Draft Plan for Investigation of Debris Flow and Flooding Effects of the June 27, 1995 Storm, near Buena Vista and Glasgow, Virginia

By Sas, R.J.

Introduction

Debris flows and landslides are considered rare in the Blue Ridge. However, evidence from storm effects in June 27, 1995 collected from Madison County and Moormans Run, VA show that these types of events occur with a low frequency, but with a high intensity. Morgan, B.A., et al. made a similar conclusion in 1969 after effects of Hurricane Camille were observed in Nelson County. A major objective of this study will be to compare and contrast these events with the events near Buena Vista and Glasgow, VA. Another objective will be to determine why similar landslides or debris flows did not occur after Hurricane Isabel impacted the region in August 2003. 

Aerial photos will be georeferenced and entered into a GIS to map the flow source areas, paths, and depositional areas. A volumetric analysis will also be conducted using the GIS. Field data collection will be used to analyze flow velocities and for hazards mapping.  Additional data observations will be made on vegetation regeneration and impact of root depth on slope stability. 

Meteorological data collected through personal interviews with area residents will assist in assessing local impacts of flooding, debris, and hyperconcentrated flows. 

Geographic, Spatial Setting

Landslides and debris flows of interest are roughly located between the communities of Buena Vista and Glasgow along the western flank of the Blue Ridge Mountains in Rockbridge County, VA. There are approximately 40 main flows that will be the focus region of the study. 

The county is a minor agriculture center with hay and grains as the major crops. Livestock production is also of major economic value to the region. Industrial manufacturers and laboratories supply numerous jobs for residents. Much of the historical development of industries in the region is associated with the rivers that run through these towns.

The James and Maury Rivers supply surface water and serve as major recreational attractions to locals and visitors. Canals, dams, and reservoirs connected to these waterways provide potable water, flood control, electricity, and transportation. Despite the benefits of living proximally to these rivers, hazards have become an integral part of the relationship between residents and the water.

Historical Perspective

The areas of Buena Vista and Glasgow, Va. have a history of natural disasters, namely, floods. Events of flooding are recorded as early as 1877. Well-documented floods occurred in March 1836 and September 1950. However, the most devastating flooding occurred on August 18, 1969 due to the intense rainfall caused by Hurricane Camille. 

The effects of Camille were hundreds of lives lost throughout the Blue Ridge, dozens in Rockbridge County. Glasgow received heavier loss of property than Buena Vista (upstream on the Maury River) due to the higher drainage density. More than 25 percent of the homes in Glasgow were heavily damaged. The townspeople worked for several months to restore the community to its pre-flood state, though the memory of Camille will remain in the local history for years to come. 

In 1972, the area was able to prepare for the storm effects of Hurricane Agnes. Though flood mitigations were employed to reduce the damage to private and public property, there was still $150,000 of damage caused by floodwaters. In 1985, however, the region was much less fortunate. Glasgow suffered loss of 40 percent of residences and 70 percent of businesses were severely affected (Miller, L.M.N., 1992).

Geologic Setting

Rolling hills and erosional, anticlinoria mountains peaking at a range of approximately 2000 ft. and 4500 ft. above sea level characterize the topography of the Valley and Ridge Province. The areas of interest are part of the drainage basin for Rockbridge and Amherst Counties. 

Alluvial fan deposits along the base of the mountains have been deposited through major debris-hyperconcentrated flows and minor fluvial processes. The flow source areas are contained in the George Washington National Forest. Minor impact to private property has been observed in field study based on minor cobble deposits, dendochronology (tree scars and age differentiation along flow paths), and broken/shifted fences. The slopes of failure are often flowing directly into a stream channel, but few are connected to the alluvial fan complexes by incipient basins. 

The Chilhowee group of rock formations is the most prominent in the region as mapped (Spencer, E.W., 2000). The Antietam quartzite is the primary formation involved in the debris flows. These sandstones are gray, well-sorted, gradational sediments with numerous Skolithos trace fossils. 

The structure of the beds includes major orogenic folds represented by exposed inclined bedding. Minor gravity driven folds of older beds are found below a heavily jointed and fractured bed. The older bed represents a possible preferred aspect of failure with the jointed and fractured bed as the source of rocky debris in most colluvial deposits. 

Meteorology of the Storm

The storm of June 27, 1995 had a relatively short period of time between bankfull flow and flood stage deposition. Rainfall was intense, measured in inches per hour, over a short period of time, which precipitated flooding and landslides. 

The topography of the Blue Ridge coupled with the unique nature of the pressure systems allowed for the storm center to stall over the region. Rainfall estimates will be collected from local landowners.

The James River Basin shows the tremendous jump in discharge on June 27 compared to years on record for June averages. The Mechums River basin has an average of 52 mgd for 16 years of records. On June 27 the peak flow jumped to 1.2 bdg, twenty times the average. The Rivanna River basin had an even greater jump from an average of 370 mgd collected over 61 years to 6.1 bgd during the flooding in 1995. 

Description of Landslides, Debris Flows, and Floods

Preliminary field observations of source areas show escarpments initiated near ridge tops along bedrock failure planes. Some of the main scarps show evidence of a rotational slump component. The bedrock plane is a deformed bed of Antietam quartzite inclined downslope failing parallel to the bank of the Maury River. Bedrock failures range from planar to wedge type. 

There is colluvial deposition in the upper half of the failures as lower depositions exhibit hyperconcentrated flow deposits. Superelevation sites show fining upward gradational sequences with the long axis of boulders, cobbles, and gravel perpendicular to flow direction. 

Larger boulders are typically deposited near bank and cross-bank from flow paths. Woody debris is often deposited with larger boulders providing a catchement for sediments.  Higher clay content and friability of soils is found near the bottom of flow paths, while sandier sediments are found at higher elevation and in the stream channel. 

Slopes of failure are 30( +/- 4(, with the preferred bedrock failure plane striking at    S 225( W, 54(. True correlation values will be gathered in field observations, these preliminary values are only estimates based on few observations. One site has well developed bedrock saprolites in the flow path and at the initial failure. Other saprolites are rounded cobbles in hyperconcentrated deposits.

Minor landslides initiated by escarpment of riverbanks are found downstream from larger debris flows. Floodwaters and hyperconcentrated deposits impacted land near debris flows and throughout the lower elevations in the drainage basin. Cobbles and few small boulders have been located on private land platts with some evidence of erosion and deposition from incipient channels. 
Major Objectives of Research
1. Compare the Buena Vista with the Madison County and Moormans River debris flow events.

2. Determine reasons why Buena Vista did not have debris flows triggered by severe rainfall during Hurricane Isabel during September 2003.

Mapping Techniques

1. Stereoscopic interpretation of aerial photos. A stereoscope will be used to properly locate the positions and morphology of flow paths. Interpretations on topography and slope stability differences will also be inferred from aerial photos.

2. GIS techniques will be used to map debris flow source areas, paths, and depositional areas. Volumetric analysis will also be conducted using GIS. Remote sensing data and field data will be used in map-imbedded databases and to precisely map the landslide events. Aerial photos will be input into ArcGIS through high resolution scanning. Using ArcMap photos will be georeferenced using a minimum of 5 locations precisely measured from the USGS 7.5 minute quadrangles for Buena Vista and Glasgow, VA. Polylines will be overlayered onto aerial photos in AutoCAD do establish area polygons over debris flows. These polygons will serve as map indicators of exact flow and sourc areas as well as aiding in the volumetric analysis. In MS Excel databases on the crossectional depth of escarpment will be  built and linked to area polygon databases using ArcToolbox and ArcCatalog. A spatial analysis will be performed to interpret the volume of material removed from debris flow source areas. Additional data pertaining to vegetation regeneration may also be input into the GIS.

Field Data Collection

1. Estimation of pre-failure degree of slope: and thickness, width, and length of initial sediment release. Making field measurements of area and depth for volume of failure zones will serve as the initial volumetric analysis. These values can be compared to GIS values to assess data quality.

2. Examine source materials, e.g. colluvium, saprolite, failure type.

a. Characterize grain size of colluvium

b. Identify structures in bedrock.

3. Hillside Investigation

a. Degree of slope curvature (profile and planar cross sections)

b. Drainage area of source area.

c. Aspect (direction) of slope failure

4. Debris flow path examination

a. Channel gradient

b. Channel flow depth and width

c. Cross sections of flow path and stream channel

d. Erosion or deposition of previous channel

e. Superelevation measurements

f. Average and largest boulder size

5. Fans associated with flow

a. Area and thickness of fan

b. Average and largest boulder size

c. Structure of boulders and matrix

d. Grain size distribution of depositional matrix

6. Debris dams and avulsions

a. Density distribution of debris dams in system

b. Woody debris and sediment accumulation

c. Water flow characteristics, i.e. pool/riffles, under alluvium or visible surface flow

Meteorological Data Collection

1. Local measurements of rainfall in June 1995 and September 2003.

2. Total and hourly rainfall intensity.

Vegetation: Regeneration and Stability Impact Data Collection

1. Density differences between flow path and forest

2. Type of vegetation

3. Depth of soil

4. Depth of root penetration
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A verbal and mathematical description of the area will be interpreted from an investiagation of the slopes, relief, and topography in and around failure zones. Such a description is crucial to understanding the susceptibility of the region to future events.
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