Science Questions – Work Sheet:   

1. What is the inter-relationship of flow between groundwater and stream flow in the Shenandoah Valley? 
2. What are the current levels of groundwater pollution in the Valley?
3. Can groundwater budgets be defined by local area 

4. If #3 is not possible, can underground “watersheds” be defined for karst areas? The long held assumption has been that underground water flow mirrors surface water flow, but that assumption has been proven false. 

5. What is the potential for deepwater reservoirs as either a source of water or as a storage area?   
6. What is the interrelationship between air quality and water quality? 
7. What is the interrelationship between soil quality and water retention and water quality? 

Wil Orndorff  - Question Review.
Science Question 1 - What is the inter-relationship of flow between groundwater and stream flow in the Shenandoah Valley? (groundwater flows into streams and streams flow back to the groundwater)

· Generally, spring discharge supports base flow of perennial valley floor streams.

· Spring runs may travel a short distance underground between springs and base level creeks and rivers.

· Locally, some major allogenic streams (from off of the karst) discharge to the aquifer.  A good example are the headwaters of the North River.

· Allogenic recharge from the western slopes of the Blue Ridge in Warren, Page, Rockingham and Augusta counties is a major contributor to base flow of South Fork Shenandoah

· Rates and directions of flow between surface and groundwater vary with 

· Hydrography of a specific recharge event

· “Water levels” immediately preceding a rainfall event

SQ 2 - What are the current levels of groundwater pollution in the Valley? (How much of the problem is caused by natural causes, septic failures, farming, urban runoff, etc. and how can these be remediated and prevented?) 

· Low levels of herbicides and pesticides are present.

· Nitrate values are locally very high, and generally significant.

· Estrogens introduced via poultry and livestock litter.

· Bacteria are commonly present.

· Sedimentation is observed in some wells and springs. 

· Sources for herbicides and pesticides, nitrates, and bacteria are probably dominantly agricultural.

· Sedimentation can result from poor agricultural methods or from poor stormwater management.

· Remediation and prevention require education of the public, regulation, and enforcement.

SQ 3 - Can groundwater budgets be defined by local area? 
SQ 4 - If #3 is not possible, can underground “watersheds” be defined for karst areas? (e.g. as in Kentucky)

· Two questions are interconnected.

· Local areas have to be defined by bedrock geology and fluvial geomorphology,  not by political boundaries.

· Kentucky is a bad analog.

· Karst systems there are dominantly vadose, convergent collection networks; not in close contact with phreatic aquifer

· Kentucky karst occurs in essentially flat lying limestone beds with very few faults; Shenandoah Valley is folded strata with numerous faults

· Shenandoah Valley has a relatively shallow karst water table and very few cave streams.

· Dye trace studies in Shenandoah basin have shown gw basin boundaries to be dynamic and vary with aquifer water levels; most movement is phreatic (beneath water table)

Note – not covered. 

5. What is the potential for deepwater reservoirs as either a source of water or as a storage area?   

 6. What is the interrelationship between air quality and water quality? 

SQ7 - What is the interrelationship between soil quality and water retention and water quality?

· This effects both quality and quantity, and can be a double edged sword.  High soil moisture retention capacity, while reducing runoff, can also reduce recharge by holding the water in the soil and increasing the amount lost to evapotranspiration.

· Better questions are:

· What are the aquifer recharge mechanisms?

· What is there geographic distribution pattern?

· How can we maximize recharge and mimimize contamination?

1. PANEL 1:

2. Hugh Bevans:
3. Data Gaps and Research Needs

4. A integrated assessment of the hydrologic, chemical, and biological status of the headwaters

5. Continued long-term monitoring of stream water composition and discharge in the headwaters 

6. Initiation of long-term soil quality monitoring – with an emphasis on acid-base properties
7. Mark Bennet:
8. Next Steps:

9. An integrated assessment of the hydrologic, chemical, and biological status of the headwaters

10. Continued long-term monitoring of stream water composition and discharge in the headwaters 

11. Initiation of long-term soil quality monitoring – with an emphasis on acid-base properties
12. Future Challenges:

13. Maintain critical mass, momentum and funding

14. Identify data gaps within this complex system

15. Data Gaps and Research Needs:

16. Maintain long term monitoring network in the Northern Valley

17. Establish monitoring network in the Southern Valley

18. Maintain a regional outlook; understanding the hydrogeology at the county scale is necessary to provide resource managers with the information they require in terms of water budgets and aquifer properties, but a broader outlook is required to understand the regional flow system

19. Establish baseline data for water quality (lowflows related to habitat, fish kills, nutrient and sediment reduction, TMDLs, contaminants)

20. Niel Plummer:

21. Approach – Items for Science Plan

22. Data Gathering (existing and new)

23. Geologic

23.1. Hydrologic

23.2. Chemical (include contam. and gw. age)

24. Develop Conceptual Model of Flow at various scales (spatial and depth related)

25. Develop Ground-Water Flow Models at scales appropriate for resource management.  
26. Water Issues in the Valley

27. Water Quantity/Availability

28. Water Sustainability/Sustainable Yield

29. Susceptibility/Vulnerability contamination

30. Relation of the above to population growth/development in the region

31. Effect of climate change; droughts, etc.

32. Address at local and regional scales

33. Need coordinated, interdisciplinary, long-term effort with stable, long-term funding
34. PANEL 2:

35. David Weary:
36. Support more geologic mapping and the integration of geologic map data from various sources, as well as other data.
37. Support gathering of monitoring information: hydrologic conditions are dynamic and need to be measured continuously over large areas

38. Geographic information infrastructure and research tools: (DEMs, LiDAR, aerial photography, karst feature database, web based info portal)

39. Bruce Taggart:

40. Develop a systematic and well coordinated approach between federal, state, and local agencies in sampling fish to better understand status and trends in fish populations throughout the Shenandoah River system.  This will establish a baseline so we can evaluate the impact of future changes in response to environmental change.

41. Need to identify localized ground water inflows to the Shenandoah River so we can better understand their impact on spatial and temporal patterns of riverine habitat use by aquatic biota due to such factors as water temperature and water quality effects.

42. Develop a better understanding of the impact point and non-point sources of contamination to the Shenandoah River and its tributaries on aquatic organisms and habitat. 
43. Develop a landscape ecology model that identifies the spatial and temporal distribution of aquatic species and habitats in the Shenandoah River and its tributaries.  Provide this model to resource managers to better evaluate the impact of various resource management actions from the local to the regional scale.

44. Develop landscape scale capabilities to assess aquatic animal health and disease at the population level.  Use this information to develop methods to better protect and restore population health by reducing, eliminating, and eradicating diseases. 
45. Develop adaptive management strategies that address aquatic animal health.
46. Dave Kirtland:
46.1. Web based decision support tools
46.2. User friendly land cover and land use data
47. PANEL 3:

48. Greg Carbone: 
49. How do we provide adaptive management to RISA projects

50. More flexibility in mgmt strategies

51. Community based research

52. Don Orth: 

53. Priority Goals:

54. Need to conserve a safe, clean, reliable water supply

55. Need to maintain water resources for healthy environment and strong economy

56. Need to restore healthy aquatic ecosystems

57. Need to support reasonable and diverse water-based recreation

58. Need to maintain flexibility for adaptation to climate change

59. Priority Investigations/Need more info on:

59.1. Surface and subsurface flow pathways from land to river
59.2. Fate and transport of anthropogenic compounds
59.3. Health metrics for ecosystems, fish, wildlife, and humans
59.4. Alternative restoration approaches to restore impaired waters and re-establish riparian forests
60. Mark Kozar:

61. What hydrolic data is still needed:

62. Storativity of aquifers remains poorly understood.
63. Better estimates of storage are needed to allow for complex transient ground-water flow simulations.
64. Additional water-level data and stream-flow data is needed for calibration of transient models. Such data is needed for various hydrologic flow regimes (average flow, high flow, and low flow).
65. As the conceptual understanding of ground-water flow at depth still remains poorly understood, additional data on the depth of active ground-water circulation is needed.
66. Where do we go from here:

67. Long-term monitoring of streamflow and water levels as well as seasonal basin-wide baseflow and water-level surveys are needed to provide data for future water availability assessments.

68. Ground-water modeling efforts in the region should be expanded to help address water availability concerns.

69. Research into more site specific aspects of ground-water flow are also needed (eg. surface geophysical surveys, additional geologic mapping, cross-hole tracer tests, quantitative dye studies, ground-water age determinations, and investigation of ground-water flow processes at deeper depths).
70. Jim Giraytys:
71. There needs to be a plan for the Valley that addresses the modeling needs 
72. Parameters to be measured need to be determined
73. Valley specific set of observations are needed

74. A Valley center needs to be established to collect, assess and make the data sets compatible with the modeling and other needs. At present the Valley relies on a number of different agencies to do this assimilation.

75. Modeling - There is ample capability, but it needs to be focused

76. Products need to be developed that respond to specific user needs.  Decision support tools are high on the list.

76.1. PANEL 4:

77. Scott Kudlas:
78. Need to develop tools that facilitate the application of previous scientific, monitoring and modeling data/models into usable decision support systems

78.1. Short to mid-term forecasting of stream flows for drought management

78.2. Need to develop greater data sharing protocols, to bring data such as aquatic resource surveys, and implementation/response monitoring to the level currently exhibited by USGS monitoring data

78.3. Need to develop criteria for evaluating the uncertainties in the data and models informing the DSS, and their appropriate range of application

79. Understanding historical surface and groundwater use impacts on stream flows (what is a “pre-development” flow, and is it necessary to know this)

80. Better understanding of the magnitude of agricultural water use, and the consumptive nature of all uses in general

81. Impact of groundwater withdrawals on base flows (short term and long term)
82. Don Kain:

83. Are the Shenandoah (2004-2007) and James river (2007) fish kills linked?

84. Unique characteristics of the affected watersheds that might allow further refinement of working hypotheses?

85. Why are the events limited…

85.1.  in time

85.2. in space

85.3. by taxonomy

85.4. by life history stage?
86. What specific contaminants should be examined?

87. What is the relative importance of:

87.1.1. Point sources

87.1.2. Nonpoint sources

87.1.3. Groundwater

87.1.4. Ecological transfer

87.1.5. Atmospheric pathways

88. For nutrients, contaminants, and pathogens?
89. Andrew Johnson:
90. What do we need?

91. Continue the basics:

92. Support for continuous monitoring

93. Continued notification from the public

94. Conventional chemistry

95. Biological assessments

96. Maintain open lines of communication
97. What do we REALLY need?

98. Histology data

99. Exposure testing

100. Understanding of agriculture land applications

101. Research – aeromonas salmonicida, toxic algae

102. PANEL 5:
103. Diane Helentjaris:
104. Research needs:

105. Knowledge of current disease trends

106. Health risks from emerging diseases, environmental changes, climatic changes

107. Best preventive measures

108. Which way are we headed?

109. Air & Water quality improving?

110. Or, are we better at treating diseases from poor air and water?

111. Is our future riskier?

112. How can we prevent problems?
113. How to promote healthy tourism?

114. What are the best policies?

115. Sewage disposal

116. Water quality preservation

117. Best advice for our communities
118. Rick Hertges:
119. Consider benefits of maintaining septic system installation sites in a forested or vegetated condition.

120. Consider benefits of creating county-wide onsite management districts, as has been done in Fairfax County, Virginia, and is being considered in Fayette and Berkeley Counties, WV.

121. Consider potential of “cluster development,” following EPA’s “Decentralized” sewer concept, to enhance groundwater recharge.

122. Encourage increased training of septic system installers, health department sanitarians; as well as education of the public, in onsite system installation and maintenance concepts.
123. Will Orndorff:

124. DCR Natural Heritage Karst Research/Policy Recommendations –

124.1. Policy makers in Northern Shenandoah Valley must acknowledge that they depend on the entire watershed for their water supplies.

125. Characterize surface and groundwater subsystems of entire Shenandoah basin
126. Develop a comprehensive database of significant perennial springs and acquire baseline data.

127. Establish watershed wide monitoring network for “index” springs and wells.

128. Pursue regulation of groundwater withdrawals, perhaps via designation of a Groundwater Management Area under the VA GW Protection Act.
128.1. PANEL 6
129. Rick Webb:

130. Priority Research Needs and Data Gaps in Shen Valley Headwaters:

131. A integrated assessment of the hydrologic, chemical, and biological status of the headwaters

132. Continued long-term monitoring of stream water composition and discharge in the headwaters 

133. Initiation of long-term soil quality monitoring – with an emphasis on acid-base properties
134. Wayne Teel:

135. How do we encourage poultry farmers to use 4 times the present level of bedding in order to decrease ammonium spikes?

136. Peter Sforza:

137. We need to understand our data and its limitations

138. We need more meta analysis
Themes of Key Data Needs:

Need to develop a comprehensive regional plan integrating interdisciplinary scientific characterization of the valley.
Regional scale – consider different scales of data, trends, mapping (all input and output needs to be flexible).

More detailed groundwater information (base flows, quality, quantity, movement and storage of underground water, MIF levels).

Need for continued long-term water monitoring (water quality and quantity).

Funding needs.

Mapping local and regional karst features through Lidar. 

Science data described in terms useful for local decision makers to understand and manage water effectively.

Need to determine water sustainability (availability was key) and what is affecting it?  Present ad future which may impact sustainability (i.e., pollution, development, climate change, and drought).

Develop a systematic and well coordinated approach between federal, state, and local agencies improving communication to gain data.

Non-point source and point source data needs to be gathered to further determine man-made impacts.

Need to better understand air and water interface.
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