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EXECUTIVE SUMMARY 
 

The Corps values continuous improvement, transparency and accountability to the nation.  
Following the May 2010 Flood event, the Corps committed to an objective review of this 
agency’s role before, during and after the event.  We are equally committed to sharing these 
findings with the public. We are and will continue to work to improve our procedures for the 
future.  This After Action Report (AAR) demonstrates the first step in fulfilling that 
commitment.  It captures twenty-seven lessons learned from this event and details what worked 
and needs to continue and what did not work and needs to be improved. 

The specific mission and activities of the Corps during periods of flooding are outlined by 
several guiding laws.  The Corps regulates each flood risk reduction and navigation project in 
accordance with the provisions of its authorizing legislation as well as specific water 
management criteria defined in reports approved during the planning and design phases of a 
project or system.  The Corps provides support to the state Emergency Management Agencies as 
authorized by Public Law (PL) 84-99 by providing technical and material assistance for flood 
fighting.  Public Law 93-288, the Robert T. Stafford Relief and Emergency Assistance Act, 
authorizes the Corps to support the Federal Emergency Management Agency (FEMA) as the 
lead agency in Emergency Support Function.   

The Corps supports flood risk management activities in both urban and rural areas throughout the 
United States during periods of flooding.  The Corps operates projects that reduce flood risk, and 
conducts emergency management support prior to, during and after a flood event.  The Corps’ 
highest priority during flooding is the protection of human life and property.  The Corps 
performs this mission as part of an interagency team consisting of multiple federal, state and 
municipal agency partners.  This report reviews our interactions with other agencies involved in 
the response to the May event.  Those agencies include the National Weather Service (NWS), 
United States Geological Survey, Tennessee Emergency Management Agency (TEMA) and the 
Tennessee Valley Authority (TVA).     

The National Weather Service (NWS) is a federal agency under the National Oceanic and 
Atmospheric Administration (NOAA), which is part of the United States Department of 
Commerce.  It has been providing meteorological forecasts and warnings since its original 
creation as the Army Signal Corps in 1870.  The NWS Hydrometeorological Prediction Center 
(HPC) provides forecast, guidance and analysis products and services to support the daily public 
forecasting activities of the NWS and its customers, and provides tailored support to other 
government agencies in emergency and special situations.  The HPC publishes Quantitative 
Precipitation Forecasts (QPFs) twice daily, early morning and late afternoon/evening.  The QPFs 
are then evaluated and used by the NWS River Forecast Centers (RFCs) to prepare river stage 
forecasts.  NWS and the Corps’ complementary missions require the collection of meteorological 
and hydrological data.  Both agencies recognized the parallel aspects of these missions and 
signed a Memorandum of Agreement (MOA) in 1991 that began a formal effort to cooperatively 
―develop modern, cost-effective, coordinated procedures and techniques for forecasting the 
status of the Nation’s river systems and regulating the Nation’s water control systems.‖  The 
MOA provided a platform to improve information and real-time data sharing as well as to 
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improve the collaboration between the two agencies.  Under the agreement, the NWS will 
provide the Corps its meteorological forecasts and both agencies will share their hydrological 
forecasts with one another.  The NWS is responsible for disseminating meteorological and 
hydrological forecasts and warnings to the public.   

The United States Geological Survey (USGS) is a federal agency under the Department of the 
Interior charged with providing reliable scientific data and research for a wide range of earth and 
life science disciplines.  It collects and disseminates hydrological data and information.  The 
hydrological data collected by the Corps, supplemented by this data, is critical to the 
hydrological forecasts of the NWS and Corps and for the management of the Corps’ reservoirs. 

The Corps and the TVA have a unique relationship with respect to water management activities 
within the Tennessee, Cumberland, and Ohio River Basins.  Geographically, the Tennessee River 
Basin falls entirely within the boundary of the Nashville District Corps of Engineers.  However, 
an Act of Congress in 1933 establishing the TVA put in place the sharing of water resources 
related responsibilities between the two agencies.  In general, TVA handles all matters related to 
hydropower on the Tennessee River and the Corps operates and maintains the navigation 
features.  The Nashville District operates ten multi-purpose projects in the Cumberland Basin.  
Nine of these ten projects have hydropower facilities.  Recognizing the need to coordinate 
reservoir operations to optimize flood risk management on the lower Ohio and Mississippi 
Rivers, Congress passed the Flood Control Act of 1944.  Section 7 of the Act designates the 
Secretary of the Army with the responsibility to direct reservoir operations on both the 
Tennessee and Cumberland Rivers during times of flooding.  The Secretary of the Army 
delegated the responsibility to the Commander of the Great Lakes and Ohio River Division. 

A summary follows of the thorough and detailed review found in this report.  The summary 
includes three sections: the event, the response and the communication issues that arose during 
the event. 

Bottom Line Up Front: The May 2010 Cumberland River Basin flood was a historic rainfall 
event, and the flooding which resulted was devastating to the impacted areas.   The Corps’ flood 
risk management projects were able to minimize the flood levels; however, flooding could not 
have been eliminated given the nature of the event and the design intent of the Corps’ flood risk 
management projects.  The twenty-six fatalities associated with this event were not related to the 
Corps’ response.  Twenty-five of the twenty-six fatalities were associated with flash flooding of 
local streams prior to or just as the Cumberland River reached flood stage at Nashville on May 2.  
One fatality occurred on May 3 when a driver attempted to drive on a flooded roadway.   

The federal, state and local responders worked closely together in response to the flooding. The 
Corps’ response (the operation of flood risk management projects) was appropriate given the 
magnitude of this event.  Based on our objective review, the Corps’ response did not worsen 
flooding, but in fact, reduced flood levels and the associated damages in the Nashville area by 
five feet and many millions of dollars.   

Event:  In May 2010, portions of the Cumberland and Tennessee River Basins experienced a 36-
hour rainfall that produced record flooding.  Officials estimated the two-day storm to be far 
greater than a 1,000-year rain event.  Rare weather conditions produced nearly stationary and 
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intense storm activity on May 1 and 2.  These storms created a large-scale flash flood along the 
Cumberland and Lower Tennessee Rivers and their tributaries.  

The Cumberland River Basin is not immune to major flooding.  Almost all floods on the 
mainstem of the Cumberland River occur from November to mid-May, mainly because 
precipitation amounts are greatest during that time of year and the area is prone to excessive run-
off.  In almost all historical events, some parts of the basin receive relatively small amounts of 
rainfall while other portions experience extreme rainfall.  For example, three outstanding historic 
floods—December 1926 – January 1927, January 1937 and March 1975—produced maximum 
flood heights on much of the Cumberland River.  An 8-day storm with three separate rainfall 
bursts that concentrated heavily above areas now controlled by storage reservoirs produced the 
December 1926 – January 1927 flood.  

Extended periods of rainfall produced the January 1937 flood, but unlike that of 1926-1927, the 
greatest intensities and the heaviest accumulations of rainfall were downstream from Nashville.  
This storm produced all-time record stages on the lower 150 miles of the Cumberland River.  
Prior to the May 2010 event, the last time the Cumberland River reached flood stage at Nashville 
was in May 1984.  The May 1984 flood resulted from a series of rain events spread over an 
extended period of time; this resulted in a major basin-wide event.  The flood crest at Nashville 
for this event reached a stage of 45.26 feet.   

Since 1984 there have been several floods that came within a couple feet of reaching the flood 
stage (40 feet) at Nashville.  These events include significant March events in 1989 (peak stage 
39.53 feet), 1994 (peak stage 38.05 feet), and 1997 (peak stage 39.36 feet).  The stage at 
Nashville reached 38.05 feet in a high flow event in May 2003.  A series of significant rainfall 
periods coming in succession over a several week period characterized these events.  Any of 
these storms, taken individually, did not pose a significant threat to the basin; however, 
collectively, they resulted in significant floods.  Multiple follow-on events of this nature produce 
floods along the Cumberland River.   

The May 2010 storm was unique, acting more like a flash flood.  Its widespread intensity 
produced record rainfall.  The 3-Day NWS Quantitative Precipitation Forecast (QPF), published 
Friday morning, April 30, showed increased 3-day rainfall totals of up to 7 inches with a high 
amount of 7.8 inches in central Tennessee.  Widespread 2 to 6 inch totals were forecast over the 
southeastern US stretching into southern Illinois, Indiana and Ohio.  Rain totals of 3-4 inches 
were forecast for the three-day period starting on May 1 in a band over western Tennessee and 
Kentucky.  Subsequently, the 3-Day QPF issued on May 2 included rainfall totals of 2 to 4 
inches with a high amount of 4.65 inches in a wide band spanning most of western and central 
Kentucky and Tennessee.  During this two-day event some areas received rainfall amounts that 
exceeded 17 inches, the highest amount in more than 140 years of record.  The Nashville area 
received more than 13 inches of rain in 36 hours, more than doubling the previous two day 
rainfall record set in September 1979.  By the end of this historic two-day period, the actual rain 
that fell was more than double the projected rainfall over most of the area. 

In the Stones River Basin, J. Percy Priest Dam utilized 100 percent of its available flood storage 
capacity in an effort to reduce crest levels downstream.  The flood storage capacity in a flood 
risk management project is the volume of water that a project can contain which is between the 
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normal pool and near the top of the dam.  This capacity is designed to remain empty and utilized 
during periods of flooding to assist in minimizing downstream flooding.  Once the volume of 
water in a flood risk management project reaches the top of the flood storage capacity, the 
project must release water so that the project will not be overtopped.   

During this event, much of the rain fell in areas downstream of the Corps’ flood risk 
management projects; therefore, they were unable to play a major role in reducing flood crests 
along the Cumberland.  Water from the Harpeth River, Red River, Mill Creek and numerous 
other small tributaries to the Cumberland flowed unchecked into the mainstem, producing the 
historic crests observed at Nashville, Cheatham Lock and Dam, and Clarksville.  The event set 
water level and discharge records on numerous tributaries and at several mainstem locations 
across the Cumberland and Tennessee River Basins during the event.  

Response  

The Corps sets its primary mission during flood events to protect human life and property by 
minimizing flood damages. The Corps conducts this mission by managing the outflow of water 
from flood risk management projects.  During these events, the Corps works with federal, state 
and municipal agency partners.  

Water control manuals guide the operation of each flood risk management project.  The plan 
provides instructions on how best to regulate levels of water at the project, thereby minimizing 
downstream flooding.  The Corps bases these plans on the dynamics of the entire watershed 
system.  These dynamics include uncontrolled tributary drainage areas downstream, reservoir 
storage capacity and the volume and time distribution of inflows from upstream drainage areas 
into the project.  Since each flood is unique, these dynamics are constantly in flux.  Therefore, 
the Corps maintains a constant, on-going analysis of conditions leading up to and during a flood. 
However, due to the magnitude of the May 2010 flood, the Corps operated its projects in an 
environment that was far beyond the scope of the guidance provided in the regulation manuals 
for each project.  While projects are capable of operating outside the manuals’ scope, the 
manuals did not cover the full range of the project’s capability and will be revised to address 
extreme events.  During the event, Wolf Creek, Dale Hollow, and Center Hill Dams did not use 
their full storage capacities because the rainfall was concentrated in drainage areas downstream 
(rather than upstream) of those projects.  At the J. Percy Priest Dam, located just upstream of 
Nashville, waters nearly overtopped the spillway gates.  Waters exceeded its flood storage 
capacity, requiring operation of those spillway gates to avoid overtopping and the potential 
catastrophic failure of the gates.  The water levels submerged the lock and spillway sections of 
Cheatham Lock and Dam, a Cumberland River navigation project located downstream of 
Nashville.  Although the dam and lock are designed to be overtopped during significant flooding, 
the Corps abandoned the structure completely when waters inundated the main control building. 

The flood event required spillway gate operations at the navigation projects of Cordell Hull and 
Old Hickory to prevent overtopping of critical structures and losing control of water releases and 
pushed the Corps’ projects of J. Percy Priest, Cheatham, Cordell Hull, Old Hickory, and Barkley 
to their limits.   
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During the height of the event, water managers made minute-by-minute decisions for the 
operation of eight projects in an extremely dynamic and dangerous environment.  Operators at 
the projects literally stood on top of the dams and visually inspected water levels, waiting to 
within 6 inches of overtopping the gates before opening to release water and prevent overtopping 
of the dam.  The post flood analysis indicated that operations of the Cumberland River Basin 
projects reduced the flood crest in Nashville by approximately 5 feet.  The Nashville District 
made swift and crucial decisions during the event at these projects.  These actions prevented 
additional flood damages from Nashville down to the mouth of the Cumberland River: 
Nashville’s lone remaining water treatment facility, the Omohundro Water Treatment Plant, 
would have been left inoperable, thus rendering the city without water; and the Metro Center 
Levee downstream of Nashville would have been overtopped, likely causing billions of dollars in 
additional damages. 

J. Percy Priest:  Late Monday evening (May 3), Corps personnel recognized water levels were 
going to exceed the flood storage capacity for J. Percy Priest.  Therefore, knowing water releases 
were necessary to prevent overtopping of the spillway gates, Nashville District Water 
Management dispatched Corps’ project personnel at 2300 hours (11 p.m.) to monitor water 
levels on the four spillway gates with instructions to open each gate 0.5 foot when the water 
reached the top of the gates.  However, one of the gates did not function.  A project electrician 
returned to the dam, diagnosed the problem and quickly repaired the faulty gate.  By midnight, 
the Corps had opened all four gates to the desired level and prevented overtopping the spillway 
gates.  Project discharges were held to 7,000 cubic feet per second (cfs) rather than the 17,000 
cfs set forth in the water control manual to minimize downstream flooding to the greatest extent 
possible.  This operation also created an additional 0.5 foot of storage capacity.  Thus, for the 
period starting Monday evening, May 3, and extending through the middle of the day on 
Wednesday, May 5, this action contributed to reducing the stage at Nashville. 

Cordell Hull: Events required rapid spillway gate changes to keep the lake from overtopping the 
upstream spillway gate.  Efforts required close coordination among power plant operators, 
powerhouse staff, and the Nashville District Water Management office. Ultimately, Cordell Hull 
set a new pool record and the lake level came within two inches of reaching the top of the 
spillway gates. 

Old Hickory: Spillway gate operations continued day and night.  Ultimately, Old Hickory set a 
new pool record and came within 6.6 inches of overtopping the upstream lock wall. 

Cheatham: As the river level rose quickly on Sunday, a group of dedicated Nashville District 
employees worked tirelessly to salvage equipment from the lock building and move it to higher 
ground.  During this process the river came up so quickly that Cheatham Natural Resource 
Manager’s office team members had to bring lock employees to safety.  During this same time 
period, a Cheatham Lock employee lost his personal vehicle to the flood while assisting fellow 
employees moving their vehicles to safety.  

Barkley: The event required multiple spillway gate changes at Barkley starting during the day 
on Sunday (May 2).  Extremely high water levels during this event required record gate releases 
at Barkley. The record releases prevented exceedance of the maximum flood control pool and 
possible overtopping of the dam.   
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While the Corps does not serve as the ―lead‖ agency for flood fighting operations—state and 
local first responders are responsible for leading all emergency operations—the Corps supports 
the state agencies and provides essential technical flood fighting resources and assistance.  
During the May flood event, the Corps provided sandbags and pumps to local municipalities to 
assist with flood fighting efforts, as well as technical advice to maximize their effectiveness. 

Communications 

During the May 2010 event, federal, state and municipal agencies worked together to minimize 
the damage from this two-day storm, estimated to be far greater than a 1,000-year rain event.  
Effective communication among and between these entities is critical.  It is also extremely 
important that the public is, to the fullest extent possible, kept informed of all conditions that 
have the potential to affect life and property.  

The National Weather Service has the mission for issuing public flood forecasts and warnings 
and the Corps has the mission for operating the flood risk management projects.  The agencies’ 
complementary missions require the collection and exchange of hydrological (the flow or cycle 
of water in the area) and weather-related information.  Both agencies recognized the need to 
develop procedures for exchange of data and a Memorandum of Agreement was signed between 
the agencies in 1991.   

Under the agreement, the NWS provides the Corps with its meteorological forecasts, with both 
agencies sharing their hydrological forecasts with one another.  The NWS serves as the federal 
voice for public notification prior to and during flood events.  It also coordinates with state 
agencies, such as the Tennessee Emergency Management Agency.  TEMA coordinates 
emergency management responses and recovery at the county and local levels.  This 
communication flow works to promote clear and concise communications from one federal 
source to the public during weather events and to avoid confusion that could be caused by 
multiple agencies providing potentially conflicting or uncoordinated data to local authorities.  

During the height of the event on Sunday, the Corps and NWS conducted conference calls per 
established protocol to support both offices’ operations.  These calls were intended to coordinate 
NWS forecasts for rainfall and flood crests and share information on the Corps’ anticipated 
reservoir releases.  However, the events occurring during the day and into the evening changed 
rapidly and the frequency of the communication proved inadequate for this type of event.  This 
highlighted the necessity to improve communications and an understanding of the operations of 
each agency.  

During the May 2010 flood event, the Nashville District received numerous telephone calls 
requesting information on the areas being flooded.  In the midst of the event on Sunday between 
0930 hours and 2005 hours (8:05 p.m.), a Verizon line break caused the Corps to lose its Internet 
connectivity.  The network outage disrupted the flow of rainfall, stage and flow data and the 
Nashville District lost its ability to obtain and post information for the public’s use on its local 
website.  Although the data continued to be posted to the national rivergages.com website, the 
public may not have been aware of this alternative source of information. 

As stated above, the NWS has the responsibility to provide flood forecasts to the public.  Its 
forecast model references a stage at a location on the river.  However, the public does not 
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correlate how this stage information may relate to where they live.  In the short term, the NWS is 
evaluating additional features that could be added to its forecasts that better describe the area 
related to a flood stage.  For the long term, the Corps, NWS and the United States Geological 
Survey are looking at ways to provide maps for different river flood stages that would be 
available to the public.   

The May 2010 flood also brought to light the common public misconception that all navigation 
projects hold back floodwaters, just like flood risk management projects do.  The Corps 
recognizes the importance of improving public awareness regarding this misunderstanding.  It 
also recognizes the importance of advising the public about what happened during this historic 
event.  

The Corps will continue to rapidly address lessons learned requiring improvement and 
institutionalize practices that worked well to better prepare for future events. 

An in-depth detailed review of the facts surrounding the May 2010 Nashville flood event 
follows.  The report is organized into seven chapters:   

 Chapter 1, Background: provides a general description of the Tennessee-Cumberland-
Ohio River system and the storms that occurred during this period. 

 Chapter 2, Event Specific Information: covers the meteorological and hydrologic 
conditions before and during the event.   

 Chapter 3, Responsibilities of Federal Agencies During Periods of Flooding: provides an 
overview of the roles and responsibilities of key federal agencies. 

 Chapter 4, Emergency Operations Summary: provides timelines and a description of 
Corps’ emergency management operations in support of the Corps’ projects, state 
governments and local authorities.   

 Chapter 5, Corps’ Actions: provides a detailed description of Corps’ water management 
and dam safety actions as well as coordination with other agencies. 

 Chapter 6, Lessons Learned: provides a general overview of the issues identified during 
the after action review process. 

 Chapter 7, Report Summary: provides a brief summary of the Corps’ actions. 

Appendix B provides a detailed discussion of the twenty-seven lessons learned.  Other 
appendices provide additional relevant facts and data about the event.  On July 23, 2010, the 
public and other federal, state, and local agencies were invited to review and comment on this 
AAR.  Comments received are included in Appendix K.  Issues raised by these comments have 
been incorporated into this AAR. 

Appendix L discusses the August 17-19, 2010 event and shows how many of these lessons 
learned have already been implemented.  During the August 2010 event, heavy rain again fell in 
the upper Cumberland Basin.  However, the physical area impacted by heavy rainfall in the May 
event dwarfs the amount that was observed in August.  As a result of the May event, greater than 
10 inches of rain fell over the majority of 17 counties in western and central Tennessee. During 
the August event, the 10-plus inches of rain was only observed in isolated locations across north 
central Tennessee.  While significant rainfall totals were observed, the August event was 
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significantly smaller in magnitude in the amount of rainfall as well as area impacted when 
compared to the May flood event. 



i 

 

Table of Contents 

EXECUTIVE SUMMARY ............................................................................................................. I 

1.0 BACKGROUND ..................................................................................................................... 1 

1.1 Purpose ............................................................................................................................. 1 

1.2 Description of the Tennessee-Cumberland-Ohio River System ...................................... 1 

1.3 Historical Storms and Floods ........................................................................................... 4 

2.0 EVENT SPECIFIC INFORMATION ..................................................................................... 7 

2.1 Antecedent Conditions ..................................................................................................... 7 

2.2 Meteorological Summary ................................................................................................. 7 

2.3 Hydrologic Summary ..................................................................................................... 12 

3.0 RESPONSIBILITIES OF FEDERAL AGENCIES DURING PERIODS OF FLOODING 17 

3.1 Corps of Engineers ......................................................................................................... 17 

3.2 National Weather Service............................................................................................... 19 

3.3 United States Geological Survey.................................................................................... 20 

3.4 Tennessee Valley Authority ........................................................................................... 20 

4.0 EMERGENCY OPERATIONS SUMMARY ...................................................................... 22 

4.1 LRN Timeline:  Interaction between LRN and TEMA.................................................. 23 

4.2 LRL Timeline: Interaction between LRL and KY EOC regarding Kentucky Lake/Lake 
Barkley ...................................................................................................................................... 29 

4.3 Additional Timelines ...................................................................................................... 32 

5.0 CORPS’ ACTIONS .............................................................................................................. 33 

5.1 Summary of Corps’ Water Management Operations ..................................................... 33 

5.2 Summary of Corps’ Dam Safety Actions ....................................................................... 49 

5.3 Coordination with National Weather Service ................................................................ 51 

5.4 Coordination with United States Geological Survey ..................................................... 52 

5.5 Coordination with Tennessee Valley Authority ............................................................. 52 

6.0 LESSONS LEARNED SUMMARY .................................................................................... 54 

6.1 Communication .............................................................................................................. 54 



ii 

 

6.1.1 External Communication ........................................................................................ 54 

6.1.2 Internal Communication ......................................................................................... 55 

 

6.2 Emergency Management ................................................................................................ 56 

6.2.1 Emergency Operations Center ................................................................................ 56 
6.2.2 Logistics – Corps’ Logistics Activity (ULA) ......................................................... 56 

 

6.3 Water Management ........................................................................................................ 57 

6.3.1 Infrastructure Maintenance ..................................................................................... 57 
6.3.2 Hours of Operation ................................................................................................. 57 

6.3.3 OHRFC/WFO Communication .............................................................................. 58 
6.3.4 Internet Outage........................................................................................................ 59 
6.3.5 Quantitative Precipitation Forecasts and Forecasts ................................................ 60 
6.3.6 Loss of Gage Data ................................................................................................... 61 
6.3.7 Operation of the Cumberland River Basin System ................................................. 61 

 

7.0  REPORT SUMMARY........................................................................................................... 62 

 
Appendix A Photographs……………………………...………………………………….….A-1 

Appendix B Lessons Learned……………...…………………………………………………B-1 

Appendix C Corps Timeline of Events………………………………………………………C-1 

Appendix D National Weather Service Timeline of Events…………………………………D-1 

Appendix E Project and Gage Plots and Tables……………………………………………...E-1 

Appendix F Cost Information……………………………………………… ………………..F-1 

Appendix G FEMA Mission Assignments………………………………………………..….G-1 

Appendix H PL 84-99:  Separate Projects and Major Actions……………………………….H-1 

Appendix I National Weather Service and Corps Memorandum of Agreement…………….I-1 

Appendix J Data Exchange Overview………………………………………………………..J-1 

Appendix K Public Comments ……………………………………………………………....K-1 

Appendix L August 2010 Heavy Rainfall Event…………………………………………….L-1 



1 

 

1.0 BACKGROUND 

1.1 Purpose 
On May 1-2, 2010, a historic rainfall event brought large-scale, regional flash flooding to 
western and central Tennessee and Kentucky.  The flooding primarily affected the Lower 
Tennessee-Cumberland-Ohio River system.  Despite the existence of United States Army Corps 
of Engineers (Corps), Tennessee Valley Authority (TVA) and private flood protection projects, 
damages from the flooding are estimated to be in excess of 2 billion dollars.  Appendix A 
includes photographs showing many of the inundated areas.  This After Action Report (AAR) 
summarizes the operations and the interagency coordination that occurred during this historic 
event.  The review of this event allows the Corps, along with its partner agencies, to evaluate 
opportunities for improvement (Lessons Learned) by addressing the following questions: 

 What happened? 

 Why did it happen? 

What was supposed to happen? 

 How will we improve? 

The report first reviews the characteristics of the flood risk management system and its 
hydrologic response to the current and past rainfall events.  The AAR next provides a description 
of the Corps’ Emergency Management and Water Management teams’ actions followed by 
Lessons Learned.  In-depth discussions of the Lessons Learned are found in Appendix B.  
Appendices C and D are timelines of events for the Corps and National Weather Service, 
respectively.  Appendices E and F provide hydrologic and cost data and Appendix G contains the 
FEMA Mission Assignments.  Appendix H describes the major actions taken at each project.  
Appendix I contains the Memorandum of Agreement signed in 1991 between the National 
Weather Service and the Corps to formalize the cooperative efforts of the agencies and Appendix 
J discusses the data exchange between the agencies.    

On July 23, 2010, the public and other federal, state, and local agencies were invited to review 
and comment on this AAR.  Comments received are included in Appendix K.  Issues raised by 
these comments have been incorporated into this AAR. 

Appendix L describes another rainfall event in August 2010 and how lessons learned from the 
May event were applied. 

1.2 Description of the Tennessee-Cumberland-Ohio River System 
Figure 1 illustrates the Ohio River Watershed. The Ohio River originates at the confluence of the 
Allegheny and Monongahela Rivers in Pittsburgh, Pennsylvania.  The Ohio River then flows 
along the borders of Ohio, West Virginia, Kentucky, Indiana and Illinois to its confluence with 
the Mississippi River at Cairo, Illinois.  The Ohio River is 981 miles long and has a total 
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drainage area of 204,430 square miles covering parts of 15 states.  The Ohio River is the largest 
tributary, by volume, to the Mississippi River and contributes, on average, 60% of the flow in the 
Mississippi River at Cairo.  The Tennessee and Cumberland Rivers enter the Ohio River 46 
miles and 58 miles, respectively, upstream of its junction with the Mississippi.  These major 
tributaries’ watersheds comprise nearly 30% of the Ohio River Watershed:  20% for the 
Tennessee River and 9% for the Cumberland River.  

 

       
        Figure 1 – Ohio River Basin. 

The Cumberland River, second largest tributary of the Ohio River, originates at the junction of 
Poor and Clover Forks near the City of Harlan in southeastern Kentucky.  From that point the 
694 mile-long river flows generally southwesterly to Nashville, Tennessee; there it turns 
northwesterly and flows into Western Kentucky.  It enters the Ohio River at Smithland, 
Kentucky, 58.5 miles upstream from the confluence of the Ohio and Mississippi Rivers and 922 
miles downstream from Pittsburgh, Pennsylvania.  The somewhat crescent-shaped Cumberland 
River Basin lies entirely within the states of Kentucky and Tennessee and has a total area of 
17,914 square miles, of which 10,695 square miles (60%) are in Tennessee.  The topography of 
the basin varies from rugged mountains in the eastern upstream portion to rolling low-plateaus in 
the western, or downstream, sector.  Elevations range from 4,150 feet above mean sea level (msl) 
in the Cumberland Mountains to 302 feet in the pool at the mouth of the river.   

The Corps of Engineers, Nashville District, operates and maintains five projects on the mainstem 
of the Cumberland River and five projects on its tributaries. The mainstem projects are Barkley, 
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Cheatham, Old Hickory, Cordell Hull and Wolf Creek (Lake Cumberland).  Of these 5 mainstem 
projects, only Barkley and Wolf Creek are congressionally authorized for flood risk management 
(meaning they are specifically intended to store water to assist in minimizing flood damage).  
Congress has authorized Barkley, Cheatham, Old Hickory and Cordell Hull for commercial 
navigation and hydropower.  Congress has also authorized Wolf Creek for hydropower.  Barkley 
plays a unique role in Lower Ohio-Mississippi River flood control, in tandem with Kentucky 
Lake on the Tennessee River.  A 1.5 mile canal connects these two lakes requiring that they are 
operated in tandem.  Congress has authorized the tributary projects, Dale Hollow, Center Hill, J. 
Percy Priest, Martin’s Fork and Laurel for flood risk management.  With the exception of 
Martin’s Fork, Congress has also authorized these projects for hydropower.  Table 1 summarizes 
the purpose of the congressionally authorized projects.  Martin’s Fork and Laurel are small 
relative to the other tributary projects and only provide flood protection benefits locally.  Figure 
2 is a general map of the Cumberland Basin and surrounding area.  Figure 3 illustrates the 
existing projects. 

Table 1 – Current Congressionally Authorized Project Purposes.           

Project Flood Risk 
Management 

Commercial 
Navigation Hydropower Recreation Water 

Quality 
Fish & 

Wildlife 

Mainstem Projects             

Wolf Creek Dam X   X X  X X 

Cordell Hull Lock & Dam   X X X X X 

Old Hickory Lock & Dam   X X  X X X 

Cheatham Lock & Dam   X X  X X X 

Barkley Lock & Dam X X X  X X X 

Tributary Projects             

Martin’s Fork Dam X     X X X 

Laurel Dam     X X X X 

Dale Hollow Dam X   X  X X X 

Center Hill Dam X   X  X X X 

J. Percy Priest Dam X   X X X X 
 

The TVA operates the projects on the Tennessee River.  However, under Section 7 of the 1944 
Flood Control Act, and by letter dated 30 April 1947 to the Chairman, Tennessee Valley 
Authority, the Secretary of War formally designated the Division Engineer, Ohio River Division 
as the representative responsible for issuing instructions to the TVA for regulation of releases 
from the Tennessee River when danger from floods exists on the Lower Ohio and Mississippi 
Rivers.  The flood control operation of Kentucky and Barkley Reservoirs is unique.  The Corps 
operates these projects with the primary purpose of protection and preservation of the 
Mississippi River levee system.  Operational guidelines prohibit the commitment of 100% of 
their flood control storage to a single storm event in order to preserve storage for any follow-on 
events that may threaten the Mississippi River levee system.  There are no maximum outflow 
constraints on these two reservoirs. 
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Figure 2 – Cumberland River Basin. 

1.3 Historical Storms and Floods 
The track and direction of large flood-producing storms in the Cumberland Watershed generally 
parallel the southwest to northeast orientation for the major part of the basin.  Almost all floods 
on the mainstem of the Cumberland River occur in the period from late November to mid-May, 
mainly because precipitation amounts are greatest during that time of year and hydrologic 
conditions are conducive to excessive runoff.  In almost all historical events, some parts of the 
basin receive relatively small amounts of rainfall while other portions experience extreme 
rainfall.  For example, three outstanding historic floods that produced maximum flood heights on 
much of the Cumberland River were those of December 1926 – January 1927, January 1937, and 
March 1975.  An 8-day storm with three separate rainfall bursts that concentrated heavily above 
areas now controlled by storage reservoirs produced the December 1926-January 1927 flood.  
The bursts combined to produce maximum crests along a reach extending from above Carthage 
to below Nashville.  Long duration rainfall produced the January 1937 flood, but unlike that of 
1926-1927, the greatest intensities and the heaviest accumulations of rainfall occurred 
downstream from Nashville.  This storm produced all-time record stages on the lower 150 miles 
of the Cumberland River.  Contrasted with these historic storms and floods, the March 1975  
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storm lasted four days.  It was very intense and widespread, and produced extreme flooding in 
nearly all portions of the basin.  The Cumberland River last reached flood stage at Nashville in 
May 1984.  A series of rain events spread over an extended period of time caused the 1984 flood, 
resulting in a major basin-wide event.  The flood crest at Nashville for this event reached a stage 
of 45.26 feet.  Several floods have come within a couple feet of reaching the flood stage (40 feet) 
at Nashville since 1984.  These events include significant March events in 1989 (peak stage 
39.53 feet), 1994 (peak stage 38.05 feet), and 1997 (peak stage 39.36 feet).  A high flow event 
also occurred in May 2003 when the stage at Nashville reached 38.05 feet.  A series of 
significant rainfall periods coming in succession over a several week period characterized these 
events.  Any of these storms, taken individually, did not pose a significant threat to the system; 
however, collectively, they caused significant floods.  Multiple follow-on events of this nature 
often produce floods along the Cumberland River.  The unique May 2010 storm acted more like 
a flash flood.  The intense and widespread storm produced record rainfall, stage, and discharge 
for several Corps’ projects across the basin.  Some areas received rainfall amounts that exceeded 
17 inches during the two-day event, the highest amount in more than 140 years of record.  Much 
of the rain fell in areas not controlled by Corps’ reservoirs.   The Harpeth River and Mill Creek, 
two of the hardest hit sub-basins, enter the Cumberland River within the Cheatham pool.  This 
contributed significantly to record river levels during this event.  Nashville also lies within the 
Cheatham pool.  The flood risk management projects did not play a major role in reducing flood 
crests along the Cumberland because so much of the rainfall occurred over the uncontrolled 
portion of the basin.   

Twenty-six fatalities were reported related to this flood event.  None of the fatalities associated 
with this event were related to the Corps’ response.  All but one of the fatalities were associated 
with flash flooding of local streams prior to or just as the Cumberland River reached flood stage 
at Nashville on May 2.  One fatality occurred on May 3 when a driver attempted to drive on a 
flooded roadway.  The fatalities highlight the dangerous conditions created during this rapidly 
evolving flash flood driven by the intense record rainfall that fell over a short time period. 
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2.0 EVENT SPECIFIC INFORMATION 

2.1 Antecedent Conditions 
Extended wet periods increase soil moisture and streamflows, thereby increasing the potential for 
runoff.  These events typically cause major large-scale flood events. However, a wet period did 
not precede the May 2010 historic flooding in Tennessee and Kentucky.  Conditions ranged from 
near normal to drier than normal across the region.   

A strong El Niño was present in the equatorial Pacific Ocean three months (February through 
April) prior to the flood.  This shifted the average storm track across the United States 
southward, with most storms moving eastward along the Gulf Coast before turning northeast 
along  the eastern seaboard.  This caused the record-setting snowfall season along the east coast, 
but the bypassed Tennessee and Cumberland valleys were drier than normal, with central 
Tennessee and Kentucky recording only 40 to 80 percent of normal precipitation during this 
time.  The United States Drought Monitor designated areas in central Tennessee and the eastern 
two-thirds of Kentucky ―Abnormally Dry‖ by the end of April.  The Drought Monitor classified 
areas in central Kentucky and Lexington as experiencing ―Moderate Drought‖.  These areas were 
the driest in the region during spring (Lexington only recorded 1.13 inches during March).   

The below normal rainfall caused below normal streamflows across Tennessee and Kentucky for 
much of the spring.  However, showers and thunderstorms moved through the region on April 24 

and brought widespread rainfall of 1 to 3 inches to the area.  Runoff from these storms did not 
produce flooding, but did increase streamflows to normal levels immediately prior to the flood 
event. 

2.2 Meteorological Summary 
The relatively rare convergence of conditions favorable for a prolonged and intense rainfall event 
over the central United States caused the May historic rainfall and incredible flooding across 
Tennessee and Kentucky.  Four primary factors contributed to the rainfall – an unseasonably 
strong late-spring storm system, a stationary upper air pattern, a persistent tropical moisture feed, 
and the timing of impulses moving through the jet stream.   

On Tuesday, April 27, a powerful storm system moved ashore in the Pacific Northwest and 
maintained its strength as it crossed the Rocky Mountains on Wednesday and Thursday.  The 
storm moved into the central portion of the United States on Friday, April 30.  The unseasonably 
deep system maintained a central pressure of at least 988 millibars (mb) as it tracked eastward.  
The geographically large system, for late April, influenced weather from the Sierra to the Ohio 
Valley on Friday.  The primary low pressure center associated with the system was located in the 
northern plains.  A cold front trailed southward from the low all the way to the Rio Grande 
(Figure 4).  
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Figure 4 – Hydrometeorological Prediction Center 7 AM CDT (12 UTC) Surface Map Analysis for Friday April 30 – 
Monday May 3, 2010.  The low pressure area moving into the central plains intensified on Friday, April 30 (panel (a)), 
resulting in a strong northerly flow out of the Gulf of Mexico into the Mississippi and Tennessee/Cumberland River 
Valleys.  The frontal boundary moving through the central plains on the 30th stalled along the Mississippi River Saturday 
through Sunday night, providing a stationary focus for thunderstorm redevelopment over the same regions.  

An extremely dynamic jet stream wrapped around the system (Figure 5).  The jet stream swung 
from the Gulf of Alaska southward into central Mexico, then northward through the Mississippi 
Valley and into Eastern Canada.  This configuration caused an extremely favorable upper-air 
environment for widespread and severe thunderstorms and heavy rainfall over the mid-
Mississippi, Tennessee, and Cumberland River Valleys. 
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Figure 5 – Hydrometeorological Prediction Center 7 AM CDT (12 UTC) 500 hPa Analysis for Friday April 30 to Monday 
May 3, 2010.  Location of the primary jet stream is delineated by a heavy black arrow.  The most favorable area for 
thunderstorm activity tends to be near the end of the arrow head, on the northbound limb of the jet stream.  
Thunderstorm activity was enhanced when this area moved very little from Saturday through Sunday.  The orientation of 
the jet stream parallel to the surface front prevented the front from progressing eastward.   

This pattern changed little from Friday night through Monday morning at the same time that a 
strengthening blocking pattern1moved over eastern North America and the northern Atlantic 
Ocean.  This prevented the storm system and upper air pattern from moving eastward.  The 
strong counterclockwise flow around the low tapped into moisture from the equatorial Pacific 
Ocean, drawing a river of tropical air northward across the Gulf of Mexico and into the 
Mississippi Valley.  This provided an inexhaustible supply of moisture to fuel thunderstorms 
forming along the stalled front. (Figure 6)    

                                                 
1 Atmospheric blocking occurs when the typical west-to-east migration of storms in the mid-latitudes becomes stationary, 
keeping upper air flow patterns locked in place for an extended period of time.  During the May flood event, the blocking 
pattern resulted in a strong jet stream oriented from Mexico to eastern Canada which moved little over a three day 
period, drawing extensive amounts of tropical moisture northward.  (Figure 6)  

 



10 

 

 

 Figure 6 – Satellite-estimated precipitable water plot from 1338Z (8:38 am CDT) May 2 2010.  Values of red and purple 
show areas of extremely high concentrations of water vapor through the entire depth of the atmosphere.  The source 
region of the tropical moisture that resulted in the incredible rainfall totals in Tennessee and Kentucky was the Inter-
tropical Convergence Zone (ITCZ) along the equator.  The long duration of the stalled upper air pattern allowed enough 
time for the intact plume of equatorial moisture to be transported northward into the central United States. 

Waves of thunderstorm activity typically require a disturbance2 moving through the jet stream to 
provide enough energy to begin convection.  A shortwave triggered the first burst of 
thunderstorm activity on Saturday as it moved into the Lower Mississippi Valley at the time of 
peak afternoon heating.  Thunderstorm activity focused initially along the stalled frontal 
boundary, moving northeast in the upper level flow.  In addition to a significant tornado outbreak 
in the mid-south, the steady stream of tropical moisture caused additional thunderstorms to form 
on the rear flank of existing storms – a classic ―backbuilding‖ scenario. This caused a nearly 
stationary area of thunderstorms that produced 5 to 8 inches of rainfall across central and eastern 
Tennessee by Sunday morning. 

A second shortwave approached the region on Sunday, initiating a second round of intense 
thunderstorm activity.  Thunderstorms again focused across the Tennessee and Cumberland 
Valleys because the frontal boundary and upper air pattern did not change.  Large thunderstorm 
complexes, like the one that occurred Saturday morning, will typically and temporarily deplete 
the local moisture supply in the atmosphere, limiting chances for a second round of 
thunderstorms in the same location within 24 hours.  However, the tropical moisture feed noted 

                                                 
2 These disturbances are typically referred to as “shortwaves”.  Shortwaves are small circulations moving rapidly through 
the upper air flow.  Shortwaves play an important role in thunderstorm development, causing air to rise as they 
approach.  This aids initiation and maintenance of thunderstorm activity.   
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above allowed the atmosphere to recover quickly.  This provided ample recharge of the moisture 
needed for heavy rainfall to occur on Sunday through Monday morning.  

The back-to-back nature of the thunderstorm activity resulted in historic rainfall totals across 
Tennessee and Kentucky where intense rains fell on both days.  The heaviest rains fell in a swath 
stretching from Memphis to Nashville in western and central Tennessee, where rainfall in excess 
of 15 inches was measured (Figure 7).  Nashville received 13.57 inches of rainfall over the two 
day period, more than doubling the previous two day rainfall record of 6.68 inches set in 
September 1979, and even exceeding the previous monthly May record of 11.04 inches.  An 
observer northeast of Camden, TN near Kentucky Lake recorded 19.41 inches during the event.  
Some of the highest measured rainfall totals reported by the National Weather Service from 
volunteer observers in Tennessee are included in Table 2. Twenty-six fatalities were reported 
from this event with all but one associated with flash flooding of local streams and tributaries.  
This highlights the extreme danger of this event. 

  

  
Figure 7 - National Weather Service Multisensor Precipitation Estimate (MPE) of total observed rainfall from 7AM CDT 
(12 UTC) Friday April 30 through 7 AM CDT Monday May 3.  Areas depicted in white indicate areas which received 
greater than 10 inches of rainfall. 
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Table 2 – Highest measured rainfall totals in Tennessee reported during the May 1-2 Flood Event by National Weather 
Service Cooperative Observers and members of the Community Collaborative Rain, Hail, and Snow (CoCoRaHS) 
network.   

Location Total Rainfall 

Camden 4.5 NE 19.41 

Brownsville 18.50 

Centerville 9.5 N 18.07 

Fairview 3.8 SW 18.04 

Fairview 2.9 SW 17.71 

Warner Park 17.70 

Belle Meade 1.4 NNE 17.67 

Fairview 5.5 WSW 17.56 

Mt Moriah Birdsong Marina 17.51 

Brownsville 1.0 SE 17.50 

Jackson 4.9 NW 17.36 

Brentwood 2.5 NE 17.15 

Bon Aqua 3.0 ESE 17.09 

Brentwood 2.8 NE 17.07 

Belle Meade 1.2 ESE 17.02 

 

The National Weather Service Hydrometeorological Design Studies Center computes the 
average recurrence interval of rainfall events, shown for this flood in Figure 8.  In the hardest hit 
locations in Tennessee, the 48 hour rainfall totals measured during this event were greater than a 
1,000 year event.  This means it has a less than 0.1 percent chance of occurrence in any one year. 

2.3 Hydrologic Summary 
The runoff response from the first round of thunderstorms on Saturday, May 1, produced sharp 
rises on nearly all streams and rivers across western and central Tennessee.  The second round of 
thunderstorm activity on May 2 created a second rise on smaller creeks in the area which had 
already crested, but resulted in a renewed acceleration in water levels along larger creeks and 
streams, many of which had been nearing crest.  The additional round of very heavy rainfall on  
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Figure 8 - Average Recurrence Interval (ARI) for the May 1-2 Rainfall Event.  Areas in red indicate areas where rainfall 
totals for this event exceeded a 1 in 1000 probability of happening in a given year.  Graphic courtesy of the 
Hydrometeorological Design Studies Center of the National Weather Service. 

 

May 2, falling on already saturated ground and flowing into river systems already at flood stage, 
significantly increased the flood wave building on the mainstem Cumberland River.   

Entire river basins averaged over 6 to 10 inches of rainfall in the hardest hit areas causing a 
large-scale flash flood along the Cumberland and Lower Tennessee Rivers and their tributaries.  
Record stages occurred at many locations in central Tennessee, including points along the 
Stones, Harpeth, Red, and mainstem Cumberland Rivers in the Cumberland Basin and the Duck 
and Buffalo Rivers in the Kentucky Lake Watershed of the Tennessee River Basin.  High water 
damaged or destroyed stream gaging equipment at four locations (the Harpeth River at Bellevue, 
Harpeth River at Kingston Springs, Bledsoe Creek at Rogana, and the Duck River at Hurricane 
Mills).  High water surveys continue as of the time of this report to determine the actual crest 
levels at these locations. 

The area of heaviest rain fell in uncontrolled drainage areas3 which flow directly into the 
mainstem Cumberland and Tennessee Rivers.  In the Stones River Basin, J. Percy Priest Dam 
                                                 
3 The uncontrolled drainage area is that portion of the watershed that is not upstream of a flood risk management 
project. 

 

http://www.srh.noaa.gov/images/ohx/rainfall/May2010_TN_ARI.jpg
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utilized 100 percent of its available flood storage capacity to reduce crest levels downstream.  
However, water from the Harpeth River, Red River, and numerous other small tributaries to the 
Cumberland flowed unchecked into the mainstem.  This produced the historic crests observed at 
Nashville, Cheatham Lock and Dam, and Clarksville (Figure 9).   

The event set water level and discharge records on numerous tributaries and at several mainstem 
locations across the Cumberland and Tennessee River Basins.  Table 3 summarizes the 
significant river crests in central Tennessee associated with the flood event.  Table 4 contains 
peak pool elevations and discharges at Corps’ Reservoirs and Navigation Dams in the 
Cumberland River Basin during the height of the event.  Appendix E provides a comprehensive 
summary of hydrographs for all gaging locations and Corps’ projects in the Cumberland Basin. 

 

 
Figure 9 - Overlay of precipitation data with drainage areas in the Cumberland River Basin.  Areas outlined in red 
indicate uncontrolled drainage areas; areas highlighted in blue indicate drainage areas which flow directly into a  Corps’ 
project.  Pie charts show the relative capacity for each project as well as how much capacity (total volume, not just flood 
storage volume) was utilized during this event.  The heaviest rain was observed in the unregulated tributaries 
downstream of the four flood risk management projects in the basin, resulting in the historic crests at Nashville and 
Clarksville. 
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Table 3 - Record or Near-Record Flood Levels set during the May 1-2 flood event.  

Location Flood 
Crest5 Old Record Date of Old 

Record 
Flood 
Stage4 

Estimated 
Flow 

Frequency3 

Cumberland River at 
Clarksville 62.58' 57.1' March 14, 1975 46' 270 yr 

Cumberland River at 
Nashville 51.86' 1 47.6' March 15, 1975 40' 300 yr 

Red River near Port 
Royal 49.48' 48.3' March 13, 1973 30' 115 yr 

Duck River at 
Centerville 47.50' 37.6' February 14, 

1948 22' >500 yr 

Duck River near 
Hurricane Mills 33' 2 30.7' February 14, 

1948 24' 440 yr 

Harpeth River near 
Kingston Springs 38' 2 33.2' January 7, 1946 20' >500 yr 

Harpeth River at 
Bellevue 33' 2 24.3' February 13, 

1948 20' >500 yr 

Harpeth River at 
Franklin 35.18 35.2 February 13, 

1968 30' 70 yr 

Buffalo River near 
Lobelville 25.7' 25.2' May 28, 1991 14' 200 yr 

1 Record based on post-regulation era; Flood crests prior to the construction of flood risk management projects were 
higher in Nashville 

2 Last observed reading from these locations before gaging equipment failed. Final crest stages will likely be several feet 
higher at these sites. 

3 Flood frequency estimates are based on a preliminary analysis.  The final figures may vary somewhat from these 
estimates. 

4 Data from the National Weather Service Forecast office in Nashville, TN. 

5 Crest data is preliminary and subject to change following field surveys. 
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Table 4 - Peak Pools and Discharges at Nashville District Projects during the May 2010 Flood.  Previous record pools and 
discharges are noted for reference. 

Project 

Maximum 
Pool 

During 
May 2010 

Event 

Pool of 
Record 

 

Date of 
Record 
Pool 

Maximum 
Discharge 

During 
May 2010 

Event 

Record 
Discharge 

 

Date of 
Record 

Discharge 

Mainstem 
Projects 

  
 

  
 

Wolf Creek 
Dam 

703.86 751.70 5/13/1984 14,880 40,360 12/29/1951 

Cordell Hull 
Lock and 
Dam 

508.33 508.33 5/3/2010 130,100 130,100 5/3/2010 

Old Hickory 
Lock and 
Dam 

451.45 451.45 5/2/2010 212,260 212,260 5/2/2010 

Cheatham 
Lock and 
Dam 

404.15 404.15 5/3/2010 240,000 240,000 5/3/2010 

Barkley Lock 
and Dam 

369.00 370.04 5/13/1984 303,200 303,200 5/4/2010 

Tributary 
Projects 

      

Martin’s Fork 
Dam 

1322.18 1331.63 4/20/1998 515 1,263 4/20/1998 

Laurel River 
Dam 

1016.07 1022.47 3/13/1975 3,710 14,030 3/13/1975 

Dale Hollow 657.34 660.98 3/15/1975 2,005 * 13,970 2/17/1950 

Center Hill 646.76 681.52 5/10/1984 3,750 * 40,500 2/12/1950 

J Percy Priest 504.90 505.18 5/9/1984 8,600 * 20,740 6/22/1970 

 

* Discharges shown are the maximum releases from each project during the mainstem Cumberland River crest.   
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3.0 RESPONSIBILITIES OF FEDERAL AGENCIES DURING 
PERIODS OF FLOODING 

3.1 Corps of Engineers 
The Corps supports flood risk management activities in both urban and rural areas throughout the 
United States during periods of flooding.  The Corps operates projects that reduce flood risk, and 
it conducts emergency management support prior to, during and after a flood event.  The Corps’ 
highest priority during flooding is to protect human life and property.  The Corps performs this 
mission as part of an interagency team with federal, state, and municipal agency partners.  
Appendices F and G show assignments made for this flood event and Appendix H provides 
individual descriptions of LRN projects and impacts to each from this flood event. 

The Corps regulates its projects in accordance with the provisions of the authorizing legislation 
and the water management criteria defined in reports prepared by the Corps during the planning 
and design phases of a project or system.  Provisions established by applicable authorities and 
congressional acts related to the operations of federal facilities may also require additional water 
management criteria.  Each project’s water control manual provides the criteria for the operation 
of the project. Water Management (WM) updates water control plans to account for changing 
needs 

The water control plans provide instructions on how best to utilize the flood storage at the project 
to assist in minimizing the flooding downstream along the projects’ mainstem and tributaries.  
Water Management operates the projects by evaluating the entire watershed system, taking into 
consideration uncontrolled tributary drainage areas downstream, reservoir storage capacity, and 
the volume and time distribution of inflows from upstream drainage areas into the project.  WM 
regulates the projects based on a constant, on-going analysis of observed and forecasted 
conditions during that particular event since each flood has its own unique hydrometeorological 
conditions.  Models using runoff for the event and regulation criteria provide analytical data 
which facilitate analysis.  The Corps and USGS gages provide stage, streamflow and 
precipitation data which contribute to these models.       

The Nashville District (LRN4) regulates the reservoirs in the Cumberland River Basin.  These 
reservoirs also contain hydropower facilities.  A formal operating agreement between the Corps, 
the TVA, and the Southeastern Power Administration (SEPA) governs the power generation at 
the projects.  On a daily basis, LRN WM determines the daily total hydropower output for each 
plant, and TVA develops the hourly schedule.  LRN performs continuous review of the 
hydropower operations to ensure they are in accordance with the authorized project purposes.  
All other operating objectives (including hydropower) become secondary considerations when 
flood control operations are required for the Cumberland Basin projects.  Hydropower 

                                                 
4 The Nashville District is also referred to as LRN, short for “Lakes and River Nashville” in recognition of its being part 
of the Great Lakes and Ohio River Division of the Corps. 
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production is maintained at the projects during flood control operations to the extent practical, 
but only to the degree that supports lake level and project discharge operating objectives. 

The Great Lakes and Ohio River Division (LRD) WM monitors the regulation of the Districts’ 
reservoirs.  Additionally, LRD WM directs the flood control operations of Barkley and Kentucky 
Reservoirs.  This requires coordination with other agencies and the Mississippi Valley Division 
(MVD).  Each District in the Ohio River Valley provides LRD WM its predictions of reservoir 
releases, elevations and tributary flow at the lower-most gage location to the Ohio River.  LRD 
WM uses this information to assist in its analysis of the Ohio River and to coordinate the flows 
from the Ohio River with MVD.   

The Corps provides support to the state Emergency Management Agencies as authorized by 
Public Law (PL) 84-99.  Public Law 93-288, the Robert T. Stafford Relief and Emergency 
Assistance Act, authorizes the Corps to support Federal Emergency Management Agency 
(FEMA) as the lead agency in Emergency Support Function (ESF) #35.  Each District has 
assigned state response duties in accordance with Engineer Regulation (ER) 500-1-1 and 
Engineer Pamphlet (EP) 500-1-1 and LRD formulated emergency plans.  The Nashville District 
has the responsibility for providing assistance to Tennessee, while Louisville District (LRL) is 
responsible for Kentucky for Cumberland Basin area events.  The responsible Corps’ district, in 
coordination with the state, deploys an Emergency Management (EM) Liaison to the state 
Emergency Operations Center upon activation of the state Emergency Operations Center (EOC).  
Both Tennessee and Kentucky requested, and LRN and LRL provided, a Liaison Officer (LNO) 
to each of their respective states during the May 2010 Flood.  Several districts are often affiliated 
with a state, but only one district has responsibility as the ―lead‖ district in event of emergencies.   

The Corps also provides technical and material assistance for flood fighting.  Technical 
assistance, in this instance, included sandbagging operations and their proper placement; 
placement and operation of water pumps; and inundation maps.  Material assistance included 
sandbags, rolls of plastic to assist with sandbag barrier reinforcement and water pumps.  This 
material and technical assistance must be directly related to flood fighting operations.  The Corps 
does not provide for life-sustainment needs, like tents, porta-potties, and potable water under its 
own authority.  The Corps does not serve as the ―lead‖ agency for flood fighting operations. 
State and local first responders have lead in all emergency operations.  The Federal Government 
in total, and specifically the Corps, supplements the state’s efforts.  Public Law 84-99 provided 
the authority for Corps’ EM activities prior to and during this flood event.    

After the state Emergency Management Agency has completed Preliminary Damage 
Assessments, the Governor may request the President to issue a Federal Disaster Declaration.  
During the period between when that request is made and until the declaration (up to 10 days), 
the Governor may also request the Corps, under its PL 84-99 authority, to complete specific life 
sustaining missions such as clearing of roads or streams, restoration of control panels for lift 
                                                 
5 ESF #3. “Public Works and Engineering” addresses provision of technical advice and evaluation, engineering services, 
contracting for construction management and inspection, contracting for the emergency repair of water and wastewater 
treatment facilities, potable water and ice, emergency power, and real estate support to assist the State(s) in meeting goals 
related to lifesaving and life-sustaining actions, damage mitigation, and recovery activities following a major disaster or 
emergency. 
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stations, repair of electrical service to water pumps and providing generators to hospitals.  With a 
Presidential Disaster Declaration, any portion of those missions not completed within the 10 days 
after the Governor's request will be finished under FEMA's authority to assign missions to the 
Corps. 

3.2 National Weather Service 
The National Weather Service (NWS) is a federal agency under the National Oceanic and 
Atmospheric Administration (NOAA), which is part of the United States Department of 
Commerce.  It has been providing meteorological forecasts and warnings since its original 
creation as the Army Signal Corps in 1870.  The NWS was reorganized as the Weather Bureau 
under the Department of Agriculture in 1890, and became part of the Department of Commerce 
in 1940.  The NWS operates more than 130 field offices nationwide, six regional offices, and 
other various centers.   

The Hydrometeorological Prediction Center (HPC) provides forecast, guidance, and analysis 
products and services to support the daily public forecasting activities of the NWS and its 
customers, and provides tailored support to other government agencies in emergency and special 
situations. The HPC publishes Quantitative Precipitation Forecasts (QPFs)6 twice daily, early 
morning and late afternoon/evening.  The QPFs are then evaluated and used by the River 
Forecast Centers (RFCs) to prepare river stage forecasts.  Thirteen RFCs are the NWS centers of 
expertise for hydrologic forecasting, and are tasked with providing a range of 
hydrometeorological data, including river stage forecasts for over 4400 locations along rivers in 
the United States.  Each RFC provides these river forecasts to local Weather Forecast Offices 
(WFOs) located across each Center’s forecast area.  WFO forecasters publicly disseminate the 
forecast in both text and graphical form after reviewing the forecast for accuracy.  Forecasters 
use the forecast to compose flood watches, warnings, and advisories for forecast locations within 
their area of responsibility.   

The Ohio River Forecast Center (OHRFC) located in Wilmington, Ohio provides forecasts for 
276 locations along the Ohio River and its tributaries, including the Cumberland River Basin to 
Clarksville, TN.  OHRFC provides Cumberland River forecasts  to the Nashville WFO for 
evaluation and public dissemination. 

The Lower Mississippi River Forecast Center (LMRFC) located in Slidell, Louisiana provides 
forecasts for the Ohio River below Smithland Locks and Dam, the Cumberland River below 
Clarksville, TN, the Tennessee River and the Lower Mississippi River from Cairo, IL to New 
Orleans, LA.  Lower Ohio River forecasts are provided to the Paducah, KY Weather Forecast 
Office for evaluation and public dissemination. 

NWS and the Corps’ complementary missions require the collection of meteorological and 
hydrological data.  Both agencies recognized the parallel aspects of these missions and signed a 
Memorandum of Agreement (MOA) in 1991 that began a formal effort to cooperatively 

                                                 
6 In making Quantitative Precipitation Forecasts (QPF) for a specified period and over a specified area, meteorologist 
forecasters rely heavily on computer model forecasts, surface and upper-air analyses, radar data, and satellite data. 
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―develop modern, cost-effective, coordinated procedures and techniques for forecasting the 
status of the Nation’s river systems and regulating the Nation’s water control systems.‖  (The 
MOA is included as Appendix I). The MOA provided a platform to improve information and 
real-time data sharing as well as to improve the collaboration between the two agencies.  Under 
the agreement, the NWS will provide the Corps its meteorological forecasts and both agencies 
will share their hydrological forecasts with one another.  The NWS disseminates meteorological 
and hydrological forecasts and warnings to the public.  The Corps, on the other hand, may 
provide available project-related data to the public through web pages, taped messages, press 
releases or other means.  Appendix J further discusses the data exchange between the Corps and 
NWS. 

3.3 United States Geological Survey 
The United States Geological Survey (USGS) is a federal agency under the Department of the 
Interior charged with providing reliable scientific data and research for a wide range of earth and 
life science disciplines.  It collects and disseminates hydrological data and information.  This 
data is critical to the hydrological forecasts of the NWS and Corps and for the management of 
the Corps’ reservoirs.  During periods of flooding Water Science Centers (WSCs) in each state 
maintain a comprehensive network of stream and precipitation gages.  These gages provide real-
time data that is primarily collected via satellite telemetry and disseminated to the Corps, NWS 
and the public.  USGS collects manual stream flow observations multiple times a year at each 
gaging location to provide accurate conversion relationships between a river’s stage and its flow. 
This information is critical to accurate water level forecasts and water management decisions.   

The Corps and the USGS established the Cooperative Gaging Program in 1940 to partner 
together for effective funding, operation, and maintenance of gages vital to the Corps’ reservoirs 
and water control management missions. 

3.4 Tennessee Valley Authority 
The Corps and the TVA have a unique relationship with respect to water management activities 
within the Tennessee, Cumberland, and Ohio River Basins.  Geographically, the Tennessee River 
Basin falls entirely within the boundary of the Nashville District Corps of Engineers.  An act of 
Congress in 1933 establishing the TVA put in place the sharing of water resources related 
responsibilities between the two agencies.  In general, TVA handles all matters related to 
hydropower on the Tennessee River and the Corps operates and maintains the navigation 
features.  LRN operates ten multi-purpose projects in the Cumberland Basin.  Nine of these ten 
projects have hydropower facilities.  Likewise, in the Tennessee River Basin, TVA operates 51 
projects with 29 of those having hydropower facilities.  The TVA River Forecast Center located 
in Knoxville, TN, oversees water management activities for all these Tennessee River Basin 
projects. 

The unregulated (no gates) Barkley Canal, located in the lower portion of the Kentucky and 
Barkley pools, connects the Tennessee and Cumberland Rivers.  This canal requires close 
coordination (daily) between the two agencies in order to manage lake levels in Kentucky Lake 
and Lake Barkley in a manner that not only supports requirements for those two projects, but 
also addresses downstream requirements on the Ohio and Mississippi Rivers.  LRN and TVA 
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coordinate on operational requirements for the Kentucky and Barkley projects under ―normal 
conditions‖.  TVA prepares an operational management plan on lake levels and project releases.  
LRN and TVA water managers independently carry out the necessary water management 
activities once they are satisfied with the various components of the plan. 

LRD WM directs the releases from both Kentucky and Barkley during high flow events on the 
Ohio and/or Mississippi Rivers that meet defined criteria based on the stage at the Cairo, IL 
gage.  Section 7 of the Flood Control Act of December 1944 (58 Stat. 887) details the delegation 
of responsibilities.  Section 7 reads: 

―This section shall not apply to the Tennessee Valley Authority except that in cases of danger 
from floods on the Lower Ohio and Mississippi Rivers the Tennessee Valley Authority is 
directed to regulate the release of waters from the Tennessee River into the Ohio River in 
accordance with such instructions as may be issued by the War Department.‖ 

In 1947, the Secretary of War designated the Division Engineer, Ohio River Division, now the 
Great Lakes and Ohio River Division, as the War Department representative.  This designation 
made LRD responsible for the issuance of instructions to TVA regarding the releases from the 
Tennessee River when flooding exists on the Lower Ohio and Mississippi Rivers. 

The Corps, TVA, and SEPA have a power operating agreement (Memorandum Of 
Understanding dated 1984) that involves the production and marketing of hydropower within the 
Cumberland River system.  The agreement addresses the balancing of flow between hydropower 
operations and additional operating objectives including navigation, recreation, and water 
quality.  Hydropower and other operating objectives become secondary and all efforts are 
focused on flood risk management designed to protect public health and safety and the protection 
of property during high flow events on the Cumberland River. 
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4.0 EMERGENCY OPERATIONS SUMMARY 
Response support duties are assigned to each District in accordance with Engineer Regulation 
(ER) 500-1-1, Engineer Pamphlet (EP) 500-1-1 and Great Lakes and Ohio River Division 
emergency plans, response.  For example: Nashville District provides assistance to Tennessee 
and Louisville District provides assistance to Kentucky.7  The LRD Emergency Operations 
Center coordinated with the LRL EOC and LRN EOC on April 24, the weekend prior to the May 
1 flood event.  Significant weather forecasted to the west of the Division’s Area of Operations 
(AO) and the potential impacts within the State of Tennessee and Commonwealth of Kentucky 
over the weekend of April 24-25 prompted coordination.  A major spring storm system moved 
through the central United States and brought widespread severe weather south of the Ohio River 
and rainfall of 1 to 3 inches across the Ohio River Valley and southern Great Lakes.  The 
heaviest rainfall fell on Sunday, April 25 in northwestern Ohio and southeastern Michigan, 
where 2 to 3 inches of rain fell.   

The LRD EOC and appropriate subordinate Districts (LRL and LRN) elevated their respective 
EOC from ―Normal‖ (Day-to-Day Operations) to ―Emergency Watch‖ (Extended hours of 
operations and/or EM Staff augmentation) to monitor the developing situation.  This response 
was consistent with EM’s Concept of Operations and given the potential for adverse impacts. 

Daily routine LRD WM Reports indicated another heavy rainfall event based on the NWS 5-Day 
Quantitative Precipitation Forecast.  LRD EOC operations tempo accelerated and LRD 
augmented its operations with appropriate Crisis Action Team (CAT) members as the situation 
began to unfold throughout the week.  On Thursday April 29, HQ USACE, LRN EOC, LRL 
EOC, MVD EOC and Memphis District (MVM) EOC coordinated via teleconference. 

Criteria were met for flood control operation on May 1 and LRD WM notified TVA, LRN WM 
and the LMRFC that LRD WM was assuming direction of Kentucky Lake and Lake Barkley.8 
This response was based on the NWS LMRFC forecast and Cairo stage. 

EOCs pushed information back and forth on weather, basin conditions, equipment needs and pre-
identifying flood-fight teams, Corps’ LNOs as well as Emergency Support Function (ESF#3) 
Team Leaders to staff critical Command and Control (C2) positions at the FEMA IV Regional 
Response Coordination Center (RRCC) in Atlanta, GA, and the Incident Management Assistance 
Teams (IMAT) designated for response for Federal assistance from Tennessee and/or Kentucky.  
This occurred during the heightened preparatory phase.  Corps’ LNO’s deploy to the state EOC 
under existing USACE authorities upon receiving a state’s request.  EOCs proactively pre-
identified Planning and Response Teams (PRTs) in anticipation of FEMA mission assignments 
in the areas of Debris, Commodities, Temporary Emergency Power, Infrastructure Assessment, 
and Temporary Housing.  FEMA ultimately assigned the following missions to LRD:  Regional 

                                                 
7 See also Section 3 for further description of the duties and responsibilities of various agency elements.  

8As per established policy and proven operational guidance contained in the Water Management Control Plan, the 
criteria are met when the Cairo stage is 35 feet and forecasted to exceed 40 feet (flood stage).    
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Activation, National Water Mission (executed by the New England District for bulk 
procurement), Debris Technical Assistance, Water-Waste-Water Technical Assistance, Project 
Worksheets, and Geographical Information System (GIS) support to ESF#5 (Electronic mapping 
and database products).  Minus the Regional Activation managed by LRD, remaining mission 
assignments were delegated to the Nashville District. 

LRN initiated a master planning Disaster Preparedness Workshop that occurred April 19-21, 
2010. This workshop is indicative of ongoing preparatory collaboration.  This workshop included 
LRD EM and seven LRD District EM sections, the Memphis District, two Madison County, KY 
representatives, FEMA Region IV (Atlanta), and the TVA.  Such workshops allow for face-to-
face recognition, cross-training, collaborative dialogue and awareness of operational processes 
and techniques. 

Constant communication and coordination occurred throughout EM sections of Corps’ and state 
counterparts.  LRN EM had increased communications with the Tennessee Emergency 
Management Agency (TEMA) beginning the weekend prior, April 24-25, 2010, due to early 
concerns of pending developing weather conditions.  Arrival of the District LNO at the state 
EOC on May 2 intensified communication and coordination efforts.  This intensified 
communication continued through the ongoing recovery phase. 

The following Emergency Management timelines capture significant flood fighting activities of 
executing Districts, Nashville and Louisville, during this historic flash flood event.  The 
Nashville District Commander verbally declared a flood emergency May 1, 1300 hours and the 
Louisville District Commander declared the same May 2, 1400 hours, with written 
documentation following the morning of May 2, and, May 3, respectively.  The declarations 
initiated flood fight activities undertaken by the Corps under PL 84-99.  Operational EOCs 
included LRN, LRL, and MVM as well as both LRD and MVD EOCs.   

4.1 LRN Timeline:  Interaction between LRN and TEMA 
Summary of activity: 
 
1 May 2010 (Saturday) 

 1200 hours: LRN EM Chief, LRD EM Chief held a conference call to discuss 
increased activation levels, to Level II, of LRN EOC. Contacted LRN Commander 
and he gave verbal approval.   

 1230 hours: The Tennessee EOC (SEOC) activated to Level III9 activation. 
 1300 hours:  LRN Commander declared flood emergency 
 2000 hours: Tennessee Emergency Management Agency (TEMA) operates from the 

State EOC, contacted LRN EM Chief and requested 10,000 sandbags.  The LRN EM 

                                                 
9 This level is assumed as the situation deteriorates further (i.e., with the issuance of tornado warnings, notification of 
impending emergency).  During this phase TEMA staff notifications are made, appropriate state and local 
government/agency notifications are made, Emergency Public Information (EPI) is broadcast as appropriate, and the 
TEMA Director may elect to implement the Tennessee Emergency Management Plan (TEMP) if required. 
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Chief reported 2,000 sandbags were on hand.  TEMA requested delivery of the 2,000 
and an additional 8000 sandbags when available. 

 2005 hours: LRN EM Chief contacted the Resource Manager (RM) at Barkley to 
coordinate exchange of pre-positioned sandbags. 

 2200 hours: Sandbags delivered to TEMA (Nashville).  
 

2 May 2010 (Sunday) 
 (Local flooding imposed additional two hour travel time for LRN EOC personnel to 

reach facility)  
 0800 hours: First EOC personnel staff LRN EOC. (LRN WM personnel augmented 

LRN EOC as initial elements of LRN Crisis Action Team (CAT)). 
 TEMA confirmed 6000 sandbags had been delivered to Nashville, TN and 6000 

sandbags went to Jackson, TN for staging purposes. 
 1130 hours:  LRN EM Liaison at alternate State EOC (SEOC) and met with TEMA 

officials who informed the Liaison they would be moving back to the State EOC. 
 1230 hours: LRN LNO arrived at State EOC off of Sidco Drive (primary state EOC). 
 1300 hours: United States Coast Guard (USCG) came by and informed LRN EM 

Liaison of a situation of concern at the State Data Center on 5th Ave in downtown 
Nashville.  They were concerned about the flooding and wanted instruction on 
whether they were in danger of flooding and needed to relocate their office or if they 
were out of harm’s way.  

 1310 hours: Contacted LRN EM about flooding problem and began working on a 
solution via LRD/LRL. 

 1400 Hours: LRN EM Liaison contacted by USCG. The USCG was concerned that 
approximately 15 miles up the Cumberland River at Trinity Ship Yards, there were 
some newly built barges that if the flooding continued, increased strain on their 
mooring lines could cause them to break free and run down the river into Cheatham 
Lock and Dam.  The roads leading to the barges were flooded and impassible. The 
LRN EM Liaison contacted the Chief, LRN Navigation Branch. LRN Navigation 
contacted the USCG and recommended that a local tow company on the river could 
possibly moor beside the barge and secure.  There were no local tow companies in the 
area. Barges were monitored, and did not break free. 

 1430 hours: The State Data Center had 1,000 sandbags and a number of volunteers on 
the way and needed someone to advise them on placement.  The State Data Center 
provided the LRN EM Liaison with contact information so that he could get in touch 
with the volunteers onsite.   

 1500 hours: LRL contacted the LRN EM Liaison about the Data Center’s situation. 
LRL was provided the location and the TN State Data Center Director’s information 
and advised they would attempt to help them from there. 

 1600 Hours: TEMA received calls from local media regarding a public concern about 
a dam failure at J. Percy Priest.  LRN EM Liaison received question from TEMA 
representative regarding concerns at J. Percy Priest Dam.  LRN EM Liaison contacted 
LRN WM and alleviated concerns by verifying that J. Percy Priest was in fact 
operating correctly.  LRN EM Liaison also received a question regarding problems 



25 

 

with the tainter gates at Old Hickory Lock and Dam. LRN EM Liaison discussed 
issue with LRN WM and it was concluded that the gates were operating correctly. 

 1600 Hours: LRN EM Liaison received a question concerning the anticipated pool 
elevation of Old Hickory Lake.  The Tennessee Department of Environmental 
Conservation’s (TDEC) concern is the effect of the higher pool on the West Wilson 
Utility District.  LRN EM Liaison contacted LRN WM and was informed of the 
anticipated pool elevation.  This information was passed to TDEC. 

 1613 hours: TEMA Situation Report (SITREP) released.  SITREP stated the 
Cumberland River was at stage 44.6 feet, elevation 412.7 feet msl.  The State Data 
Center had on hand the requested sandbags and labor to construct a berm around their 
facility located on 5th Ave. 

 1700 hours: LRD EM called the LRN EM Liaison to ask if they had spoken with LRL 
about the potential for the Data Center to flood. Informed LRD that contact had been 
made and the actions were discussed.  

 1745 hours: LRN EM Liaison advised Metro (City of Nashville/Davidson County 
government) EM to contact LRN Engineering and Construction division (EC) 
regarding Metro Center Levee conditions.  The Metro EM was on patrol but 
Nashville EOC did finally contact him via cell phone.  He was able to reach LRN EC, 
resulting in LRN providing technical assistance in sandbagging Metro Levee that 
night. 

 1800 hours: Out briefing of the day shift at the State EOC.  The LRN EM Liaison 
exchanged contact information with the USCG.  

 1900 hours: The LRN EM Liaison departed the State EOC and met with LRN EM to 
discuss day’s events.  State EOC went to minimal staffing that night. 

 2100 hours: LRN personnel departed LRN EOC. 
 2150 hours: TEMA requested assistance from LRN to provide technical assistance to 

Opryland Levee engineers.  LRN dispatched its Chief, Technical Design Branch who 
also serves as the alternate Dam and Levee Safety Officer.  He observed several sand 
boils, heavy and worsening piping in several locations, and indications of 
underseepage.  He advised Opryland Levee engineers that sandbags were needed to 
shore up the levee and suggested that they obtain the drawings to further ascertain 
levee structural integrity concerns.  

 
3 May 2010 (Monday) 

 0845 hours:  LRN EM Liaison arrived at SEOC. 
 0900 hours:  Cumberland River level was now 51 feet and expected to remain so until 

sometime Wednesday. 
 0900 hours:  The Opryland Hotel had flooded and been evacuated. Metro reported 

flooding inside the Metro Center Levee due to drainage problems associated with 
malfunctioning pumps.  Access to Metro Center was restricted due to street flooding. 
Several neighborhoods in Middle Tennessee have been flooded and evacuated.   
Harrington Water Treatment Facility is inoperable due to flooding; Metro 
compensated by purchasing water from West Wilson Water Treatment Plant.  
Harpeth Valley Water is at half capacity due to leaks and breakages.  There are water 
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line breaks all over Middle Tennessee. East Tennessee is not reporting any water 
problems. 

 0900 hours:  Started working with TEMA Support Branch on getting 100,000 
sandbags delivered to Nashville.   

 0900 hours:  A request for the discharge rates at the projects (upstream of Nashville, 
TN) was made by a TEMA Emergency Support Coordinator (ESC) member.  Also, 
the forecasted crest of the Cumberland was requested as well.  Contacted LRN WM 
and they provided sufficient information.  LRN WM stated that the Cumberland was 
forecasted to crest that afternoon at 51.5 feet.  The discharge rates were as follows: 

 Old Hickory = 212,000 cubic feet per second (cfs) 
 J. Percy Priest = 5,000 cfs 
 Cordell Hull = 125,000 cfs 
 Center Hill = 0 cfs turbines (250 cfs sluice gates) 
 Dale Hollow = 50 cfs turbines (25 cfs dam gates) 
 Wolf Creek = 0 cfs turbines (280 cfs dam gates) 

 1000 - 1200 hours:  There was another request for the expected crest of the 
Cumberland River at Nashville, TN and an update on the discharge rates at the 
projects along the Cumberland (upstream of Nashville, TN).  The predicted crest was 
at 51.5 feet by 1800 hours.  LRN WM provided the discharge rate for the following 
projects:  

 Old Hickory = 212,000 cfs 
 J. Percy Priest = 5200 cfs 
 Cordell Hull = 125,400 cfs 
 Center Hill = 0 cfs turbine (250 cfs sluice gates) 
 Dale Hollow = 50 cfs  turbine (25 cfs dam gates) 
 Wolf Creek = 0 cfs turbine (280 cfs dam gates) 

 1345 hours:  A TEMA ESC member wanted to clarify the forecasted crest for the 
Cumberland River in downtown Nashville and wanted to know what the Corps was 
forecasting.  TEMA stated that the NWS was forecasting a crest of 53 feet by 1900 
hours or 2000 hours on May 3.  The LRN EM Liaison reiterated that official forecasts 
come from NWS. 

 1400 hours:  LRN EM Liaison coordinated a meeting between TEMA Director, 
Governor of Tennessee, LRN Commander, LRN Deputy Commander, and the Crisis 
Management Team (CMT) to discuss the Corps’ ideas and strategy for water releases 
at projects upstream of Nashville, TN and deteriorating conditions at Clarksville, TN.  

 1500 hours:  Released the latest news from the Corps regarding releases at several 
area dams.  Explained along with TEMA the whole process about water management 
and how these dams help to accomplish the goal by strategically releasing certain 
amounts of water at specific times.   

 1500 hours: Public Information Officers (PIOs) received calls from the New York 
Times and the BBC as the story of the flood gained national and even global 
attention.  Rumors began about future flooding and dam releases triggered an influx 
of civilian calls.  Other calls were received regarding financial aid to replace damaged 
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property.  PIOs began working on a situation report for the governor’s 1800 hours 
brief. 

 1500 hours: Cumberland River level was now at 51.5 feet.  Nashville Metro 
Water/Public Works Commissioner to issue a Mandatory Water Conservation Order 
at 1800 hours.  Commissioner to coordinate press conference with TEMA PIO. Metro 
is operating at a limited capacity for potable water.  

 1500 hours: If the river level reached 52.5 feet, Nashville’s remaining water supply 
will be lost.  Harpeth Valley, which supplies Brentwood and Franklin, was on 
generator power and at a very limited capacity.  Madison and West Wilson were still 
fully operational and supplying limited Nashville areas.  Metro Police Department 
was restricting access to Metro Center.  Metro Water Supply was in touch with the 
LRN WM through LRN EOC to understand river levels with respect to potential 
flooding to water supply facilities.     

 1500 hours: Corps had 100,000 sandbags en route to Nashville SEOC from LRN’s 
Lake Barkley project.  TDEC’s Water Supply Branch contacted LRN WM to receive 
information regarding river levels with respect to potential flooding of water supply 
facilities.   

 1735 hours: TEMA SITREP released. 
 1735 hours: LRN LNO departed State EOC, returned to LRN EOC.  
 1800 hours: LRN EOC verified with State EOC that 50,000 sandbags had been 

successfully delivered to TEMA on Sidco Drive.  Additional 50,000 were stored at 
Old Hickory. 

 1900 hours: LRN EOC confirmed that sandbags were physically on the ground. 
 2030 hours: Conference call with CMT. 
 2041 hours: Conference call with White House National Security Staff, providing 

SITREP from the LRN District Commander.  The LRN District Commander 
conducted subsequent interview with local television station, Channel 2. 
 

4 May 2010 (Tuesday) 
 0700 hours:  LNO arrived at TEMA (State EOC) to check on status of sandbags.  

According to TEMA Support Branch they still had 27,000 sandbags left at TEMA 
SEOC, Sidco Drive, and the remaining 50,000 sandbags at Old Hickory. 

 0845 hours:  TDEC requested update on Cheatham Dam.  They had heard rumors that 
it had been breached.  Contacted Corps’ Cheatham Powerhouse during event.   The 
Corps clarified that the rumor was not true.  Cheatham Lock and Dam is designed to 
be overtopped (not breached) and there were no serious issues to report.   

 0900 hours: Cumberland River level at Nashville was 48.5 feet and at Clarksville was 
62.5 feet and dropping slowly.  

 0900 hours: Due to concern regarding Metro Center Levee, sandbagging was done 
Sunday ahead of the crest.  Sandbags were also placed to an approximate 4 foot 
height in two low spots.  One of the two locations had a few inches remaining before 
reaching the sandbags.  Access to Metro Center remained restricted.  Omohundro 
water treatment plant was operating at 100 percent capacity.  The water storage tanks 
were losing about 15% of water capacity a day.  Omohundro was continuing to have 
sandbags put around it to keep from flooding. There was a water conservation order 
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in place for citizens; Metro was acquiring large amounts of bottled of water in 
anticipation that water issue may last a couple of weeks. Metro was working on 
hazardous materials (hazmat) situations on North 1st Street and multiple oil companies 
located along the riverbank. Evacuations reported at Wyndham Resorts and many 
smaller facilities.  TEMA was working on a plan for opening 2 Disaster Assistance 
Centers Tuesday.  Since 1600 hours, TEMA completed 25 rescue calls (each call, not 
number of people). 

 1600 hours:  LRN EOC spoke with TEMA about having the LRN Commander attend 
a conference at the Office of Emergency Management (OEM) to discuss the Corps’ 
actions during the flooding.  The conference occurred at 1700 hours.  

 1728 hours: TEMA SITREP released. 
 
5 May 2010 (Wednesday) 

 0600 hours: Members of FEMA Incident Management Assistance Team (IMAT) 
arrived at the SEOC.  TEMA Director increased level of operations at State EOC to 
Level 210.  The President signed the Federal Disaster Declaration, which included the 
following six counties: Cheatham, Davidson, Dyer, Hickman, Montgomery, and 
Williamson. FEMA ramped up its presence in the state and was working on plans to 
set up their Joint Field Office (JFO) but has not yet announced when the JFO would 
be established.11  

 Catastrophic flooding continued in multiple Tennessee counties.  Damage assessment 
began and was moving from East to West as the waters receded.  Rescue missions 
have significantly diminished.  TEMA was now focusing mainly on water 
distribution, including receiving Emergency Management Assistance Compact 
(EMAC) and FEMA water at the Smyrna Logistical Staging Area and distributing 
that water as requested and where needed. 

 0900 hours: Cumberland was now at 48.2 feet in Nashville, 58.5 feet in Clarksville, 
which was still significantly above flood level.  The river has dropped over four feet 
since the crest, but was flattening out due to further dam releases.  There was a state 
debris strike team meeting downtown today. 

 1500 hours: Cumberland was now at 47.5 feet in Nashville.  
 1635 hours: TEMA SITREP Released. 
 The EOC was still activated at a level II. 
 Visited TEMA SEOC to get an update on sandbags.  They currently had 26,000 

sandbags still at TEMA SEOC on Sidco Dr.  There were still 50,000 sandbags at Old 
Hickory. 

 Recovery Phase began. 

                                                 
10 TEMA levels are the inverse of Corps’ levels; i.e. TEMA Level 2 = Corps Level III, TEMA Level 2 occurs once a major 
disaster occurs, Level 3 occurs at a declared state emergency 

11 This level is reached when the emergency has been initiated (i.e., the actual occurrence).  TEMA staff reports to the 
SEOC to commence state emergency operations, appropriate ESCs are tasked to respond to the SEOC, and TEMA field 
personnel are deployed to assist local governments (i.e., full emergency operations are in effect).  Limited federal 
assistance may be required at this point. 
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 2030 hours: HQ USACE ESF #3 Team Leader on Ground.  

4.2 LRL Timeline: Interaction between LRL and KY EOC regarding 
Kentucky Lake/Lake Barkley 

Three of the four LRD districts, having projects in the Commonwealth of Kentucky, were fully 
engaged in this event. By the end of the flood event, a total of 36 LRL employees responded to 
this event. 

Summary of activity: 

2 May 10 (Sunday) 
 0700 hours: LRL EM received a call from the KY EOC concerning a private dam that 

was about to fail.  KY Division of Emergency Management (DEM) was gathering 
information on the dam’s problems and was interested in the Corps inspecting the 
dam.  The request was dropped after it was determined to be a low impact low risk 
dam.  The two families affected downstream were evacuated as a precaution.   

 1400 hours: KY EOC declared activation Level II, preparing for flood fight response 
and assistance to Commonwealth of Kentucky.  

 1400 hours: LRL Commander declared a Flood Emergency for LRL. 
 1630 hours: KY DEM requested 10,000 sandbags for Pendleton County.   
 1700 hours: LRL EM assisted the Tennessee State Data Center in Nashville in their 

flood fight preparations to protect the facility.  
 1730 hours: Sandbag destination changed to Frankfort State DOT Office 
 1900 hours: Sandbags arrived at Frankfort DOT Office. 
 Numerous calls and phone meetings between the KY DEM throughout the night. 

 
3 May 10 (Monday) 

 0900 hours: Kentucky EOC increased its activation to Level III as of late May 3 due 
to the severe weather.  Kentucky EOC requested a FEMA LNO, and a representative 
was dispatched. 

 0900 hours: Conference call with the State EM Director, County Judge of Livingston 
County and their staffs and the Louisville District EM, LRD EM and WM concerning 
releases from Lake Barkley.  The concern was whether the releases would affect the 
communities downstream of Barkley Dam.  The project releases had been 
coordinated with the NWS and TVA.    

 1200 hours: LRL EM discussed with KY EOC the option of having a Corps’ LNO in 
the KY EOC.  The KY Director agreed but not until morning. 

 1500 hours: LRL EM received a call from KY EOC concerning emergency 
evacuations underway downstream of Lake Barkley. 

 1800 hours: Conference call with LRD EOC and WM, NWS, LRN EOC, and LRL 
leadership discussing Lake Barkley.  Releases were lowered as a result of the 
teleconference; evacuations at Iuka continued. 
 

4 May 10 (Tuesday)  
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 The Commonwealth of Kentucky requested the President to declare Kentucky a 
Major Disaster Area to help recover from heavy rains over the weekend that caused at 
least four deaths and caused extensive damage. 

 Damage caused by the rains was estimated to exceed $6.2 million, more than the $5.2 
million minimum needed to seek a federal disaster declaration. 

 There were several monitored streams throughout Kentucky, as well as the Ohio 
River that were rising significantly. LRD, LRN and TVA coordinated the timing of 
flow rates and releases from Kentucky Lake and Lake Barkley to minimize flood 
damages on the Lower Ohio River. 

 0900 hours: A phone call from the KY EOC and the Livingston County Judge 
regarding the correlation of the releases from the dam with their downstream 
observations.  Livingston County Officials continued to monitor the situation using a 
staff gage downstream of the dam.  An unofficial agreement between LRL EOC and 
Livingston County officials determined that if the river did not react as predicted they 
were to call the LRL Emergency Management, 24/7.  Further, LRL sent an individual 
from one of the flood fight teams to assist and advise the County on flood fight 
preparation measures at Smithland on the Ohio River. 

 1000 hours: LRL LNO arrived at the KY EOC. 
 
5 May 10 (Wednesday) 

 0900 hours Daily Strategy call between KY EOC and LRL EOC.  The Corps, KY 
DEM, the Kentucky Division of Water (KYDOW), as well as other state and local 
emergency officials, continued to monitor water levels behind all dams and levees 
across the Commonwealth.  

o Kentucky Lake/Lake Barkley releases continued to be monitored.  The Corps 
closely monitored the releases and provided personnel at Smithland in 
Livingston County downstream of the dam.  The County Judge and County 
Emergency Management welcomed the Corps’ support and were pleased with 
results of the response. 

 Outflows from Kentucky Lake decreased, with Barkley Dam flows holding 
steady to balance risks for the Cumberland/Tennessee and Lower Ohio 
Valley.  The scheduled average flows were 291,000 cfs from Kentucky Dam 
and 232,000 cfs from Barkley Dam, reduced to 168,000 cfs and 182,000 cfs 
respectively on Thursday.  LRD directed reduced flows in concert with the 
Ohio River crest to reduce Cairo peak stages to the greatest extent possible. 

 1530 hours: at the request of the KY EOC a flood fight team went to Bowling 
Green to help in the construction of a temporary levee around a water 
treatment facility that supplies potable water to six counties. 

 0030 hours: Phone call from the Flood Fight Team in Bowling Green.  
Temporary levee complete and holding.  River levels up five feet on the levee 
already.  Crest predictions indicate the levee should have two feet of 
freeboard.  EM recommended adding another two feet in height and four feet 
at the base.  Was completed by 0600 hours the next morning. 
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6 May 10 (Thursday) 
 0900 hours: Coordination call.  The Corps, KY DEM, KYDOW, as well as other state 

and local emergency officials, continued to monitor water levels behind all dams and 
levees across the Commonwealth.  

o LRL flood fight teams activated and deployed to continue assistance in flood 
fight efforts. 

o Continuous teaming with Nashville District, the National Weather Service and 
Tennessee Valley Authority in accordance with established protocols.  Lake 
Barkley expected to crest near or at 369.4 ft on May 7th.  The pool of record is 
370.04 feet set in 1984. 

o Discharges from Kentucky Lake and Lake Barkley expected to remain 
between 100,000 – 150,000 cfs over the next 7 days. 

 The Captain of the Port (COTP), based in Paducah, KY, was reevaluating whether to 
extend the river closures to navigational traffic on the Cumberland River to the 14 or 
27 mile points due to high water conditions.  Barkley to remain closed to navigation 
traffic. 

 1300 hours: At the request of KY EOC six pumps and one flood fight team were 
dispatched to Wayne County, KY. 

 1700 hours: Team arrived at Wayne County and assessed the situation.  Advised the 
County what equipment was necessary to place the pumps and advised them where to 
place them.  

 2230 hours: Pumps arrived and County began placement. 
 

7 MAY 10 (Friday)   
 0800 hours: Dispatched additional flood fight teams to Brookport, IL.   
 1600 hours: At the request of the Illinois EOC eight pumps and 50,000 sandbags 

were sent to Brookport to assist in the flood fight efforts there. 

10 May 10 (Monday) 
 Lower Ohio-Mississippi River Flood Control Strategy continued to be successful.  
 River conditions: minor flooding continued along the Lower Ohio River below 

Newburgh Lock and Dam. Stages along the Lower Ohio River from Paducah to Cairo 
continued to slowly fall in response to recent flow reductions from Kentucky Lake 
and Lake Barkley.  

 Kentucky Lake and Lake Barkley were still under active management for flood 
control and remained so throughout the week.  Water levels at Lake Barkley crested 
and were forecast to fall; Kentucky releases were targeted to increase this week 
between 120,000 - 200,000 cfs.  Outflows from Lake Barkley were targeted to be 
between 100,000 – 150,000 cfs over the next 7 days. 

 
11 May 10 (Tuesday) 

 Seven KY counties were declared Disaster Areas by the President.  The declaration 
included Individual Assistance and Public Assistance.  Thus far, no Corps’ assistance 
was requested. 
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 Lower Ohio-Mississippi River Flood Control Strategy continued to be successful in 
preventing multiple communities from Smithland, KY, to Brook Port, IL, which is 
downstream from Paducah, from flooding.  This strategy incorporated water 
management operations and flood fight activities.  

 Progress continued to improve the area and concerns were being diminished. 
 

13 May 10 (Thursday) 
 Lower Ohio-Mississippi River Flood Control Strategy continued to be successful. 
 Progress still continued to improve in the affected areas.  Outflows from Kentucky 

Dam were scheduled to slowly decline from a daily average of 147,000 cfs to a daily 
average of 115,000 cfs by Saturday.  Outflows from Barkley Dam were scheduled to 
hold steady at 118,000 cfs through May 14, 2010.  Without additional rainfall, pool 
levels were projected to fall below elevation 365.0 feet and reach the guide curve 
elevation of 359.0 feet on Tuesday.  
 

26 May 10 (Wednesday) 
 The KY 2010 May Flood situation had significantly improved.  Predicted weather 

forecasts continued to alleviate any concerns for the District on the Memorial Day 
weekend and into the following week. 

 The flood control lakes were falling as much as allowable.  Outflows from Kentucky 
Dam were scheduled to gradually be reduced, reaching 28,000 cfs by Saturday.  
Outflows from Barkley Dam were also scheduled to be gradually reduced this week, 
reaching 17,000 cfs by Sunday.  Without additional rainfall, pool levels were 
projected to reach the guide curve elevation of 359.0 feet.  
 

3 Jun 10 (Thursday) 
 No concerns remain for these projects. 

 

Event was concluded. 

4.3 Additional Timelines 
Refer to Appendix C for the timeline for LRD and LRN Water Management. 

Refer to Appendix D for the timeline for the NWS Ohio River Forecast Center and the 
Nashville Weather Forecast Office. 
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5.0 CORPS’ ACTIONS 

5.1 Summary of Corps’ Water Management Operations 
The Corps operated all Cumberland River Basin flood risk management projects to reduce 
downstream flooding.  The vast majority of the rainfall occurred in drainage areas uncontrolled 
by Corps’ flood risk management projects.   During the event, the full storage capacity of Wolf 
Creek, Dale Hollow, and Center Hill Dams was not required because the rainfall was 
concentrated in drainage areas downstream (rather than upstream) of those projects.  At the J. 
Percy Priest Dam, located just upstream of Nashville, the spillway gates were nearly overtopped 
during this event.  Its flood storage capacity was exceeded requiring operation of those spillway 
gates to avoid overtopping and potentially catastrophic failure of the gates.  The lock and 
spillway sections of Cheatham Lock and Dam, a Cumberland River navigation project located 
downstream of Nashville were overtopped.  Spillway gate operations were required at the 
navigation projects of Cordell Hull and Old Hickory to prevent overtopping of critical structures 
and losing control of water releases.  At the height of the event, Corps’ personnel were making 
minute-by-minute decisions for the operation of eight projects in an extremely dynamic and 
dangerous environment.  Preliminary analysis indicates that operations of the Corps’ projects 
reduced the Cumberland River flood crest in Nashville by approximately 5 feet. 

A detailed timeline of the LRD and LRN WM activities is provided in Appendix C.  Appendix C 
also contains a chronological summary of the LRD and LRN communications with the NWS, 
TVA, and Metro Water Services.  Appendix E contains plots and tables for project discharges, 
pools, and control gages.  Lessons Learned Number 27 in Appendix B also provides a 
chronological summary of the water management actions taken during the event.  The following 
section provides a brief summary of the actions taken by Corps WM during the event. 

Corps’ water managers monitor weather information on a daily basis. One of the primary 
products monitored is the NWS’s QPF which is issued twice a day by the Hydrometeorological 
Prediction Center (HPC).  On Tuesday, April 27, LRD WM noted in its Early Morning Weather 
and River Update, that the next rainfall event was predicted by the NWS  5-Day QPF to begin on 
the coming Friday.  On Wednesday, April 28, LRD WM noted the magnitude of the 5-Day QPF 
in the Cumberland Basin and began monitoring the storm.  The NWS QPF indicated a rainfall 
event for May 1 and 2 with forecast totals of 2 to 6 inches stretching from Louisiana north 
through Tennessee, Kentucky and southwestern Ohio.  The Early Morning Weather and River 
Update published by LRD discussed the potential for this rainfall event. 

The 3-Day NWS QPF, Figure 10, published Thursday morning, April 29, continued to show a 
significant rainfall event with slightly higher amounts over a wider extent.  At this time LRD 
WM issued a Flood Potential Update to advise LRD senior leaders and the Nashville District of 
the rainfall event.  In response, LRN WM made the decision to reduce the level at three of the 
mainstem navigation projects in advance of the storm.  This action resulted in lowering the lake 
levels at Cordell Hull and Old Hickory approximately 0.5 foot and the lake level at Cheatham 
approximately 1.0 foot, which placed the projects in a better position to respond to forecasted 
rainfall totals.  These adjustments did not move the pools outside their established operating 
levels.  Rather, this was a proactive move to clear some water out of these mainstem projects in 
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anticipation of heavy rain moving in over the weekend.  Personnel had begun lowering Kentucky 
Lake and Lake Barkley earlier in the week in response to the prior weekend’s rainfall.  The 
actions to reduce the lake levels were completed Saturday morning, May 1, prior to the initial 
rainfall.   

The 3-Day NWS QPF, Figure 11, published Friday morning, April 30, showed increased 3-day 
rainfall totals of up to 7 inches with a high amount of 7.8 inches in central Tennessee.  
Widespread 2 to 6 inch totals were forecast over the southeastern US stretching into southern 
Illinois, Indiana and Ohio.   Rain totals of 3-4 inches were forecast for the three-day period 
starting on May 1 (Figure 12), in a band over western Tennessee and Kentucky.  Subsequently, 
the 3-Day QPF issued on May 2 (Figure 13) included rainfall totals of 2 to 4 inches with a high 
amount of 4.65 inches in a wide band spanning most of western and central Kentucky and 
Tennessee.  In response, LRD, LRN and TVA evaluated the impact of the forecast rain on the 
Tennessee-Cumberland-Lower Ohio River system.  Even with the forecast rainfall, the LRD and 
LRN WM offices concluded that the flood risk management projects could handle the storm.  
Although the NWS forecast did not indicate that levels on the Ohio River would be reaching the 
criteria for LRD to take direction of Kentucky Lake and Lake Barkley (35 feet at Cairo, IL with 
a NWS forecast of 40 feet or greater), LRD WM initiated actions for the Division and Districts to 
operate over the weekend. 

  

Figure 10 – NWS QPF published on April 29, 2010       Figure 11 – NWS QPF published on April 30, 2010

 

The rain began falling Saturday morning.  The 3-Day NWS QPF, Figure 12, showed increased 
forecast rainfall totals of up to 8 inches with a high amount of 8.6 inches in central Tennessee.  
Widespread 2 to 8 inch totals were forecast over the southeastern United States stretching into 
southern Illinois, Indiana and Ohio.  On Saturday morning at 1000 hours, the hydropower unit at 
J. Percy Priest and one of three units at Center Hill were brought on line based on observed radar 
precipitation amounts and concern that the Stones River and Caney Fork River Watersheds were 
going to receive excessive rainfall.  These units ran the remainder of the day.  Center Hill had  
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Figure 12 – NWS QPF published on May 1, 2010           Figure 13 – NWS QPF published on May 2, 2010     

 

eight hours of hydropower generation scheduled for Saturday; however, the action to keep one 
unit operating for the remainder of the day was taken to conserve pool storage and to manage the 
lake level in accordance with the Interim Risk Reduction Measures (IRRM) pool restrictions 
placed on this Dam Safety Action Classification (DSAC) I12 dam.  The Center Hill pool 
restriction is 630 feet msl in the summer and no lower than 618 feet in the winter.  The normal 
lake elevations range from about 648 feet in the summer to about 631 feet in the winter.  Four of 
the six hydropower units at Wolf Creek, also a DSAC I dam, had been operating around the 
clock in response to the rain that fell the week before this event.  These units continued to 
operate and to manage that lake level in accordance with the IRRM pool restriction of a target 
elevation of 680 feet.  The pool at Dale Hollow was at elevation 650.16 and was operating one 
hydropower unit around the clock for lake level management.  The operation of the hydropower 
units helped reduce pool levels, but due to the travel time for this water to reach Nashville, the 
operation was not a contributing factor in the severity or impact of the resulting flood.  

Based on the 48-hour forecast rainfall, releases from Kentucky Lake and Lake Barkley were 
increased from the previous day’s release schedule to a maximum of 106,000 cfs from Kentucky 
and 63,000 cfs from Barkley.  With this new schedule, the lakes were forecast to crest at 363.9 ft 
on May 5.  The increased releases were designed to further lower the pools prior to the arrival of 
the inflow expected from the heavy rainfall.    

As the rainfall increased in intensity on Saturday, and runoff from uncontrolled local watersheds 
entered the Cumberland River, the Old Hickory project initiated a series of spillway releases at 
1200 hours and by 2300 hours the combined turbine and spillway discharge from Old Hickory 
had reached 75,000 cfs.  By limiting the Old Hickory release to 75,000 cfs, an additional 15,000   

 
                                                 
12 DSAC I classified dams are unsafe and are urgent and compelling because they have confirmed dam safety issues that 
require immediate actions to reduce the risk of catastrophic dam failure. The DSAC rating is characterized by a dam 
being critically near failure under normal operations and certain to fail if actions are not taken immediately or within a 
short time frame to correct the unsafe condition. A Corps Dam can be classified as DSAC I also because of extremely high 
risk from a combination of loss of life or economic consequences when the probability of failure is extremely high.  
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cfs of channel capacity at Nashville was reserved for releases from the J. Percy Priest project and 
the uncontrolled area between Old Hickory and Nashville. During crop season (April 15 to 
December 15), the control flow at Nashville is 
54,000 cfs (stage 26 feet).  LRN WM made the 
decision to apply the flood season (December 15 to 
April 15) control flow of 90,000 cfs (stage 35 feet) 
at Nashville.  This action was taken in an effort to 
keep the Cumberland River from reaching flood 
stage (40 feet) at Nashville and to conserve 
surcharge pool storage at Old Hickory. 13  During 
the period from noon to midnight on Saturday, May 
1, the river stage at Nashville increased from 20.79 
feet to 34.52 feet.  By early Saturday morning, 
LRN had completed lowering Cheatham pool by 
1foot to better posture the project to respond to the 
significant increases to inflow expected by the 
rainfall.  In less than 12 hours, by approximately 
1900 hours on Saturday, the Cheatham Lock and 
Dam project went to ―free flow‖.  This means that 
the spillway gates were lifted out of the water and 
the river was no longer restricted, thus the project had no ability to exercise control over water 
levels.  The Cheatham Lock and Dam design allows overtopping of the lock and spillway gate 
sections without threat of failure of the dam.  The power plant is at a higher elevation and does 
not become inundated during river levels such as those observed during this event.   

Based on the LMRFC forecast and Cairo stage, the criteria to initiate a Lower Ohio-Mississippi 
River flood control operation by LRD were met on Saturday, May 1.  LRD notified LRN, TVA 
and the LMRFC at 1242 hours that LRD was assuming direction of Kentucky Lake and Lake 
Barkley. 

LRN initiated spillway releases at Cordell Hull on Saturday evening at 1730 hours.  Through a 
series of spillway gate operations, at midnight the combined turbine and spillway discharge had 
reached 60,000 cfs, a target level selected by LRN water managers.  This left 12,000 cfs in flow 
capacity at Carthage to accommodate releases from Center Hill Lake and from the uncontrolled 
drainage area downstream of both Cordell Hull Dam and Center Hill Dam and upstream of 
Carthage.  Despite this series of spillway gate increases, the Cordell Hull Lake water level had 

                                                 
13 Water Control Manuals (WCMs) provide guidance for managing the water levels and discharges from the Corps water 
resources projects or system of projects.  An example of a water resources project is a navigation lock and dam or a flood 
risk management project. An example of a system is multiple navigation projects along a river that are dependent on each 
other's operation and /or with the flood risk management projects also along the river or on tributaries that act together 
to minimize flood damages.  Guidance may consist of guidelines, rule curves and operating criteria that govern the 
storage and release of water from the project.  Guidance is developed to meet the objectives and specific provisions of the 
legislation authorizing the project. Examples of objectives are hydropower generation, flood risk management, water 
supply, recreation, and fish and wildlife.  Authority exists to deviate from the water control manual in the event that it is 
necessary for emergency reasons to protect the safety of the dam and to alleviate other critical situations not foreseen or 
addressed in the manual. 

As the river level at Cheatham Lock rose 
quickly on Sunday, a group of dedicated 
Nashville District employees worked 
tirelessly to salvage equipment from the 
lock building and move it to higher ground.  
During this process the river came up so 
quickly that the lock employees had to be 
evacuated to safety by team members 
from the Cheatham Natural Resource 
Manager's Office.  The Cheatham 
Resource Manager, working with rangers 
from his staff shuttled staff and critical 
equipment to safety.  During this same 
time period, one Cheatham Lock 
employee lost his personal vehicle to the 
flood as he assisted fellow employees 
moving their vehicles to safety. 
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increased from 504.50 at the start of the day to 505.32 at midnight.  LRN WM used the flood 
season discharge of 72,000 cfs (stage 29 feet) at Carthage in lieu of the crop season discharge of 
45,000 cfs (stage 20 feet).  The 60,000 cfs discharge at Cordell Hull was held steady in an effort 
to keep the Cumberland River from reaching flood stage at Carthage and reduce the flows 
entering Old Hickory. 

Saturday morning, LRN WM followed established procedures by staffing the office with an 
experienced water manager from 0700 hours to 1340 hours.  The LRN water manager, through 
coordination with other personnel and the WM Section Chief, implemented a number of 
measures to respond to changing conditions.  Prior to leaving at 1340 hours, the senior water 
manager issued a number of instructions to operators at the projects on how to respond to 
changing water conditions.  There were a series of telephonic discussions and coordination made 
between Water Management, Engineering, Project staff, and other District personnel throughout 
the day.  Due to rapidly changing conditions at the projects, the LRN WM staff returned at 1900 
to complete a supplemental evaluation of basin and reservoir conditions.  LRN WM staff was on 
duty Saturday night until 2300 hours when they left the office.  There were no direct 
communications between LRN WM with the NWS OHRFC regarding Corps’ project discharge 
forecasts on Saturday.  When the water managers left on Saturday night, the NWS forecast 
issued at 2118 hours Saturday was for Nashville to crest at 36.2 feet overnight, four feet below 
flood stage.   

On Sunday, May 2, the LRN water managers returned to work at 0630 hours and began a 24-
hour operation that lasted until 2200 hours on Tuesday, May 4.  Kentucky Lake and Lake 
Barkley were monitored through the night as TVA River Scheduling normally maintains a 24-
hour operation.  The NWS issued a 3-Day QPF Sunday morning, Figure 13, indicating an 
additional 2 to 4 inches across the basin.  Rainfall prior to Sunday morning ranged from 7 to 10 
inches across the middle portion of the basin, thus exceeding the predictions of the QPFs on 
April 29, 30 and May 1 by several inches.  By the time the rainfall ended on May 1, a historic 
rainfall total occurred across much of Tennessee and Kentucky.     

 LRN WM, LRD WM, and NWS OHRFC initiated twice a day conference calls on Sunday.  The 
conference calls occurred at 0830 hours and 1330 hours.  These coordination calls are standard 
protocol during flood events or other emergency operations.  The calls are arranged to support 
both office’s operations.  At the 0830 hour conference call the current project conditions and the 
projected rainfall were discussed.  The NWS utilized this information to publish a forecast on 
Sunday morning at 0950 of a crest at Nashville of 42 feet at 1900 hours on Sunday evening.  At 
approximately 0930 hours on Sunday, LRN lost internet connectivity as a result of a Verizon 
communication line break in the flood area.  The internet connectivity was restored at 2005 hours 
that evening.  The staff did not have an alternate means of connecting to the internet with the 
exception of a personal cell phone with internet capability.  At 1930 hours an ―air card‖ was 
provided by Army Corps of Engineers – Information Technology (ACE-IT).  During the network 
outage, data from the projects were obtained by telephone directly from the power plant 
operators.  Loss of internet connectivity prevented the LRN WM staff from obtaining data from 
the stream gages and projects electronically, thus slowing the process to obtain and post data 
during a time when conditions were changing rapidly.  This increased the burden on an already 
fully engaged LRN WM staff.  This also prevented the projects, NWS and the public from being 
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able to observe real-time data through their normal methods.  The data was available, however, 
on the rivergages.com website. 

Intense storms began around 0700 hours Sunday morning and over the next three hours had 
added three inches of rainfall on the already saturated ground in the Old Hickory and Nashville 
area.  Overnight, the Old Hickory discharges had been maintained to keep the Cumberland River 
below the control flow at Nashville; however, by 0600 hours the Old Hickory pool had reached 
elevation 447.75 and was rising rapidly.  Beginning at 1000 hours, a series of spillway gate 
increases were made at Old Hickory as LRN WM reacted to rapidly rising lake levels.  Spillway 
gate changes were made as often as every 15 minutes to prevent the upstream lock wall from 
being overtopped.  By 1400 hours, Old Hickory reached a new pool of record at elevation 
451.45. The surcharge pool storage14 had been utilized and the lock wall was within 6.6 inches of 
being overtopped.  The analysis of rapidly rising lake levels resulted in water control actions 
outside of the operations detailed in the project water control manuals to protect Old Hickory 
Dam from this historic rainfall event.  If the lock wall had been overtopped, the powerhouse 
would have been flooded, causing damage that would have taken months to repair.   

Prior to reaching this point, the spillway gates would have been pulled out of the water to protect 
the dam itself and the project would have been abandoned.  Pulling the spillway gates out of the 
water, which would allow the river to free flow, would have resulted in the rapid release of the 
project’s surcharge pool downstream towards Nashville.  Preliminary modeling results indicate 
that if this would have occurred, the stage at Nashville would have been approximately 4 feet 
higher at the crest.  Despite the numerous spillway gate changes, the pool at Old Hickory 
exceeded the top of the surcharge pool storage of 450 and ultimately reached a level 1.28 feet 
higher than it had ever been.  During these operations, one spillway gate was out of service for 
maintenance.   This, coupled with the magnitude and duration of the storm event, required the 
remaining spillway gate openings to exceed the spillway gate rating tables in the water control 
manuals.  This required the LRN WM staff to perform a quick analysis in order to provide the 
project staff with an updated gate rating to cover the additional gate operations.  With a total of 
19 spillway gate operations, the spillway gates reached a maximum opening of 34 feet at 1700 
hours on Sunday.  This resulted in a project discharge of 212,260 cfs, which is 46,760 cfs higher 
than the previous maximum discharge observed during the March 1975 event.  If LRN WM had 
taken action to prevent the pool from exceeding elevation 450, the top of the surcharge pool 
storage, the project would have had even larger releases.  These higher flows, when combined 
with record setting runoff from the local uncontrolled area, would have forced the stage at 
Nashville to increase more rapidly and sooner than what was observed.  This would have further 
complicated the flood response actions for emergency managers and individuals located 
downstream of Old Hickory Dam.  

Old Hickory began increasing its discharges at 1000 hours; this increased the flows above the 
control of 90,000 cfs at Nashville.  J. Percy Priest also continued to discharge.  The significant 

                                                 
14 The purpose of a surcharge pool is to replace the water storage capacity of the system that was flooded as a result of the 
construction of the lock and dam.  The water control manuals provide guidance to utilize the surcharge pool when a 
specified stage is reached at a specified control flow.  Surcharge pools may be provided for navigation projects.  A 
surcharge pool does not operate the same as a flood risk management pool. 
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rainfall necessitated actions outside the operations in the water control manual; this decision was 
made, however, in an effort to reserve the remaining storage in J. Percy Priest for control of the 
flood crest approaching Nashville.   

From 1000 hours when the increased discharges were initiated at Old Hickory, until the 1330 
hours conference call, LRN WM had no additional communications with the NWS OHRFC.  
The next update to the NWS OHRFC was provided during the 1330 hours conference call.  By 
the time of the 1330 hours conference call, Old Hickory was above its surcharge pool level and 
nearing the pool of record.  LRN WM, during the afternoon call, indicated that gate operations 
were made to prevent further rises in the Old Hickory pool and that the surcharge pool was fully 
utilized.  LRN WM intended this to indicate the Corps was passing all inflows and assumed the 
NWS modeling approach would change accordingly.  However, the NWS felt that since the 
Corps was operating the spillway gates, the gate-rated discharges were still reflective of current 
flow conditions and NWS continued to use the latest release information as the primary basis for 
NWS forecasts on the mainstem Cumberland River.  Discrepancies between NWS hydrological 
simulations and Corps’ project releases (outflows) were never successfully resolved on Sunday 
as rainfall exceeded the forecast and the river stage approached critical levels in Nashville. These 
misunderstandings affected the accuracy of the NWS OHRFC forecasts to some degree.   

In response to record local runoff overnight, and inflows from the Tennessee and Cumberland 
Rivers upstream, Kentucky Lake and Lake Barkley pools had risen 4 feet (from 359.5 ft to 363.5 
ft) and were continuing to rise.  Both TVA and the Corps recognized that the release schedule 
would change significantly pending the morning model updates.  Following a series of 
discussions between LRD WM, LRN WM, the TVA River Forecast Center, and the NWS Lower 
Mississippi River Forecast Center, LRD developed a water control plan requiring significant 
increases to the releases from Kentucky Lake and Lake Barkley.  Preliminary release increases 
began at 1000 hours on Sunday while TVA and LRD waited on Cheatham flow estimates from 
LRN.  LRN provided final Cheatham estimates at approximately 1136 hours.   

TVA proposed a revised flow release schedule at 1400 hours (Table 5).  The new schedule as 
directed by LRD WM increased releases ahead of the Ohio River flood crest then reduced flows 
during the crest to prevent increasing flood damages on the Lower Ohio River.  Even with these 
high releases, the Kentucky and Barkley pools were forecast to continue to climb an additional 
foot to nearly elevation 365 feet, and then stabilize.  This elevation was still significantly above 
Lake Barkley’s Storage Utilization Guide that provides the amount of storage that can be 
committed to a flood event.   This elevation can also trigger dam safety concerns.  Reductions in 
the pool were also sought to reduce backwater pressure upstream at Clarksville.  The uncertainty 
in the local15 and Cheatham inflows to the reservoirs and the rain still to fall in the next 24 hours 
increased the urgency to stabilize the pool levels in advance of the Nashville flood wave entering 
Lake Barkley.  LRD conducted a teleconference with TVA and LRN to discuss the proposed 
release schedule.  In light of the worsening conditions upstream of Lake Barkley and the record 
local inflows to both Kentucky Lake and Lake Barkley, the consensus was that the proposed  

                                                 
15 As mentioned earlier, flows from the Harpeth River, Mill Creek, and other tributaries to the Cumberland River were 
“uncontrolled” due to the lack of water management / dam structures on these waterways. 
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                              Table 5 - Final Kentucky and Barkley release schedules and pool forecast of May 2. 

  
May 2 May 3 May 4 May 5 May 6 May 7 

Discharge (kcfs) Kentucky 140 250 270 250 200 150 

Discharge (kcfs) Barkley 77 230 260 200 100 100 

Pool (feet)   364.6 364.6 363.9 363.4 363.8 363.8 

kcfs: 1000 cfs 
       

 

discharges were necessary.  Based on the release schedule, daily average discharges of 250,000 
cfs out of Kentucky Lake and 230,000 cfs out of Lake Barkley were targeted for May 3.  LRD 
provided the final release schedule to the NWS Lower Mississippi River Forecast Center 
(LMRFC) at 1430 hours Sunday.   LRD also called the OHRFC at 1430 hours to inform them of 
the high releases at Kentucky Lake and Lake Barkley.  The OHRFC requested LRD contact the 
Paducah WFO directly.  LRD contacted the Paducah WFO and as a result the WFO issued a 
Special Weather Statement warning persons downstream of Kentucky and Barkley Dams to 
prepare for higher water immediately. 

At 2100 hours Sunday evening, LRN WM stopped the discharge from J. Percy Priest, and the 
first in a series of spillway gate reductions at Old Hickory were made in an effort to reduce the 
flood crest at Nashville.  LRN WM took this action based on a projected flood crest at Nashville 
of 48.0 feet for 0100 hours Monday morning.  Again, due to the significant rainfall not 
contemplated by the water control manuals, the cessation of discharge at J. Percy Priest and the 
spillway gate reductions at Old Hickory were undertaken by LRN WM to reduce the river crest 
in Nashville.  By midnight, the Old Hickory releases had been reduced from 212,260 cfs to 
193,400 cfs. 

By 1500 hours on Sunday, Cordell Hull had used only 1 foot of the surcharge pool storage 
whereas the water control manual indicated that the full surcharge pool storage should have been 
used. This was done to conserve the remaining pool for the peak of the event.  At 2100, LRN 
stopped hydropower generation at Center Hill to provide flood control benefits for Carthage, TN, 
as they expected an increase in discharges from Cordell Hull above the control flow limits 
(Center Hill returned to normal operation at 0000 hours on Tuesday, May 4).  Given the heavy 
rainfall that had fallen in the Cordell Hull Watershed earlier in the day, it was necessary to make 
six spillway gate increases, starting at 2200 hours and continuing overnight.  This was to prevent 
the upstream lock gate from being overtopped.  The gate changes occurred as often as every 
thirty minutes and continued until 0500 hours on Monday morning when a new pool of record 
was reached at elevation 508.33 at a discharge of 130,100 cfs.  Operating the spillway gates at a 
more frequent rate than the guidance in the water control manual was necessary to maintain 
control of the structure and avoid higher discharges later, which would have increased the 
impacts downstream.  At this time, the Cordell Hull pool was only 2 inches from overtopping the 
upstream lock gate.  If water had reached the point of flowing over the lock gate it could have 
resulted in an uncontrolled project release due to the potential failure of the lock gate, increasing 
flows at Carthage and points downstream.  The discharge was held constant and the pool fell to 
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elevation 507.80 at approximately 1100 hours on Monday when LRN initiated spillway 
discharge reductions. 

LRN stopped hydropower generation at Dale Hollow and Wolf Creek at 2300 hours and 2400 
hours, Sunday evening, respectively.  LRN took these actions to reduce flows downstream 
during the crest.  Dale Hollow and Wolf Creek resumed hydropower generation Monday, 1500 
hours, and Tuesday, 0000 hours, respectively. 

Spillway gate reductions at Old Hickory continued early Monday, May 3.  However, when the 
increased discharges from Cordell Hull and the local inflow from the uncontrolled portion of the 
Old Hickory Watershed reached Old Hickory Dam, the lake level increased to elevation 451.25 
by 0300 hours.  Thus, Old Hickory spillway gate increases were again necessary and the 
discharges increased to 197,000 cfs by 0615 hours.  LRN maintained this discharge rate until 
1300 hours, when the spillway reductions resumed.  This action recovered a small volume of 
storage at Old Hickory that could be applied later when the crest approached Nashville.   

Celina gage posted a flood crest of 37.62 feet at 0600 hours, Monday morning. 

With the pool at elevation 502.0, J. Percy Priest resumed hydropower generation at 0715 hours to 
prevent overtopping of the spillway gates, which would have occurred if the pool reached 
elevation 504.5.   

By Monday morning, May 3, the rainfall totals reached 15 to 18 inches in some areas and were 
greater than 10 inches over a widespread area of the Lower Cumberland River and Kentucky 
Lake.  The totals exceeded the scale of the map published daily by the National Weather Service.  
The 13.56 inches recorded at Nashville was twice that of the prior record of 6.68 inches in 1979 
from Hurricane Frederick.  The high rainfall occurring directly on and around Kentucky Lake 
and Lake Barkley and the upstream inflow from Nashville continued to raise Kentucky Lake and 
Lake Barkley despite the rapidly increasing discharge rate.  The lakes rose overnight to 365.05 
feet and continued to rise. 

Early Monday, May 3 (0600 hours), the release from Kentucky Lake was 252,000 cfs and the 
release for Lake Barkley was 219,000 cfs.  TVA now recommended releases as high as 300,000 
cfs to stabilize the pool levels prior to the Nashville peak flood wave reaching the Barkley pool, 
as they recognized the uncertainty of the flow Lake Barkley would receive.  LRN expected 
Cheatham to have a peak flow of 350,000 cfs at approximately 1800 hours. 

In order to provide sufficient storage for the increased flows coming from Nashville, TVA and 
LRD coordinated a discharge increase to 300,000 cfs for Lake Barkley and 340,000 cfs for 
Kentucky Lake (see Table 6).  LRD WM shared these updated discharge figures during the 
Emergency Operations Center Brief (0900 hours) with the LRL EM and State of Kentucky 
Emergency Management.  LRD WM discussed the lakes management strategy, preliminary pool 
and release schedules and the Ohio River forecast at Smithland Lock and Dam tailwater, 
Paducah and Cairo, IL.  This same forum discussed the Barkley tailwater forecast and 
determined it had the potential to rise to elevation 348 feet as the LRD Ohio River model had 
predicted.  Barkley tailwater was at elevation 340.3 feet at 0600 hours.  Concern grew about the 
pending impacts to the town of Smithland due to rising Ohio River stages and Lake Barkley 
releases.  The NWS Paducah WFO issued another Special Weather Statement warning of the  
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               Table 6 - Noon Kentucky and Barkley release schedules and pool forecast of May 3. 

  
May 3 May 4 May 5 May 6 May 7 May 8 May 9 

Discharge (kcfs) Kentucky 295 340 288 168 100 100 100 

Discharge (kcfs) Barkley 262 300 258 182 150 150 150 

Pool (feet)   364.4 364.4 365.0 366.9 368.2 368.6 369.1 

kcfs: 1000 cfs 
        

 

increasing releases from Kentucky Lake and Lake Barkley and of their rising pools due to record 
flooding.  The NWS warned persons downstream of the dams to prepare for sharp increases in 
water levels and that the tailwaters below the dams were expected to reach elevation 335 feet at 
Kentucky and elevation 350 feet at Barkley.  The statement also warned of rises on the Ohio 
River.  NWS followed the Special Weather Statement with a Flash Flood Warning for Crittenden 
County.   

The Barkley Water Control Manual does not address notification of downstream communities 
when significant flow increases are made.  The practice has always been that LRN WM contacts 
the Barkley Power Plant operator and issues instructions on how and when spillway gate changes 
are to be made.  In turn, the operator alerts both Barkley Lock and Lock & Dam (L&D) 52 of the 
upcoming change.  Historically, the Lake Barkley Resource Manager’s Office typically 
coordinates with local emergency management offices on flow increases; however, this 
procedure is not a formalized process.  Due to the rapidly changing conditions facing LRN WM, 
the Resource Manager did not obtain notification of the Barkley increases in a timely manner to 
alert the downstream emergency managers.  However, the NWS provided Special Weather 
Statements and Flash Flood Warnings to the local emergency management agencies.  

The increased discharges resulted in tailwater increases that in turn flooded several low lying 
residences downstream of the dams.  The Kentucky and Barkley Water Control Manuals do not 
address downstream impacts immediately below the dam; but as noted in Section 3, these 
projects are not operated for flood control immediately below the dams.  A preliminary analysis 
showed that if the high releases had not been made from both projects, Lake Barkley may have 
reached as high as elevation 380 feet, 5 feet above the maximum flood control pool.        

When Cordell Hull began spillway gate reductions at 1100 hours, Monday, it resulted in a 
reduction of the flows at Carthage, TN, located a short distance downstream of Cordell Hull 
Dam.  LRN WM issued instructions to the Cordell Hull operators to continue making spillway 
gate reductions as long as possible without making the pool level increase above elevation 508.0.  
Operators made eleven spillway gate changes between 1100 hours and 2300 hours as the project 
inflows continued to decrease throughout the day. 

A flood crest of 46.06 feet occurred at the Carthage gage at 1200 hours, Monday. 

LRN WM initiated a new series of spillway reductions at Old Hickory at 1300 hours, Monday, to 
reduce the flood crest at Nashville with emphasis placed on preventing inundation of Nashville’s 
Omohundro Water Treatment Plant.  This was critical since Nashville’s other water treatment 
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plant (K. R. Harrington located at the mouth of the Stones River) had been flooded earlier in the 
day.  Thanks to intensive sandbagging efforts using LRN EM-furnished sandbags, the City of 
Nashville protected the Omohundro Water Treatment Plant and ensured it was able to provide 
treated water to its customers.  As a result of a series of six spillway gate reductions, the 
discharges from Old Hickory had been reduced from 196,500 cfs to 144,200 cfs by 1900 hours.  
The Old Hickory lake level was closely monitored by field and water management personnel 
during these flow reductions.  LRN allowed the pool to rise back above the top of the surcharge 
pool storage.  Although a deviation from the Old Hickory Water Control Manual, these actions 
prevented additional water from contributing to the crest as it entered the Nashville area.  A 
break in weather conditions provided this opportunity.  The rain ceased and significant flow 
reductions occurred at the upstream projects as the flood crest had already passed.  Old Hickory 
required no additional spillway gate changes until Wednesday, May 5. 

TVA made a special request, 1500 hours, Monday, to address a power transmission line problem 
associated with the Dale Hollow hydropower facilities being off-line.  This required bringing one 
hydropower unit back online.  LRN WM evaluated the situation and determined that since the 
river at Celina had crested and local flows were receding, that one unit would meet the 
requirement and was brought back online without any downstream impacts. 

The Nashville gage crested at 1800 hours on Monday, May 3.  Figure 14 portrays the Nashville 
gage river stages.  The figure illustrates NWS forecasts, Nashville rainfall and several significant 
Corps’ project activities.  
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     Figure 14 – River stages at the Nashville gage and the National Weather Service forecasts. 

 

LRD EOC notified LRD WM at approximately1700 hours of requests by the town of Iuka, KY, 
(downstream of Barkley Dam) for flood relief.  LRD, TVA and LRN WM reevaluated the 
Kentucky and Barkley proposed release schedule.  The Dam Safety Officer, in consultation with 
LRD WM, decided to reduce flows out of Kentucky Lake and Lake Barkley by 20,000 cfs and 
40,000 cfs, respectively.  However, gate submergence issues16 limited the Barkley reduction to 
20,000 cfs.  Operators made two spillway gate reductions to reduce the Lake Barkley outflow to 
approximately 280,000 cfs at 1900 hours.   

At 2200 hours on Monday, Cheatham reached a new pool of record at elevation 404.15. 
                                                 
16 When the Barkley project experiences extremely high tailwater elevations a submergence problem may be encountered 
with operation of the spillway gates.  The Barkley spillway gates must be clear of the water on the tailwater side when in 
operation or they will be subject to extreme vibration.  Therefore, a gate must be either closed or open high enough to 
clear the tailwater.  As a result, operators and water managers are sometimes unable to produce the desired flow and 
must decide on either a flow lower than the target or higher.  The differences can be fairly significant since extremely 
large gate openings are required at the individual gates. 
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To prevent the Nashville stage from going any higher, LRN dispatched Old Hickory hydropower 
personnel to J. Percy Priest Dam Monday evening to carry out a surcharge storage operation.  
These personnel were to continuously track the J. Percy Priest lake elevation, and when the pool 
reached the top of gates, were to open each gate 0.5 foot.  However, one of the four spillway 
gates did not function properly.  The field staff opened one gate to 1.0 foot and two gates to 0.5 
ft.  An Old Hickory Power Plant electrician quickly diagnosed the problem and made the 
necessary repair.  This expeditious action prevented the non-functioning gate from being 
overtopped.  Old Hickory personnel opened all four spillway gates by 0.5 feet at 2400 hours.  
This resulted in a project release of 7,000 cfs rather than the 17,000 cfs set forth in the water 
control manual.  For the period starting Monday evening, May 3, and extending through the 
middle of the day on Wednesday, May 5, the combination of water control actions executed by 
the LRN water managers at Old Hickory and J. Percy Priest resulted in significant stage 
reductions (~ 2 feet for much of this period) at Nashville.   

On Tuesday, May 4 at 0000 hours LRN performed operations in accordance with the water 
control manuals as two hydropower units at Wolf Creek and one hydropower unit at Center Hill 
were brought back online.  A third hydropower unit was brought online at Wolf Creek at 1200 
hours.   

LRN initiated a series of spillway gate reductions between 0000 hours and 0500 hours to reach 
control flow discharge of 72,000 cfs (stage 29 feet), as the local runoff at Cordell Hull receded.   
LRN held this flow until 1600 hours and then developed a plan to transition to normal operating 
levels.  By 0600 hours on Wednesday, LRN closed all spillway gates at Cordell Hull and the 
project returned to normal operation.   

Between 0400 hours and 1600 hours on Tuesday, submergence problems occurred with the 
spillway gates at Barkley Lock and Dam.  The submergence problems required the Barkley 
Power Plant operators to make a series of gate changes between 0500 hours and 0805 hours.  The 
final result was an outflow higher than the target during this period and Barkley set a new 
discharge record of 303,200 cfs at 0800 hours.  At this time LRN WM advised Barkley to reduce 
the project discharge to 240,000 cfs.  Again, due to the submergence problems the operators 
could only achieve 266,000 cfs by completely closing one gate.  LRN WM then advised Barkley 
to close one additional spillway gate.  This resulted in a project discharge of 230,000 cfs, the 
target discharge directed by LRD WM.   

A flood crest of 62.58 feet occurred at the Clarksville gage at 0700 hours, Tuesday.  A surcharge 
operation at J. Percy Priest began at 2330 hours the previous day.  By 0800 hours, Tuesday, the 
lake level had risen to the point that a gate adjustment was required to prevent overtopping the 
gates.  The operators raised the gates an additional 0.3 foot each to prevent water from 
overtopping the gates.  This increased the project release from 7,000 cfs to 8,600 cfs.  These 
actions did not add to the flooding downstream since the flows from the uncontrolled portions of 
the basin were now receding. 

LRN initiated a series of spillway gate reductions at Old Hickory on Wednesday, 0900 hours.  
Ten spillway gate reductions occurred on Wednesday.  These spillway gate reductions continued 
on Thursday and by day’s end LRN had Old Hickory operating within its normal range. 
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At 1200 hours, Wednesday, LRN brought two additional hydropower units online at Wolf Creek, 
one additional unit at Dale Hollow, and one additional unit at Center Hill.  Center Hill brought a 
third hydropower unit online at 1400 hours. 

Adjustments to project releases to evacuate water from storage continued on Thursday at 1000 
hours as Wolf Creek opened two sluice gates.  At 1230 hours Center Hill opened two sluice 
gates.  Barkley initiated a series of spillway gate reductions at 1000 hours to reach a total flow of 
150,000 cfs by 1900 hours to support ongoing flood control operations for the Lower Ohio 
River. 

On Friday, May 7, no significant water management actions were necessary.  Cordell Hull and 
Old Hickory had returned to normal operating levels; Wolf Creek, Dale Hollow, Center Hill, and 
J. Percy Priest continued evacuating water from storage to reach the normal pool levels.  
Cheatham remained in free flow as it had been since Saturday, May 1, and Barkley reached a 
peak pool for this event at elevation 369.00.  This elevation is approximately 1.0 foot lower than 
a pool of record established during the May 1984 flood event. 

Operators placed the Cheatham spillway gates back in service at 0830 hours, Saturday May 8, 
returning the project to normal operation.  Operators continued evacuating the water from 
storage at J. Percy Priest and Barkley. 

Figures 15 through 19 provide project operation summaries and include downstream control 
gage information. 
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                   Figure 15 – Wolf Creek, Dale Hollow and the Celina gage. 
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                  Figure 16 – Cordell Hull, Center Hill and the Carthage gage.  
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                  Figure 17 – Old Hickory, J. Percy Priest and Nashville gage. 

 

               

385.55
384.49

27,500 29,500 122,000 150,000 209,000 228,000 240,000

387.21 399.95 403.40 404.15393.62
Cheatham

Red River @ 
Port Royal

Clarksville

Cheatham In Free Flow 1 May @ 1900 – 8 May @ 0830   

New Records:  
404.15 &

240,000 cfs
@ 2200

Internet 
Outage
0930 -
2005

LRN WM 
Out 2300 

- 0630

8.21” Rainfall @ Clarksville

QPF Issued
@ 1701

QPF Issued
@ 0435 Stage/Elev. (feet)

Flow (cfs)

Legend
Gate Increase

Gate Decrease

CE/NWS
0830 & 1330

235,000

403.70

225,000

402.52

7.296.36

1,104 1,551 15,062 35,018 59,239 64,460 54,031

27.94 47.93 49.41 46.3839.57

36,742

40.33

21,506

32.60

31.5030.78 44.91 399.95 403.40 404.1550.83 404.15 404.15

Saturday, 1 May 2010 Sunday, 2 May 2010 Monday, 3 May 2010 Tuesday, 4 May 2010

Flood Stage 
@ 0110 Flood of Record 

49.47 @ 1000

Hydropower Off
@ 1530

Flood Stage 
@ 0110

Flood of Record 
62.58 @ 0700

CE/NWS
0830 & 1330

CE/NWS
0830 & 1330

 
                    Figure 18 – Cheatham, the Red River at Port Royal gage and the Clarksville gage. 
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                        Figure 19 – Barkley, Kentucky and the Cairo gage. 

5.2 Summary of Corps’ Dam Safety Actions 
The Nashville District has 10 multipurpose dams on the Cumberland River and its tributaries.  
Nationwide, the Corps began evaluations in 2005 of each of its dams and classified them in the 
Dam Safety Action Classification (DSAC).  Wolf Creek and Center Hill dams are classified as 
DSAC I17 dams, J. Percy Priest is a DSAC II18 dam, Barkley Lock and Dam, Dale Hollow, Old 
Hickory Lock and Dam, and Cordell Hull Lock and Dam are DSAC III19 dams.  Each of these 

                                                 
17 DSAC I classified dams are unsafe and are urgent and compelling because they have confirmed dam safety issues that 
require immediate actions to reduce the risk of catastrophic dam failure. The DSAC rating is characterized by a dam 
being critically near failure under normal operations and certain to fail if actions are not taken immediately or within a 
short time frame to correct the unsafe condition. A Corps Dam can be classified as DSAC I also because of extremely high 
risk from a combination of life or economic consequences when the probability of failure is extremely high. 

18 DSAC II classified dams are unsafe or potentially unsafe and are urgent because they have confirmed or unconfirmed 
dam safety issues in which dam failure initiation is foreseen and therefore require actions to reduce the potential for 
failure. The failure could begin during normal operations or could be initiated from a triggering event. The likelihood of 
failure from one of these occurrences, prior to remediation of the dam, is considered very high and the combination of life 
or economic consequences is too high to assure public safety without steps taken to reduce the risk. 

19 DSAC III classified dams are conditionally unsafe and are high priority because they have confirmed or unconfirmed 
dam safety issues or the combination of life or economic consequences with the likelihood of failure is moderate to high. 
These dams require interim measures to reduce the dam safety risk until long-term remediation of the dam can be 
completed. 
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projects has an approved Interim Risk Reduction Measures Plan that calls for increased 
monitoring during flood events or as identified by the project engineers.  

Wolf Creek and Center Hill Dams are undergoing rehabilitation to correct foundation seepage 
problems and have lowered interim pool operating levels to reduce pressure on the dam 
foundation.  Wolf Creek reached its maximum pool elevation 703.86 during the recent flood at 
2400 hours on May 6.  Center Hill rose to elevation 646.76 on May 5 at 1400 hours.  Wolf Creek 
and Center Hill flood operations did not place either dam at risk for failure.  Both projects had 
been operated with similar pool levels within the previous year with no dam safety concerns.  
The Wolf Creek pool reached elevation 701.63 just a few months earlier (2/10/2010) during a 
high flow event.  Likewise, Center Hill experienced higher lake levels last May (5/11/2009) 
when the pool reached elevation 650.37, four feet higher than the May 2010 event.  Going into 
the flood, Wolf Creek was operating four hydropower turbines (14,560 cfs) around the clock in 
an effort to return the lake level to the IRRM plan following heavy rain the week before.  The 
flood operation that LRN implemented at midnight on May 2 involved stopping all use of the 
hydropower turbines for a 24-hour period; however, 280 cfs was flowing from the fish hatchery 
and one low flow orifice gate.  This action eased concerns of overtopping the lock gates at 
Cordell Hull Dam.  Once the uncontrolled inflow to Cordell Hull and the accompanying flood 
risk diminished, Wolf Creek gradually increased releases by bringing the hydropower units back 
online to reduce the storage/pool level.  Wolf Creek and Center Hill had extensive foundation 
treatment completed in this past year along with extensive instrumentation and automated real 
time instrumentation readings that would indicate any distress in the dam and foundation, if 
present.  The potential for exceeding the interim operating levels at Wolf Creek and Center Hill 
on a short duration/temporary basis during floods have been factored into the projects’ risk 
analysis and do not place the dams at risk.   

J. Percy Priest Dam operated in a manner to reduce the impacts of releases from the project as 
the flood crest moved down the Cumberland River, which resulted in the lake level exceeding 
the top of spillway gate elevation of 504.5.  The surcharge operation on Monday, which took the 
lake level to elevation 504.9, prevented overflow of the spillway gates and a resulting 
uncontrolled release to the Stones River.  When the flood crest passed and the local runoff 
subsided to the point that J. Percy Priest releases could increase, the flood storage was recovered 
through a planned spillway and hydropower release pattern.  These water management 
operations did not impose any dam safety threat to either the structure or the outlet works.  Daily 
visual inspections and evaluation of piezometer readings did not indicate dam safety concerns for 
the project. 

Barkley Lock and Dam had a historical maximum discharge of 303,200 cfs.  During the flood 
event, the project was visually inspected twice daily.  The project engineers reviewed the 
embankment piezometers from the twice a day readings.  There were no indications of a dam 
safety concern during this event for Barkley.   

The twice a day visual inspections and piezometer readings at Dale Hollow Dam indicate that the 
project performed well with no dam safety concerns.      

Old Hickory Lock and Dam experienced a tremendous water load coming within 6.6 inches of 
overtopping the lock gates.  A maximum historical discharge of 212,260 cfs along with a 
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historical maximum headwater elevation of 451.45 feet was set during this event.  During this 
event, the field staff visually inspected the project and made embankment piezometer readings.  
The project suffered some minor operational damage but performed well and there were no dam 
safety concerns noted.  Old Hickory spillway gate operations utilized the surcharge pool storage 
to maintain control of flow through the dam and to prevent uncontrolled overtopping of the lock 
walls (elevation 452.0) and flooding of the powerhouse.  It is important to note that the 
embankment section of the dam is elevation 455.0.  Overtopping of the lock walls and the 
embankment section could lead to erosion and failure of the dam.  If the pool would have 
overtopped the lock walls, the spillway gates would have been inoperable, resulting in 
uncontrolled flow and increased downstream impacts.  

Heavy rain fell early on May 2 in the Cordell Hull Watershed requiring six spillway gate 
operations starting at 2200 hours and continuing overnight, to prevent the upstream lock gate 
from being overtopped.  Spillway gate changes occurred as often as every thirty minutes and 
continued until 0500 hours on Monday morning when a new pool of record occurred at elevation 
508.33 and a discharge of 130,100 cfs.  The pool at Cordell Hull was only 2 inches from 
overtopping the upstream lock gate.  If water had reached the point of flowing over the lock gate 
it would have resulted in an uncontrolled project release and would have resulted in larger flows 
reaching Carthage and points downstream.  Field staff continued to visually inspect the project 
throughout the flood event.  The turbulent water in the downstream area affected some areas of 
riprap, but no dam safety concerns occurred during the event. 

Cheatham Lock and Dam experienced the most impact.  It experienced a maximum historical 
discharge of 240,000 cfs along with a maximum historical headwater elevation of 404.15 feet.  
The project is designed to be overtopped during major flood events due to its lack of storage 
capacity.  Major electrical issues at the lock resulted from the project overtopping, but post-
inundation inspections identified no dam safety concerns.  The other District projects, Laurel 
Dam and Martin’s Fork Dam, experienced significantly less rainfall during this event, performed 
well, and no indication of dam safety concerns were noted. 

LRN continues to monitor the projects closely.  Nashville project staff and District office 
personnel will continue with thorough evaluation of all Nashville District dam projects. LRN 
project and district office personnel are continuing to monitor the projects and evaluate them as 
periodic inspections occur. 

5.3 Coordination with National Weather Service 
For the Cumberland River Basin, the Corps works with the Ohio River Forecast Center, the 
Lower Mississippi Forecast Center, the Nashville Weather Forecast Office and the Paducah 
Weather Forecast Office.  As a normal operating procedure, each day LRD WM provides the 
NWS OHRFC a morning report that contains the reservoir release data and forecast for 
reservoirs within LRD.  The NWS applies this information to account for the operation of the 
Corps’ dams in its hydrological forecasts.  During flood events, the communication between both 
agencies increases.  LRD works closely with the LMRFC in producing the public forecasts for 
the Lower Ohio and Mississippi Rivers.  Appendix C, Corps’ Timeline of Events and Appendix 
D, National Weather Service (OHRFC and NWFO) Timeline of Events provide information as to 
the time and basic content of the communication that occurred. 
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LRD WM initiated conference calls between LRD, LRN, TVA, and NWS LMRFC, on Saturday, 
May 1 as per Lower Ohio-Mississippi River flood control protocol.  As part of this protocol, 
LRD WM coordinated with TVA, and then contacted LRN WM to exchange data.  LRD then 
passed forecasted release information to the NWS LMRFC for Kentucky Lake and Lake 
Barkley.  On Sunday, May 2, LRD held two additional conference calls at 0830 hours and 1330 
hours to communicate the rapidly changing Cumberland system operations to the NWS OHRFC 
that included LRN WM.  There were no direct communications between LRN WM and the NWS 
OHRFC regarding Corps’ project forecast discharges on Saturday. The NWS OHRFC attempted 
to contact LRN WM late Saturday evening and early Sunday morning.  They did not reach 
anyone in the office nor did they leave any messages.  LRN water managers were at the District 
office until 2300 hours, returning Sunday at 0630 hours and began 24-hour operations until 2200 
hours Tuesday (May 4) evening.  The NWS OHRFC did not attempt to contact LRD WM for 
assistance in reaching LRN until Sunday morning.  As noted, twice daily conference calls 
occurred at 0830 hours and 1330 hours, beginning Sunday morning.  Additional telephone 
conversations took place late Sunday evening and early Monday morning.  On Sunday, between 
conference calls, additional releases from the projects occurred and this information was not 
provided to the NWS except during the scheduled conference calls.  LRN increased the 
frequency of calls late Sunday evening.  Coordination with the NWS is one area where the Corps 
believes improvements can and should occur.  This is further discussed in Section 6.5.2, 
OHRFC/WFO Communication and Appendix B, Lessons Learned. 

Refer to Appendix D for the timeline for the National Weather Service Ohio River Forecast 
Center and the Nashville Weather Forecast Office. 

5.4 Coordination with United States Geological Survey 
During this flood event, the resources of the United States Geological Survey (USGS) were 
underutilized.  USGS personnel from the Kentucky and Tennessee Division of Water Science 
Centers were in the field taking flood measurements, setting high water marks and taking stream 
flow measurements.  With personnel in the field, USGS had the opportunity to provide real-time 
observations to both agencies if requested.  Also if needed, it could have determined if any 
damaged gages could be quickly repaired or temporary gages installed to provide data.  Its 
services were not exploited during this event, which is another area of improvement for future 
events. 

The Corps and the USGS jointly participate in the Cooperative Gaging program mentioned in 
Section 3.3.  In May 2005, however, LRN contracted with a private entity to perform gage 
maintenance in combination with its in-house staff.  The contract has now expired and LRN is 
developing a stream gage transition plan that will lead to increased coordination with the USGS 
and will apply the strengths of the participating agencies.   

5.5 Coordination with Tennessee Valley Authority 
Section 3.4 discusses the responsibilities of the Tennessee Valley Authority.   During flooding on 
the Lower Ohio and Mississippi Rivers, TVA is directed to regulate the release of waters from 
the Tennessee River into the Ohio River in accordance with such instructions as LRD WM may 
issue.  During this flood event, LRD WM initiated coordination with TVA on Saturday, May 1.  
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At that time and continuing through the event, LRD and TVA coordinated the releases of 
Kentucky Lake and Lake Barkley.  The Summary of Corps’ Water Management Operations in 
Section 5.1 discusses these coordination activities. 



 

h3pmxksf
Typewritten Text
this page intentionally left blank

h3pmxksf
Typewritten Text

h3pmxksf
Typewritten Text



54 

 

6.0 LESSONS LEARNED SUMMARY 
After Action Reviews (AAR) provide performance-oriented evaluation and feedback used to 
identify successes and shortcomings.  The review of an event allows the team to discover issues 
by addressing each of the following questions: 

 What was planned? 

 What actually happened? 

 Why did it happen? 

 How can we do it better? 

The resulting issues provide candid insights into specific individual, team, and organizational 
strengths and weaknesses from varying perspectives, and feedback and insight critical to 
learning.  These lessons (presented as ―issues‖) are intended to foster professional development 
for individuals, team, and organization learning and improved future performance.  

LRD conducted two AAR sessions to discuss flood event activities.  The first occurred on May 
18 & 19, between the Corps’ elements involved in the event from the Great Lakes and Ohio 
River Division, Nashville District, and Louisville District.  Representatives from the Huntington 
District and Pittsburgh District also participated to facilitate and provide observations to help 
identify topics to be included in the lessons learned.  A second session took place on June 2, 
between these Corps’ Division and District Offices and representatives from the National 
Weather Service Ohio River Forecast Center, Nashville Weather Forecast Office, Kentucky and 
Tennessee United States Geological Survey Water Service Centers, and the Tennessee 
Emergency Management Agency.  After the completion of these sessions, follow-up discussions 
occurred to ensure that the issues were understood, and in some cases, to bring additional issues 
to light.  The Corps’ Logistics Activity also conducted an After Action Review session with its 
involved elements.  In total, the review identified twenty-seven issues spanning three major topic 
areas: communication, emergency management and water management.   

Appendix B, Lessons Learned, addresses the details for each issue, addressing the questions 
asked.  This section provides a brief summary of those issues.   

6.1 Communication  

6.1.1  External Communication 
Issue 1 discusses improving integration with USGS.  During the flood event the Kentucky and 
Tennessee USGS Water Science Centers deployed personnel to the field to take flow 
measurements at key locations, improve stage-discharge rating curves and repair equipment.  
The Corps and the NWS did not utilize the USGS field personnel available to provide real-time 
observations.  In the future, the Corps and NWS will provide a listing of critical gages and flood 
stages and major flood levels to the USGS so they will have those items to address during a 
future flood event.  Additional efforts to increase communication between the agencies will 
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occur by participating in annual meetings and participation in routine interagency conference 
calls during a flood event. 

Issue 4 discusses methods of improving risk communication.  During the flood event, LRN 
received numerous telephone calls requesting information on the areas being flooded.  The 
public voiced concerns about how the Corps’ projects were releasing water and increasing flood 
levels downstream as a result.  The NWS has the responsibility to provide flood forecasts to the 
public.  Its forecast format references a stage at a location on the river; however, the general 
public cannot correlate how this stage information may relate to where they live.  In the short 
term the NWS is evaluating additional features that could be added to its forecasts that better 
describe the area related to a flood stage.  For the long term, the Corps, NWS and USGS are 
evaluating an initiative under the Integrated Water Resources Science and Services (IWRSS) 
project that would provide inundation maps for different river flood stages that would be 
available to the public.   

A common public misconception is that all navigation projects hold back floodwaters just like 
flood risk management projects.  Some of the navigation projects have a flood surcharge pool, 
the purpose of which is to replace the volume of water utilized by the construction of the project.  
We recognize the requirement to improve public awareness of this information. 

6.1.2 Internal Communication 
Issue 2 discusses means of improving internal communication before and during potential flood 
events within the Corps Lakes and Rivers Division.  During this flood event, an advance email 
from LRD WM regarding increases in the flood forecast did not receive immediate attention by 
LRD staff, resulting in slower communication regarding the potential severity of the flood.  In 
order to prevent this from occurring in the future, the Deputy District Commander will develop a 
trigger for convening an emergency meeting of key staff for significant events.   

Issue 3 addresses providing redundant communication between the District office and project 
personnel.  When internet connectivity was lost on Sunday due to a Verizon line break, all 
automated data exchange between project personnel, field equipment and LRN WM was 
performed manually by telephone.  This impaired the ability of the water management personnel 
to quickly analyze and respond to changing conditions.  LRN WM will build redundancy in the 
reporting of project data.  LRN has obtained air cards, laptops and satellite phones necessary for 
Water Management and project offices.  Additionally, LRN has ordered a back-up internet data 
line to be installed for redundancy.  

Issue 5 discusses improving the process to recall District personnel to provide assistance during 
the event.  Since the event occurred on a weekend, combined with major flooding in the area, 
minimal staff was on hand to provide assistance, such as answering phones.  The flood directly 
impacted staff members who experienced great obstacles in travel around the city.  As a result, 
the available staff divided their time between regular duties and answering public inquiries.  
LRN will evaluate, update and revise its recall processes and system. 
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6.2 Emergency Management  

6.2.1 Emergency Operations Center 
Issue 6 addresses sustaining communications between LRN EM and TEMA.  The EOC 
personnel felt they would be more effective if they had a data sheet from subject matter experts 
so that they could speak accurately about relevant topics.  Topics might include the basics of 
how to address a sand boil on a levee.  The EOC personnel do not seek to be subject matter 
experts themselves, but seek a greater familiarity in order to contribute to ongoing actions.  LRN 
will develop procedures for creating such information tools. 

Issue 7 discusses sustaining Emergency Management Operations during a flood event.  LRN 
placed an Emergency Management Liaison in the state emergency management operations office 
(TEMA).  In the future, an improvement will be to augment the Liaison with the appropriate 
subject matter expert from the district (or externally augmented) who is well versed in the type of 
event occurring. 

The efficient use of ENGLink20 is discussed in Issue 8.  The EOC specialist needed appropriate 
permissions and additional training to be more effective in the use of this Corps’ Emergency 
Operations System.  LRD will provide the training so EOC personnel can perform their duties 
more efficiently.  

Issues 9, 10 and 11 discuss sustaining pre-event coordination (internal coordination between the 
potentially impacted Divisions and Districts), response phase actions (support provided to the 
state and FEMA) and recovery phase (completion of FEMA mission assignments) of emergency 
operations.  LRD, LRN and LRL Emergency Managers captured proven business practices and 
procedures for each phase.  This is an area to sustain for future events. 

6.2.2 Logistics – Corps’ Logistics Activity (ULA) 
Issue 12 discusses improving the logistics response to allow for proper situational awareness and 
facilitate rapid planning for the response effort.  The combination of the Corps’ Logistics 
Activity Center (LAC) displacement without communications due to floodwaters at the Naval 
Air Station, Millington, TN, and the rapidly evolving events in the Nashville area hindered the 
transfer of information and guidance to properly plan the support effort.  LRD Logistics 
Management will develop a logistics plan early in every operation that outlines all 
communication and reporting requirements.  For any event, the assigned ULA personnel will 
establish and maintain clear and effective communications from the onset.   

Issue 13 discusses improving the continuity of operations for the ULA.  The ULA Continuity of 
Operations Plan (COOP) was not finalized prior to the event and key participants did not know 

                                                 
20 ENGlink is the software program use by USACE to manage information, execution and personnel in response to an 
emergency event.  It also contains a database of all Corps personnel to document physical status, training and essential 
personnel data. 
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their roles in the event of ULA COOP execution.  ULA will finalize its COOP and ensure every 
node in the ULA understand their respective roles. 

Issue 14 addresses improvement of the LRN Logistics Delivery Point (LDP) 24-36 hour support 
plan.  Although LRN LDP staff effectively executed its support plan, this event showed the 
criticality of having an updated 24-36 hour plan to facilitate support during the early phases of a 
no-notice event.  LRN Logistics Management will update their plan and battle book based on 
lessons learned from this event. 

Issue 15 covers resourcing of the Logistics Planning and Response Team Members.  During this 
event the team members had neither cell phones nor laptops with internet connection capability.  
ULA is pursuing development and procurement of ―fly-away‖ kits containing the required 
equipment. 

Issue 16 discusses improving logistics personnel’s ability to use ENGLink.  Not all logistics 
support members were familiar and proficient in the logistics and deployment module sections of 
ENGLink utilized by the EOC.  The ULA will add the ENGLink Logistics / Deployment Module 
training to their Master Training Plan. 

Issue 17 discusses developing duty descriptions for logistics team members.  The ENGLink 
system allows for requesting an individual with specific skill sets that are differentiated by the 
duty description; however, ULA has not finalized all applicable logistics duty descriptions.  ULA 
Logistics, Planning and Operations Division will create these duty descriptions for each 
applicable position ENGLink. 

6.3 Water Management 

6.3.1 Infrastructure Maintenance  
Issue 18 addresses improving awareness of project maintenance status.  During the event, an 
unscheduled outage of a turbine and scheduled maintenance for a spillway gate at Old Hickory 
Dam prevented their usage.  At J. Percy Priest Dam one of four spillway gates did not initially 
operate.  This resulted in additional gate openings to account for the outages.  LRN will enhance 
communication between its Water Management and Operations elements responsible for 
scheduling project maintenance outages.  This will ensure that scheduled maintenance is 
performed at the best time with respect to water control operations. 

6.3.2 Hours of Operation 
Issue 19 covers the topic of triggers for the activation of the Corps’ WM offices.  An experienced 
LRN water manager was on duty Saturday until 1340 hours and returned at 1900 hours and 
remained in the office until 2300 hours.  Beginning very late Saturday night and into early 
Sunday, May 2, the NWS OHRFC needed to know how LRN was operating the projects and 
could not contact anyone in Nashville.  Calls to LRN were placed at approximately 2200 hours 
Saturday, and 0600 hours and 0700 hours Sunday.  No voice messages were left on LRN WM 
telephones.  NWS OHRFC did not attempt to contact LRD WM until Sunday morning to obtain 
contact information for LRN WM.  TVA also needed to contact LRD WM during the Saturday 
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night shift; however, an inexperienced TVA staff member did not know who to contact.  LRN 
WM began 24-hour operations Sunday morning; however, LRD and LRN WM should have 
adopted that posture on Saturday in order to provide continuous monitoring communications 
with NWS and TVA.  Each LRD Water Management office is developing a Standard Operating 
Plan that includes common triggers with NWS for extended hours of operations and improved 
communications.   

6.3.3 OHRFC/WFO Communication 
Issue 20 addresses improving the understanding of technical information between the Corps and 
the NWS.  On Sunday, LRN and the NWS OHRFC began to discuss the operation of Old 
Hickory Dam during conference calls.  Scheduled conference calls were at 0830 hours and 1330 
hours per established protocol to support both offices’ operations.  From 1000 hours when the 
increased discharges were initiated at Old Hickory, until the 1330 hours conference call, LRN 
WM had no additional communications with the NWS OHRFC.  The next update to the NWS 
OHRFC was provided during the scheduled 1330 hours conference call.  By the time of the 1330 
conference call, Old Hickory was above its surcharge pool level and nearing the pool of record.  
LRN WM, during the afternoon call, indicated that gate operations were made to prevent further 
rises in the Old Hickory pool and that the surcharge pool was fully utilized.  LRN WM intended 
this to indicate the Corps was passing all inflows and assumed the NWS modeling approach 
would change accordingly.  However, the NWS felt that since the Corps was operating the 
spillway gates, the gate-rated discharges were still reflective of current flow conditions and NWS 
continued to use the latest release information as the primary basis for NWS forecasts on the 
mainstem Cumberland River.  Additional conference calls on Sunday were not scheduled at the 
conclusion of the 1330 conference call.  Discrepancies between NWS hydrological simulations 
and Corps’ release projects (outflows) were never successfully resolved on Sunday as rainfall 
exceeded the forecast and the river stage approached critical levels in Nashville. These 
misunderstandings affected the accuracy of the NWS OHRFC forecasts to some degree.   

The Corps provides the NWS with observed project data, precipitation data, stage, and flow data 
from Corps stream gages, and forecasts of project releases and lake levels from the Corps’ 
multipurpose projects.  The forecast data provided by the Corps is for the current day and the 
next five days and is for eight of the ten projects within the Cumberland Basin.  LRN WM does 
not prepare a daily forecast of lake level and project releases for either Martins Fork Dam or 
Laurel River Dam.  Information is provided for the other eight projects within the Cumberland 
Basin reservoir system.  Corps of Engineers forecast information is based on rain on the ground 
as of 0600 (Central Time) on the forecast date.  Given the dynamic nature of river flows and 
stages at the mainstem Cumberland River projects during a significant rainfall event, the LRN 
WM discharge forecasts for the mainstem navigation projects (Cordell Hull, Old Hickory, and 
Cheatham) cannot be relied upon to develop stage crest forecasts for the damage centers.  During 
extreme events like the one observed in May 2010, LRN water management operations at 
navigation projects (Cordell Hull, Old Hickory, and Cheatham) are driven by runoff from their 
uncontrolled drainage areas, and can be characterized as reacting to match increasing inflow 
levels.  Conversely, at the Cumberland Basin flood storage projects (Wolf Creek, Dale Hollow, 
Center Hill, J. Percy Priest, and Barkley) where large flood control pools are available to capture 
local runoff, meaningful long-range (3 – 5 day) forecasts can be developed.  Due to these 
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constraints, the standard data exchange practice between LRN WM and NWS OHRFC during 
high flow events (for 30+ years) has been to continue with the daily data exchange and to 
supplement that with discussions on the water control plans for the flood control projects – 
specifically Wolf Creek, Dale Hollow, Center Hill, and J. Percy Priest.  LRN WM’s 
understanding of the modeling approach employed by the NWS OHRFC was to pass inflow at 
the navigation projects where only the surcharge pool storage was available and to route the 
releases from the flood control projects to develop stage forecasts at the damage centers.  This 
assumption was based on 26 years of experience by the current LRN WM senior forecasters 
during which, this procedure had been followed for 16 high flow events when the Nashville stage 
had exceeded 30 feet.  The NWS OHRFC was basing crest forecasts on modeling that applied 
mainstem release patterns discussed during the coordination calls.  In reality, the conditions at 
Cordell Hull, Old Hickory, and Cheatham were so dynamic that discharge information relayed 
during the calls quickly became outdated.  LRN had discussed conditions at the navigation 
projects to portray the serious nature of the flooding observed at those projects, and not with the 
understanding that the NWS OHRFC was applying the discharge information in their hydraulic 
models.  As a result, LRN WM did not recognize the need to update that information as it rapidly 
changed throughout the afternoon and evening on Sunday, May 2.  Once that expectation was 
realized, LRN WM readily shared updated spillway release information with NWS OHRFC.  
 

The Corps and NWS will develop a better understanding and appreciation of each other’s models 
and operations.  As discussed in Issue 19, the Standard Operating Plan being developed will 
address common triggers for extended hours of operations and improved communications.     

Issue 22 addresses improving communications between the Corps and NWS.  LRD WM 
contacted the NWS OHRFC to inform them of high releases from Kentucky Lake and Lake 
Barkley; however, the NWS staff on duty asked LRD to contact the NWS Paducah WFO directly 
in lieu of the LMRFC.  LRD WM contacted the Paducah WFO as requested and the Paducah 
WFO issued a Special Weather Statement in lieu of a Flood Warning Statement that would have 
activated the Emergency Alert System.  WFO Paducah did not fully understand the 
impacts/consequences of the information provided by LRD.  Technical communication and lack 
of understanding of each agency’s operations played a large role in this misunderstanding.  
When working with WFOs, the Corps should translate flows to river stages whenever possible.  
LRD WM, LMRFC and NWS OHRFC will develop, as part of the previously mentioned SOP, 
an interagency process that specifies the correct language and emergency activation system 
levels for communicating urgent events regarding operation of Corps’ projects.  This will ensure 
a common operational picture and appreciation for rapidly developing events.  

6.3.4  Internet Outage 
Issue 21 addresses implementing a redundant Water Management Enterprise Architecture.  LRN 
lost internet connectivity between 0930 hours and 2005 hours on Sunday due to a Verizon line 
break.  As a result of the network outage, the flow of rainfall, stage and flow data were disrupted.  
Prior to this event, LRN was in the process of relocating the water control database from outside 
of the production area to inside the production area. This impeded LRN WM staff’s ability to 
obtain data and to post project data.  To overcome this obstacle, the LRN WM staff utilized a 
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personal cell phone with internet connectivity to obtain data.  LRN has acquired air cards, 
laptops and cell phones for the Water Management staff to provide redundant internet capability.  
Additionally, LRN WM is evaluating alternatives for internet access and developing alternative 
methods to interface with the water control data that are not solely dependent on network 
connection.   

The NWS was also not aware that LRN data was available on an alternate web site 
(Rivergages.com).  Because the public also relies on Corps’ websites, the LRD, LRN, NWS and 
USGS will improve their websites to facilitate public awareness of information that is also 
available on other websites. 

6.3.5 Quantitative Precipitation Forecasts and Forecasts 
Issue 23 addresses sustaining the pre-event water management actions taken by LRN to reduce 
pools at Cordell Hull, Old Hickory and Cheatham in advance of the storm based on the early 
Quantitative Precipitation Forecasts (QPFs).  The challenge in pre-positioning lake levels is that 
by the time there is enough confidence in a rainfall forecast to warrant taking preventative 
measures, there may not be enough time to significantly lower lake levels and clear water from 
downstream areas to avoid increasing the water levels downstream.  Although precipitation 
forecasts have improved, it will still take significant advances in the science behind rainfall and 
runoff forecasts to reach a point where lake level adjustments of a magnitude necessary to effect 
significant flood crest reductions can be made in advance of a major rainfall event.  A shift of 
only 50-100 miles of the rainfall from the May 2010 event would have completely changed the 
outcome.  The Corps and NWS will develop a program that takes advantage of tools either 
currently in use or under development at the NWS to prepare project inflow forecasts based on 
the latest forecasted rainfall information.  Advances in probabilistic forecasting and 
technological updates such as the implementation of Corps’ Water Management System 
(CWMS)-based models in the Cumberland River System by LRN will provide the necessary 
framework for this work to move forward.  

Issue 24 addresses improving awareness of QPFs by LRN WM.  The NWS’s 
Hydrometeorological Prediction Center publishes a national QPF twice a day-in the morning and 
in the evening.  The LRN water managers do not routinely check the NWS evening forecasts, 
which post after standard work hours.  LRN did not review the Friday evening NWS forecast 
until Saturday morning.  In this instance, failure to review the forecast did not impact flood 
operations; however, LRN WM is implementing policy changes to insure that NWS QPF 
forecasts are monitored during off-duty hours. 

Issue 25 addresses improving the situational awareness of the NWS published forecast.  LRN 
learned of changes to crest forecasts by news broadcasts; the NWS was not aware that the Corps 
was not receiving the current forecasts.  LRN will implement steps to configure the Local Data 
Manager (LDM) software, which will allow its office to receive the NWS suite of products in 
real-time from LRD. 
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6.3.6 Loss of Gage Data 
Issue 26 discusses improving the long term reliability of rainfall and stream gages.  LRN WM 
staff, contract personnel, and the USGS collectively operate and maintain rainfall and stream 
gages within the Cumberland Basin.  The LRN stream gaging maintenance contract expired on 
April 30, 2010, the day before the high rainfall for this event started.  LRN WM staff performed 
emergency repairs on four Corps’-funded stream gages damaged during the event.  The 
Tennessee USGS office contacted LRN WM on May 5 and offered assistance in repairing or 
temporarily replacing damaged gages.  LRN WM is evaluating individual gage locations with 
respect to inundation potential.  They are in the process of entering into a formal partnership with 
the Kentucky and Tennessee USGS offices through participation in the Cooperative Stream 
Gaging Program to maintain their gages. 

6.3.7  Operation of the Cumberland River Basin System 
Issue 27 addresses the ability to sustain operation of the Cumberland River Basin reservoir 
system under extreme conditions.  The water control manuals were last updated in 1998 and 
these updates were largely updates of the original manuals.  For some of the newer projects, the 
1998 manuals were the first manuals developed.  The magnitude, duration, and location of the 
rainfall during this event were such that flood stages along the Cumberland River were elevated 
to new record levels.  The information contained in the water control manuals did not cover the 
full range of operations required to respond to this record rainfall event.  For example, the 
spillway rating curve for Old Hickory did not extend to the full range of required gate openings.  
As a result, in some instances LRN water managers were working with incomplete data sets.  
Reservoir system operations were further hampered by a prolonged network outage that occurred 
on Sunday.  The magnitude of this event required LRN water managers to extrapolate from 
guidance in the water control manuals.  The three LRN WM team members making the 
operational decisions each had thirty plus years of direct water management experience and had 
been through multiple high water events in the Cumberland River Basin.  Their experience of 
knowing when and how to deviate from direct application of the water control manuals can be 
credited with preventing additional flood damages and perhaps saving several lives in the basin.  
A chronological analysis of water control actions taken during this event is presented in the issue 
and an explanation of when deviations from the water control manuals occurred.  LRD and LRN 
will address the need to update the water control plans for the Cumberland Basin projects. 
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7.0  REPORT SUMMARY 
As seen in this report, the rapid onset and significant magnitude of this event challenged the 
Corps’ projects, communication processes and operations.  During the height of the event, water 
managers made minute-by-minute decisions for the operation of eight projects in an extremely 
dynamic and dangerous environment.  The post flood analysis indicated that operations of the 
Cumberland River Basin projects reduced the flood crest in Nashville by approximately five feet.  
The Nashville District made swift and crucial decisions during the event at these projects.  These 
actions prevented additional flood damages from Nashville down to the mouth of the 
Cumberland River.  Nashville’s lone remaining water treatment facility, the Omohundro Water 
Treatment Plant, would have been left inoperable, thus rendering the city without water; and the 
Metro Center Levee downstream of Nashville would have been overtopped, likely causing 
billions of dollars in additional damages.  Corps’ projects were utilized to their fullest extent and 
in the most effective manner possible to minimize flooding.   

This report has outlined the Corps’ role in managing the water within the Cumberland River 
Basin as well as its roles during a natural disaster.  More specifically this report details how the 
Corps responded to the historic May 2010 Flood event.  This includes how the agency interacted 
with other agencies involved in responding to the event.     

The next step for the Corps is to implement the 27 lessons learned.  This includes sustaining the 
practice of those lessons learned that have been identified as working or operating correctly such 
as pre-event water management actions, emergency management response, project operations, 
and coordination with the Tennessee Emergency Management Agency.  But perhaps more 
importantly, it means improving and refining those lessons learned that did not perform 
acceptably.  The report highlighted the need for improvement in the areas of interagency 
communications, water management and emergency management.  The report also reinforced 
the need for a more aggressive interagency effort to inform the public about the risks of flooding, 
capabilities and limitations of Corps’ projects, and how to access flooding information, 
warnings, and predictions. 
 
On July 23, 2010, the public and other federal, state, and local agencies were invited to review 
and comment on this AAR.  Comments received are included in Appendix K.  Issues raised by 
these comments have been incorporated into this AAR. 

Since the May event, several of the lessons learned identified have already been addressed.  This 
includes purchasing communications equipment for key positions/personnel.  In addition, many 
of the components identified as necessary to improve communication with other agencies, 
specifically the National Weather Service, have been implemented and tested.  Appendix L 
further describes an August heavy rainfall event that occurred in some of the counties affected by 
the May flood.  Corrections to actions from the May event resulted in more precise 
communication between the Corps and NWS.  In addition, this improved the information 
presented to the public.  Both of these scenarios reflect the Corps’ actions and the intent of this 
report:  protect human life and property by minimizing flood damages and being open, 
transparent, and accountable in its actions.   
 



63 

 

The Corps will continue to rapidly address the lessons learned requiring improvement and 
institutionalize practices that worked well in order to be better prepared for future events. 
 
 




