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INTRODUCTION

The communities of Moorefield and Petersburg are located along
the South Branch of the Potomac River in Grant and Hardy
Counties, West Virginia. Flooding in the area has occurred
periodically through the years, frequently resulting in costly
damage to homes and businesses. The most recent flood occurred
in November 1985 when extremely high flows passed through the
two communities and throughout the upper reaches of the South
Fork, North Fork South Branch and South Branch South Fork of the
Potomac River. The flood inundated large sections of both
Moorefield and Petersburg causing damages estimated at almost
$59 million and the loss of three lives.

This report is part of a two staged study. The first stage
examines the existing flood warning capabilities and makes
recommendations for improvement. The second stage will involve
preparation of flood response plans under current and improved
conditions.

The first task of this study is to determine the capabilities of
flood warning by an evaluation of the amount of warning time
available.

The second task provides a description of how the Integrated
Flood Observing and Warning System (IFLOWS) works in the South
Fork Potomac River Basin. Emphasis is focused on how IFLOWS can
provided increased capability of reducing property damage and
risk to businesses, homes and citizens of Moorefield and
Petersburg, West Virginia.

Finally, this study report develops recommendations for
improvement of the flood warning system in the South Fork
Potomac River Basin.

The second study phase will include the development of a Flood
Emergency Plan for Moorefield and Petersburg, WV with proposed
levees and protective works, now being studied by the Baltimore
District Corps of Engineers, in place and;

the development of a Flood Emergency Plan for Moorefield and
Petersburg, without proposed levees and protective works.
Development of the flood emergency plan will involve close
cooperation with officials and citizens of Grant and Hardy
Counties and Petersburg and Moorefield, West Virginia.

Purpose of this study

This review is based on analysis of past storms and reports and
analysis from the Baltimore District of the Corps of Engineers,
a Corps reconnaissance report for flood mitigation at Moorefield
and Petersburg, and published records obtained from the United
States Geological Survey, (U.S.G.S.) in West Virginia.
Information and data were also obtained from the National
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Weather Service, Soil Conservations Service, a U.S.G.S. Report
on the 1985 Flood and a study by Dr. Andrew Miller, University
of Maryland.

LEAD TIME ANALYSIS

Physiography of the South Branch of the Potomac River Above
Moorefield, West Virginia

The South Branch of the Potomac River is located in Northeastern
West Virginia. The river originates in the Appalachian
Mountains and meanders through wide valleys and a well developed
flood plain. The flood plain varies in width from 10,000 feet
to 3,000 feet and narrows to 500 feet at Petersburg Gap.
Petersburg, is located 5 miles downstream from the confluence of
the North Fork with the mainstream of the South Branch Potomac
River. The average slope of the river is 15 ft./mile although
immediately upstream of Petersburg the river has a sharp 42
ft./mile drop. Downstream the river slope is 5 ft./mile.

Lunice Creek enters the South Branch just downstream of
Petersburg. Mill Creek also enters the South Branch downstream
of Petersburg.

The map in Figure 1, shows the stream configuration of the North
Fork South Branch, the South Fork South Branch and the South
Fork Potomac River in West Virginia. Circles on this map are
the locations of communities and the triangles are the location
of river recording gages. River recording gages provide a
permanent record of river levels. The location of the river
recording gage at Petersburg, is shown on the map as a star.
Locations of automatic recording rain gages, as part of the
Integrated Flood Observing and Warning System, are shown as
squares on the map.

The South Fork of the South Branch flows into the South Branch
near Moorefield. The South Branch flows through a narrows about
5 miles downstream of Moorefield at Falling Springs Gap, near
Old Fields, West Virginia in an area called The Trough. The
floodplain narrows to 500 feet, or less, at the Trough.



FIGURE 1
RAIN AND RIVER GAGES
POTOMAC RIVER, WEST VIRGINIA
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River Gages

River gages or water stage recorders are placed at selected
locations in a river basin to provide a record of the time and
height of water levels in rivers and streams.

USGS water-stage recorders are located at the following
locations:

Drainage
Gage Location (sq. mile)
South Branch Potomac at Franklin, WV 182
South Branch at Petersburg, WV (estimated) 642
South Fork South Branch at Brandywine, WV 102
South Fork South Branch near Moorefield,WV 283
South Branch near Springfield, WV 1,471

A National Weather Service telemark and a Corps of Engineers
data collection platform are located at Petersburg and
Springfield, WV. At these locations, river stage data can be
obtained in real time. It should be noted that the gage upstream
of Petersburg is the only gage in the South Branch River Basin
upstream of Petersburg and Moorefield that can be remotely
interrogated to obtain river level information.

The Integrated Flood Observing and Warning System (IFLOWS), when

completely operational, will also be able to provide rainfall
information in real time.

Sources of Flooding

Flooding can be caused by excessive runoff along the South
Branch at Petersburg, Lunice Creek, Johnson Run, Mill Creek, and
other lowland areas near Petersburg, and along the South Fork
and the South Branch at Moorefield. Flooding can also occur
from poor drainage at bridge underpasses, on roads and streets
and in flat lowland areas.

Maps of Moorefield (Figure 2), and Petersburg (Figure 3), show
the location of streets, rivers, creeks, runs and waterways.



FIGURE 2
MOOREFIELD, WEST VIRGINIA
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FIGURE 3
PETERSBURG, WEST VIRGINIA
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Flood Characteristics - Time to Crest

Flooding along the South Fork and South Branch of the Potomac
River in the vicinity of Petersburg and Moorefield occurs
periodically. Typically, floods in Petersburg and Moorefield
have very high velocities and rise and fall rapidly. These
sudden rises and falls are due to the steep terrain upstream in
the watershed. Floods may occur at any time of the year. The
most typical causes of floods are intense thunderstorms,
hurricanes, tropical storms or heavy rainfall on a snow pack
with a high water equivalent. Flooding normally occurs along
small creeks and streams such as Lunice Creek, Patterson Creek
and Mill Creek before the South Branch River will flood. These
flashy streams and creeks crest with the occurrence of heavy
rainfall because of the small contributing areas and steep
slopes of the channels. Most of the time there is no lag time
or warning time available for these small flashy creeks. 1In
Petersburg, Mill Race Run and Johnson Run, run parallel to the
South Branch and crest with the occurrence of heavy rainfall.

Although flooding and crest times along the South Branch are
quick reacting, they are long enough for some effective warning.

Using precipitation and streamflow data obtained from the
Baltimore District of the Corps of Engineers, hydrologic
analysis was conducted to determine crest times. Floods which
occurred in August 1955, March 1963 and October 1976 were used
to determine travel time.

Crest times range from 9 to 11 hours at Petersburg (average
equals 10 hours) 7 to 8 hours at Brandywine, 11 to 14 hours at
Moorefield (average equals 14 hours) and 26 to 28 hours at
Springfield. These crest times are from the middle (center of
rainfall mass) of the heaviest rainfall to the observed crest.

The National Weather Service Middle Atlantic River Forecast
Center in Harrisburg, PA uses a unit hydrograph which peaks in
15 hours at both Petersburg and Moorefield. Although slightly
longer, the peak times at Petersburg and Moorefield are probably
variable according to rainfall rates and the spatial
distribution of rainfall within the basin. There are some
indications of non-linearity between rainfall and runoff in the
river basin. This means that crest times may be shorter for
heavier rainfall and runoff amounts than for light runoff
response. Table 1, Crest Times in Previous Floods in the South
Branch Potomac River Basin, West Virgnia, on page 8, shows crest
times determined by this study and analysis by the Soil
Conservation Service. The stormsanalyzed are in the 20 to
30,000 cubic feet per second range which rank as a 10 year
flood.



TABLE I

CREST TIMES IN PREVIOUS FLOODS IN THE SOUTH
FORK POTOMAC RIVER BASIN, WEST VIRGINIA

Peak
Flow* Peak
Rainfall/ Cubic Gage Time to
Storm Time ft./sec.Height Crest**  Location
August 4.0" in 15 hrs. 20.3 9 hours Petersburg
1955 17.1 11 hours Moorefield
73.4 28 hours Springfield
March 7.8" in 14 hrs. 27.0 14.8 9 hours Petersburg
1963 4.5 8.0 7 hours Brandywine
7.5 8.2 14 hours Moorefield
52.9 22.2 27 hours Springfield
Oct. 2.3" in 15 hrs. 28.0 15.1 11 hours Petersburg
1976 7.0 8.9 8 hours Brandywine
9.7 9.0 14 hours Moorefield
58.0 23.4 26-27 hrs. Springfield

*Flow in Thousands of cubic feet per second
*Crest time was computed from the middle of heavy rainfall to
the crest time.

Many runoff events or floods which occur on the Potomac River
Basin are due to complex storms. In fact, most floods analyzed
are the result of a series of several bursts of rainfall amounts
which occurred over a 15 hour period. Multiple storms can
produce multiple surges along the rivers and worse, the crest
may occur while it is raining. Complex storm floods are
difficult to predict and may result in little warning lead time.

The 1985 Flood

Rainfall

Rainfall amount and distribution are difficult to evaluate for
this flood. Rainfall data was collected and analyzed through a
bucket survey by the Soil Conservation Service following the
flood.

Total rainfall for the October 30 to November 6 storm period is
shown in Figure 4 . The greatest amount of storm rainfall,
about 11 inches, occurred in North Central Pendelton County.



Hourly precipitation data can sometimes be used to provide
additional information about flood performance. Figure 5, shows
rainfall accumulation at Mathias, WV and Figure 6, shows
rainfall accumulation at Moorefield. These two key NWS hourly
precipitation gage locations in the basin report two-day storm
precipitation amounts of 6.60 inches at Mathias, WV and 4.40
inches at Moorefield. Neither of these gages, however, were
located in the area of the greatest rainfall. This is shown by
comparing total rainfall of up to 11 inches for October 30 to
November 6, 1985 in Figure 4. It should be noted that the
heaviest concentration of rainfall occurred between 3:00 pm and
10:00 pm on November 4 at Mathias and between 4:00 pm and
midnight on November 4th at Moorefield.



FIGURE 4

SOUTH BRANCH RIVER BASIN,
RAINFALL DISTRIBUTION AND RAIN GAGES
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Flood Levels

The November 1985 flood, which ranked as a 400 year flood,
destroyed the Petersburg gage. The time to crest(s) for the
1985 flood are not known. Peak flows and stages are estimated
from flood marks. The storms and floods analyzed had fairly
even rainfall over the basin in time and space. This means that
storms that occur primarily upstream of the basin will have
longer crest times while storms that occur downstream in the
river basin will cause shorter crest times than those computed
in this study. Also, more intense (shorter duration) storm
rainfall will cause quicker crests while longer duration storms
will extend crest times.

Soil Conservation Service hydrograph analysis was conducted for
the headwaters of the North Fork at Circleville (107 square
miles) and Riverton (140 square miles). The times to peak, or
crest, computed by the TR20 technique was 4 hours for
Circleville and 6 hours for Riverton. Using the same technique,
simulation of the November 4-5, 1985 flood were run for
Circleville and Riverton. Computed hydrographs are shown in an
Appendix. The computed flows are shown in Table II.

TABLE I1

COMPUTED ESTIMATED FLOW
FOR NOVEMBER 4 AND 5, 1985 FLOOD

VELOCITY ESTIMATED FLOW
FEET PER (CUBIC FEET

STATION SECOND PER SECOND)
Circleville 35,361
Riverton 45,500
Franklin 4.0 44,000
Petersburg 4.6 130,000
Brandywine 40,500
Moorefield 3.4 110,000
Springfield 4.0 240,000

The 1985 flood was caused by a complex storm event.

Estimated crest times for the November, 1985 flood were compiled
by Dr. Andrew J. Miller, University of Maryland. Since
hydrologic data is incomplete for the November flood, Dr. Miller
used a number of interviews to assemble probable crest times.

As expected, slightly faster crest times were recorded for the
1985 flood. Figure 7 shows the reported time of flood crests
obtained by Dr. Miller from the interviews.
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FIGURE 7
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Time to Flood Stage

The time it takes for a flood to reach its peak, or crest, is
one factor to use in evaluating the time available for taking
flood protective actions. The time to reach flood stage,
however, is the most useful information in flood warning. When
the river exceeds flood stage, problems begin. This beginning
flood stage can be defined as the stage minor flooding or severe
inconvenience begins in the reach of the gage.
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The flood stage at Petersburg, West Virginia is 12 feet while at
Moorefield it is 10 feet. The time to flood stage is less than
the time to crest for a flood unless the river crests at flood
stage. The time to flood stage will vary according to the
amount of runoff. Here are some examples for floods on the main
stem of the South Branch:

Time to Time to
Flood Stage Crest
Flood (hours) (hours)
Flood Stage
12 feet at March, 1963 5 hours 9 hours
Petersburg WV October, 1976 4 hours 11 hours
Flood Stage
10 feet at March, 1963 5 hours 14 hours
Moorefield,Wv October, 1976 5 hours 14 hours

Note: Historical records indicate a similar 10-14 hour crest
time for floods on the South Fork at Moorefield.

Warning Lead Time

Warning lead time is the time available to respond to a flood.
Warning lead time consists of:

Warning Time = Tl - Tc - Tp

Tl Watershed lag time - start of heavy rainfall to
crest
Tc = Reporting delay time

Tp Forecast preparation time

Note: The time to beginning flood stage is usually less than
the time to reach the crest flood stage.

Both the reporting delay time and forecast preparation time can
introduce significant delays in warning people. The reporting
delay time (Tc) during the 1985 flood was significantly high.

The introduction of automatic reporting rain gages as part of
the Integrated Flood Observing and Warning System (IFLOWS)
program increases warning lead time by reducing reporting delay.
Some reduction in forecast preparation time will also occur.
However, two locations have crest times which may be too short
for effective warning. On the South Branch at Petersburg crest
time of 10 hours and at a Moorefield a crest time of 14 hours
may be too short. If flood recognition does not occur until
half way through the storm, then only 5 hours is available. By
the time this forecast is disseminated to emergency action
officials, only a few hours may be available. Figure 8 shows
the relationship between crest lead time and flood stage lead
time at Petersburg.

-15-



FIGURE 8
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Crest times determined in this study are from the middle of each
flood producing storm. Storms are typically complex and twelve
to fifteen (12 to 15) hours in length. Flood forecast would
normally not be issued during the middle of a storm duration and
intensity. Therefore, waiting until near the end of a storm,
i.e. most of the storm rainfall has occurred significantly
reduces actual warning lead time by six (6) hours. In this
realistic situation flood stage will be exceeded before the
river crests. This analysis shows a very short warning lead time
of one (1) hour before flooding occurs and another five (3)
hours before it crests.

Since there is so little warning lead time available on the
smaller tributary streams such as Lunice Creek and Mill Creek,
and storms in the middle or lower portions of the South Branch
River Basin additional actions will be needed to provide as much
warning lead time as possible.

Expansion of warning lead time can be achieved by using forecast
rainfall and observation of rainfall and stream levels. These
methods will be useful in providing early warning if early
recognition of possible flood producing precipitation is
combined with reduced time needed to prepare a forecast (Tp) and
reporting delay time (Tc).

Local rainfall observation and stream and road patrols can be
used to detect early rises in stream levels. When these efforts
are started early in a storm they can provide a supplemental
means of early detection of possible flood conditions.

-17-



THE INTEGRATED FLOOD OBSERVING AND WARNING SYSTEM (IFLOWS)

The_ IFLOWS System

In order to combat the devastation of flash floods, the National
Weather Service and the State of West Virginia established the
Integrated Flood Observing and Warning System (IFLOWS). IFLOWS
combines existing computer technology with advanced forecasting
and computer software techniques to provide timely guidance and
advice to both state and local authorities responsible for the
provision of emergency services.

There are basically four parts to the IFLOWS system that combine
equipment, technology and human resources. Not all of the parts
noted below are in place and completely operational at this
time. These parts consist of:

1. Rainfall or other precipitation detection and recording
equipment. Information from stream and river gages is planned
to be added to the IFLOWS system at a later date. It is not part
of the system at the present time.

2. A communications system to transfer this and other
information to locations where it can be used.

3. Computers (and appropriate software) that can be used to
convert data transmitted over the system into understandable
information.

4. Person or persons at the county and community level who
understand how the system operates and can take local flood
warning actions as a result of the information obtained from the
system.

The following describes the location and status of the IFLOWS
system in the South Branch Potomac River Basin in West Virginia.

Current Status of IFLOWS

At this time IFLOWS is an evolving system with several state and
federal agencies and county governments involved in its’
development. Following is a report of the status of development
at the time that this report is prepared. It is expected that
the status will change as more work is completed on each of the
component parts of the system.
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IFLOWS Equipment

The IFLOWS system consists of automated precipitation or
rainfall recording gages (rain gages) to which are attached a
radio transmitter. The radio transmits a report of the amount
of rainfall as it occurs. The principal of its operation is
simple. A tipping bucket tips when it is filled with .01 inch
of rainfall. The tipping action activates an electrical signal
which transmits this information over a radio transmitter
attached to each gage.

Automated IFLOWS rain gages are installed in most of the South
Branch Potomac River Basin and part of the radio systems which
transfer rainfall data to other locations is in place and is
being tested and adjusted. The location of IFLOWS automated
rain gages are shown as black squares in Figure 1.

Computers at County Offices

Radio receivers and small desk top computers are used at county
warning centers to receive the radio signal from the rain gages
and convert signals into useful information. An example of
IFLOWS precipitation reports is shown in Figure 2. The
information is stored at raingage sites or in the computer which
can be programed to provide rainfall for varying time periods
such as every 15 minutes, every 1 hour, etc. IFLOWS radio
receivers and computers are located in the following locations
in the upper South Branch Potomac River Basin in West Virginia:

Pendelton County Jail Keepers House in
Franklin, WV

Grant County Court House in the
Communications Center, Petersburg, WV

Hardy County Court House Moorefield, WV

Statewide Radio Systems

A network of radio systems capable of transferring IFLOWS
rainfall and other information throughout West Virginia is
planned. This network uses radio relay towers and links via
several existing radio systems including the Public Radio System
and the Emergency Medical Services radio system to create a
network or backbone communications system. This system will link
together National Weather Service offices at Charleston, West
Virginia and Pittsburgh, Pennsylvania, the West Virginia Office
of Emergency Services at Charleston, West Virginia, FLOOD
WARNING POINTS IN PENDELTON, GRANT AND HARDY COUNTIES and flood
warning systems in adjoining states.
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Other Flood Warning Equipment and Systems

There is a network of river gages located in the Upper Potomac
River Basin installed and operated by the U.S. Geological
Survey. The location of these gages and the rain gages used in
the IFLOWS system are shown in Figure 9. River gages are marked
as a black triangle on the map. The National Weather Service
has a remote sensing capability on one of these gages located
upstream of Petersburg. Telephone linkages provide a means of
remote interrogation to determine water level. This gage has a
star noting its’ location. Other river gages provide a record
of water levels only. They do not have remote sensing
capability.

Local Personnel to Operate IFLOWS

In order for IFLOWS to successfully provide flood warnings to
residents and businesses in the communities that it serves, two
actions must take place. An individual or individuals must know
how to operate the computer and understand the information that
is being received. Secondly, individuals operating the system
must know what actions to take to warn those affected.

The National Weather Service and the West Virginia Office of
Emergency Services have asked county governments to take actions
in cooperation with the development of the IFLOWS. Grant, Hardy
and Pendelton counties have signed memorandum of agreement with
the National Weather Service for operations of the system. Each
county is also requested to assign a flash flood coordinator to
be responsible for operation of the IFLOWS system at the county
level. This is an important step in making the system most
effective. Pendelton County has assigned a coordinator. Grant
and Hardy County have not assigned a coordinator.
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FIGURE 9
RIVER AND IFLOWS RAIN GAGES
POTOMAC RIVER, WEST VIRGINIA
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Fine Tuning IFLOWS

Most of the equipment needed to operate IFLOWS is installed,
however all of the equipment must be tested. For example,
transmitting equipment on the rain gages must be carefully
adjusted, antennae on relay towers and county receivers must be
aligned, computers must be programed and adjusted. This fine
tuning is currently underway.

The IFLOWS communications network will provide, when completed,
a transfer of rainfall data from one county to another or
throughout a river basin. It will also enable National Weather
Service offices to more reliably and quickly issue flood warning
information to users at the county and local level.

In addition to the transfer of rainfall information, the IFLOWS
communication networks are planned to provide a voice radio
capability for transfer of information between users of the
system.

Note: These systems are not completed at this time, and all of
the proposed capabilities of the system, as noted above, are not
operational.

A detailed review of the requirements and needs of county and
local government in implementing flood warning systems will not
be reviewed in this report. It will need to be reviewed, in
following efforts which have a goal of developing a flood
emergency plan for Moorefield and Petersburg, West Virginia.

Advantages of IFLOWS Over Existing Flood Warning Systems

When operating properly, IFLOWS has the capability of giving
local county or other local government offices real time
rainfall information. The computers located at county offices
will be able to see reports on rainfall very soon after it has
fallen on the ground. This system will provide a number of
observation points in the Upper South Branch of the Potomac
River Basin that were not present before. 1In addition this will
enable local officials to continuously monitor a storm as it is
occurring thereby decreasing the time needed to issue a flood
warning.

With properly functioning automated rain gages now available, a
communications system to support it, computers with appropriate
software and local trained personnel the IFLOWS system can
provide earlier flood warning and improved reliability and
timeliness of flood damage reduction actions.

If any of the parts of the system are not operating as designed,
or there are no trained personnel to understand how the computer
system operates and what to do with the information when it is
received, IFLOWS will have limited potential of providing timely
flash flood warnings.
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RECOMMENDATIONS FOR IMPROVEMENT IN FLOOD WARNING SYSTEMS
IN THE SOUTH FORK POTOMAC RIVER BASIN

Those reading this report should keep in mind that flood warning
time is short, risk to life is high and flood impacts are
severe. Flood warning improvements will provide benefits
whether a levee is constructed or not, and flood warnings will
be needed to install closures and other actions if a levee is
constructed.

This report takes into consideration the present level of
development of flood forecasting equipment, communications and
organization. The recommendations for improvement are given as
an addition to existing conditions.

Level I -~ Minimum Level of Flood Warning Improvements

A minimum level of flood warning improvements consists of
improvements in the river and stream gaging system. This
includes the installation of additional equipment on four (4)
existing U.S. Geological Survey gaging stations that are
presently in place, but currently provide only limited use to
flood forecasting because they are either not equipped with
equipment data transfer river or stream level information to
other locations. It is also recommended that this equipment be
added to the single river gage located above Petersburg, WV that
has telemetry equipment attached to it, but does not have the
capability of the equipment described below. The equipment to
be added to these river gages is called "Event Type" reporting
equipment which allows the gage to automatically report changes
in river levels of 1/2 foot or less. This would provide an early
alert to changing river conditions and is very helpful in early
detection and monitoring of river levels.

Location of Added Equipment

It is recommended that equipment be added to the following
gages:

1. Near Circleville, WV in the North Fork South Branch
2. Near Franklin, WV in the South Branch

3. Near Brandywine in the South Fork South Branch

4. Near Moorefield in the South Fork South Branch

5. Near Petersburg, WV in the South Branch.
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Cost of Added Equipment

The cost of this added equipment is as follows:

Item Cost
Event Type Gage* 5 @ $5,500 $ 27,500
Yearly Maintenance Cost

$200.00 per year (5 Gages) 1,000
Total First Year Cost $ 28,500
Recurring Cost (Yearly) $ 1,000

*Event type gages include the following equipment:
combination rain and river gage, directional antenna, battery,
solar panel and lightning detection.

Level II - Advanced Level of Flood Warning Improvements

The advanced level of flood warning improvement is in addition
to the items listed in the minimum level of improvement.

An advanced level of flood warning improvement consists of
improvements that will improve the accuracy, timeliness and
reliability of flood forecasts. This is done through either of
two alternative approaches.

Alternative One - is the development of a hydrologic model and
training of personnel to carry out flood forecasting at the
local level.

Alternative Two - is to contract for this service from a private
forecast service.

Cost of Alternative One
Development of a Local Forecast Procedure

Item Cost

Calibrate a hydrologic model

for the five river gages $ 20,000
Training (yearly) $ 3,000
Yearly Software and

variable updates $ 6,000
Total First Year Cost $ 29,000
Recurring Cost (Yearly) $ 9,000
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Cost of Alternative Two
Contract Forecast Services

Item Cost

Set up and calibrate 6 gages $ 10,000
Yearly Fee/service for 6 gages $ 6,000
Total First Year Cost $ 16,000
Recurring Cost (Yearly) $ 6,000

Level ITI - Sophisticated - State of the Art Level of
Improvements

The sophisticate or state of the art level of development is in
addition to the level of development achieved in the previous
two levels of development.

The sophisticated level of development combines the capabilities
of flood warning with a delivery system (using a Computerized
Emergency Information System) which can show through computer
enhancement what will be flooded at each variable flood stage
(flood inundation maps). This system will provide more timely
evaluation of flood risk, more rapid flood warning and permit
the concentration of resources in a phased evacuation effort.
This system can be added to either thorough local development or
contract services as noted in Level II.

Cost of Level III
Sophisticated - State of the Art Level Development

ITtem Cost

Establish Base Station at
Petersburg and Moorefield 2 @ $3,000 $ 6,000
Uninterruptable power supply 2 @ $1,500 1,500

Computer software 3,800
Mapping/database 4,000
Maintenance Cost (Yearly) 1,000
Total First Year Cost $ 15,500
Recurring Cost (Yearly) $ 1,000
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FINDINGS

HYDROLOGIC AND HYDRAULIC WARNING TIMES
FOR THE SOUTH BRANCH OF THE POTOMAC RIVER

Very little lead time is available to forecast floods for most
of the tributary creeks of the South Fork of the Potomac River
above Petersburg and Moorefield, West Virginia. At the most, 2-3
hours of lead time would be available. NWS flash flood warnings
are the only source of warning information now. If this level
of service is satisfactory, nothing further is recommended.

More lead time from flash flooding can be obtained by using
rainfall forecasts as input into categorized flood forecast
models or procedures which must be developed. This capability
could be developed at IFLOWS computer sites or achieved through
procurement of a flood forecast service.

Although time to crests along the Upper Potomac River are long
enough that effective response can be achieved along the Potomac
River at Petersburg and Moorefiled, the time to flood stage is
only a few hours.

To expand warning time rainfall forecasts can be added to
operation of a local flood warning system using IFLOWS software
via vendor ALERT software or private flood forecast service.

Improved Forecast Capability

The expansion of IFLOWS in the upper Potomac River Basin should
improve the quality of forecasting and recognition of flood
threats. Sampling rainfall is important but additional
capability will be required by communities to recognize flood
threats early enough so that actions can be taken. The addition
of a hydrologic model to forecast Petersburg, Brandywine,
Franklin and Moorefield is required. The next step is the
capability to put future rainfall into the model to obtain
forecasts based on probable forecast rainfall. Finally, the
ability to relate crest stage forecasts to flood inundation is
important. The use of flood stage inundation maps or flood
profiles can determine the severity and extent of flooding that
is forecast.

=Jhir=



Redundancy in forecasting methods and procedures is a useful
tool to increase the reliability of flood warning. Since there
is so little warning lead time available in the Upper Potomac
River Basin the following combination of methods and resources
is recommended:

A.

BC

Cl

Use of a flood forecasting service.
Use of the best in flood forecasting modeling

The most effective use of real time rainfall
information available through the IFLOWS system can be
obtained through well trained staff or volunteers to
operate the system.

Local organization and a well trained local effort to
monitor stream levels early and continuously during so
as to detect as quickly as possible any rapid rise in
stream levels.

A phased program of flood warning system improvement in
the South Branch Potomac River Basin is recommended.
This program of improvement includes the following:

Minimum Level of Improvement - Installation of
additional equipment to 5 U.S. Geological Survey river
gaging stations. "Event Type" reporting equipment
allows the gage to automatically report changes of
river level of 1/2 foot or less. The cost of these
improvements is $28,500 plus a yearly recurring cost of
$1,000.

An advanced Level of Flood Warning Improvement which
include additions that will improve the accuracy,
timeliness and reliability of flood forecasts. Two
alternative methods are indicated with one including
the development of a hydrologic model and the training
of personnel to carry out flood forecasting. The cost
of this alternative is $29,000 plus a yearly recurring
cost of $9,000. The other alternative includes
contracting for this service from a private forecast
service with initial cost of $16,000 plus annual
recurring cost of $6,000.

The most sophisticated - State of the Art Level of
Development combines the capabilities of flood

warning, included in the above sections, with a
delivery system (Using a Computerized Information
System) which can show what will be flooded at each
variable flood stage (flood inundation maps). The
system will provide more timely evaluation of flood
risk and more rapid flood warning. The initial cost of
this improvement is $15,500 with an annual recurring
cost of $1,000
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Each of the phases of improvement are incremental with
each level of improvement needed for the development of

the next level of improvement.

Using a combination of these efforts will reduce flood
detection time and increase flood warning lead time.

-29-



REFERENCES

River Stage and Precipitation Data from the Baltimore District,
Corps of Engineers.

Reconnaissance Report for Flood Mitigation at Petersburg, West
Virginia.

NWS/MARFC Unitgraph information for South Branch/Potomac River
by Michael Mark, National Weather Service, Harrisburg, PA,

USGS Report on the 1985 Flood

Preliminary Draft Report on 1985 Flood by Dr. Andy Miller,
University of Maryland

Hydrologic Data computed by SCS, Morgantown, WV. by Thomas
Parkey, Hydraulic Engineer.

Hourly Climate Data, West Virginia, November 1985.

-30-



APPENDIX

TECHNICAL REPORT

Flood hydrographs prepared by the U.S. Department of
Agriculture, Soil Conservation Service, Morgantown, WV using TR
20 technique.
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