PROJECT FACT SHEET

MARKLAND LOCKS AND DAM

Ohio River

Project Description
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Markland Locks and Dam is located on the Ohio River at river mile 531.5, approximately 3.5 miles downstream from Warsaw, Kentucky.  The project consists of a 1,395-foot long non-navigable, high lift gated dam and a main lock chamber 110-feet wide by 1,200-feet long with a parallel auxiliary lock chamber 110-feet wide by 600-feet long.  Two proposed work projects for this site are described below.

Transportation Importance
Markland Locks and Dam processed 50.1 million tons of waterborne commerce in 2004.  Coal was the principal commodity at Markland representing 38% of the total.  Electric utilities move coal from mines in Wyoming, Kentucky, Pennsylvania, and West Virginia to power plants serving the southeastern and Midwestern regions of the country.  Iron and steel related commodities represent the second biggest commodity, roughly 14%, processed through Markland.  Steel companies use Markland in transporting iron ore to steel mills in Kentucky and West Virginia, and aluminum companies move aluminum ores to smelters in Ohio and West Virginia.  These and other shippers relying on Markland realized transportation cost savings of $588 million in 2004 when compared to the next least cost method of transporting the goods.  

Project Performance

Current level of performance is rated as D, based primarily upon risk of failure due to unreliability of miter gates.  Contingent upon funding improvements to target level of A would occur after the new main chamber miter gates are installed.

Risk & Reliability, Economic Impacts of Unscheduled Lock Outages
The condition of two components at Markland, the main chamber miter gates and the emergency bulkheads, expose navigation users to severe interruption of service and are in need of replacement.  An unexpected, worst case failure of the miter gates could close the river for 60 days.  An unexpected failure of the emergency bulkheads could, in the worst case, result in loss of pool for an extended period of time, disrupting both navigation and water supply to municipal and industrial users in the Markland pool.  A 60 day closure of the river, whether from miter gate failure or from loss of pool, has estimated navigation impacts of $110 million.  Each component’s likelihood of failure, failure modes, and consequences of failure is discussed in more detail below.

1. Main chamber miter gates.  The impacts associated with the performance of the main chamber miter gates are significant in terms of both physical repair cost, as well as navigation delay.  There are two types of impacts associated with the poor reliability of the main chamber miter gates at Markland.  The first type of impact is the new maintenance requirements currently being implemented for the main chamber at Markland.  Due to the poor condition of the main chamber miter gates at Markland, the Louisville District has changed its maintenance schedule associated with this lock in order to minimize the chances of a catastrophic failure of the gates.  Typically, main chambers within LRL are dewatered and the miter gates inspected/repaired every 5 years with closure durations of 10 days, 10 days, and 30 days in a 15-year cycle.  However, the poor condition of the main chamber miter gates at Markland has caused the district to dewater and inspect and repair the main lock gates every year.  The following impacts have been noted since 1994 with these miter gates (note that these are scheduled events but have caused the district to switch to more aggressive maintenance policy):

	Closure Event
	Duration
	Delay Cost
	Repair Cost
	Total Cost

	June 2005
	13 days
	$610,000
	$830,000
	$1,440,000

	June 2004
	10 days
	$500,000
	$700,000
	$1,200,000

	August 2003
	15 days
	$1,200,000
	$800,000
	$2,000,000

	May 2002
	11 days
	$330,000
	$370,000
	$700,000

	June 1999
	10 days
	$770,000
	$730,000
	$1,500,000

	June 1996
	11 days
	$800,000
	$700,000
	$1,500,000

	Jun 1994
	40 days
	$5,600,000
	$2,200,000
	$7,800,000

	Averages
	n/a
	$89,182/day
	$57,545/day
	$146,727/day


The total number of main chamber closure days at Markland associated with miter gate was 110 days between 1994 and 2005.  The total repair costs associated with these repairs was $6,330,000 over the same period.  This non-indexed repair cost averages roughly $57,545 per day of closure.  In addition, daily navigation delay costs average approximately $89,182/day.

Even though these closures are scheduled they represent a change in maintenance from normal operations in order to keep the Markland main lock chamber as serviceable as possible and reduce the chance of a catastrophic failure.  However, this has caused the Louisville District to delay maintenance at other critical sites in order to accomplish the work on the Markland main chamber.  They can essentially be classified as emergency closures given the critical condition of the main chamber miter gates.  If the Markland miter gates were reliable, we would have expected to have the following main chamber closures during the period 1994-2005:
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1994

30 days


1999

10 days
Total = 50 days for typical LRL Ohio River main lock


2004

10 days

The actual Markland main chamber closures totaled 110 days between 1994 through 2005.  This essentially represents 60 extra days of closure over the last 10 years strictly associated with the poor condition of the main chamber miter gates.  Using the same average daily repair and navigation delay costs from 1994-2005, it is estimated that $3,452,700 of additional repair cost and $5,350,920 of additional navigation delay cost above what could have been expected for a “typical” Ohio River main chamber.

In addition, a detailed probabilistic reliability model was developed for the Markland main chamber miter gates as a part of the Ohio River Mainstem Systems Study (ORMSS).  This model evaluates the expected performance of the miter gates given variability in traffic forecasts, gate performance, etc.   The well-calibrated analysis is calibrated to actual field measurements at the Markland and site-specific operating cycles, etc…The reliability analysis determined the probability of unsatisfactory performance for three potential failure categories as follows:


2.4% chance of 18 month closure and repair cost of $33 million (catastrophic)


4.8% chance of 90 days of closure and repair cost of $9 million (major failure)


8.8% chance of 135 days of closure and repair cost of $28 million (moderate)

Both the catastrophic and moderate failures required temporary repairs and replacement of the miter gates, thus, the high repair costs associated with fabricating new gates, delivery, and installation.  The major category assumes the existing gates are salvageable, but will require significant repairs.  The probability of each of these events goes up quickly in the near future based upon the analysis.  For example, within the next 5 years the following probabilities are calculated to occur for each level: 10.8% (catastrophic), 7.2% (major), and 18.0% (moderate) given the continued level of usage of the main chamber miter gates.

If an unscheduled, catastrophic failure of the gates were to occur, the closure time would be dependent upon the severity of the failure.  The most likely scenario would involve removing the damaged main chamber miter gate and temporarily putting the auxiliary miter gates in place of the damaged main chamber miter gates.  It is anticipated that this would take 60 days of main chamber closure and leave no auxiliary chamber as a back-up.  In addition, there would still be another deteriorated set of miter gates in the main chamber (the remaining set that didn’t fail but also have the same low reliability).  

2. Emergency bulkheads.  There are several risks and implications associated with not replacing these emergency bulkheads.  The existing bulkheads will be subject to a continuation of cracking and deterioration due to corrosion.  This will result in a need for more detailed inspections and repeated repairs.  These bulkheads are necessary to provide emergency closure of a tainter gate bay if a gate is damaged or becomes inoperable due to structural or mechanical failures.  Tainter gates are very susceptible to damage by barges or towboats that lose power or control.  Without the ability to provide an emergency closure the navigation pool could be lost, with possible foundation damage due to scouring of the riverbed.  Another risk factor is security from potential terrorism.  If a tainter gate were intentionally damaged, we would rely upon the emergency bulkheads to provide the closure.  Potential navigation closure lengths would vary depending upon the scenario.  If use of these bulkheads were prohibited due to need for repairs, it could take two weeks (or more) to mobilize the necessary equipment & personnel and make the repairs.  If the bulkheads were put into use and failed due to undetected problems, the recovery time could be longer and may require a loss of pool to a low enough level to permit placement of another type of closure once the flow of water had ceased.  This would have greater negative impact due to pool loss than just the loss or delay of navigation.

Description of Work Recommended in Optimum Plan:

In addition to normal operations and recurring maintenance and repairs, the following major items are recommended in the long term development plan. 
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Replacement of Main Chamber Miter Gates.  This project consists of fabrication of new miter gates and associated components for the main chamber, 110 by 1200 feet, at Markland Locks and Dam.  The main chamber miter gates have exceeded their useful service life and suffer from ongoing cracking and buckling due to metal fatigue.  This problem has been identified and analyzed in a Major Rehab Report approved at HQUSACE in the summer of 2000.  The rehab project has been approved but remains unfunded.  Because of the ongoing cracking and buckling of critical miter gate structural members, Louisville District has increased the frequency of lock dewaterings from the standard 5 year frequency to an annual basis in recent years.  These annual dewaterings typically last 10 to 14 days with a scope of work consisting of detailed structural inspections, repairs and reinforcement of problem areas.  The existing miter gates were installed during the original construction, and are nearly 50 years old.  During a lock dewatering in 1994 several serious areas of cracking and buckling were discovered, which could have quickly led to catastrophic failures.  As a result, a detailed structural analysis of these miter gates was performed.  The cause of these ongoing problems was determined to be metal fatigue failure which has been accelerated by residual stresses incurred during original fabrication.  As the number of loading cycles has increased during lock operations the frequency of crack development has accelerated.  The only reasonable remedy is replacement with new gates as cracking is too widespread to make sectional repairs.  Louisville District plans to replace both sets of main chamber miter gates at an estimated cost of $18 million.  This would include the cost of fabrication and transportation of the gates to Markland, as well as fabrication of new anchor arms and wall quoin blocks which would be installed with the new gates.  Initially $10 million will be required in FY 07 to initiate the contract and begin fabrication of the gates.  Subsequent funding of an estimated $8 million in FY 08 will be required to complete the contract.  An additional $2 million will be required to fund the installation of the gates and related components by the Louisville District repair fleet which would be executed in FY 09.
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2.  Emergency Bulkheads.  This project consists of fabrication of new emergency bulkheads for Markland dam.  These consist of five sections which are stacked and placed by a traveling crane to form a closure upriver from the tainter gates.  Inspection of these bulkheads in April 2000 revealed cracking and corrosion damage which required extensive repairs to permit their ongoing use.  Continued use of these existing bulkheads will require increasing amounts of repairs, while introducing an increasing potential for failure.  These bulkheads serve two primary purposes, emergency closures to prevent loss of pool and maintenance closures to allow dewatering of dam gates for inspection and repairs.  Emergency closure capability is necessary to prevent pool loss in the event of serious damage to a tainter gate which could cause loss of pool and potentially catastrophic scour damage below the dam which could cause foundation failure.  The maintenance closure capability is required to permit ongoing inspections and repairs to the dam.  An example is the broken wire rope detected recently, which will require the use of these bulkheads to perform repairs this year.  The inability to safely use these emergency bulkheads for emergency closures and repairs could leave this facility vulnerable to several modes of failure.  Louisville District plans to purchase a new set of emergency bulkheads at an estimated cost of $2 million.  A contract for the fabrication would be executed in FY 07.  When these new bulkheads have been delivered, the existing bulkheads will be removed and the new ones placed by the district repair fleet.
