 -0.945565 3.232202 

STAN SULFATE -0.274374 1.264620 2.803614 

VT36 ANC 0.616008 4.406630 8.197251 

VT36 NITRATE -5.173047 -1.522607 2.127832 

VT36 PH -0.074543 0.095914 0.266371 

VT36 SBC -11.598965 -2.613772 6.371420 

VT36 SULFATE -15.951049 -4.785251 6.380548 

VT51 ANC -86.483352 12.195259 110.873869 

VT51 NITRATE -18.760722 -5.810000 7.140723 

VT51 PH -0.168423 0.081493 0.331409 

VT51 SBC -86.040860 -2.549057 80.942745 

VT51 SULFATE -23.344029 -4.801326 13.741378 

VT53 ANC -4.354317 4.389384 13.133084 

VT53 NITRATE -6.219583 -1.323853 3.571877 

VT53 PH -0.275597 -0.094671 0.086254 
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Table 2:  (continued) 
 

StationID AnalyticalGroup LowerCL Difference Between 
Means 

UpperCL 

VT53 SBC -3.038464 6.020902 15.080268 

VT53 SULFATE -9.386193 4.332270 18.050733 

VT58 ANC -18.105802 9.560484 37.226770 

VT58 NITRATE -7.467877 -2.633899 2.200079 

VT58 PH -0.217893 0.035691 0.289275 

VT58 SBC -15.640184 7.103336 29.846856 

VT58 SULFATE -1.657577 5.470061 12.597699 

VT61 ANC -70.682528 14.836390 100.355309 

VT61 NITRATE -26.299832 -9.944249 6.411334 

VT61 PH -0.319194 -0.031964 0.255265 

VT61 SBC -50.178898 10.481524 71.141945 

VT61 SULFATE -11.174245 6.276203 23.726652 

VT62 ANC -12.910630 14.704526 42.319682 

VT62 NITRATE -6.630687 -2.464373 1.701941 

VT62 PH -0.260234 -0.004946 0.250343 

VT62 SBC -10.803711 11.143188 33.090086 

VT62 SULFATE -4.860838 3.652200 12.165238 

VT66 ANC -27.753895 12.208530 52.170955 

VT66 NITRATE -23.900958 -8.449800 7.001359 

VT66 PH -0.208624 -0.002471 0.203682 

VT66 SBC -31.554807 1.475723 34.506253 

VT66 SULFATE -4.061245 4.005206 12.071657 

VT75 ANC -33.791171 6.410423 46.612016 

VT75 NITRATE -18.137398 -7.851076 2.435247 

VT75 PH -0.135539 0.054271 0.244080 

VT75 SBC -45.978422 -8.729585 28.519252 

VT75 SULFATE -8.864634 0.036142 8.936918 

WOR1 ANC 4.020583 9.490301 14.960019 

WOR1 NITRATE -11.546199 -7.554762 -3.563326 

WOR1 PH -0.032885 0.029003 0.090890 

WOR1 SBC -7.231190 0.307965 7.847120 

WOR1 SULFATE 0.464176 2.953344 5.442511 

 

- Difference between means (2008 means minus  previous year's mean) 

- Difference positive = concentration higher in 2008; difference negative = concentration lower 

in 2008 

- Differences indicated in highlighted text are significant at p = 0.05 
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Figure 1:  Distribution of SWAS study watersheds in relation to major bedrock classes in SHEN 
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Figure 2:  Schematic of SWAS watershed monitoring framework, indicating stratification by 

bedrock class and sampling frequency for study watersheds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Episodic sampling is conducted at 2-hour intervals during periods of discharge exceeding the 

95th flow-duration percentile (determined separately for cold and warm seasons). 
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Figure 3:  Number of stream water samples collected 
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- The upper-left plot indicates the number of stream water samples collected for all sites in 

SHEN. 

- The bar graphs indicate the number of weekly grab samples and the number of episodic (ISCO) 

samples collected at the intensively studied Paine Run, Piney River, and Staunton River sites. 
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Figure 4:  Discharge (given as mm runoff) for 1992 – 2008 calendar years for Paine Run, Piney 

River, and Staunton River.  

Continuous discharge gauging was initiated on these three streams in 1992. 
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Figure 5:  Discharge for 2007 and 2008 calendar years and comparison of cumulative frequency 

distributions for discharge in 2008 and in all pre-2008 years.   
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p value = 2-tailed probability (based on the Kolmogorov-Smirnov statistic) that the current year's distribution of 

discharge values is the same as the distribution of indicated previous years' discharge values. 
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Figure 6a:  ANC concentrations for SWAS study streams by calendar year. The points represent 

weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 6a (continued):  ANC concentrations for SWAS study streams by calendar year. The 

points represent weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 6b: pH concentrations for SWAS study streams by calendar year. The points represent 

weekly or quarterly grab sample. The line connects median values for each year.   

 
 



 28 

 

Figure 6b (continued):  pH values for SWAS study streams by calendar year. The points 

represent weekly or quarterly grab sample. The line connects median values for each year.   

 

 



 29 

Figure 6c:  Sum of base cations (Ca2+ + Mg2+ + Na+ + K+)  values for SWAS study streams by 

calendar year. The points represent weekly or quarterly grab sample. The line connects median 

values for each year.   
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Figure 6c (continued): Sum of base cations (Ca2+ + Mg2+ + Na+ + K+)  for SWAS study 

streams by calendar year. The points represent weekly or quarterly grab sample. The line 

connects median values for each year.   
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Figure 6d:  Sulfate concentrations for SWAS study streams by calendar year. The points 

represent weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 6d (continued): Sulfate concentrations for SWAS study streams by calendar year. The 

points represent weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 6e: Nitrate concentrations for SWAS study streams by calendar year. The points represent 

weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 6e (continued): Nitrate concentrations for SWAS study streams by calendar year. The 

points represent weekly or quarterly grab sample. The line connects median values for each year.   
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Figure 7a:  Time-series plots of ANC concentrations for SWAS study streams. The points 

represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7a (continued):  Time-series plots of ANC concentrations for SWAS study streams. The 

points represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7b:  Time-series plots of pH for SWAS study streams. The points represent quarterly, 

weekly, and episodic (ISCO) samples.  
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Figure 7b (continued):  Time-series plots of pH for SWAS study streams. The points represent 

quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7c:  Time-series plots of base cations (Ca2+ + Mg2+ + Na+ + K+)  for SWAS study streams. 

The points represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7c (continued):  Time-series plots of base cations (Ca2+ + Mg2+ + Na+ + K+)  for SWAS 

study streams. The points represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7d:  Time-series plots of sulfate concentrations for SWAS study streams. The points 

represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7d (continued):  Time-series plots of sulfate concentrations for SWAS study streams. The 

points represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7e:  Time-series plots of nitrate concentrations for SWAS study streams. The points 

represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 7e (continued):  Time-series plots of nitrate concentrations for SWAS study streams. The 

points represent quarterly, weekly, and episodic (ISCO) samples.  
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Figure 8: Comparison of current and previous years’ data:   summary of differences in mean 

values of major acid-base constituents.  

Dark gray bars indicate the number of sites for which the current year mean values were lower 

than for previous years. Light blue bars indicate the number of sites for which the current year 

mean values were greater than for previous years. 
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APPENDICES 
 

 

 

I. Publications and Presentations 

 

The following presentations update in 2008 include data and analysis results obtained through 

the SWAS program.  

 

Webb, R. The Impact of Acidic Deposition on Brook Trout Streams in the Mountains of 

Virginia. Presentation to Trout Unlimited Fishing and Conservation Camp, June 2008. Graves 

Mountain Lodge, Syria, Virginia 

. 

Webb, R. Release of Nitrate to Mountain Streams in Virginia as a Consequence of the Gypsy 

Moth Infestation, Presentation to Virginia Association of Forest Pest Managers, February 2008, 

Charlottesville, Virginia. 

 

The following publication prepared by the Clean Air Markets Division of the U.S. Environmental 

Protection Agency made use of SWAS data collected in SHEN for comparative regional analysis 

of trends in the acid-base chemistry of stream waters and for analysis of critical load 

exceedances in western Virginia. 

 

Acid Rain and Related Programs: 2008 Environmental Results, U.S. Environmental 

Protection Agency Acid Rain Program Report, 2008. 

(http://swas.evsc.virginia.edu/VTSSS-2010/Reports/ARP_2008_Environmental_Results.pdf) 

 

II. Outreach  

 

The SWAS program maintained a fall and spring seminar schedule with topics related to the 

biogeochemistry of forested mountain watersheds. Presentations related to SHEN were included. 

 

The SWAS program website was maintained (http://swas.evsc.virignia.edu) providing 

information about research and monitoring of forested watershed in the western Virginia 

mountain region, including SHEN. 

 

Discussions were initiated with Trout Unlimited and other partners concerning the 2010 Virginia 

Trout Stream Sensitivity Study. This third decadal water quality survey will include sample 

collection for 458 western Virginia streams, including about 60 streams in SHEN. Sampling in 

the Spring of 2010 will be conducted primarily by volunteers. (See: 
http://swas.evsc.virginia.edu/VTSSS-2010/Survey.html) 
 

 

http://swas.evsc.virginia.edu/VTSSS-2010/Reports/ARP_2008_Environmental_Results.pdf
http://swas.evsc.virignia.edu/
http://swas.evsc.virginia.edu/VTSSS-2010/Survey.html
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