GEOL 460 – Hydrogeology


Fall, 2011
Flood Frequency and Flood Plain Mapping

Introduction

Floods are a natural phenomenon that occur when water from rainfall, snow melt, dam failure, or any combination of these is released into a stream at rates that exceed the transfer and storage capacity of the channel.  Flooding is responsible for both annual loss of life and millions of dollars of property damage.  


The Commonwealth of Virginia has one of the highest rates of weather-related deaths and property damages in the country, primarily attributed to flooding.  The Federal Emergency Management Agency (FEMA) has identified 261 flood-prone localities in Virginia alone, and ranks the state 10th in the nation for the amount of property subject to flood risk.  These sobering facts further support the contention that proper floodplain management and zoning laws need to be strictly enforced to reduce the number of human fatalities and property damage.  Many geologists are increasing be called upon to make decisions that cannot be taken lightly.  Very soon, many of you will be thrust into this environment of decision-making. This laboratory is inspired from our day field mapping river terraces west of Grottoes, as many of you noted new construction on the lowest-most terrace. We will add a few fictitious twists to the project to make it even more interesting. With any luck, this assigned project will give you a taste of the consulting world, as well as honing your tools needed for floodplain mapping and flood frequency analysis.

Town History

The town of Grottoes has a history of boom, bust, and rejuvenation. Settlement of the area which is now Grottoes probably occurred around 1735.  A grant of sixty thousand acres on the Shenandoah River , where the Augusta County/Rockingham County line now is, was made to John Thomas, John Taylor and William Beverly. The settlement became known as "Liola" in the early 1880's. Most of the land was owned by the Abbott Iron Company. The name of the area was changed to "The Grottoes" in 1888. Early in 1889, The Grottoes Company, with Jed Hotchkiss as president, started buying up land in the area. Mr. Hotchkiss was a New Yorker and was Stonewall Jackson's mapmaker during the Civil War. It was through his dreams that the Town of Shendun was founded.The area met all the requirements of becoming a city-site: there was adequate land for manufacturing plants; the land was suitable for businesses to locate; it was a beautiful location for home sites (being located on the South River with the Blue Ridge Mountains in the background); and the area had natural drainage. The Shenandoah Valley Railroad from Hagerstown to Waynesboro went through the area. This was an important factor in the development of the area. There were rich beds of coal and ores there, the deposits of which were easily transported to the markets in the North via the railroad. The Weyers Caves , which were located nereby, had gained worldwide fame by 1889. These caves, which are now called "Grand Caverns," were discovered by Bernard Weyer in 1806 while he was digging in a groundhog hole.

The Grottoes Company was a major developer of the area. Jed Hotchkiss as president was able to gain capital from financiers in New York City, Philadelphia, Washington D.C., and West Virginia for developing the area through impressing them with his hopes for the town. The Company wanted to exhibit the caves, mine the ore beds and sell business and residential lots. The Grottoes Company sold stock in its corporation for one hundred dollars per share. Persons buying the stock could make a small down payment with a note to pay the balance at some future date.

In 1890, the town was laid out and named "Shendun."  The town was well-planned when it was laid out. Factories were to be built between 1st and 3rd Avenues and from 6th to 29th Streets. All public buildings such as schools and churches would be between 5th and 6th Avenues and 3rd and 29th Streets.  The remainder of the town would be home lots. The price of home lots in 1890 was from two hundred to six hundred dollars for a plot twenty-five by one hundred twenty feet. 

By 1891, the town was alive with industries and its population was around seven hundred persons, which represented an increase of about one hundred percent over the previous five months. The first child was born in Shendun in January 1891. This growth was a result of the "boom" trend the whole area was experiencing in the late 1800's. Mail service from Staunton began in January 1891. The first bank, the Valley Bank of Virginia , was beginning operation in March 1891. In this same year there was a carpentry business started, Eutsler Brothers & Company, and they had contracted to build twenty homes.

Streetcar lines were being laid from Port Republic to Shendun, and the streets in the town were being paved. An electric plant was under construction in 1891. The power poles were placed in the alleys behind homes rather than along the streets, keeping the streets attractive. The Shendun News, the town's newspaper, was being printed in the best-equipped printing establishment in the state. The Plumber's Supply Works and a brass factory were being built.  There were two brick factories, Jordan Brick Works and Law Brick Factory, a woolen mill, a plaster factory, a tile factory and a sash and blind factory started about this time. Many of these factories had borrowed money from the Grottoes Company to initiate their business. The first telephone line connecting Shendun and Staunton was completed in May of 1891. A tin shop was ready to open and a twenty-four room hotel was under construction.

By the end of the year 1891, the town was booming, but the economy in the town was showing signs of weakening. The Grottoes Company began laying off employees. In addition to the laborers being laid off, the engineering corps was released, the clerical staff was reduced and the general manager and architect no longer were working. Jed Hotchkiss resigned as president of the corporation and E.S. Ruffins, a man from Norfolk who had the reputation of being a hustler, was appointed in his place. Even though the economy was faltering, it was still a good year for Shendun. 

By an act of the General Assembly on February 16, 1892, the Town of Shendun was incorporated. The act also provided that the government of the town include a Council of seven persons to be elected by ballot every two years. 

In January of 1893, the Grottoes Hotel burned. This was a great business loss to the town and to the Grottoes Company. The newspaper went bankrupt the same year. The Grottoes Company also went bankrupt in 1893. The trouble was due to the Company not being able to collect on stock subscriptions, and lot sales had almost ceased. The Company sued its stockholders for payments. The Circuit Court ruled in favor of the stockholders for reasons of false and fraudulent representation:  the directors bought stock in the company without notifying the stockholders, and the property of an ironworks company was never owned by the Grottoes Company. After the Company went bankrupt, families started leaving town. Some of the local people tried to save the town by leasing the caves, the streetcar lines and some other business, but to no avail. 

There were many reasons why Shendun failed. First, many dangers were overlooked by Major Hotchkiss concerning an enterprise of that magnitude.   Second, the paper value of the land owned by the Grottoes Company never equaled its market value. Third, besides Eutsler Brothers, the Company never had an industry in stable financial condition. Fourth, the new directors of the Grottoes Company lacked the enthusiasm and drive which Mr. Hotchkiss possessed, resulting in a lack of growth for the town.  Also, the entire country was in a state of depression in 1893.

In the early 1900's there was a woodworking plant, several dry goods stores, real estate offices, a bowling alley, a mill and blacksmith shop in Grottoes. The Bank of Grottoes opened for business on February 17, 1908.  In 1912, by an Act of the General Assembly, the town's name was changed from "Shendun" to "Grottoes," meaning caves. By this time the population had decreased to about four hundred persons. 

In 1948 a central water system was installed in the town. The Volunteer Fire Department was also organized that year. Reynolds Metals Company, now Alcoa, began its operation in 1956. In 1983, the town received two grants to construct its centralized sewer system to allow the town to continue to grow without the limitations of individual sewer systems.

By 2000, the town had grown to a population of 2,114 people. The renovation of the old Grottoes Elementary School provided for a new centralized town hall, branch library and police offices on Dogwood Avenue . Also by 2000, the fire station relocated to a new location on Route 256. The town developed a 54 acre park with pavilions, a boat ramp, a baseball facility and a driving range.

In recent years, the town has improved its motor vehicle and pedestrian transportation patterns within the town with the completion of a major project extending Route 256 through to Route 340. In 2002, a new shopping center opened with a Food Lion Supermarket and several other businesses coming into the town. A new system for wastewater treatment is scheduled for implementation this summer. The town will also soon annex land from surrounding Rockingham County , which will ensure its continued growth into the future.

For our purposes, we will add a few twists to make this exercise more interesting. First, the foundations of a small industrial plant are located at box “W” in the southern part of the field area. The site contains contaminated soil from heavy metals, petro chemicals, and organic solvents; all of which are part of a superfund site slated for clean up in 2020. Secondly, we will assume that the South River is free of mercury, in that none of the contamination from upstream in Waynesboro will affect Grottoes. 

Determining Flood Frequency

Statistical probability analyses of discharge records, collected primarily by the U.S. Geological Survey, form the basis for flood frequency studies.  These records contain both mean daily discharge and the maximum instantaneous flow for the year and the corresponding gage height for each gaging station.  This data can be used to construct rating curves (the graphical representation between gage height and discharge at a particular gaging station) and flood frequency curves (plot of discharge versus statistical recurrence interval) for individual gaging stations.


The recurrence interval (R.I.) is the time scale used for flood frequency curves and is plotted along the abscissa.  The R.I. is defined as the average interval of time within which a discharge of a given magnitude will be equaled or exceeded at least once.  Generally, there are two commonly used methods for manipulating discharge data in flood frequency studies.  The first method is the annual flood array in which only the highest instantaneous peak discharge in a water year is recorded.  The list of yearly peak flows for the entire period of record are then arranged in order of descending magnitude, forming an array.  The recurrence interval of any given flow event for the period of record can be determined by using the equation:



RI = N + 1



  M


where   RI = recurrence interval in years



  N = the total number of years on record



  M = the rank or magnitude of the flow event


Some hydrologists and geomorphologists object to the use of annual floods because this method uses only one flood in each year and occasionally, the second highest flood in a given year (which is omitted) may outrank many annual floods.  The other method commonly used in flood frequency analysis is the partial-duration series.  When using this method, all floods that are of greater magnitude than a pre-selected base are listed in an array without regard to whether they occur within the same year.  This method also draws criticism in that a flood listed may not be truly an independent event; i.e., flood peaks counted as separate events may in fact represent one period of flooding.


The simplicity and general reliability of the annual-flood array method is appealing and is the method adopted by the USGS.  Likewise, we will use this method in this laboratory exercise.

Floodplain Mapping

A preliminary step to sound floodplain-land use management is flood-hazard mapping.  From a geomorphological viewpoint, the most effective way of minimizing flood damage is floodplain regulation.  All need to realize that the floodplain is a fundamental part of the river system formed in part by past flooding.  Recognition of this fact is essential for wise management.


Flood-hazard maps delineate the boundaries of floods of any predetermined frequency and provide a logical basis for planning future development and formation of zoning policies.  Many states require costly flood insurance for individuals wishing to chance their savings by building and/or residing in flood-prone areas.  In order to determine the topographic boundary of a given flood event, several types of data are needed:

1.  hydrologic discharge data from a stream gaging station

2.  a topographic map to determine land elevations adjacent to the channel

3.  measurement of channel gradient (obtained from topographic map)


In this exercise we will define the limits of the floodplain of the South River at Grottoes. A USGS gaging station is located approximately 2 km upstream of the site in the town of Harriston, and can be accessed from the USGS web page.

Procedure
A. Preparation of a Rating Curve and Flood Frequency Analysis

Because we part of a full lecture constructing a discharge rating and flood frequency curves, I have full confidence that you can seek out this information on the Web.  These discharges will have their respective gage heights.  You can fit a line (and an equation) through the data, thereby making the procedure of correlating gage height and discharge more precise.  If you are stuck on creating the rating curve, please come see me.

The USGS web page provides a list of the maximum annual discharge at the Harriston site (near Grottoes) for a number of  years on record.  Some years of data may be missing due to a hiatus of measurements.  Also, some years may have two annual measurements for discharge.  This is likely due to periodic adjustments in what the USGS defines as the “Water Year” (currently, it runs from October to October).  Treat each of these values as a separate year.  Use this data to prepare a flood frequency curve using the method outlined below.  

1.  Rank (sort) the discharges from highest to lowest and assign magnitudes to each (1=highest discharge) using a spread sheet program.

2.  Determine the recurrence interval (years) according to the formula:



R.I. = n + 1


where n = number of years




  m



     on record







         m = flood magnitude

 and add these results to your table.

3.  Plot your results on a log-log, or semi-graph and fit a “smooth” curve through the data points.

B.  Flood Recurrence and Associated Discharges
1.  Manually or graphically extrapolate your frequency curve along the upper trend so as to include the 100 year flood event.  You will likely have to expand your x-axis in order to include these higher magnitude events.  From the graph, determine the discharge expected for the 100 year event. Record this data in a chart that you will include in your final product.
2.  Now, go to your rating curve and determine the gage height that would be associated with each of these discharges by extrapolating the rating curve along the upper trend. Record these data in the same chart.
C. Floodplain Mapping Using Hydrological Criteria and Topography

The next goal is to determine the high water marks on both sides of the river for a flood of a given recurrence interval.  As an example, let us assume that the channel bottom at a locality has an elevation of 100 feet.  The data from the 2 curves tells us how high the water will rise for a flood of a given magnitude; let’s say it rises 20 feet for a given Q that was determined to have a frequency of a 100 year flood.  At the point where the channel elevation is 100 feet, you would make a mark directly upslope on both sides of the channel at the 120 foot mark, which denotes the height of the flood.  Downstream the channel may be 90 feet; here we will assume that the level of 20 feet applies throughout the basin, and you would make your mark at 110 feet on both sides of the river valley at this locality.


How do you figure out the elevation of the channel bed?  You can read the topographic map and estimate its elevation from interpolation between contour lines, especially where they cross the channel.


Using the rating curves established in Part B, plot the surfaces for the100 year flood events on the map provided.  Map the boundaries of each of the designated flood events on your map.  Shade the inundated area with a colored pencil.
Questions
1. Consider the flood-hazard map which you have created.  Government agencies have requested that development be kept out of the 100 year flood plain.  Does the land use pattern reflect previous adherence to a flood-zoning plan?  Support your contention!

2.  Below is a list of hypothetical requests for construction permits submitted to the Grottoes Planning Commission.  Evaluate each request and approve or disapprove each one.  Justify your answers.  


a)  Construction of new homes located at sites A, B and C.

b)  New baseball diamonds for the Grottoes Elementary School at site W, located at the southern part of Grottoes.
c) construction of a dike (25 feet high) on the west side of the river (along the word “south”) to protect agricultural crops from flood damage.

c) construction of a city park with minimal facilities (picnic tables) on the flats at site D.
d) a water intake for drinking at site E.

4.  Suppose the town of Grottoes (and other towns upstream) continued to expand and urbanize additional land.  What effect might this have on the hydrograph (peak Q and lag time) and the gage height of the river?

5.  How might the component of baseflow affect the actual gage height of the river downstream of the gaging station relative to the predicted downstream gage height designated by the graph?

The Final Product:

Your final product should be in the form of a consultant report prepared for the Grottoes Town Council.  They want to develop in zones near the flood plain, but thought it would be prudent to ask the advice of a geomorphologist before firing up the bulldozers.  In the report I want you to include the following:

· The name of your company
· An executive summary of who, what, when, where, how, and why.

· The problem at hand (ie: the conflict of development versus flood frequency)

· Your recommendations (answer the 5 questions from the previous section.  This is what you were really “hired” for!)

· Your conclusions (numbered for clarity)
· Be sure to include any graphs or maps in an appendix.

You will be graded on your answers and on your overall professionalism of the report.

