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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 28-year period, 1979-2007, 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 in the period, 01/01/06 – 12/31/07, 

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 of water 

resources data in national parks. 
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2. Significant Program Changes, Observations, and Findings  
 

Expanded discussions of the following are provided in Section 8. 
 

 SWAS Program laboratory instrumentation was substantially upgraded in 2007. 

Reproducibility and repeatability experiments indicated that there is no change in data quality 

associated with the change in instrumentation. 

 

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

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

2007 was largely generated using the reporting capabilities of NPSTORET.  

 Differences in stream water quality parameters between 2007 and previous years were 

suggestive of recovery from stream acidification and recovery from the effects of forest 

defoliation associated with the gypsy moth. We caution, however, that a single year's data 

should not be over-interpreted, and we note that 2007 was a relatively dry year, which may 

have affected the observed stream water composition. 

 In 2007 the acidity levels of the 14 SWAS study streams were lower than in previous years.  

 In 2007 mean nitrate concentrations in the 14 SWAS study streams were lower compared to 

mean concentrations prior to 2006. The higher nitrate levels in earlier years can be attributed to 

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

 In 2007 mean sulfate concentrations in 12 of the 14 SWAS study streams were lower 

compared to mean concentrations prior to 2007.  

 In 2007 mean concentrations of base cations (Ca2+ + Mg2+ + Na+ + K+) in tent of the 14 SWAS 

study streams were higher compared to mean concentrations prior to 2007. This mixed 

response occurs in a context of possible long-term base cation depletion in some SHEN 

watershed soils. 

 

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.] 

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

surface waters. [Note: a range of research has been initiated in response to this 

recommendation.] 

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

stream water quality and the status of aquatic biota.  
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 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. 

 

4. Introduction/Background 
 

Over the 28-year period, 1979-2007, 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-

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. 

 

Additional information about the SWAS program, including a listing and timeline of associated 

research projects, interpretive reports and a bibliography of publications associated with the 

program, can be accessed from the program website:  http://swas.evsc.virginia.edu. 

 

 

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

(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). 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.  
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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, 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, as well as determination of precipitation amount and composition at 

two locations. 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. 

 

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 

 

Data analysis and data management changes in 2007 included changes in laboratory 

instrumentation and migration to the NPSTORET data management system. 

 

The SWAS program analytical  laboratory acquired over  $200,000 worth of 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 overcomes most of these difficulties. 

The transition to use of the new instrumentation began in 2007. A set of Repeatability and 

Reproducibility (R&R) experiments to quantify the effect of the change in instrumentation and 

thereby maintain data quality and comparability for the sampling program. The results of the R&R 
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study indicate no change in data quality. A journal article documenting the results of the R&R 

study has been submitted for publication. 

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

the Water Resources Division of the National Park Service. The SWAS data report was largely 

generated with NPSTORET. 

 

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 number of 

samples collected in 2007 reflects low discharge and the resulting low number of ISCO samples 

collected in 2007. 

 

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 – 2007). Discharge in 2007 was relatively low. 

 

Figure 5 provides time series plots of discharge in 2006 and 2007 for the five SWAS study 

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

comparing discharge in 2007 with prior years. The time series plots show that 2007 was not 

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

conditions were more common in 2007 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 2007 and (2) pre-2007 (1988 – 2006). Data were collected for all 14 

study sites beginning in 1988. 

 

Figure 8 summarizes the differences in mean values indicated in Table 2.  
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The differences in mean values between 2007 and pre-2007 are indicative of long-term change 

associated with acidic deposition and forest defoliation.  

 

The comparison of ANC means shows that all of the 14 study streams were less acidic in 2007 

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 comparison of nitrate concentration means shows that mean nitrate concentrations were lower 

in all of the study stream in 2007 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 lower in 12 of the 14 streams, but higher in the other four 

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. Although a single 

year’s change does not provide a strong basis for interpretation, the comparison between the 2007 

means and the means of previous years is consistent with the results of long-term trend analysis 

provided with past reports. This may be related in part to generally low discharge levels in 2007. 

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

long-term trend analysis is repeated. 

 

The mean for the sum of base cation concentrations was higher in eight of the 14 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. 

 

The mean pH values for all of the 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.  

  
 

 

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. 
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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 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.  

 

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 
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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 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.  
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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 for 

implementing temperature monitoring have been initiated. 

 

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 

Streamwater 
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 2007 and  pre-2007 mean 

concentrations (grab samples only) 

 

StationID AnalyticalGroup LowerCL Difference Between 
Means 

UpperCL 

DR01 ANC_ALL -3.807930 1.100616 6.009163 
DR01 NITRATE_ALL -2.312539 -1.054116 0.204307 
DR01 PH_LAB_ALL -0.050929 0.002450 0.055829 
DR01 SBC_ALL -9.184144 -3.700259 1.783627 
DR01 SULFATE_ALL -7.090330 -3.571358 -0.052385 
NFDR ANC_ALL 1.573289 10.186401 18.799512 
NFDR NITRATE_ALL -15.979600 -10.938189 -5.896778 
NFDR PH_LAB_ALL 0.004033 0.056235 0.108436 
NFDR SBC_ALL -10.200056 -1.369816 7.460424 
NFDR SULFATE_ALL -6.103255 -3.522740 -0.942226 
PAIN ANC_ALL 3.407297 5.011565 6.615833 
PAIN NITRATE_ALL -8.020678 -5.431523 -2.842368 
PAIN PH_LAB_ALL 0.021863 0.087512 0.153162 
PAIN SBC_ALL -4.491870 -1.950334 0.591202 
PAIN SULFATE_ALL -3.696110 -2.040788 -0.385466 
PINE ANC_ALL 32.728813 52.843311 72.957810 
PINE NITRATE_ALL -12.531402 -8.654274 -4.777146 
PINE PH_LAB_ALL 0.035780 0.084686 0.133591 
PINE SBC_ALL 26.169851 41.952383 57.734915 
PINE SULFATE_ALL -8.791120 -5.596729 -2.402337 

STAN ANC_ALL 2.173007 7.460276 12.747545 
STAN NITRATE_ALL -1.615935 -0.768282 0.079371 
STAN PH_LAB_ALL 0.021096 0.097339 0.173582 
STAN SBC_ALL 2.829485 7.085014 11.340543 
STAN SULFATE_ALL 0.696596 2.276369 3.856142 
VT36 ANC_ALL -1.547067 2.277707 6.102481 
VT36 NITRATE_ALL -5.943802 -2.265360 1.413081 
VT36 PH_LAB_ALL -0.161001 0.012888 0.186777 
VT36 SBC_ALL -13.774267 -4.905932 3.962402 
VT36 SULFATE_ALL -13.921837 -2.765767 8.390303 
VT51 ANC_ALL -68.567080 31.435174 131.437428 
VT51 NITRATE_ALL -19.869905 -6.665358 6.539190 
VT51 PH_LAB_ALL 0.057780 0.303946 0.550112 
VT51 SBC_ALL -66.135188 18.618524 103.372236 
VT51 SULFATE_ALL -28.216666 -9.677680 8.861306 
VT53 ANC_ALL -5.216291 3.460752 12.137795 
VT53 NITRATE_ALL -8.048605 -3.130473 1.787659 
VT53 PH_LAB_ALL -0.084970 0.096182 0.277333 
VT53 SBC_ALL -14.806795 -5.842102 3.122590 
VT53 SULFATE_ALL -20.288370 -6.815922 6.656525 
VT58 ANC_ALL -16.703663 10.739919 38.183502 
VT58 NITRATE_ALL -6.993012 -2.059348 2.874315 
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StationID AnalyticalGroup LowerCL Difference Between 
Means 

UpperCL 

VT58 PH_LAB_ALL -0.026676 0.227831 0.482337 
VT58 SBC_ALL -15.394362 7.282093 29.958549 
VT58 SULFATE_ALL -8.097436 -1.089746 5.917944 
VT61 ANC_ALL -46.736223 38.778099 124.292420 
VT61 NITRATE_ALL -24.933016 -8.247467 8.438081 
VT61 PH_LAB_ALL 0.095403 0.376042 0.656682 
VT61 SBC_ALL -23.910263 35.958312 95.826886 
VT61 SULFATE_ALL -21.194297 -3.716088 13.762122 
VT62 ANC_ALL -15.199231 12.239214 39.677659 
VT62 NITRATE_ALL -6.908960 -2.676175 1.556610 
VT62 PH_LAB_ALL -0.058018 0.199204 0.456426 
VT62 SBC_ALL -14.256681 7.551091 29.358863 
VT62 SULFATE_ALL -13.899856 -5.518931 2.861994 
VT66 ANC_ALL -19.328206 20.282640 59.893485 
VT66 NITRATE_ALL -21.812517 -6.037415 9.737686 
VT66 PH_LAB_ALL -0.017890 0.188290 0.394470 
VT66 SBC_ALL -17.657104 15.066545 47.790193 
VT66 SULFATE_ALL -11.735167 -3.906474 3.922219 
VT75 ANC_ALL -26.685840 13.554442 53.794724 
VT75 NITRATE_ALL -14.281544 -3.746454 6.788637 
VT75 PH_LAB_ALL -0.048238 0.141084 0.330406 
VT75 SBC_ALL -25.903477 11.191184 48.285845 
VT75 SULFATE_ALL -9.876478 -1.115204 7.646069 

WOR1 ANC_ALL 11.291864 16.846838 22.401812 
WOR1 NITRATE_ALL -9.707352 -5.523597 -1.339842 
WOR1 PH_LAB_ALL 0.081452 0.145521 0.209591 
WOR1 SBC_ALL 8.436605 16.187445 23.938285 
WOR1 SULFATE_ALL -2.221640 0.380158 2.981956 

 

- Difference between means (2007 means minus  previous year's mean) 

- Difference positive = concentration higher in 2007; difference negative = concentration lower in 2007 

- 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 – 2007calendar 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 2006 and 2007 calendar years and comparison of cumulative frequency 

distributions for discharge in 2007 and in all pre-2007 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.   
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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.   
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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.   

 
 

 

 



 31 

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.   

 



 34 

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. Solid bars indicate the number of sites for which the current year 

mean values were lower than for previous years. Light 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 publications and presentations update for 2007 include data and analysis results 

obtained through the SWAS program.  

 

Galloway, J.N., and J.R. Webb. Atmospheric deposition to streams. National Park 

Service Eastern Rivers Summit, February 28, 2007, Shepherdstown, WV. 

Grady, A.E, T. M. Scanlon, and J.N. Galloway. 2007. Declines in dissolved silica 

concentrations in western Virginia streams (1988-2003): Gypsy moth defoliation 

stimulates diatoms?, Journal of Geophysical Research – Biogeosciences, 112, G01009, 

doi:10.1029/2006JG000251. 
 

Sullivan, T.J., J.R. Webb, K.U. Snyder, A.T. Herlihy, and B.J. Cosby. 2007. Spatial distribution of 

acid-sensitive and acid-impacted streams in relation to watershed features in the southern 

Appalachian mountains. Water, Air, and Soil Pollution, 182:57-71. 

 

Webb, R., Cosby, J., Deviney, F., Galloway. Conservative Forest Management: A Fundamental 

Tool for Mitigation of Acidic Deposition Impacts in Forested Mountain Watersheds of the Central 

Appalachian Region. Society of American Foresters Annual Convention, December 26, 2006, 

Pittsburg, PA. 

 

Webb, R., F. Deviney, J. Cosby, J. Galloway. Changes in the Chemistry of Virginia Brook Trout 

Streams Following Reductions in Acidic Deposition. Plenary Session:  2007 Virginia/West 

Virginia Water Research Symposium. November 29, 2007, Virginia Tech, Blacksburg, VA. 

(www.vwrrc.vt.edu/symposium2007/pdfs/plenarysession/Webb_Changes_in_Chemistry.pdf) 
 

Webb, R. Focus on the Headwaters: The Shenandoah Watershed Study / The Virginia Trout 

Stream Sensitivity Study. Science Plan Recommendations – Universities:  Shenandoah Valley 

Natural Systems Symposium. October 15, 2007, Shenandoah University, Winchester, VA. 

(http://colab.cim3.net/file/work/SICoP/SHEN/2007-10-1516/Panel6/RWebb10152007.ppt)  

 

Webb, R., and K. Rice. Mystery Solved:  White Deposit on Streambeds Proves to be Diatoms, 

Shenandoah National Park Resource Management Newsletter, Spring 2007. 

 

 

 

 

http://www.vwrrc.vt.edu/symposium2007/pdfs/plenarysession/Webb_Changes_in_Chemistry.pdf
http://colab.cim3.net/file/work/SICoP/SHEN/2007-10-1516/Panel6/RWebb10152007.ppt
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III. Outreach  
 

 

SWAS staff, Rick Webb and Frank Deviney, again provided material for a mid-Atlantic region 

proposal for the NEON ecological research and observatory network. The Smithsonian 

Conservation Research Center bordering SHEN in the Front Royal area was proposed as a core 

wildland site for the NEON network. The potential inclusion of the SWAS program and related 

Shenandoah National Park locations as a part of the network was promoted. 

 

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. 
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