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Abstract 

The US Army Corps of Engineers (USACE) has constructed a wide variety 
of civil works structures. Many of these structures have surpassed their de-
sign life and deteriorated to a point that better tools and more extensive 
analysis are needed to identify the most critical maintenance and repair 
(M&R) needs. The work documented in this report analyzes how data col-
lected in Facility Equipment Maintenance (FEM) can be used to evaluate 
the effectiveness of maintenance to improve the condition of lock infra-
structure components. This includes analyzing how data already being col-
lected in FEM can be used to evaluate maintenance effectiveness and also 
what additional data could be collected. In the process of addressing these 
objectives, numerous limitations in how FEM and Operational Condition 
Assessment (OCA) could be used to address this question were discovered, 
and they are documented in this report. The report also discusses numer-
ous ways FEM could be used more effectively to address this question and 
the general benefit of USACE. A pilot Maintenance Effectiveness Review 
(MER) was held at a USACE lock and dam project. 

 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

The authors of this report were given approximately five calendar months 
to investigate USACE data pertaining to how maintenance affects the con-
dition of navigation infrastructure. The focus was intended to be on a 
comparison of maintenance, based on records in FEM, and condition, us-
ing the Operational Condition Assessment (OCA) ratings. The scope of this 
basic question is immense.  

Further instruction narrowed the scope for this initial study to five more 
specific concerns: 

1. Examine OCA Inland Navigation data and FEM database for correla-
tion of assets/components. 

2. Develop and test data queries of those correlated assets/components as 
needed for differing USACE locations—most likely Portland (NWP), 
Great Lakes and Ohio River (LRD), Mississippi Valley (MVD), and 
North Atlantic (NAD). 

3. Using queries from step #2, pull maintenance data from FEM that re-
lates to a condition rating in the Inland Navigation OCA. 

4. Examine the data subset from step #3 for certain fields that would like-
ly correspond to condition: failure data, installation date, and frequen-
cy of Preventive or Corrective Maintenance (PM or CM). 

5. At some point, question subject matter experts (SMEs–perhaps exter-
nal to USACE) to learn what other data fields may correspond to condi-
tion that could be queried under step #4.  

Work was initiated, but difficulties arose almost immediately: 

• FEM has no universal list of components or naming conventions. There 
are standardized classifications available for use, but they are for assets 
at a relatively high level of the infrastructure hierarchy.  

• Many different types of maintenance are applied to various compo-
nents and subcomponents of these classified items. OCA ratings are al-
so for components and subcomponents of these classified items.  
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• Each USACE Division, District, and project is left to determine inde-
pendently what they want to list in FEM as assets and how they name 
each one.  

• As for OCA, multiple lists of OCA components were obtained, and at 
least two different lists had someone defend it as the correct and com-
plete list.  

• Because there is no uniform identification of assets within FEM, it was 
not possible to develop queries by using them.  

• Additionally, there was little or no maintenance data for FEM assets 
that could be meaningfully queried. What is available primarily con-
sists of job plans, of varying detail, clarity, and accuracy. The job plans 
are implemented based on a preventative maintenance schedule, and 
completion is recorded when applicable.  

Some job plans were reviewed, and this review is discussed further in 
Chapter 2. FEM includes some data fields which might provide a more ac-
curate picture of maintenance effectiveness, but current usage of these da-
ta fields is too limited for making meaningful queries. Two comprehensive 
approaches to analyze maintenance effectiveness are addressed in Sections 
4.1 and 4.3. One approach is to use failure rates of each specific grouping 
of components as an indicator of maintenance effectiveness. The second 
method is to look at the ratio of routine to non-routine maintenance. Each 
approach has its strengths and weaknesses. A number of more targeted 
approaches are proposed in 4.4. 

Whether maintenance management information of various types is cur-
rently being entered into FEM, could be entered but is not, or can’t cur-
rently be recorded in FEM, there still needs to be a well-developed plan for 
how this information is going to be used, how it will benefit the Corps, how 
to ensure it is entered, and how it will be reviewed for accuracy. 

Only a small part of FEM’s capabilities are being used now, and there is 
much more that could be done with minimal or no additional effort to 
benefit the project directly and to provide more information for under-
standing USACE maintenance practices. 

The following items currently in FEM should be reviewed and revised by 
the asset owners: 

• Job plans 
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• Asset hierarchies 
• Classifications 

The following items can currently be entered in FEM, but generally are not 
entered. There should be additional guidance to increase uniformity with-
in and across projects: 

• Labor 
• Materials and costs 
• Inventory 

The following are items that can be entered in FEM but some have no 
standardized input to ensure uniformity. They should be reviewed and re-
vised at the national level. There is a need to not only ensure uniformity 
and consistency, but also to determine what data will best meet needs at 
local and national levels:  

• Classifications 
• Attributes 
• Failure reporting 
• Downtime reporting 
• Condition monitoring 
• Asset prioritization 
• Work order prioritization 

A Maintenance Effectiveness Review (MER) was held at New Cumberland 
Lock and Dam. Because USACE is not applying maintenance according to 
uniform standards throughout its inventory, nor is it collecting the types of 
maintenance data that might be used to make estimates of reliability (as 
would be typical for an organization with a mature maintenance manage-
ment program), the MER had a somewhat different focus than it might 
otherwise have had.  

The primary activity was to review and improve the text of the job plans. 
Prioritization capabilities within FEM were also reviewed, and an attempt 
was made to apply them to assets and job plans. Many useful results came 
out of the MER. For example, the authors gained a much better under-
standing of the operation of a navigation lock and the maintenance that is 
performed. However, some unforeseen issues greatly affecting the mainte-
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nance practices and priorities of the lock personnel were discovered. These 
include: 

• An expectation of never being able to replace items deemed non-
critical or only being able to with expenditure of excessive time justify-
ing, purchasing, and (as applicable) installing. This results in what may 
be an excessive effort to avoid the breakdown, failure, or wear-out of 
any piece of equipment regardless of cost-effectiveness of these 
maintenance actions. 

• The sense of ownership, responsibility, and pride in the project held by 
the personnel. Clearly there is value to USACE in supporting that de-
sire of the maintenance staff to make the project the best they can. 

• A risk-aversion to making changes from the standard operating proce-
dure due to no expectation of reward if it works and an expectation of 
punishment if it doesn’t. 

The results of the MER led to questions regarding the relationship be-
tween tasks in a MER and in the AM Maintenance Management Imple-
mentation Plan (MMIP) being piloted in each USACE division. A pilot im-
plementation was attended by this study’s authors, and it appears that the 
relationship between these two activities is mostly synergistic, with little or 
no overlap. At this time, however, details of the MMIP are not completely 
understood due to the pending release of some draft reports. It also ap-
pears that the MMIP objective of identifying project maintenance needs is 
being accomplished generically for the types of infrastructure present at 
the project rather than for the specific components and operational envi-
ronment. By contrast, the process completed during the pilot MER for this 
work focused on the specific components and operational environment at 
that project.  

Each approach has its benefits and drawbacks. Application of the same 
generic maintenance cost model to all projects within the MMIP does not 
properly account for specific circumstances at each project. If the model 
estimates are very good, the model will be generally correct on a network 
level. It will not, however, properly reflect the maintenance needs at any 
one project accurately. The focus on job plans and tasks done within the 
MER captures exactly what the local experts think needs to be done, but it 
does not account for varying expectations from project to project and does 
not align maintenance needs equitably across the network. See Uzarski 
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(2009) for further discussion of network and project-level application of 
maintenance management. 

Using OCA rating data, a comparison was made between condition and 
age. The results suggest that there is minimal correlation between an as-
set’s age and condition. This comparison is very preliminary, however, and 
not conclusive due to limitations of the data. These limitations include the 
use of a project service date rather than specific component ages and mul-
tiple reasons to be suspicious of the applicability of the OCA ratings. The 
primary reason for the suspicions regarding using OCA ratings is that most 
ratings were “B,” but there also are concerns about what the OCA is rating 
(as described in the next paragraph). 

At the start of this project, it was requested that OCA ratings be used as the 
measure of component condition. OCA ratings also are being used as one 
input for estimating user impacts. While no literature is known to verify 
the effectiveness for that objective, a review of the criteria for assigning 
these ratings suggests that OCA ratings do not provide a meaningful 
measure of condition as it would relate to maintenance. OCA ratings in-
clude numerous factors unrelated to maintenance (e.g., violates law, life 
safety concern, capacity, design flaw) and the measures of condition relat-
ed to maintenance (e.g., normal wear) and potentially related to mainte-
nance (e.g., imminent failure, recent service loss, known deficiency) not 
only are not continuous, but also the discrete ratings are based on yes/no 
measures that provide minimal information regarding deterioration or in-
dication of maintenance effectiveness. 

The primary objective of this project was not met. Early in the project it 
was learned that the maintenance records in FEM lacked the detail and 
specificity to complete the primary tasks. It was also determined that the 
OCA ratings did not capture appropriate information for assessing 
maintenance effectiveness. Nonetheless, this project resulted in many val-
uable findings that can be applied within USACE Civil Works O&M 
maintenance management to improve effectiveness.  

One of the major findings was that a focus of prioritizing repairs based on 
risk of unscheduled outage results in conflicting priorities with standard 
maintenance management practices focused on minimizing overall 
maintenance costs. This conflict likely reduces overall system condition. It 
is unlikely that maintenance can be optimized directly, based on the pri-
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ority of individual work packages. Instead, it is reached by a properly bal-
anced application of preventive and corrective maintenance. 
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1 Introduction 

1.1 Background 

The US Army Corps of Engineers (USACE) has constructed a wide variety 
of civil works structures. Many of these structures have surpassed their 
design life and deteriorated to a point that better tools and more extensive 
analysis is needed to identify the most critical maintenance and repair 
(M&R) needs. Asset Management (AM) is working to develop many of 
these capabilities. One concern is the impact of M&R on the condition and 
the reliability of the infrastructure. Maintenance is currently applied based 
on a combination of continuing maintenance practices that have been 
done in the past and repair decision making based on the expertise of the 
managers, engineers, and mechanics. In most cases this has resulted in 
facilities in good condition for their age but it provides limited capability 
to analyze past performance to determine what works best and how to 
improve.  

1.2 Objective 

The intended objective of the research project being documented in this 
report is to analyze how data collected in Facility Equipment Maintenance 
(FEM) can be used to evaluate the effectiveness of maintenance to improve 
the condition of lock infrastructure components. This includes analyzing 
how data already being collected in FEM can be used to evaluate mainte-
nance effectiveness and also what data could be collected. The second part 
can be further broken down into data FEM is already designed to collect 
and data that FEM is not currently designed to collect. 

Ideally, prioritization of M&R expenditures should be based on minimiza-
tion of risk (event probabilities and event consequences). This requires an 
understanding of how infrastructure performs given the usage, environ-
ment, and maintenance histories and an ability to measure and quantify 
them independently to understand the role of each on reliability. This is a 
difficult and complicated question that this report only begins to address. 

1.3 Approach 

The focus of this research was intended to be on a comparison of mainte-
nance based on records in FEM and condition using the Operational Con-
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dition Assessment (OCA) ratings. Further instruction narrowed the scope 
for this initial study down to five more specific concerns: 

1. Examine OCA Inland Navigation data and FEM database for correla-
tion of assets/components. 

2. Develop and test data queries of those correlated assets/components as 
needed at differing locations, most likely Portland District (NWP), 
Great Lakes and Ohio River District (LRD), Mississippi (MVD), and 
North Atlantic District (NAD). 

3. Using those queries, pull maintenance data from FEM that relates to a 
condition rating in the Inland Navigation OCA. 

4. Examine the data subset from step #3 for certain fields that we think 
correspond to condition: failure data, installation date, and frequency 
of Preventive or Corrective Maintenance (PM or CM). 

5. At some point, question subject matter experts (SMEs–perhaps exter-
nal to USACE) to learn what other data fields may correspond to condi-
tion that we could possibly query under step #4. 

As work progressed, these tasks were modified and additional tasks were 
added. The biggest of the additional tasks was a review of the capabilities 
of FEM and completion of a pilot Maintenance Effectiveness Review 
(MER). Each of these tasks was useful in better understanding how FEM 
could be used to collect data on maintenance practices. 
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2 FEM Maintenance Data 

2.1 Introduction  

While FEM can collect various maintenance-related information and help 
manage day-to-day maintenance activities, it provides little or no pro-
grammed capabilities to analyze information or make statistical compari-
sons. That said, there are many benefits which can be gained through in-
telligent use of the tool. If these benefits are to be gained, however, the da-
ta must be entered using organization-wide, uniform methods that are 
specifically designed for the intended types of analyses.  

Currently, most of the data that could be collected in FEM is not being col-
lected, and much of the data that is entered uses free-text fields and other 
non-uniform methods that are not conducive to searches and statistical 
analysis. FEM currently includes data fields to collect some of this data 
more systematically. FEM could be set up to allow standardized collection 
of even more information that would be useful for analysis and optimiza-
tion of maintenance practices. This chapter is only an introductory discus-
sion of issues regarding the use of FEM. 

2.2 Assets1  

In FEM, assets are anything that work is managed against. Assets can be 
real property (facilities), personal property, or components. Components 
are defined as a part or feature of an asset (or another component) that 
will be maintained, repaired, or replaced. For example, a roof, exterior 
building envelope, and HVAC system can be components of a building 
(real property) asset, a fan can be a component of an HVAC system 
(another component of an asset), and an engine can be a component of a 
backhoe (personal property) asset.  

FEM is an asset-based work management system in which every work or-
der must be associated with an asset. Although FEM will allow work or-
ders to be written against locations, this is not a good business practice 
since work activities and their associated costs should be connected to an 

                                                   

1 Portions of this section were provided by John Beshears at USACE Walla Walla District (NWW). 
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asset. Typically, FEM users attach their work orders to assets, but there is 
no USACE policy on how work orders are managed. Furthermore, incon-
sistencies in the levels of asset hierarchy that are chosen can make analysis 
of maintenance practices more difficult.  

FEM provides numerous ways to organize assets and their components. 
The FEM Locations module provides an organizational umbrella for as-
sets. Although you can create an asset without a location, it is not recom-
mended. Locations provide a macro-level organization of assets. The mod-
ule allows users to assign “parent-child” relationships to locations, and the 
relationships created can be used to organize locations and their associat-
ed assets into functional or geographical hierarchies. The most common 
type of location hierarchy is geographical. An example is shown in Table 
1).  

Table 1. Geographical location hierarchy. 

Pine Flat Project Top Level 
Dam and Restricted Area 
Headquarters Area  
North Lake Area 

Deer Creek Recreation Area 
  Island Park Recreation Area 

Trimmer Recreation Area 
Sycamore Creek WMA 

East Lake Area 
Kirch Flat Campground 

 

The FEM Asset module also allows users to assign parent-child relation-
ships to assets, and those relationships can be used to organize assets into 
functional or geographical hierarchies. Both functional and geographical 
hierarchies of assets can be incorporated into the overall asset organiza-
tional scheme. Hierarchies allow a manager to organize an asset inventory 
in a way that makes sense and is easily accessible. A well-designed hierar-
chy matches the way the users think about and manage assets in the hier-
archy. A sample functional asset hierarchy is shown in Table 2. 
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Table 2. Functional asset hierarchy. 

 
Visitor Center 

HVAC 
Furnace/Forced Air Unit 
Air Conditioner Compressor 
Air Conditioner Evaporator 

Plumbing 
Piping (hot & cold water) 
Water Heater 
Fixtures 

Exterior Envelope 
Siding 
Paint 
Windows 
Doors 
Roof 

 

Note that a list of assets within a FEM site should be referred to as an asset 
inventory. The parent-child relationships of the assets within the asset in-
ventory are known as the asset hierarchy. Sometimes you will hear the 
term “hierarchy” mistakenly used in the context of the term “inventory;” it 
is important to remember that the terms do not mean the same thing.  

Asset inventories and their associated hierarchies can be relatively simple 
or extremely complex, depending on the importance and/or criticality of 
the asset and the level of maintenance management it requires. As an ex-
ample, the asset/component hierarchy of a recreational site located at a 
multipurpose project might only include the top-level asset, “recreational 
facility” and its associated buildings, while the asset/component hierarchy 
of a hydroelectric turbine and generator may contain hundreds or even 
thousands of components. The OCA process may eventually be used in the 
FEM asset inventory/hierarchy for some assets such as locks where the 
goal is to have a one-to-one match between the OCA model and the FEM 
inventory/hierarchy. This one-to-one match does not currently exist. (See 
Section 2.5 for further details.) 

The development of FEM asset inventories and their associated hierar-
chies should be a joint effort between the project’s management staff and 
the project’s maintenance and operations staff, with input from the 
USACE district. Some districts require specific smart-numbering systems, 
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or they may require a standard inventory and hierarchy be created to a 
certain level. Project maps, printouts from REMIS (Real Estate Manage-
ment Information System) and APPMS Automated Personal Property 
Management System), organization charts, and other project information 
should be available for reference during the process. Users should consider 
tools like OCA, RecBest, and others when developing their inventories.  

The development of a good location list and hierarchy plus a well-thought-
out, top-level asset inventory/hierarchy will facilitate easy future expan-
sion and revision. 

2.3 Asset classification2 

Asset classifications are a function of FEM/Maximo3 that allows the de-
velopment of an asset taxonomy. The FEM classification screen is shown 
in Figure 1. A precise taxonomy of assets allows searching the database 
across the enterprise without regard to asset numbering and naming 
schemes or asset hierarchies. Classifications are a very powerful tool for 
identifying assets within an enterprise database like FEM; they are critical 
to statistical analysis of maintenance effectiveness. 

Imagine that the Corps decided to track all pickup trucks in FEM, and HQ 
made a call to the field to ensure every pickup truck was included in a FEM 
asset inventory/hierarchy. Once the field complied, however, all this data 
would be of little value on either a division or national level because some 
people might use “PU,” some might use “P/U” while others might even use 
model names such as “F-150” and “Silverado” to describe their pickup 
truck assets instead of the word “pickup.” Some people might suggest that 
a universal asset numbering system adequately identifying pickups would 
solve this issue, but there could still be transposed characters and other 
problems due to human error. The best way to solve the problem is to di-
rect the field to select the asset classification, “20-02-07, Trucks, Pickup, 
Group F” for each pickup truck asset of this type. Selecting the classifica-
tion in this way (from a predetermined pull-down list) ensures there is no 
chance of misspelling or transposing characters. Now it is easy to search 
all pickup data across the entire database.  

                                                   

2 Portions of this section were provided by John Beshears at USACE Walla Walla District (NWW)  
3 Maximo is a commercially available software program that USACE had customized and this customiza-

tion resulted in FEM.  
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The current system of asset classifications in FEM is based on ER 37-1-30, 
“Financial Administration - Accounting and Reporting,” which contains an 
appendix “Authorized Purposes for Multi Purpose Hydropower Projects” 
(USACE 2002). The classification structure and classified lock compo-
nents are reproduced in this report as Appendix A: FEM Component Clas-
sifications. The current classification system is appropriate for classifying 
real property facilities and major items of personal property, but it in-
cludes only higher levels of detail for component hierarchy (Figure 1). The 
more detailed classification options for locks are shown in Figure 2. 

Where the current system does address components at a somewhat lower 
level, such as an elevator, the system exhibits some problem areas with 
singularity. Ultimately, the Corps will likely expand classifications to the 
component level by using UNIFORMAT II, Unified Facilities Guide Speci-
fications (UFGS), OCA, or other input as an organizational guide. In the 
interim, users are advised to classify their assets in accordance with any 
guidance offered by each USACE business line.  

Figure 1. FEM asset classification page with little component detail. 
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Figure 2. FEM’s navigation lock asset classification,  
showing additional classification detail. 

 

2.4 Attributes  

Once a classification is established in FEM, the program supports a list of 
attributes associated with a particular classification. Attributes provide 
additional information about the asset related to its classification. In the 
previous pickup truck example (Section 2.3), some of the attributes estab-
lished are engine size, number of cylinders, air conditioning (yes/no), col-
or, etc. Currently, attributes have been developed in FEM for floating plant 
and some vehicular classification. The hydropower business line is in the 
process of identifying attributes, and attributes are also being developed to 
help support dredged material disposal area management. Determining 
what attribute information should be collected and then collecting this da-
ta is critical to tracking maintenance effectiveness and being able to re-
trieve meaningful information for particular assets. Attributes and classifi-
cations are critical for sorting infrastructure assets for many types of anal-
ysis, including maintenance effectiveness. 

2.5 Comparison of OCA critical components to FEM assets at 
individual locks  

In order to evaluate how well the FEM database entries have been popu-
lated by project personnel, the existing FEM hierarchies were compared to 
those in the AM OCA ratings database. By analyzing the FEM hierarchies 
of multiple projects from different USACE districts, an understanding of 
how infrastructure components are currently identified in FEM through-
out USACE can be inferred. The goal of the comparisons is to determine 
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how closely the FEM hierarchical components correspond to the OCA 
components. The OCA component list should include all the vital compo-
nents of a navigation project. Therefore, all components listed in the FEM 
hierarchies should also be listed in the OCA database. By comparing the 
OCA and FEM databases, the FEM database can be evaluated for com-
pleteness.  

Three navigation projects were chosen for the OCA/FEM database com-
parison: 

• Wilson Lock and Dam (Nashville District) 
• Lower Monumental Lock and Dam (Walla Walla District) 
• Lock and Dam No. 14 (Rock Island District) 

Results of the comparison showed the level of detail in the FEM database 
varied greatly among these three projects. For both Wilson Lock and Dam 
and Lower Monumental Lock and Dam, a sufficient amount of detail was 
included in the database for comparison with the OCA component list. The 
listed components ranged from lock gates and lock culvert valves to eleva-
tors, lighting, and fence lines. (For reference, the FEM hierarchies for Wil-
son Lock and Lower Monumental Lock used in the OCA/FEM compari-
sons are listed in Appendix B: FEM Component Hierarchy Examples.) By 
contrast, for Lock and Dam No. 14, the level of detail within the FEM da-
tabase was much lower. Only the largest navigation lock components, such 
as the gates were included (see Figure 3). A section of the OCA/FEM com-
parison for Wilson Lock is shown in Table 3. (For reference, the complete 
OCA/FEM comparisons for Wilson Lock and Dam and for Lower Monu-
mental Lock and Dam are in Appendix C: OCA and FEM Component 
Comparisons).  

In Table 3, the second column is very sparse for multiple reasons. First, 
the OCA component list includes many types of components not present at 
these locks. The lock also has infrastructure not deemed critical by OCA, 
so it is not listed as an OCA component. These reasons are acceptable. The 
problem stems from much of the infrastructure at the locks not being 
identified in the same way in both the FEM and OCA component lists.  
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Table 3. Partial OCA/FEM comparison for Wilson Lock. 

OCA Component List FEM Hierarchy  

1. Lock 

 2. Lock Structure 

 3. Lock Walls & Other Lock Structures 

 4. Landside Wall 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Middle/Intermediate Wall 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Riverside Wall 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Guide Wall 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Guard Wall 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Pier Wall 

 5. Stability  

 5. Deterioration  

 4. Nose Pier 

 5. Stability  

 5. Structural  

 5. Deterioration  

 4. Gate Sill 

 

Structures 

Primary Chamber 

Lock Walls 

Land Wall 

 

 

 

 

 

 

 

River Wall 

 

 

 

Lower Guide Wall 

 

 

 

Upper Guide Wall 

 

 

 

 

 

 

 

 

 

 

Guard Sill, Downstream 

Guard Sill, Upstream 

Miter Sill, Downstream 

Miter Sill, Upstream 
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Figure 3. Lock & Dam No. 14, complete FEM hierarchy. 

 

The FEM hierarchy for Wilson Lock contained a major component – an air 
bubbler system – that was not included in the OCA database. Such an 
omission is a concern, and the OCA database should be evaluated to de-
termine if any other components are also missing. 

Inspection of the FEM hierarchies revealed that the terminology used to 
describe lock components varies among navigation projects. For instance, 
a component may be referred to as a “culvert valve” at one project but as a 
“reverse tainter gate” at another project. While neither description is tech-
nically incorrect, the difference in description (and level of detail) signifi-
cantly hinders efforts to compare the components at different projects. 
Implementing a project component naming convention would greatly re-
duce the problems associated with the level of detail in component de-
scriptions within the FEM database. 

Another common problem found in the FEM database entries was wide-
spread typographical and spelling mistakes. These seemingly minor errors 
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cause significant problems with automated searches of the database. Such 
problems can be avoided by limiting data entry in the FEM database to ex-
isting component lists. These component lists would be generated for all 
USACE projects to create an all-inclusive list of components (to a certain 
level of detail) at all projects. For instance, when creating an entry in the 
FEM database for the upstream miter gate at a lock, the data entry em-
ployee would not have to manually type “miter gate,” but would just have 
to select “miter gate” from a pull-down list in the FEM database. 

2.6 Job plans  

FEM job plans record details for a particular maintenance activity that can 
be repeated on a routine or non-routine basis. Most job plans are for rou-
tine activities, but a non-routine job plan is a good way to document how 
to complete a recurring non-routine activity. This documentation might be 
especially important for a complicated job with difficult-to-remember 
steps or a job with critical safety concerns. Job plans primarily consist of 
tasks, labor (including crafts and crews), materials (including inventory), 
tools, and remarks.  

2.6.1 Job plan tasks  

Well-written, detailed, job plan tasks provide an important record of what 
maintenance is planned. While there are other ways that completed 
maintenance can be recorded in FEM, a record of completed job plan tasks 
is best. High-quality job plan task descriptions also allow comparisons 
from project to project, and they are especially useful to maintenance per-
sonnel new to the project. See Table 4 for an example of a job plan with 
tasks, after it was edited during the MER. Job plans for Bayou Sorrel, 
Lower Monumental, and New Cumberland are provided in Appendix D: 
FEM Job Plans. These examples illustrate the range of detail for job plans 
typical within USACE. 

Most projects include minimal detail for routine maintenance tasks within 
FEM. The reasons for this lack of detail include those listed below. 

• Initial job plans were primarily cut and pasted from maintenance 
manuals. 

• Tasks were copied to remarks field instead of to separate task fields. 
• Personnel haven’t had time to update and edit their job plans. 
• Personnel “know” what needs to be done.  
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• Some of the specifics are documented elsewhere. 
• Almost certainly for various other reasons, good and bad. 

Table 4. Example job plan. 

ASSET: H4LONL - LON Lock 
PM: H4LON8465     DESCRIPTION: Rack & Sector Gears,  
              Operating Levers, Rollers & Guides-Q 
JOB: H4LON25323     CREW: H4LON-MC  
FREQUENCY: 3 months 

Elapsed Time: 16 hr    Total Manhours: 32 m/h 
Personnel: 2 mc 

Task Description: Lubricate 1200-ft and 600-ft Chamber Miter Gates Rack 
& Sector Gears, Operating Levers, Rollers & Guides  

1. Review AHA for this procedure.  
2. Review MSDS for precautions with grease and solvents used in this proce-

dure. 
3. Gather tools required to complete maintenance. 
4. Ensure all personnel informed of activity. 
5. Remove grating to access machinery. 
6. Inspect and lubricate rollers and guides with 630AA. 
7. Inspect and lubricate rack and sector gears with MPG 2. 
8. Inspect and lubricate operating levers and linkage assemblies with MPG 2. 
9. Visually check anchorage for cracks and overall condition.  
10. Operate miter gates to ensure proper operation and distribution of  

lubrication. 
11. Check all components for looseness, wear and proper operation and  

adequate lubrication. 
12. Listen for abnormal noises coming from machinery. 
13. Restore equipment to readiness condition. 
14. Report completion in FEM. 
 

Safety Precautions: Follow EM-385-1-1 general safety precautions when 
performing maintenance. Follow all posted safety precautions in the area of 
operation. 

Tools, Parts, Consumables: 630AA lubricant, MPG-2 lubricant, Grating 
hooks, air compressor, air compressor, grease guns, putty knife, rags, buckets, 
absorbent wipes.  

Remarks: This job is done more frequently at many other locks – perhaps 
they can reduce the frequency. 
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2.6.2 Labor, materials, tools, and remarks  

Estimates of the required labor, materials, and tools can be entered in the 
job plan. This information not only helps in preparation for a particular 
work order (application of a job order according to a PM record) but also, 
the plans can also be used to compare available resources over a time peri-
od (e.g., month, year) to the resources at hand. Unfortunately, the “Re-
marks” field often becomes a catch-all for information that could be en-
tered in other fields intended for that particular information. 

2.7 Preventative maintenance records 

PM records can include one or more job plans on the same or different 
schedules. When multiple job plans are included, it is often done to apply 
light maintenance on a frequent schedule (e.g., monthly) and heavier 
maintenance on a less frequent basis (e.g., annually). 

2.8 Inventory 

Materials and tools can be inventoried so that when a work order is gener-
ated, a request for these items can be placed and availability verified. (The 
benefits of this capability are outside the scope of this report.) 

2.9 Job plan relevance to operation and condition 

The relationship between a job plan and a component’s operation varies 
depending on the component and the type of maintenance within the job 
plan. It is unlikely that any amount of data would allow a meaningful sta-
tistical evaluation of the maintenance benefit without a consideration of 
how the maintenance impacts the infrastructure. For example, lubrication 
of components can have one or more benefits of varying types:  

• The component can break or freeze. 
• Wear of the component can increase, shortening its life. 
• Load on other components can increase, causing those components to 

break. 
• Wear of the other components can increase, shortening their life. 
• Performance of the component can be reduced, slowing lock operations 

or requiring additional manual labor to keep operations moving. 

The above list of benefits may be imperfect or incomplete, but it should be 
clear that maintenance effectiveness is not as simple as comparing a job 
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plan’s maintenance tasks to the condition of the applicable component. 
This lack of direct comparison is further complicated by job plans that ap-
ply various maintenance to multiple components and by components that 
have multiple maintenance actions applied to them, so that there is no 
one-to-one correlation between a job plan and a component’s condition. 

2.10 Work orders 

Work orders can be automatically generated based on job plans and a PM 
record, or they can be generated manually. Manually generated work or-
ders might be for an operational failure or to initiate further investigation 
of a concern. Work orders can be reported as completed, and many pro-
jects do this. As previously mentioned, job plan tasks can also be reported 
as completed. This is not typically part of the current USACE business 
practice, however. Reporting work order (and job plan tasks) completion is 
useful from a day-to-day operational standpoint, but it provides only a 
bare minimum of useful information for more rigorous analysis of mainte-
nance practices. Labor reporting is very useful for numerous reasons, as 
discussed in Section 2.11. Recording of other maintenance results such as 
use of consumables, repair parts, and costs provides valuable information 
for analyzing maintenance practices. Recording such details is the best 
method for understanding how maintenance funds are used and the total 
cost for maintenance. 

2.11 Labor reporting  

FEM is configured to record labor information (Figure 4). In Figure 4, the 
frame is set up to include the person, hours, dates, work order, CEFMS 
work unit, and additional information. FEM labor reporting can be modi-
fied as needed. 

As of this writing, there are two USACE districts recording labor in FEM 
and using this information in their payroll process. Many other districts 
are waiting for FEM and CEFMS to be linked before they use FEM to rec-
ord labor. While efficiencies will be gained when FEM and CEFMS labor is 
linked, there are numerous reasons to consider recording labor in FEM 
now. First, the level of effort is similar to filling out a timesheet, something 
that has to be done regardless. There are also many advantages. It creates 
a record of how much time is actually spent on each work order. This al-
lows comparison of the job plan estimates to the actual hours and is criti-
cal for determining the total cost of maintenance. Additionally, job plans 
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can be updated to show a more accurate estimate, anomalies in the time it 
takes to complete a job order can be investigated to better understand the 
maintenance requirements, time spent in non-maintenance activities (e.g., 
training) can be tracked, and costs for routine and non-routine mainte-
nance can be compared. While this list of advantages is not exhaustive, it 
indicates significant value from tracking labor in FEM. 

Figure 4. FEM labor reporting example. 

 

 

2.12 Failure reporting  

Failure reporting is important for a number of reasons but it basically 
comes down to understanding what fails, how often, why, in what condi-
tions, and with what consequences. FEM includes a work order page for 
recording the failure class, problem, cause, and remedy (Figure 5). 

At first glance, failure reporting seems to be quite simple. It is not. Each of 
the questions in the previous paragraph needs to be approached in a direct 
and explicit fashion to capture the desired information. 

What has failed? — Identifying what has failed must be done in a con-
sistent way. That means using classifications to identify the component 
and attributes to identify details such as the manufacturer, size, etc.  
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How often? — This is the best basis for estimating failure rates. It may also 
help identify systemic problems. The occurrence of a failure needs to be 
precisely defined. Is it based on a repair, subcomponent replacement, 
overhaul, total replacement, another basis, or some combination of these? 
The answer will determine how the data can be used.  

Why? — The most valuable data is identification of the failure mode. It 
makes a difference whether electric motor failures are from bearings that 
have been inadequately lubricated or from a short in the motor windings 
that can’t be maintained but might indicate a manufacturer defect.  

What conditions? — If every USACE lock were constructed with a similar 
design, size, usage, operating environment, etc., determining failure rates 
could be done more accurately. There are a number of ways to capture 
these operating conditions but it will require extensive forethought to most 
effectively account for these variables. 

Suspensions? — How are replacements before failure to be recorded? 

What consequences? – Should a failure be reported based on a stall, stop-
page, non-routine application of maintenance, or other criteria? 

Figure 5. Example of FEM failure report. 

 

With adequate data points and detail, failure data can assist in many ways. 
First, it can allow a statistical calculation of past failure rates. This is im-
portant for verifying estimates used in risk analysis. Failure data can also 
help identify common causes of failures, maintenance deficiencies, manu-
facturing defects, design flaws, and other system faults. 
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While failure data information is useful, it likely needs to be supplemented 
with additional information. Useful supplementation includes (a) infor-
mation that can be collected in FEM such as age; (b) information that 
should be collected as standardized attributes such as the manufacturer, 
model, size, etc.; and (c) information such as condition as it relates to the 
specific failure mode. While this last piece of information (condition) 
could be accomplished by extensive data collection, there are possible al-
ternatives such as post-failure estimates and automated condition moni-
toring.  

2.13 Downtime reporting 

Currently, FEM makes no direct connection between downtime reporting 
and failure reporting, although both must be tied to a work order. Down-
time reporting differs from failure reporting in that it is primarily con-
cerned with recording what asset is unavailable and the duration. Figure 6 
and Figure 7 show entry of this information into FEM. Note that downtime 
reporting is based on what is occurring during the downtime and does not 
include information on what led to the downtime. It also does not specifi-
cally distinguish between scheduled and unscheduled downtime. Currently 
there are five choices for types of downtime, as shown in Figure 7. Note 
that the list does not include any type of weather-related downtime, nor 
does it allow recording a boat accident, personnel injury, or other causes 
not listed in FEM. Although it is possible to record lock stoppages and 
shutdowns within the downtime reporting, there is no obvious best way to 
do that and currently no guidance on how it should be done. As a result, if 
a project started using FEM to record shutdowns, it is likely those shut-
downs would be recorded in different ways across USACE and thus, would 
not allow easy compilation of the history of shutdowns and their causes. 

While there is no direct link in FEM between downtime reporting and fail-
ure reporting, because both are tied to a work order, a link is established, 
and both can be matched up within the database. But that link is weak 
within the user interface because failure reporting is located on a work or-
der tab and downtime reporting is on a pull-down menu. It would be bet-
ter if the user interface included a stronger link between the two. One op-
tion that would be a rather weak but useful link is to prompt the user to 
enter a downtime report when exiting failure reporting and provide a simi-
lar prompt when exiting the downtime report.  
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Figure 6. FEM downtime reporting selection. 

 

 

Figure 7. FEM downtime (details) reporting selection. 
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2.14 Condition monitoring 

FEM includes pages for collection of condition monitoring data. USACE 
does not use the FEM “Condition Monitoring” capability, except in a few 
instances where individual projects are monitoring some gauge and char-
acteristic markers (e.g., fuel levels, oil quality) as shown in Figure 8. Cur-
rently there are three condition types: “Continuous” (e.g., odometer), 
“Gauge” (e.g., pressure) and “Characteristic” (e.g., OCA rating). There is no 
preset, generic set of categories for Characteristic meters. Instead, these 
categories would be set up for a particular asset by using picklists. Poten-
tially, this capability could be used to capture OCA data for the infrastruc-
ture or other condition data more closely linked to maintenance effective-
ness. 

Figure 8. FEM condition monitoring selection. 

 

 

2.15 Asset prioritization 

USACE does not use FEM’s “Asset Prioritization” capability. The first step 
toward usage would be to determine how this capability would be used. 
Among other possibilities, it could potentially be used in conjunction with 
work order prioritization to help focus maintenance on more critical com-
ponents, but USACE does not have any guidance for applying such a prior-
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itization. Figure 9 shows the FEM input options for asset prioritization. 
These choices can be revised as needed. As part of a MER at New Cumber-
land Lock and Dam, an attempt was made to prioritize assets. This at-
tempt is further discussed in 3.3. 

Figure 9. FEM input options to prioritize assets. 

 

 

2.16 Work order prioritization 

USACE does not use FEM’s “Work Order Prioritization” capability. The 
first step toward usage would be to determine how it would be used. It 
could potentially be used to help focus maintenance on more critical com-
ponents, but USACE does not have any guidance for applying such a prior-
itization. Figure 10 shows the FEM input options for work order prioritiza-
tion. These choices can be revised as needed. As part of a MER done at 
New Cumberland Lock and Dam, an attempt was made to prioritize work 
orders. This attempt is further discussed in Section 3.3.  
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Figure 10. FEM input options for work order prioritization. 

 

2.17 Standing work history 

Standing work history (SWH) is a FEM option that was added for LRD, 
although it is available for all users. SWHs are work orders that stay open 
and are used to record various information on individual components or 
equipment, including almost anything except routine maintenance tasks. 
The objective was to record information that would have been kept on 
handwritten maintenance cards. Figure 11 shows a SWH with the “Details” 
field where most of the information is recorded. This information includes 
most non-routine maintenance, fuel deliveries, new equipment, parts re-
placements, etc. FEM has other data fields for recording most of this in-
formation, but the SWH allows the personnel to transition from past prac-
tice with the least amount of change. When information on unscheduled 
maintenance is recorded in SWHs, this creates an obstacle to statistical 
searches related to maintenance effectiveness. One option for a more 
standardized recording of some of this information (e.g., measurements, 
meter readings) is to use the condition monitoring capability discussed in 
Section 2.14).  
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Figure 11. Standing work history selection in FEM, showing the “Details” field where 
most of the information is recorded. 
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3 Maintenance Effectiveness Review 

Once an organization has a maintenance management system implement-
ed and is using it to manage and collect data on maintenance and repair, a 
MER can be used to verify the job plan’s applicability and effectiveness. 
Basic questions include: (a) whether there is degradation to the asset that 
is affected by maintenance, (b) maintenance task needed and type needed, 
(c) consequence of functional failure, and (d) current maintenance cost 
effectiveness and how it might be improved. If data has been collected 
about the application of job plans, this can also be used to justify task, fre-
quency, or cost modifications. A MER also provides a good opportunity for 
engineers and designers to interface with maintenance mechanics.  

For an organization that applies maintenance per manufacturer recom-
mendations or possibly applies maintenance even more extensively, sav-
ings can often be achieved by reviewing maintenance effectiveness. Naval 
Sea Systems Command (NAVSEA) reports the MERs for various ships and 
infrastructure result in an average reduction in routine maintenance of 
40%.4 In cases where routine maintenance is minimal, the MER may re-
sult in increased routine maintenance. 

3.1 MER pilot 

In consultation with the team responsible for the Civil Works (CW) MMIP, 
it was decided that a MER pilot should be held. The MER pilot would serve 
multiple purposes to include: (1) help the research team become more fa-
miliar with routine maintenance practices at a lock, (2) provide infor-
mation to the MMIP team to be used in developing and implementing the 
MMIP, (3) help the project maintenance personnel improve their job plans 
and their routine maintenance practices, and (4) help all three groups bet-
ter understand how to use FEM in the USACE business process. 

Given that USACE had never performed anything like a MER prior to this 
pilot, the specific activities and results were not completely certain. 
USACE participants were not familiar with the process, and the specifics 

                                                   

4 Oral communication by authors with NAVSEA contractor who trains Navy users of MER process. 
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would also depend on the quality of the job plans for the site and how the 
project was using FEM in their maintenance process.  

A MER was held at New Cumberland Lock and Dam. Because USACE is 
not applying maintenance according to uniform standards throughout its 
inventory nor is it collecting the types of maintenance data that might al-
low estimates of reliability that would be typical for an organization with a 
mature maintenance management program, the MER had a somewhat dif-
ferent focus than it might otherwise have had. In this case, the primary ac-
tivity was to review and improve the text of job plans. Prioritization capa-
bilities within FEM were also reviewed, and an attempt was made to apply 
them to assets and job plans. Many useful results came out of the MER. 
The authors gained a much better understanding of the operation of a nav-
igation lock and the maintenance that is performed on it.  

Only a small part of FEM’s capabilities are being used, so there is a lot 
more that could be done with minimal or no additional effort to benefit the 
project directly and also to provide more information for understanding 
USACE maintenance practices.  

Some unforeseen issues affecting the maintenance practices and priorities 
of the lock personnel were discovered; these issues are outlined below. 

• An expectation by personnel of never being able to replace items 
deemed noncritical, or only being able to do so with expenditure of ex-
cessive time justifying, purchasing, and (as applicable) installing. This 
results in what may be excessive efforts to avoid the breakdown, fail-
ure, or wear-out of any piece of equipment regardless of the cost-
effectiveness of these maintenance efforts. 

• The sense of ownership, responsibility, and pride in the project held by 
the personnel. Clearly there is value to USACE in supporting that de-
sire to make the project the best they can. 

• A risk-aversion by personnel for making changes from the standard 
operating procedure due to their having no expectation of reward if it 
works and an expectation of punishment if it doesn’t.  

The results were moderately different than expected, but it still proved to 
be a useful experience. Many of the lessons learned were unexpected. (The 
results and lessons learned are discussed in Section 3.2.2.) 
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3.2 Critical and non-critical maintenance 

3.2.1 Examples 

Routine maintenance at New Cumberland 

Service bridge elevator and crane – Typically this elevator is used infre-
quently, and there is a ladder which can be used as an alternative; howev-
er, the elevator becomes more critical when personnel need to pass ice in 
order to lock tows through. Under these conditions, personnel need to be 
able to operate the bulkhead, and that requires use of the elevator to ac-
cess and operate the crane on the service bridge. Under these conditions, 
the crane becomes critical and the elevator can be, too. In addition, these 
same conditions often result in an icy ladder that is a safety hazard to use 
in the absence of an elevator. 

Lawn tractor – Besides being used to mow grass, this device is used to 
plow snow on the lock walls. Without it, it would not be possible to use the 
carts in snowy conditions to get to controls at each end of the locks, and 
walking to the controls would be difficult or potentially dangerous with 
snow melting and refreezing. In addition, this tractor is used to extend the 
cable to pull a split tow through the auxiliary lock because this lock has no 
rabbit for accomplishing that task. 

Electric carts and chariots – These devices are not mission critical, but 
their loss is an unacceptable condition. Walking would delay lockage and 
increased staffing would be very costly relative to the cost of providing and 
maintaining the carts. 

Power washer – This device is used for many tasks including cleanup of 
some other equipment; however, the use most closely related to USACE 
mission may be for clean up after flood. Flooding of the lock wall is infre-
quent, and cleanup can be mostly accomplished using a pump and small 
fire hose. Flooding of the galleries is more frequent. While it doesn’t hap-
pen every year, some years it can occur multiple times. The power washer 
is the most cost-effective option for this task. If funds for replacement 
were certain, it might be cost effective to not maintain power washers and 
replace them upon failure. 



ERDC TR-13-16 27 

 

“Big M” crane maintenance at Wilson Locks 

While this example of maintenance was not part of the MER, it is relevant 
to the issue of M&R for critical and non-critical components, so it is ad-
dressed here. Personnel reported that these cranes are frequently used for 
critical maintenance, but they are old and frequently break down. Person-
nel also reported spending significant maintenance hours repairing cranes 
that are beyond their serviceable life. This need for frequent repair means 
not only a potentially costly life cycle for the cranes, but it also reduces 
availability of labor hours to work on equipment considered more critical. 
This need can result in conflict because there are a limited number of 
hours available for maintenance, but these cranes have to be made opera-
tional first because other maintenance and repair can’t be completed with-
out them. However, it should be noted that because these cranes are not 
used to lock tows, they are not considered “critical” within the current AM 
framework. 

3.2.2 Discussion 

With the possible exception of the service bridge elevator, the equipment 
at New Cumberland in these examples is performing adequately and does 
not need to be replaced. A question that was common throughout the MER 
is whether maintenance should be applied intensively, moderately, or not 
at all (i.e., run to fail) for particular equipment. This is a complex and 
situationally dependent question, and some aspects are addressed further 
in this discussion. 

The pieces of equipment listed in Section 3.2.1 were specifically chosen as 
examples because they may not be considered “critical” to most people not 
working at a lock. There is a Headquarters (HQ) USACE-level effort to fo-
cus maintenance and repair on critical components. However, this focus 
may not be optimal, because it has some faults. For example, it ignores or 
minimizes various aspects of maintenance effectiveness. The crane exam-
ple discussed above shows where non-critical equipment can be a re-
quirement for maintenance of critical equipment. Also, other equipment 
that is typically not critical can be critical to operation under certain cir-
cumstances or critical to efficient operation. While the cranes at Wilson 
L&D are not directly used in locking navigation traffic, and therefore not 
deemed critical within AM, lock personnel see these pieces of equipment 
as critical to performing their mission. They report that frequent break-
downs and labor spent repairing these cranes interfere with performing 
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their other duties, including maintaining the mission-critical equipment. 
The annual costs for crane operation may also be higher than optimal 
(compared to replacement). 

Another area of potential disagreement involves smaller pieces of equip-
ment. Hypothetically, maintenance on tractors could be cut in half (or 
even less) with minimal impact on expected life. In another hypothetical 
example, if preventative maintenance on a power washer costs $300/year 
and a replacement costs $600, it might be cost effective to run to failure. 
However, lock personnel see it quite differently. This type of equipment is 
used frequently and needed for safe and effective operation of the locks. 
Even if these types of equipment are not used in lockages, there are at least 
two reasons that lock personnel do not see reduced (or eliminated) pre-
ventative maintenance as a viable option: 

1. They have no expectation of ever being able to replace equipment if it 
should break. This is especially true for items such as carts, tractors, 
and power washers. For this reason alone, run to failure is not an op-
tion. 

2. Most lock personnel take great pride in their facilities and in their ef-
forts to maintain the condition of the equipment. Requiring them to 
forego maintenance would impact morale and likely result in an unde-
sirable reduction in productivity. 

Additionally, lock personnel note that there is also a substantial labor and 
administrative cost to replacing equipment. 

Minimizing total maintenance cost is important. That said, the impact of 
reduced preventative maintenance such as run-to-failure may have ad-
verse impacts on personnel morale and productivity. It can also lead to 
loss of equipment with limited ability to replace. Likewise, a focus on criti-
cal maintenance may ignore the benefits of potential savings from mini-
mizing the total maintenance cost. In either case, budget restrictions fur-
ther complicate the decision process and may make it difficult or impossi-
ble to avoid making less-effective maintenance decisions. 

Reaching an optimal answer is difficult, and a focus on critical infrastruc-
ture avoids at least one difficulty. If a facility needs two cranes, three elec-
tric carts and a tractor, they are likely to want three cranes, five carts, and 
two tractors. Developing a uniform process to identify the facility’s true 
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needs would be difficult. That difficulty does not imply “noncritical” 
equipment is not needed, but optimizing the equipment and its mainte-
nance, especially if done systematically, can be very complex. 

Optimal maintenance should at minimum consider, and possibly be pri-
marily based on, minimizing the maintenance cost (see 2.15 and 2.16 for 
further discussion of prioritization capabilities of FEM). If CM is expen-
sive, or the failure consequences are high, and either of those situations 
can be reduced by additional PM, then the level of PM should be high. 
Likewise, if PM is more expensive than CM (or replacement), then it is 
worth considering a lower level of maintenance. See Figure 12 (in Section 
4.3) for an illustration of the tradeoffs between more or less maintenance. 

The MER and additional discussions as part of this research project indi-
cate that routine maintenance and repair that extends or restores the ser-
vice life of an asset in a cost-effective manner should be a high priority, re-
gardless of whether the component is considered critical and regardless of 
its impact on the risk of lock shutdown. As mentioned previously, there are 
some reasons other than cost-benefit calculations to apply a greater level 
of maintenance. Inefficiencies will result if there is a surplus or shortage of 
available maintenance labor, but the targeted goal should still be to match 
maintenance resources to the level of maintenance.  

The priorities for repairs and major rehabilitation were not a focus of the 
MER. Those two priorities may be somewhat different, especially for re-
pairs that are primarily focused on reducing the risk of lock shutdown. 
Nonetheless, applying optimal maintenance to noncritical components can 
free up resources (funds and labor) for “critical” maintenance and repair. 

3.3 Prioritization 

During the MER pilot, it was decided that an attempt should be made to 
prioritize the job plans. The primary objective of this exercise was to better 
understand the priorities from the lock personnel’s viewpoint. There was 
no prior preparation for this part of the exercise, and no expectation that 
this would result in meaningful priority ratings or a usable product. 

The prioritization exercise was divided into two parts based on the first 
two bullets below. Each part of the exercise was scored on a 1–10 scale. Af-
terward, we reviewed the ratings from highest to lowest. Some were re-
vised based on their score relative to the other job plans. It was noted that 
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scoring was more difficult in the absence of guidance on how the priority 
should be reflected in the scores. The importance of the mission was not 
evaluated in this exercise, but the following points were considered.  

• Importance of the maintenance to the component reliability 
• Importance of the component reliability to the mission 
• Importance of the mission itself 

3.3.1 Considerations for prioritization 

The job plan prioritization exercise was valuable for a number of other 
reasons besides learning the lock personnel’s viewpoint. It was clear that a 
common basis was needed for assigning priority. Priority could be based 
on many different concerns, and it was not clear how much weight should 
be given to the various reasons for performing maintenance, the potential 
benefits of the maintenance, or other factors. Numerous parameters are 
mentioned and briefly discussed below. In order to arrive at meaningful 
priorities, criteria would be needed to explicitly consider these issues in 
the prioritization process.  

Frequency of application 

Frequency of application is one consideration, and the following are some 
questions to be considered: 

• Should the priority be tied to missing one application of the tasks?  
• Should the priority be tied to missing 50% of the applications? 
•  Should the priority be tied to never doing the maintenance? 

Scope of job plan 

A robust job plan could potentially be pared down to include only the tasks 
deemed most critical. This may or may not have a significant impact on 
the outcome (maintenance effectiveness), but there is an open question 
regarding how this is to be considered when assigning a priority. 

Variety of benefits accrued 

The variety of benefits accrued from different maintenance activities 
makes it hard to evaluate and compare effectiveness. The following list 
gives some reasons why: 
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• Not completing some lubrication job plans can have a very quick im-
pact on smooth operation and can lead to the need for corrective 
maintenance in the short term.  

• Some job plans have minimal impact in the short term but can signifi-
cantly shorten the expected life.  

• The impact of not inspecting for hidden safety deficiencies (e.g., fuel 
spill cleanup kit deterioration) is significantly different than mainte-
nance of active systems. 

• Some job plans are required by law, such as elevator inspections. 
• Some inspections are required by USACE regulation, such as those for 

furnace, boilers and hammer valve, air receivers, Environmental Com-
pliance Assessment (ERGO), Failure Modes and Effects Analysis 
(FMEA), high stress steel inspections (HSS), and Periodic Inspection. 

Failure-mode ratio 

The failure-mode ratio is the percentage of failures attributable to a par-
ticular failure mode. While this ratio was not specifically addressed in the 
prioritization process, personnel were considering the failure modes that 
the routine maintenance was addressing. 

Personnel were also considering the availability impact which is the im-
pact of not having a particular component available all the time. The im-
pact can be considered by gathering the following data: 

• Percentage of mission cycles that the system is used. 
• Percentage of mission cycles the system is critical. 

Note that some equipment does not have a direct tie to mission cycles such 
as emergency safety equipment, maintenance equipment, or flood cleanup 
equipment.  

Other equipment has a varying relationship to mission, and likewise, the 
failure modes may have different relationships to the missions. Reviewing 
a history of failures for the tractor used for grass, snow, and line hauling 
provides an example, as given here: 

• Tractor failed to start. 
• Tractor failed to start cold. 
• Tractor failed to start cold in winter (snow plow more critical than 

grass cutting). 
• Tractor failed to operate successfully. 
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• Mower deck failed to operate. 

Past reliability 

Past reliability based on the current routine maintenance practices could 
be considered in evaluating the maintenance priority. Unfortunately, it 
doesn’t give a clear indication of the impact of a reduced maintenance reg-
imen.  

Mitigation or replacement 

Mitigation of component failure can occur in a number of different ways or 
none. How should this be considered in priority of the routine mainte-
nance? 

• Maintenance crew repair 
• Manual labor to replace the components’ function 
• Contracted services 
• Reserve component 

Similarly, if the component must be replaced, the impact to the mission 
can vary:  

• Backup system not immediately available 
• Backup results in delay 
• Backup system not readily available 

This section includes far more detail than is likely to be used within a job 
plan prioritization scheme. That said, it should be recognized that any 
less-detailed scheme is still likely to include implicit consideration of these 
various factors. It is possible that explicit consideration of most or all of 
these factors could be avoided by focusing on maintenance approaches 
that minimize overall maintenance cost. This approach is discussed fur-
ther in section 4. 

3.4 MMIP pilot 

The results of the MER resulted in questions regarding the relationship 
between tasks in a MER and in the AM MMIP that was being piloted in 
each USACE division. A pilot implementation was attended, and it appears 
that the relationship between these two activities is mostly synergistic, 
with little or no overlap. At this time, details of the MMIP are incompletely 
understood, pending release of the draft reports. It appears that the MMIP 
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objective of identifying project maintenance needs is being accomplished 
generically for the types of infrastructure present at the project rather than 
for the specific components and operational environment. On the other 
hand, the process completed during the pilot MER focused on the specific 
components and operational environment at that project. Each approach 
has its benefits and drawbacks. Application of the same generic mainte-
nance cost model to all projects within the MMIP does not properly ac-
count for specific circumstances at each project. If the model estimates are 
very good, it will be generally correct on a network level, but it will not ac-
curately reflect the maintenance needs at any one project. The focus on job 
plans and tasks done within the MER captures exactly what the local ex-
perts think needs to be done, but it does not capture varying expectations 
from project to project and does not align maintenance needs equitably 
across the network. See Uzarski (2009) for further discussion of network 
and project-level application of maintenance management. 
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4 Approaches to Minimizing Maintenance 
Cost 

The project documented in this report was a preliminary look at a few as-
pects of optimizing the planning and execution of maintenance to get the 
very best maintenance from each dollar spent and to optimize the total 
maintenance expenditure. There are many factors that contribute to reach-
ing this objective. For example, USACE has historically relied on the ex-
pertise of personnel at the locks. This can work well for an individual site if 
the budget is sufficient. As budgets shrink, however, there is more concern 
about having adequate funds and a greater need to ensure one project is 
not overfunded at the expense of another being underfunded. Information 
systems such as FEM present the opportunity to analyze the most effective 
maintenance practices and optimize the frequency of their use. Whenever 
the needs exceed the funding, a results-oriented approach can be taken to 
prioritize maintenance and ensure the most effective maintenance is con-
tinued. 

To optimize maintenance within USACE, an analysis process is needed 
that is based on data. However, USACE does not collect the engineering 
data necessary for making such an analysis. Further, determining what da-
ta is needed and how it should be used is undoubtedly a complicated issue, 
for which a baseball story provides an illustrative example. Baseball is a 
game known for a wealth of statistics. Baseball experts have always had an 
expectation that they knew what statistics were important and how to rate 
the contribution of players. The story Moneyball indicates that they did 
not. In this true story, the Oakland Athletics focused on a different set of 
statistics in their player selection, and they were very successful until other 
teams also started using these alternative selection methods. Given that 
USACE doesn’t even collected most of the relevant maintenance statistics, 
one can hardly expect that it has determined what statistics are important 
to judging maintenance effectiveness. Even if USACE does start collecting 
more maintenance-related statistics, it might be a long and difficult road 
to optimal use of this information. 

To begin understanding the difficulty, one must realize there are many 
metrics that can help evaluate maintenance effectiveness, starting with 
simple things like tracking the hours spent for each maintenance task or 
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the total time spent on each asset. The uniqueness of the projects, howev-
er, can make it difficult to carry these types of comparisons across pro-
jects. There are at least two other approaches that may provide greater in-
sight into maintenance effectiveness and they are discussed below in Sec-
tions 4.1 and 4.3. 

4.1 Metrics for maintenance effectiveness 

As initially envisioned, the primary objective of this research project was 
to make a statistical comparison of the level of maintenance using FEM 
data to the OCA ratings of components. This objective was described in 
Section 1.3 and tasks #3–4 are restated below. 

3. Pull maintenance data from FEM that relates to a condition rating in 
the Inland Navigation OCA. 

4. Examine the data subset from step #3 for certain fields that we think 
correspond to condition: failure data, installation date, and frequency 
of Preventive or Corrective Maintenance (PM or CM). 

It was quickly learned that the installation date for nearly all components 
is not being recorded in FEM (if it is even known); even when captured, 
the date is more likely to be in a remark field that cannot be queried by 
date and is not easily searched by any method. Failure data for lock com-
ponents also is not being captured except occasionally in remarks.  

As for frequency of maintenance, this is typically being captured in FEM. 
Maintenance is described using job plans and is planned by preventative 
maintenance schedules that generate work orders which most users will 
record as closed when they have been completed. What is less clear is what 
maintenance is being performed and how it relates to an OCA rating. 

4.2 Failure recording 

4.2.1 Recording date of installation 

Recording the installation date would seem relatively easy and straight-
forward, but it is not. The primary complication is determining whether a 
rehabilitated component is new when a portion of its parts have been re-
paired or replaced. Criteria for judging this can be created, but it will take 
a significant effort to do the job well. This work would require an initial 
effort to develop guidance that can be consistently applied across the in-
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ventory to identify the metrics for replaced (new) versus simply being re-
paired. There are at least two ways to minimize the ambiguity of repair 
versus replace: (1) focus on the smallest components possible, and (2) fo-
cus on failure modes.  

4.2.2 Failure modes 

Recording failures unambiguously also requires a focus on failure modes, 
and Wiebull models are only applicable to failure data collected at this lev-
el. Because USACE operates locks of unique designs, loadings, and usage 
with diverse components of varying size and manufacture in diverse envi-
ronments, good failure data also requires more information to understand 
the contribution of each failure mode to the observed failures. The ques-
tion is how this information should be captured. Demand versus capacity 
is important, but it seems reasonable to ignore this for most USACE lock 
infrastructure which is usually designed for much higher loads than typi-
cally seen. Usage or loading cycles are very important. Age may also be 
useful as a crude approximation of many age-related contributors to fail-
ure, but age does not account for the uniqueness of each USACE structure. 
One way to capture the uniqueness is by condition ratings that focus on 
each failure mode. Thus, a failure rate relationship can be developed based 
on usage and condition. 

4.2.3 Condition vs maintenance 

The relationship between condition and maintenance probably is not near-
ly as simple as looking at the maintenance frequency. First, there is a need 
to account for the uniqueness of each site. The condition measures must 
also be aligned with distresses that are associated with the type(s) of 
maintenance being applied. If this isn’t difficult enough, there is also a 
matter of the different levels of maintenance that are applied at different 
frequencies (which may be changed over the years) for different failure 
modes, and the failure being prevented may be years or decades into the 
future. A rough approximation of the maintenance level may prove useful 
but it may take some thought and expertise to develop. 

The relationship between condition and corrective maintenance is likely to 
be the most difficult to measure meaningfully. One factor is ensuring the 
conditions being measured and the deficiencies being corrected are appro-
priately aligned to each other. As with preventative maintenance, the defi-
ciencies and failures being corrected may occur at very wide intervals. If 
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the corrective maintenance is done during scheduled dewaterings, the cor-
rective maintenance may be more highly correlated with opportunity than 
the current need for repair. 

4.3 Corrective versus preventative maintenance ratio  

Theoretically, one of the simplest measures of maintenance effectiveness is 
to compare the PM cost to the CM cost and loss of service. An illustration 
is shown in Figure 12. 

Figure 12. Example of optimization of total maintenance cost minimization. 

 

 

The goal of maintenance cost control is to optimize the PM and CM to 
maximize availability of an asset or component. Figure 12 suggests that the 
optimal expenditure might be equal parts PM and CM, but this graph is 
only illustrative and should not be read to indicate that. The actual slopes 
could be much different, and the availability curve may be shifted signifi-
cantly one way or the other. Optimization would require capturing infor-
mation on the maintenance (PM and CM) applied at each project and for 
each asset, as well as recording failures, failure modes, and availability im-
pacts. While improvements could be made, information can already be 
collected in FEM for PM, failure reporting, and availability. However, a 
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method for collecting CM information is not defined and is not a current 
capability of FEM. Completion of some PM and much of the CM for the 
most critical lock components occurs during lock dewatering. Because 
much of the cost is associated with the dewatering itself and not the actual 
maintenance and repair, there would need to be a clearly defined process 
for assigning costs to PM versus CM and to individual assets within the 
lock structure. Additionally, the costs of an actual dewatering are a signifi-
cant added maintenance effort that must be accounted for. 

While looking at the ratio of PM versus CM could provide some very valu-
able insights, it leaves one big question unanswered—is the specific PM or 
CM that is being applied considered to be the most effective use of PM or 
CM dollars, respectively? While having good maintenance personnel with 
authority to make the decision of whether the maintenance is needed par-
tially addresses this question, most likely it brings the analysis back to 
looking at maintenance by a method based on one or more of the metrics 
reviewed in Section 4.1. 

4.4 Miscellaneous approaches to optimize various aspects of 
routine maintenance 

Sections 4.1 and 4.3 have presented two alternatives for high-level analysis 
of maintenance effectiveness. In addition, there are many other ways that 
key aspects of maintenance effectiveness can be targeted and improved on 
a more targeted basis. Most of these methods require more data than is 
currently being collected in FEM in order to implement them effectively 
and/or verify their success. A discussion of other ways to achieve mainte-
nance effectiveness includes: 

4.4.1 Hidden failure data 

Hidden failures occur on components and equipment not used continu-
ously. The longer the dormancy, the more likely it is to have a hidden fail-
ure or to fail upon startup. Inspection and testing is needed to find these 
failures. Inspection may be too frequent or not frequent enough and too 
extensive or too limited in scope. Data could be recorded regarding how 
often the problem being inspected is found, how easily it can be identified 
by inspection, how much effort the inspection requires, the potential for 
damage resulting from the inspection, and how important it is to find it. 
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4.4.2 Time-directed preventive maintenance 

Time-directed PM can be cost effective where the need is known to be reg-
ular, the condition is difficult to assess, or damage can occur prior to the 
condition deficiency being apparent. The difficulty can be in determining 
the optimal frequency. For example, a standard rule of changing the oil 
every 3,000 miles is very conservative. It the cost is reasonable compared 
to potential consequences, this may be acceptable. Another approach 
would be to perform oil analysis to determine if the viscosity and dirt level 
are acceptable. This would be condition-directed but could be used for a 
short time to determine the optimal time-directed frequency. Without 
analysis of the time-directed tasks, inappropriate maintenance levels can 
be perpetuated, wasting resources. 

4.4.3 Condition-directed or corrective maintenance 

For infrastructure that is relatively cheap to replace compared to the cost 
of performing PM, it may be advantageous to only apply condition-
directed and corrective maintenance. Condition-directed maintenance can 
also be optimal for assets that are very expensive to apply a maintenance 
cycle. Condition directed tasks may provide a less expensive option if the 
condition can be determined much more cheaply. Condition directed 
maintenance adds a step to the maintenance process (verification of condi-
tion) so data is needed to verify this additional effort is cost effective. 

4.4.4 Usage-based maintenance 

Manufacturers often recommend time-based maintenance based on fre-
quent or continuous usage. USACE will often use equipment on a less fre-
quent basis. Revising PM schedules based on usage can reduce mainte-
nance requirements.  

4.4.5 Waiver of maintenance 

Time-based maintenance is often conservatively applied. Cost reductions 
can be as simple as changing frequency of lubrication from 2 weeks to 3 
weeks and inspecting at 2 weeks. There is always the potential that re-
duced maintenance will be insufficient. One approach is to approve a 
waiver for test of a maintenance reduction at one site or even for one com-
ponent.  
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4.4.6 Tracking work order costs 

As mentioned in 2.6.2 and 2.11, detailed planning and estimating costs of 
tools, materials and labor as well as recording actual usage and expendi-
ture for completion of work orders supports maintenance management in 
various ways.  

4.4.7 Other reporting metrics 

Condition reporting, failure reporting, and downtime reporting all provide 
valuable information for assessing the effectiveness of maintenance prac-
tices. In order to use these effectively, USACE needs to develop standard 
guidance for how and what needs to be recorded. 

4.5 Management practices for optimizing routine maintenance 

USACE has no maintenance management program. There is no formal 
process for determining what maintenance should be performed. There is 
no process for personnel at a lock to get approval for changes to their rou-
tine maintenance practices. Maintenance is planned and performed on an 
ad hoc basis based on individual experience and past practices. If mainte-
nance effectiveness is to be analyzed for determining how to improve prac-
tices, there needs to be a formal process for determining and revising job 
plans. 

There is no process for standardization across Districts, Divisions, or 
USACE. While the lock infrastructure at each project is mostly unique to 
that site, there are some components that are common to multiple sites. 
Some lock components and most on-lock equipment is similar enough at 
multiple sites so that the same job plans could be used. If many of the job 
plans and PM schedules were shared by many projects, this would create 
more opportunity for measuring and analyzing maintenance effectiveness. 

Some project managers and personnel are inclined to implement intensive 
maintenance. In many circumstances, this tendency is good. It prevents 
costly shutdowns and reduces replacement costs by extending asset life. 
Project personnel typically have a pride in their projects that is valuable 
because it leads to a good work ethic. This should not be minimized. There 
are a number of factors that drive decision making that may not be opti-
mal. In some circumstances, particularly for equipment that can be re-
placed readily and cheaply, a very high level of maintenance may not be 
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cost effective. Their pride in the project also leads them to want to perform 
the highest level of maintenance, regardless of whether it is cost effective. 
There is also an uncertainty about whether they will be able to replace 
failed equipment not absolutely critical to day-to-day lockage. This can al-
so lead to excessive maintenance. This effort to avoid any failure (no mat-
ter how important to lock operation) is not inherently bad, but should be 
an explicit consideration in any review of maintenance effectiveness.  
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5 Other Topics 

5.1 Age to condition comparison 

Asset management uses age (and variations of age such as usage) as a 
measure of reliability. Weibull analysis can be used to estimate reliability 
based on age. Because the OCA ratings are used as an indicator of reliabil-
ity by adjusting the age-based Weibull curve for a particular component, it 
was deemed worthwhile to look at how the condition of components com-
pared to their age. 

It was known from the beginning that this comparison would be negatively 
impacted by at least two sources of error. First, the age data that is availa-
ble with the OCA ratings is for the project, not the components. Data indi-
cating which components might have been replaced since original con-
struction was not available. Second, it is unclear why so many of the rat-
ings were B (with a few higher). Possibilities include the successful com-
pletion of repairs to address most deficiencies in condition, condition rat-
ing criteria that is skewed (appropriate or not) to result in mostly B rat-
ings, other unidentified causes, or some combination of these causes. 

The list of all components assigned an OCA rating was downloaded from 
the AM website’s OCA viewer.5  This data, containing over 160,000 en-
tries, was exported to a Microsoft® Excel™ file. The viewer and export da-
ta fields are listed in Table 5. This list was then reduced to about 1,000 
unique entries, and some key components were selected for further inves-
tigation. In order to more easily compare the condition and age of the 
components, the OCA ratings (initially letter grades with pluses and mi-
nuses) were translated to a point system for sorting and filtering (Table 6). 

                                                   

5 https://assetmanagement.usace.army.mil/FRM/AnalyticsDev/ 
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Table 5. Comparison of AM viewer and export data fields. 

AM Analytics viewer fields AM Analytics export fields 

Division Not included 

District Not included 

Project Component Type Not included 

Subcomponent Rating (Letter Grade) Group 

Date in service (PROJECT date in service) Component 

Not included Rating 

Not included Date in service 

Not included Project ID 

Not included Component ID 

Not included Comment 

Not included Group Comment 

Not included Group ID 

 

Table 6. Conversion of OCA ratings to numerical values. 

 

 

OCA ratings of B- or less indicate reduced functionality or non-compliance 
with operational requirements. Only these ratings were used to create age 
versus condition plots. Linear trend lines were added to the charts and 
standard deviations were calculated. Afterward, in order to look at infra-
structure with fewer replacements, a reduction in the selection of “Years in 
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Service” was made from the entire range dating back to 1916 to more re-
cent data of only the last 40 years. Additional charts were developed for 
the same components (Figure 13, Figure 14, and Figure 15). By comparing 
charts for identical components, changes in trend lines and standard devi-
ations of the select data were observed. 

Figure 13. Foundation System, 1970s to present – negative slope. 

 

 

Figure 14. Quoin Blocks (on gate) – positive slope. 

 

SD - 1.774199 
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Figure 15. Pintle Ball – negative slope. 

 

When the reduced amount of years was used, various components’ trend 
lines showed various changes in slope direction (i.e., positive to negative 
and vice versa). In most cases, the data had a larger concentration with 
older projects, causing the angle of the components’ trend lines to shift as 
the range of years was increased. This behavior can be observed when 
comparing Figure 13 and Figure 16. 

Three typical changes were observed when selecting more recent projects. 
When comparing Figure 13 and Figure 16, we can observe how the trend 
line, initially strongly negative, became less negative. Another observed 
behavior was seen when comparing Figure 14 and Figure 17, where a sharp 
difference in slope direction and magnitude occurred. This behavior was 
observed, yet in the other direction when comparing Figure 15 and Figure 
18. Standard deviations were reduced when the selection was reduced. 
While this reduction may not be statistically significant, it might be ex-
pected since older projects are more likely to have replaced components 
and therefore a lower correlation of project age and component condition. 

 

SD - 2.037527 
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Figure 16. Foundation System for expanded time period. 

 

 

Figure 17. Quoin Blocks (on gate) – negative slope. 

 

 

SD - 2.31755 
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Figure 18. Pintle Ball – positive slope. 

 

The handling of the data and observation from the charts prompted cer-
tain concerns and suggestions, as listed below. 

• Project Date in Service is used, where component date in service 
should also be recorded. 

• Time is currently used to relate the ratings of all components. This 
metric might not necessarily be the most appropriate for all compo-
nents, e.g. usage or an alternate measurable parameter  

• Frequency of components’ repairs and replacements is not recorded. 
• The OCA rating system is used to determine a component’s condition. 

However, without any historical record this presents the issue of how 
close these ratings are to the actual “condition” they represent. Addi-
tional factors that could assist in addressing this issue are below. 

o Physical deterioration 
o Remaining life 
o Current reliability 
o Degraded service 
o Maintenance requirement 
o Subcomponent weighting 

 
• Over 90% of components have a “B” rating. As projects age, compo-

nents are replaced, repaired, and maintained at this rating. 

o How often would they receive a lower rating? 
o How often do these repairs and replacements occur? 

SD - 2.200668 
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o How costly are these repairs and replacements? 
o What information is missing from a “B” ratings? 
o How long does a component maintain a “B” rating? 

 

In general, the data show a large majority of “B” ratings, suggesting rela-
tive reliability and functionality of the components and subsequently, sys-
tems and each project as a whole. This majority, together with all available 
data, was weighted heavily towards projects with increased age. Since the 
data was ordered by “Project Date in Service,” without additional infor-
mation this could indicate a large probability of increased maintenance as 
age increases in order to maintain the minimum allowable condition rat-
ing. As a result, though age and condition should be correlated, the availa-
ble data is not adequate to support the hypothesis. 

5.2 Lock closure causes 

Lock closures hinder traffic through the waterways. As a result, acquisition 
and analysis of available data should be done in an effort to better under-
stand the nature of and minimize lock closures. To this end, an emphasis 
should be made on identifying the cause and occurrence of the closures. In 
order to increase effectiveness and efficiency, lock closures caused by re-
pairs, maintenance and malfunctions are of interest. With an ageing navi-
gation infrastructure, these types of closures (either scheduled or un-
scheduled) have the potential to increase in occurrence, length, and cost. 

While neither FEM nor Operations and Maintenance Business Infor-
mation Link (OMBIL) are currently used to record specific engineering re-
lated details of a lock shutdown such as the specific components that fail, 
failure mode, age, usage, environmental exposure, condition, etc., OMBIL 
does record scheduled and unscheduled lock shutdowns. This data is ana-
lyzed further in Section 5.3. 

5.3 Operations and Maintenance Business Information Link lock 
closure data 

Lock closure data is accessible though the OMBIL website (Figure 19). As 
this website queries a very large database, constraints are required to bet-
ter locate the desired information. For the user to constrain the data, a 
new window opens (Figure 20), displaying the available graphical user in-
terface (GUI) to view and query the database.  
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With the data available in this database, focus was on lock closures caused 
by repairs, maintenance, and malfunctions. In order to retrieve this data in 
a manageable manner, a series of variables had to be selected within the 
desired fields. With the display shown in Figure 21, selected fields with 
relevant variables were: 

o USACE Hierarchy 
 All USACE 

o Measure 
 Scheduled Unavailability 
 Unscheduled Unavailability 
 Total Unavailability 

o Time 
 Calendar Years 

o Unavailability Codes (29 distinct categories) 
 EE - Repairing lock or lock hardware 
 R - Lock hardware or equipment malfunction 
 T - Maintaining lock or lock equipment 
 All Unavailability Codes 

 

Once the desired variables are selected, a table is displayed presenting the 
queried data (Figure 22). This table can be adjusted to display the data in 
various ways, as seen by comparing data displayed in Figure 22 and  

Figure 23. This data can then be exported to an Excel file for further analy-
sis. 



ERDC TR-13-16 50 

 

Figure 19. OMBIL website with numbers added to show order of selection  
during task. 

 

 

1 

2 

3 
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Figure 20. Graphical user interface to query database for desired variables. 
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Figure 21. Field/variable selection. 

 

 
Figure 22. Initial display of data. 

 

 

Field
 

All Variables within 
 

Selected Varia-
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Figure 23. Adjusted display of data. 

 
 

For the years selected, total scheduled unavailable time was 59.1% of total 
unavailable time among all USACE locks per year, of which 40.9% was un-
scheduled. The three categories of interest (repairs, maintenance and mal-
functions) represent a total of 28.5% of total unavailable time. For the 
same three categories of interest, 15.0% of unavailable time was scheduled 
and 13.5% was unscheduled. 

The individual percentages for these categories are shown in Figure 24, 
presenting the unscheduled unavailable time as a percentage of total una-
vailable time. These yearly percentages range from 1%-14%, and when 
combined they represent 4%-21% of total unavailable time during the 
years. Total unavailability for each category, followed by the three catego-
ries combined is shown in Figure 25. This chart shows how much of the 
unavailable time (on average 13.9%) was mostly, due to repairing the lock 
or lock hardware (category EE), 10.7% to maintaining the lock or lock 
equipment (category T), and 3.9% to lock hardware or equipment mal-
function (category R). When these three categories’ unscheduled unavaila-
bility is compared to that of the other 26 categories, 33% of all unsched-
uled unavailability is due to these three categories and 67% to the other 26 
categories. Figure 26 presents how the unscheduled unavailability of these 
three categories compares to the all other unscheduled unavailability each 
year. Scheduled unavailability for these categories is 25.3% of all sched-
uled unavailability, whereas all other categories comprise 74.7%. Figure 27 
presents how the scheduled unavailability of these three categories com-
pares to the all other scheduled unavailability each year. 



ERDC TR-13-16 54 

 

Figure 24. Category unscheduled unavailability versus total unavailable. 

 

 

Figure 25. Category unavailability versus total unavailable. 
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Figure 26. 3 Category unscheduled unavailability and all other unscheduled versus 
total unavailable. 

  

 

Figure 27. 3 Category scheduled unavailability and all other scheduled versus total 
unavailable. 
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Lock closures can be expensive to industry and to the government. Un-
scheduled closures caused by repairs or maintenance can increase delays 
and queues, especially if they occur frequently. In order to reduce the 
amount and length of lock closures, certain closure categories should be 
studied further. From the data acquired, the three categories of interest 
comprised a total of 28.5% of unavailable time throughout USACE locks 
during 2000- Sept. 27, 2012, where 15% of the unavailable time was 
scheduled and 13.5% was unscheduled. It is therefore recommended to 
further study the causes of the closures, especially unscheduled as this im-
pacts industry more severely. Unfortunately, detailed information about 
these closures is unavailable through OMBIL and is not currently available 
in FEM either. 

5.4 Measuring condition  

Before discussing how to measure condition, a definition of condition 
should first be stated. Condition is a state of appearance, quality, or work-
ing order. In regards to infrastructure, it typically refers to wear, corro-
sion, and other forms of deterioration, but the term is also frequently used 
to refer to various facets of functional readiness. 

The two most important considerations affecting the integrity of condition 
data are the quality of the data that is collected and the degree to which the 
data is appropriate for the intended use. Because there is no perfect meas-
urement of condition, there are many variables to be considered when try-
ing to quantify the condition of a given piece of infrastructure. 

• What kind of data is available or might be collected  
• Is a measure of condition, function, or some other metric needed 
• Is the condition being used to make strategic (network level) or tactical 

(project level) decisions. 
• Is a measure needed for a failure mode, subcomponent, component, or 

system 
• How accurate must the condition rating be in order to meet the given 

need for a condition measure 
• What is the cost-benefit of creating the condition rating  

5.4.1 Condition data and condition categories 

The following four categories illustrate different levels of detail for infor-
mation within a condition rating system. They are listed from most de-
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tailed to least. This loss of detail has to be weighed against the cost of more 
detail and the impact to the end objective of using the condition measure-
ment. Note that greater detail allows more accuracy, but it does not guar-
antee accuracy. That is determined by the specifics of the rating method. 

1. Measurement – Direct measurement is the least subjective and the most 
repeatable. While measurement values can vary, they are least likely to 
vary from person to person. Some distresses such as corrosion can be diffi-
cult to measure. Others such as noise or vibration are rarely measured. 
While the correlation may not be directly one to one, measurements are 
the most likely condition rating to inform about a failure mode. 

Examples of measurements are: thickness, length, viscosity, amperage, 
force, section loss, missing bolts/rivets, leakage rate, piezometric level, 
number of pits, volume loss, displacement, temperature, etc.  

2. Measurement category – Categories might be similar to the actual 
measurements but measured or recorded within a range. In many cases 
this would allow the measurement to be “eyeballed” instead of actually 
measured. 

Examples of measurement categories are: within specification, less than 
10%, very fine <0.01, fine >0.01 and <0.04, medium >0.04 and <0.08, 
wide >0.08, less than 2-in. loss, loss exposing rebar. 

3. Individualized condition category – While the categories may not in-
clude physical measurements, the description of each category is specific 
to the item and helps create a shared mental image of the types and severi-
ty of distresses for the rated item but still more subjective than measure-
ments. Condition category ratings are shown in Table 7. 

Table 7. Individual component condition categories. 

1 Machinery has failed/ broken teeth or misaligned teeth cause failure. 
2 Teeth are worn, gears have backlash and vibrate, lubrication is low. 
3 Gears show pitting and oil discolored 
4 Minor pitting on gear teeth, but unit functions properly. 
5 Machine is in good condition and no misalignment is occurring. 
 

4. Generic condition category – Whether the categories are defined (e.g., 
excellent, good, fair, poor, failed), or the categories include more explana-
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tion, the same categories are applied to all rated items. It is likely that 
people will have varying images of both the types and the severity of the 
distresses present. Examples of generic condition categories are shown in 
Table 8. 

Table 8 - Generic condition rating scale. 

 

5.4.2 Condition category inaccuracies 

Categories also introduce another problem to data quality beside the loss 
of detail. They often capture information lacking either the appropriate 
accuracy or applicability to the question or decision to be addressed.  

Ambiguous categories 

Categories can also be ambiguous if they contain multiple conditions. Re-
ferring to the individualized condition categories of Table 7, we note that 
the categories contain multiple distresses or deficiencies. In both of these 
examples, the specific condition present is unknown. Teeth wear, lubrica-
tion level, and vibration may be related but all can occur separately or in 
any combination. These condition descriptions also lack an indication of 
severity.  

• “Teeth are worn, gears have backlash and vibrate, lubrication is low” 
o Wear, backlash, vibration, and lubrication are all correlated but 

each can occur independently. 
o How worn? How much vibration and backlash? How low? 



ERDC TR-13-16 59 

 

• “Serious deterioration in at least some portions of the structure. Func-
tion is inadequate.” 
o Deterioration and function are correlated but are more likely to be 

independent for most of the life cycle. 
o How serious? Which portion? 

Non-condition categories  

“Condition” tends to be a catchall for many things that aren’t strictly con-
dition. There is nothing wrong with this as long as there is a shared under-
standing of what is meant. While Table 8 is primarily a generic condition 
rating scale, it is ambiguous because it includes functionality as part of the 
condition category description. Another example of non-condition condi-
tion rate categories is shown in Table 9. These categories are based on 
judgment of confidence in future performance. They are reliability or de-
pendability ratings. Note that it is unclear how moderate and high level of 
confidence should be defined. While condition often indicates wear, usage, 
or deterioration, reliability ratings might show low ratings for new items of 
poor quality or for items that frequently break down for reasons other than 
condition such as overload. If these reliability ratings are used where con-
dition information is really needed, results are likely to be poor. 

Table 9. Expected performance categories 

1 Judged to have high likelihood of failure when needed with high level of confidence. 

2 Judged to not likely perform satisfactorily when needed with a moderate level of 
confidence. 

3 Moderate rating.  
4 Judged to likely perform satisfactorily when needed with a moderate level of 

confidence. 
5 Judged to perform well when needed with a high level of confidence. 

 

5.4.3 Applying condition ratings to asset hierarchical levels 

Condition ratings may also have different benefits depending on whether 
the rating is for a failure mode, a system, or some hierarchical level be-
tween. Using a condition rating made at one level for a decision at a differ-
ent level of the asset hierarchy typically results in a poor outcome.  



ERDC TR-13-16 60 

 

Condition ratings at different levels and the type of inspection needed are 
given below: 

• Condition rating of the system (visual or performance) 
• Condition rating of the component (visual) 
• Condition rating of the component (visual, measurement, and perfor-

mance) 
• Condition rating of the subcomponent (visual, measurement, and per-

formance) 
• Condition rating of the failure mode (visual, measurement, and per-

formance) 

The value of the condition rating data may vary depending on whether it is 
based on visual observation, measurements, or performance. Performance 
ratings are often referred to as functional ratings.  

5.5 Operational condition assessment  

At the start of this project, it was requested that OCA ratings be used as the 
measure of condition. As previously discussed, condition ratings can cap-
ture different aspects of condition with varying degrees of accuracy. The 
primary use of navigation OCA ratings is to assess the probability of an 
unscheduled lock shutdown due to infrastructure unavailability. This does 
not necessarily align with the condition as it relates to maintenance effec-
tiveness so it is reasonable to analyze whether the condition measures are 
appropriate for assessing maintenance effectiveness. 

The OCA navigation condition rating flowchart in Figure 28 shows the rat-
ing methodology. It is based on a series of yes/no questions resulting in 
five possible ratings. A review of the criteria for assigning these OCA rat-
ings suggests, however, that they do not provide a meaningful measure of 
condition as it would relate to maintenance. Reasons for the lack of mean-
ingful measure are given below. 

• The OCA questions include numerous factors unrelated to mainte-
nance (e.g., violates law, life safety concern, capacity, design flaw), and 
the measures of condition related to maintenance (normal wear) and 
potentially related to maintenance (e.g., imminent failure, recent ser-
vice loss, known deficiency). 

• The ratings are not only noncontinuous, but the discrete ratings also 
are based on yes/no measures that provide only a minimal number of 
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gradations. These yes/no questions do not provide sufficient detail to 
relate the condition to maintenance practices. 

• The ratings are applied at a component or sub-system level. Infor-
mation for judging maintenance effectiveness is more useful at the 
subcomponent of failure mode level. 
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Figure 28. OCA navigation condition rating flowchart (USACE n.p.). 
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6 Summary 

6.1 Conclusion 

The primary objective of this project was not met. Early in the project, it 
was learned that the maintenance records in FEM lacked the detail and 
specificity to complete the primary tasks assigned to this work. It was also 
clear that the OCA ratings did not capture appropriate information for as-
sessing maintenance effectiveness. Nonetheless, this project resulted in 
many valuable findings that can be applied to improve effectiveness within 
USACE Civil Works O&M maintenance management.  

One of the major findings was that a focus on prioritizing repairs based on 
risk of unscheduled outage results in conflicting priorities, with standard 
maintenance management practices focused on minimizing overall 
maintenance costs and as a result, likely reducing overall system condi-
tion. It is unlikely that asset availability can be optimized directly, based 
on the priority of individual work packages. Instead, it is reached by a 
properly balanced application of preventive and corrective maintenance. 

6.1.1 Maintenance Effectiveness Review 

A MER was held at New Cumberland Lock and Dam. Based on a prelimi-
nary review of job plans for a number of projects, the in-depth revision of 
the job plans at New Cumberland confirms the benefits of creating accu-
rate job plans and PM schedules. Such revisions come with a significant 
cost if applied Corps-wide, however; this cost needs to be considered in 
conjunction with the overall AM objectives and the reasons for using FEM.  

6.1.2 Condition rating 

At the start of this project, it was requested that OCA ratings be used as the 
measure of component condition. OCA ratings also are being used as one 
input for estimating user impacts. While no literature is known to verify 
the effectiveness for the second use, a review of the criteria for assigning 
these ratings suggests that OCA ratings do not provide a meaningful 
measure of condition as it would relate to maintenance. OCA ratings in-
clude numerous factors unrelated to maintenance (e.g., violates law, life 
safety concern, capacity, design flaw) and the measures of condition relat-
ed to maintenance (e.g., normal wear) and potentially related to mainte-
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nance (e.g., imminent failure, recent service loss, known deficiency) not 
only are noncontinuous, but also the discrete ratings are based on yes/no 
measures that provide minimal information regarding deterioration or in-
dication of maintenance effectiveness. 

6.1.3 FEM 

Currently FEM records contain inventory information of varying detail, 
job plans, PM schedules, and records of completed scheduled mainte-
nance. Some USACE districts and projects use FEM for additional records 
such as standing work orders, gauge monitoring, labor reporting, and in-
ventory, but these uses are limited. In these capacities, FEM is primarily 
being used as a glorified calendar and spreadsheet. Far more thought and 
development needs to be applied to FEM if USACE is to capture more than 
a small fraction of this maintenance system’s potential benefits. 

6.2 Recommendations 

In order to judge the effectiveness of maintenance applied to USACE navi-
gation locks, as well as other USACE infrastructure, there is a need for 
substantial additional capabilities. These capabilities are mostly or entirely 
inherent in use of FEM at a level that captures most of the tools benefits. 
In other words, if USACE intends to continue using FEM, these are capa-
bilities that should be implemented and used. 

In addition to the suggestions for collection of data in FEM listed in the 
subsequent sub-section, there is also an opportunity to collect data on pre-
ventative and corrective maintenance in order to better understand how 
this ration relates to failures and downtime as discussed in Section 4.3. It 
would be a substantial effort to develop this capability and collect the data.  

6.2.1 Facility Equipment Maintenance 

Whether maintenance management information of various types is cur-
rently being entered into FEM, could be entered but is not, or can’t cur-
rently be recorded in FEM, there needs to be a well-developed plan for 
how this information is going to be used, how it will benefit the Corps, how 
it is going to be ensured that the information is entered, and how it will be 
reviewed for accuracy. 
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The following items currently in FEM that the owners should review and 
revise: 

• Job plans 
• Asset hierarchies 
• Classifications 

USACE currently has job plans in FEM for most scheduled maintenance. 
The job plan tasks need to be more completely documented and revised for 
clarity. 

The following items can currently be entered in FEM but are generally not 
entered. There should be additional guidance developed at the national 
level to increase uniformity within and across projects and also to deter-
mine what data will best meet needs at local and national levels: 

• Labor 
• Materials and costs 
• Inventory 

Significant resistance to labor reporting within FEM was noted during the 
work documented in this report. It is unclear why such resistance is pre-
sent as it could be accomplished with little or no additional effort. It is 
primarily a matter of changing a business practice. The benefits of accu-
rately reporting labor within FEM to evaluating maintenance practices are 
significant. 

Assessing the benefits of using inventory capabilities within FEM is be-
yond the scope of this report but it should be explicitly considered at the 
USACE level.  

The following items that can be entered in FEM but some have no stand-
ardized input to ensure uniformity. They should be reviewed and revised 
at the national level. There is a need to not only ensure uniformity and 
consistency, but also to determine what data will best meet needs at local 
and national levels:  

• Classifications 
• Attributes 
• Failure reporting 
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• Downtime reporting 
• Condition monitoring 
• Asset prioritization 
• Work order prioritization 

Asset classification capabilities currently implemented within FEM are in-
adequate for effective use of the data collected on maintenance practices. 
Insufficient asset classification is an obstacle to effective searches of the 
collected information.  

Attributes also need to be established within FEM for many of the same 
reasons as classifications. Attributes enhance the capabilities provided by 
a robust classification system. 

USACE capabilities for estimating risk associated with infrastructure 
availability are severely limited by a lack of data useful in estimating prob-
abilities of adverse conditions. Only minimal improvements can be made 
unless the right data is systematically collected on component failures, op-
erational failures, and other causes of infrastructure unavailability. Useful 
data collection can only be accomplished through a very careful considera-
tion of what data will be most likely to predict probabilities of failures and 
downtime.  

Reporting of condition monitoring data in FEM can provide multiple ben-
efits but one in particular is as supporting data for understanding the 
causes of failures and estimating failures. 

Work order and asset prioritization may provide benefits to AM beyond 
assessing maintenance effectiveness, and their value and usage should be 
investigated further. While it may currently be too early in the develop-
ment of the USACE AM program, these tools should be considered within 
an overall plan and not ignored until the program matures. 

6.2.2 Condition rating 

If the original objective of this project—using condition as a measure of 
maintenance effectiveness—remains attractive, it can only be accom-
plished by using condition ratings at a sub-component or failure mode lev-
el. In the development of these ratings, one step should be to assess the 
desirability of developing ratings at each of those two levels. 
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Whether OCA is a useful tool for asset management generally, and more 
specifically for budget prioritization, is a question that was not addressed 
in this report but appears to be worth further investigation.  
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Appendix A: FEM Component Classifications 

The first page is the first-level classification structure, and the subsequent 
four pages comprise the lock components classification.  
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ER 37-1-30 Chp 14 App A
01 Not Used Lands and Damages

02 Not Used Relocators

03 Reservoirs Reservoirs

04 Dam Dam

05 Lock Lock

06 Fish and Wildlife Facility Fish and Wildlife Facility

07 Power Plant Power Plant

08 Roads, Railroads, and Bridges Roads, Railroads, and Bridges

09 Channels and Canals Channels and Canals

10 Breakwaters and Seawalls Breakwaters and Seawalls

11 Levees and Floodwalls Levees and Floodwalls

12
Coastal Navigation Ports and 
Harbors

Coastal Navigation Ports and 
Harbors

13 Pumping Plants Pumping Plants

14 Recreational Facilities Recreational Area

15
Floodway Control and Diversion 
Structures

Floodway Control and Diversion 
Structures

16 Bank Stabilization Bank Stabilization

17 Not Used Beach Replenishment

18 Not Used Cultural Resources

19 Buildings, Grounds and Utilities Buildings, Grounds and Utilities

20
Permanent Operating Equipment 
(Fleet)

Permanent Operating Equipment 
(Fleet)

* Blue Sections not included in 
current ER but are included in "Real 
Property Cost Feature Definitions"

FEM Classification Structure
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Notes

05 
LOCKS 05 Lock

1. Basic Lock 
Features 05-00-01 Lock, Basic Lock Features

a. Structure, excluding Timber 
Structures 05-00-01-01

Lock, Basic Lock Features, 
Structure
Lock, Basic Lock Features,  
Structurs, Lock Walls
Lock Sills and Floors
Lock Cutoff Walls
Lock Embankments
Lock Erosion Protection
Lock Other Structural Systems

b. Gates 05-00-01-02
Lock, Basic Lock Features, Lock 
Gate

Attributes: miter, lift, 
sector, tainter, roller

c. Machinery, Gate Operating 05-00-01-03
Lock, Basic Lock Features, Lock 
Gate Operating Machinery

d. Control House, separate 
from Lock Structure

Not Used, recommending 
19 - Buildings and Utilities

e. Operating Building, Concrete
Not Used, recommending 
19 - Buildings and Utilities

f. Water System 05-00-01-06
Lock, Basic Lock Features, Water 
System

g. Sewer System 05-00-01-07
Lock, Basic Lock Features, 
Sewer System

h. Heating and/or Ventilating 
System 05-00-01-08

Lock, Basic Lock Features, 
HVAC System

i. Filling and Emptying Valves 
and Operating Equipment 05-00-01-09

Lock, Basic Lock Features, Filling 
and Emptying Valves and 
Operating Equipment

j. Lighting System, excluding 
Lighting Board and Attached 
Accessory Equipment 05-00-01-10

Lock, Basic Lock Features, 
Lighting System

ER 37-1-30 Asset Classification
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l. Main Power System, 
excluding Power Boards and 
Engine Generator Sets 100-kw 
and over 05-00-01-12

Lock, Basic Lock Features, Main 
Power System

m. Stoplogs and Bulkheads 05-00-01-13
Lock, Basic Lock Features, 
Stoplogs and Bulkheads

n. Crane, Complete (excluding 
Mobile and Crawler type) 05-00-01-14 Lock, Basic Lock Features, Crane * Suggested addition to 20
o. All Components not listed 
elsewhere 05-00-01-15

Lock, Basic Lock Features, All 
other Components

2. Operating 
Buildings, 
other than 
Concrete, not 
part of Lock 
Structure, 
excluding 
Control 
Houses.

Not Used, recommending 19 - 
Buildings and Utilities

3. Radio 
towers, 80 
feet and over 05-00-03 Lock, Radio towers, 80 feet and over

4. Elevator, 
complete, with 
Operating 
Mechanism, 
excluding 
embedded 
parts 05-00-04 Lock, Elevator
5. 055 Engine 
Generator 
Set, 100-kw 
and over 05-00-05

Lock, Engine Generator Set > 
100kW
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6. 056 Main 
Power, 
Lighting and 
Control 
Boards, 
complete with 
attached 
accessories 05-00-06

Lock, Power, Lighting, and Control 
Boards

7. Air 
Compressors, 
complete, 100 
cfm and over 05-00-07 Lock, Air Compressors > 100 cfm
8. Moorage 
and Lock 
Approach 
Structures 
Guide Walls, 
Dolphins and 
other Guide 
Structures, 
timber 05-00-08

Lock, Moorage and Lock Approach 
Structures

a. Mooring Dolphins and other 
Facilities for Temporary 
Moorage Water-borne Traffic 05-00-08-01

Lock, Moorage and Lock Approach 
Structures, Mooring Dolphins & 
Other Facilities for Temporary 
Moorage

b. Bulkheads and retaining 
Walls 05-00-08-02

Lock, Moorage and Lock Approach 
Structures, Bulkheads and 
Retaining Walls

9. Roof 
Coverings, 
3,000 sq. ft. 
and over per 
building Not Used  
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10. Radio 
communicatio
ns equipment 
location 
including 
transmitter, 
receiver power 
supplies, 
auxiliary 
generators, 
batteries, 
cables, and 
antennas, but 
excluding land 
and 
improvements, 
buildings, and 
tower 80 feet 
and over

Not Used, Recommend 
adding to 20  
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Appendix B: FEM Component Hierarchy 
Examples 

This Appendix includes the hierarchies entered into FEM for Wilson Lock 
and Dam (H3WILL) and Lower Monumental Locks and Dam (G4-3N). 
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B.1. Wilson Lock and Dam 
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B.2. Lower Monumental Lock and Dam 
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Appendix C: OCA and FEM Component 
Comparisons 

The OCA critical components are compared to components listed in FEM 
for Wilson Lock and Dam and Lower Monumental Lock and Dam.  
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C.1. Wilson Lock and Dam 

KEY:  1. Feature  2. System   3. Sub-System  4. Component   5. Sub-Component 

1. Lock 

 2. Lock Filling and Empting Systems 

  3. F/E Operating Machinery 

   4. Direct Acting Cylinder (Hydraulic) 

    5. Check Valve 

    5. Connection Pin 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

   4. Bellcrank Assembly (Hydraulic or Electric) 

    5. Bell Crank 

    5. Check Valve 

    5. Connection Pin 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder – Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Electric Operating Equipment F/E Valves 

    5. Brake - Electric Elements 

    5. Electric Motor 

    5. Motor Starter (Full Voltage) 

    5. Motor Starter (Reduced Voltage) 

    5. Motor Starter (Variable Frequency) 

    5. Power Cable - Flex/Cable Trays 

    5. Power Cable - Submerged/Conduit 
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   4. Gear Drive Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Helical Gear 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 

    5. Linkage 

    5. Rack 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Sector Gear 
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    5. Spur/Pinnion Gear 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

    5. Torque Tube 

   4. Gear Drive Assembly (Hydraulic) 

    5. Check Valve 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

    5. Rack 

    5. Rack Rollers 
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    5. Sector Gear 

    5. Stem 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

    5. Torque Tube 

   4. Rope Hoist Mechanism (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Helical Gear 

    5. Right Angle Gear 
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    5. Rigid Coupling 

    5. Rope Other Material (Define) 

    5. Rope Sockets 

    5. Spur/Pinnion Gear 

    5. Strut Arm Pin 

    5. Strut Arm Spring 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Rope Hoist Mechanism (Hydraulic) 

    5. Check Valve 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 
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    5. Linkage 

    5. Rope Other Material (Define) 

    5. Rope Sockets 

    5. Sheave Guide Assembly 

    5. Strut Arm Pin 

    5. Strut Arm Spring 

    5. Wire Rope Attachment Casting 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Round Valve (Hydraulic or Electric) 

    5. Check Valve 

    5. Electric Actuator 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Rack 

    5. Rack Rollers 

    5. Sector Gear 

    5. Stem 

  3. F/E Valve Anchorages & Supports 

   4. Valve Anchorage 

    5. Corrosion  

    5. Fatigue  

  3. F/E Valves 

   4. Butterfly Valve (Horizontal Pivot) 

    5. Corrosion  

    5. Fatigue  
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   4. Butterfly Valve (Vertical Pivot) 

    5. Corrosion  

    5. Fatigue  

   4. Cylindrical Plunger Valve 

    5. Corrosion  

    5. Fatigue  

   4. Multiple Round Valve System 

    5. Round Valve Fatigue  

   4. Reverse Tainter Valve 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Valves, Tainter, Emptying, Land Wall, Primary Chamber  

   Valves, Tainter, Emptying, River Wall, Primary Cham-
ber  

   Valves, Tainter, Filling, Land Wall, Primary Chamber  

   Valves, Tainter, Filling, River Wall, Primary Chamber  

   Valves, Tainter, Supplemental Emptying, Land Wall, 
Primary Chamber  

   Valves, Tainter, Supplemental Emptying, River Wall, 
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    5. Corrosion  

    5. Fatigue  

   4. Slide Gate Valve 

    5. Corrosion  

    5. Fatigue  

   4. Stoney Gate Valve 

    5. Corrosion  

    5. Fatigue  

 2. Lock Gates & Operating Machinery 

  3. Lock Gate Anchorages & Support Features 

   4. Lift Gate Anchorage 

    5. Embedded Anchorage Assembly - Fatigue  

    5. Embedded Guides Corrosion 

Primary Chamber  

 

 

 

 

 

 

 

 

Valves, Other Items, Debris Guards, Intakes, Primary Cham-
ber 
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   4. Miter Gate Anchorage 

    5. Anchorage Bar (Parallel) - Fatigue  

    5. Anchorage Bar (Perpendicular) - Fatigue  

    5. Anchorage Pin/Wedge Pin - Fatigue  

    5. Embedded Anchorage Assembly - Fatigue  

    5. Gudgeon Pin 

    5. Link Pin - Fatigue  

   4. Roller Gate Anchorage 

    5. Embedded Anchorage Assembly - Fatigue  

    5. Embedded Frame/Guide Assembly - Corrosion  

   4. Sector Gate Anchorage 

    5. Embedded Hinge/Anchorage Assembly - Fa-
tigue  

    5. Hinge Pin - Fatigue  

    5. Hinge/Bracket Support - Corrosion  
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    5. Hinge/Bracket Support - Fatigue  

   4. Tainter Gate Anchorage 

    5. Embedded Trunnion Assembly - Fatigue  

    5. Yoke Assembly - Corrosion  

    5. Yoke Assembly - Fatigue  

  3. Lock Gate Operating Equipment 

   4. Automatic Lubrication System (AIS) 

    5. Feed and Supply Lines 

    5. Injectors 

    5. Metering Device 

    5. Operating Mechanism 

    5. Pump 

    5. Reservoir 

    5. Timer 
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   4. Chain Hoist Mechanism (Electric) 

    5. Brake - Mechanical Pads & Springs 

    5. Chain Coupling (Shackle & Pin) 

    5. Chain Roller Type 

    5. Chain - Link Type 

    5. Connecting Shaft - Rotating  

    5. Counterweights 

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Sector Gear 
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    5. Slip Clutch 

    5. Sprocket 

    5. Spur/Pinnion Gear 

   4. Direct Acting Hydraulic Cylinder 

    5. Check Valve 

    5. Connection Pin 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  
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   4. Electrical Operating Equipment (Lock Gates) 

    5. Brake - Electric Elements 

    5. Electric Motor 

    5. Motor Starter (Full Voltage) 

    5. Motor Starter (Reduced Voltage) 

    5. Motor Starter (Variable Frequency) 

    5. Power Cable - Flex/Cable Trays 

    5. Power Cable - Submerged/Conduit 

   4. Ohio River Type Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connection Pin 

    5. Gear Reducer/Parallel Gears 

    5. Gudgeon Pin 
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    5. Helical Gear 

    5. Rack 

    5. Rack Rollers 

    5. Right Angle Gear 

    5. Sector Arm 

    5. Sector Gear 

    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Ohio River Type Assembly (Hydraulic) 

    5. Check Valve 

    5. Connection Pin 

    5. Gudgeon Pin 
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    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Rack 

    5. Rack Rollers 

    5. Sector Arm 

    5. Sector Gear 

    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Packaged Direct Connected Hydraulic Cylinder 
Assembly 
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    5. Check Valve 

    5. Connection Pin 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Integrated HPU 

   4. Panama Type Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connection Pin 

    5. Gear Reducer/Parallel Gears 
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    5. Gudgeon Pin 

    5. Helical Gear 

    5. Rack 

    5. Rack Rollers 

    5. Right Angle Gear 

    5. Sector Arm 

    5. Sector Gear 

    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Rope Hoist Mechanism (Electric) 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  
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    5. Counterweights 

    5. Drum 

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Geared Sheave 

    5. Hydraulic Motor (Fixed) 

    5. Multipart Sheave 

    5. Plain Sheave 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Spur/Pinion Gear 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ER
D

C TR
-13-16 

106 

   4. Rope Hoist Mechanism (Hydraulic) 

    5. Check Valve 

    5. Counterweights 

    5. Crosshead 

    5. Crosshead Guide 

    5. Geared Sheave 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Multipart Sheave 

    5. Plain Sheave 

    5. Rope Other Material (Define) 
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    5. Sheave Guide Assembly 

    5. Wire Rope Attachment Casting 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Wire Rope Cable (Horizontal Pull) Assembly 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Drum 

    5. Gear Reducer/Parallel Gears 

    5. Geared Sheave 

    5. Multipart Sheave 

    5. Plain Sheave 

    5. Right Angle Gear 
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    5. Rope Other Material (Define) 

    5. Spur/Pinion Gear 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

  3. Lock Gate Structures 

   4. Miter Type Gate 

    5. Diagonals - Corrosion 

    5. Diagonals - Fatigue 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  

 

 

 

 

 

Primary Lock Chamber Gates 

Gates, Miter, Downstream, Primary Chamber  
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   4. Roller Type Gate 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  

   4. Sector Type Gate 

    5. Bracing/Diagonals - Corrosion  

    5. Bracing/Diagonals - Fatigue  

    5. Center Post - Corrosion  

    5. Center Post - Fatigue  

    5. Hinge Assembly - Corrosion  

    5. Hinge Assembly - Fatigue  

    5. Horizontal Trusses - Corrosion  
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    5. Horizontal Trusses - Fatigue  

    5. Skin Plate Assembly - Corrosion  

   4. Tainter Type Gate 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Left End Frame - Corrosion  

    5. Left End Frame - Fatigue  

    5. Left Hub Assembly - Corrosion  

    5. Left Hub Assembly - Fatigue  

    5. Right End Frame - Corrosion  

    5. Right End Frame - Fatigue  

    5. Right Hub Assembly - Corrosion  

    5. Right Hub Assembly - Fatigue  

    5. Skin Plate Assembly - Corrosion  
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    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  

   4. Vertical Lift Type Gate 

    5. Horizontal Trusses - Corrosion  

    5. Horizontal Trusses - Fatigue  

    5. Roller/Truck Assemblies - Fatigue  

    5. Roller/Truck Assemblies - Corrosion  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Panel - Corrosion  

    5. Vertical Panel - Fatigue  

  3. Misc Lock Gate Features 

   4. Gate Fire Suppression System 

    5. Gate Fire Protection System 

   4. Gate Latching Devices 

 

 

Gates, Lift, Upstream, Primary Chamber 
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    5. Electric Driven Operator 

    5. Gate Latching Device 

    5. Hydraulic Driven Operator 

    5. Manual Operator 

   4. Gate Seals 

    5. Seal Heater System 

    5. Seals 

    5. Seals, Other Material (Define) 

    5. Seals, Rubber 

    5. Seals, Timber 

   4. Lock Gate Cathodic Protection 

    5. Impressed Current System 

    5. Sacrificial Anodes 

   4. Lock Gate Fenders 

 

 

 

 

Gates, Other Items, Seals, Primary Chamber 
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    5. Fender Supports 

    5. Fenders Other Materials (Define) 

    5. Steel Fenders 

    5. Timber Fenders 

    5. Uhmw Fenders 

   4. Miter Guide 

    5. Guide Bracket 

    5. Miter Device 

    5. Roller(s) 

   4. Pintles 

    5. Pintle 

    5. Pintle Ball 

    5. Pintle Base & Anchorage 

    5. Pintle Casting (On Gate) 
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   4. Quoin Blocks & Other Load Blocks 

    5. Contact Blocks 

    5. Embedded Quoin Section 

    5. Quoin Blocks (On Gate) 

 2. Lock Structure 

  3. Lock Walls & Other Lock Structures 

   4. Bulkhead Sill 

    5. Deterioration  

    5. Stability  

    5. Structural  

   4. Chamber Floor 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

 

 

 

 

 

 

 

 

 

Structures, Floor System, Primary Chamber 
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    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Filling/Emptying Culverts 

    5. Deterioration  

    5. Structural  

   4. Gate Sill 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

 

 

 

 

 

 

Structures, Miter Sill, Downstream, Primary Chamber 
Structures, Miter Sill, Upstream, Primary Chamber 
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   4. Guard Sill 

    5. Deterioration  

    5. Stability  

    5. Structural  

   4. Guard Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Guide Wall 

    5. Deterioration  

Structures, Guard Sill, Downstream, Primary Chamber 
Structures, Guard Sill, Upstream, Primary Chamber 

 

 
Structures, Lock Walls, Lower Guide Wall, Primary Chamber 

 

 

 

 

 

 

 

Structures, Lock Walls, Upper Guide Wall, Primary Chamber  
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    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Landside Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

 

 

 

 

 
Structures, Lock Walls, Land Wall, Primary Chamber 
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   4. Middle/Intermediate Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Miscellaneous Paving 

    5. Curbs 

    5. Esplanade Paving 

    5. Exterior Plaza Areas 

    5. Heliport Pads 

    5. Retaining Walls 

 

 

 

 

 

 

 

 

 

 

 

 

 

Structures, Other Structural Systems, Retaining Walls 



 

 

ER
D

C TR
-13-16 

119 

    5. Sidewalks 

    5. Slope Paving 

   4. Nose Pier 

    5. Deterioration  

    5. Foundation System 

    5. Stability  

    5. Structural  

   4. Pier Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  
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    5. Structural  

   4. Riverside Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

  3. Misc Lock Features 

   4. Docks, Wharfs and Lock Mooring Facilities 

    5. Fixed Dock 

    5. Floating Dock 

    5. Mooring Features 

 

Structures, Lock Walls, River Wall, Primary Chamber 
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    5. Paved Boat Ramp 

    5. Safe Harbors 

    5. Unpaved Boat Ramp 

    5. Wharfs & Bulkheads 

   4. Elevator 

    5. Elevator Car & Structure 

    5. Elevator Controls 

    5. Elevator Hoisting Equipment 

   4. Fish & Wildlife Protection Features 

    5. Fish Barriers 

    5. Fish Deterrent Systems 

    5. Fish Diversion Structures 

    5. Fish Ladders 

    5. Manatee Barriers 

 

 

 

 

Miscellaneous Systems, Elevator 

Miscellaneous Systems, Elevator, Cars And Equipment 

Miscellaneous Systems, Elevator, Power And Controls 

 

 

 

 

 

 

 



 

 

ER
D

C TR
-13-16 

122 

    5. Other Wildlife Barriers 

   4. Guide Rail, Roads, and Parking Areas 

    5. Guide Rail, Parking Areas 

    5. Guide Rail, Roadways 

   4. Jib Cranes, Davits & Light Hoists 

    5. Davit 

    5. Jib Crane 

    5. Light Hoist 

   4. Lock Access Road 

    5. Drainage Systems 

    5. Embankment 

 

    5. Guide Rail, Parking Areas 

    5. Guide Rail, Roadways 

 

 

 

 

 

 

 

 

 

 

Structures, Embankments, Downstream Approach 
Structures, Embankments, Upstream Approach  
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    5. Paving 

   4. Lock Approach Clearance 

    5. Obstructions 

    5. Shoaling 

   4. Lock Chamber Clearance 

    5. Debris Accumulation 

    5. Obstructions 

   4. Lock Parking Area 

    5. Drainage Systems 

    5. Embankment 

    5. Paving 

   4. Saltwater Control Systems 

    5. Air System Features 

    5. Barriers and Gates 
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    5. By-Pass (Diversion) Conduits 

    5. Circulation Conduits 

    5. Electric Power 

    5. Hydraulic Power 

    5. Machinery 

    5. Machinery Houses 

    5. Operating Controls 

    5. Pump & Machinery Controls 

    5. Pumps 

   4. Shoreline Erosion Protection 

 

 

 

    5. Armor Stone 

 

 

 

 

 

 

 

 

 

Structures, Erosion Protection, Downstream Approach, Pri-
mary Chamber  
Structures, Erosion Protection, Upstream Approach, Primary 
Chamber  
Structures, Erosion Protection, Downstream, Landside Em-
bankment  
Structures, Erosion Protection, Downstream, River Wall 
Structures, Erosion Protection, Upstream, Landside Embank-
ment  
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    5. Bedding & Fill Layers 

    5. Filter Layer 

   4. Stairs, Walkways & Work Platforms 

    5. Paved Walkways 

    5. Stairways, Concrete 

    5. Stairways, Steel 

    5. Work Platforms 

  3. Misc Lock Wall Features 

   4. Bulkhead Slot Fillers 

    5. Corrosion/Deterioration 

    5. Damage/Loss 

   4. Debris Screens, Culvert Ports 

    5. Damage/Loss 

   4. Emergency Gate Screens/Slot Fillers/Protectors 
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    5. Corrosion/Deterioration 

    5. Damage/Loss 

   4. Grating/Cover Plates 

    5. Aluminum Cover Plates 

    5. Aluminum Grating 

    5. Concrete Cover Plates 

    5. Steel Cover Plates 

    5. Steel Grating 

   4. Handrailing & Safety Rail 

    5. Aluminum Pipe Post & Rail 

    5. Steel Pipe Post & Rail 

    5. Wire Rope with Post 

   4. Ladders 

    5. Aluminum Ladder 
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    5. Steel Ladder 

    5. Steel Rungs in Recess 

   4. Trash Racks, Culvert Intakes 

    5. Damage/Loss 

   4. Utility Crossovers/Tunnels 

    5. Infiltration 

   4. Wall Armor/Fenders 

    5. Corrosion/Deterioration 

    5. Damage/Loss 

 2. Navigational Aids & Auxiliary Facilities 

  3. Mooring Facilities 

   4. Mooring Facilities 

    5. Mooring Buoy No. 01 

    5. Mooring Dolphin/Mooring Pier No. 01 
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    5. Mooring Buoy No. 2 

    5. Mooring Buoy No. 3 

    5. Mooring Buoy No. 4 

    5. Mooring Buoy No. 5 

    5. Mooring Cell No. 01 

    5. Mooring Cell No. 2 

    5. Mooring Cell No. 3 

    5. Mooring Cell No. 4 

    5. Mooring Cell No. 5 

    5. Mooring Dolphin/Mooring Pier No. 2 

    5. Mooring Dolphin/Mooring Pier No. 3 

    5. Mooring Dolphin/Mooring Pier No. 4 

    5. Mooring Dolphin/Mooring Pier No. 5 

  3. Navigation Aides 
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    4. Flow Control Features 

    5. Exposed Training Dikes 

    5. Other Flow Control Aides 

    5. Shuttered Guard Walls 

    5. Submerged Training Dikes 

    5. Wing Dams 

   4. Navigation Aides 

    5. Air Horns/Audible Signal System 

    5. Air Tuggers 

    5. Bollards & Deadmen 

    5. Capstans 

    5. Check Posts 

    5. Fender Collision Boom (Incl. Equipment) 

    5. Floating Mooring Bits 

 

 

 

 

 

 

 

 

 

 

 

 

 

Structures, Navigation Aides, Floating Mooring Bits, Primary 
Chamber 
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    5. Tow Haulage System 

    5. Traffic Signal System 

Structures, Navigation Aides, Tow Haulage Systems, Primary 
Chamber 
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C.2. Lower Monumental Lock and Dam 

 

1. Lock 

 2. Lock Filling and Empting Systems 

  3. F/E Operating Machinery 

   4. Direct Acting Cylinder (Hydraulic) 

    5. Check Valve 

    5. Connection Pin 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

   4. Bellcrank Assembly (Hydraulic or Electric) 

    5. Bell Crank 

    5. Check Valve 

    5. Connection Pin 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Electric Operating Equipment F/E Valves 

    5. Brake - Electric Elements 

    5. Electric Motor 

    5. Motor Starter (Full Voltage) 

    5. Motor Starter (Reduced Voltage) 

    5. Motor Starter (Variable Frequency) 

    5. Power Cable - Flex/Cable Trays 

    5. Power Cable - Submerged/Conduit 
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   4. Gear Drive Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Helical Gear 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 

    5. Linkage 

    5. Rack 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Sector Gear 
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    5. Spur/Pinnion Gear 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

    5. Torque Tube 

   4. Gear Drive Assembly (Hydraulic) 

    5. Check Valve 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Linkage 

    5. Rack 

    5. Rack Rollers 
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    5. Sector Gear 

    5. Stem 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

    5. Torque Tube 

   4. Rope Hoist Mechanism (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Helical Gear 

    5. Right Angle Gear 
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    5. Rigid Coupling 

    5. Rope Other Material (Define) 

    5. Rope Sockets 

    5. Spur/Pinnion Gear 

    5. Strut Arm Pin 

    5. Strut Arm Spring 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Rope Hoist Mechanism (Hydraulic) 

    5. Check Valve 

    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 
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    5. Linkage 

    5. Rope Other Material (Define) 

    5. Rope Sockets 

    5. Sheave Guide Assembly 

    5. Strut Arm Pin 

    5. Strut Arm Spring 

    5. Wire Rope Attachment Casting 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Round Valve (Hydraulic or Electric) 

    5. Check Valve 

    5. Electric Actuator 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Chrome/Stainless 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Rack 

    5. Rack Rollers 

    5. Sector Gear 

    5. Stem 

  3. F/E Valve Anchorages & Supports 

   4. Valve Anchorage 

    5. Corrosion  

    5. Fatigue  

  3. F/E Valves 

   4. Butterfly Valve (Horizontal Pivot) 

    5. Corrosion  

    5. Fatigue  
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   4. Butterfly Valve (Vertical Pivot) 

    5. Corrosion  

    5. Fatigue  

   4. Cylindrical Plunger Valve 

    5. Corrosion  

    5. Fatigue  

   4. Multiple Round Valve System 

    5. Round Valve Fatigue  

   4. Reverse Tainter Valve 

    5. Corrosion  

    5. Fatigue  

   4. Slide Gate Valve 

    5. Corrosion  

    5. Fatigue  
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   4. Stoney Gate Valve 

    5. Corrosion  

    5. Fatigue  

 2. Lock Gates & Operating Machinery 

  3. Lock Gate Anchorages & Support Features 

   4. Lift Gate Anchorage 

    5. Embedded Anchorage Assembly - Fatigue  

    5. Embedded Guides Corrosion 

   4. Miter Gate Anchorage 

    5. Anchorage Bar (Parallel) - Fatigue  

    5. Anchorage Bar (Perpendicular) - Fatigue  

    5. Anchorage Pin/Wedge Pin - Fatigue  

    5. Embedded Anchorage Assembly - Fatigue  

    5. Gudgeon Pin 
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    5. Link Pin - Fatigue  

   4. Roller Gate Anchorage 

    5. Embedded Anchorage Assembly - Fatigue  

    5. Embedded Frame/Guide Assembly - Corrosion  

   4. Sector Gate Anchorage 

    5. Embedded Hinge/Anchorage Assembly - Fatigue  

    5. Hinge Pin - Fatigue  

    5. Hinge/Bracket Support - Corrosion  

    5. Hinge/Bracket Support - Fatigue  

   4. Tainter Gate Anchorage 

    5. Embedded Trunnion Assembly - Fatigue  

    5. Yoke Assembly - Corrosion  

    5. Yoke Assembly - Fatigue  

  3. Lock Gate Operating Equipment 
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   4. Automatic Lubrication System (AIS) 

    5. Feed and Supply Lines 

    5. Injectors 

    5. Metering Device 

    5. Operating Mechanism 

    5. Pump 

    5. Reservoir 

    5. Timer 

   4. Chain Hoist Mechanism (Electric) 

    5. Brake - Mechanical Pads & Springs 

    5. Chain Coupling (Shackle & Pin) 

    5. Chain Roller Type 

    5. Chain - Link Type 

    5. Connecting Shaft - Rotating  
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    5. Counterweights 

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Hydraulic Motor (Fixed) 

    5. Hydraulic Motor (Variable) 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Sector Gear 

    5. Slip Clutch 

    5. Sprocket 

    5. Spur/Pinnion Gear 

   4. Direct Acting Hydraulic Cylinder 

    5. Check Valve 

    5. Connection Pin 
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    5. Crosshead 

    5. Crosshead Guide 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

   4. Electrical Operating Equipment (Lock Gates) 

    5. Brake - Electric Elements 

    5. Electric Motor 

    5. Motor Starter (Full Voltage) 

    5. Motor Starter (Reduced Voltage) 

    5. Motor Starter (Variable Frequency) 
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    5. Power Cable - Flex/Cable Trays 

    5. Power Cable - Submerged/Conduit 

   4. Ohio River Type Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connection Pin 

    5. Gear Reducer/Parallel Gears 

    5. Gudgeon Pin 

    5. Helical Gear 

    5. Rack 

    5. Rack Rollers 

    5. Right Angle Gear 

    5. Sector Arm 

    5. Sector Gear 
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    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Ohio River Type Assembly (Hydraulic) 

    5. Check Valve 

    5. Connection Pin 

    5. Gudgeon Pin 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Rack 
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    5. Rack Rollers 

    5. Sector Arm 

    5. Sector Gear 

    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Packaged Direct Connected Hydraulic Cylinder As-
sembly 

    5. Check Valve 

    5. Connection Pin 

    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Hosing - Flexible 
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    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Integrated HPU 

   4. Panama Type Assembly (Electric) 

    5. Bevel Gear 

    5. Brake - Mechanical Pads & Springs 

    5. Connection Pin 

    5. Gear Reducer/Parallel Gears 

    5. Gudgeon Pin 

    5. Helical Gear 

    5. Rack 

    5. Rack Rollers 

    5. Right Angle Gear 

    5. Sector Arm 
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    5. Sector Gear 

    5. Sector Pin 

    5. Strut Arm Pin 

    5. Strut Arm, Rigid 

    5. Strut Arm Spring 

   4. Rope Hoist Mechanism (Electric) 

    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Counterweights 

    5. Drum 

    5. Flexible Coupling 

    5. Gear Reducer/Parallel Gears 

    5. Geared Sheave 

    5. Hydraulic Motor (Fixed) 
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    5. Multipart Sheave 

    5. Plain Sheave 

    5. Right Angle Gear 

    5. Rigid Coupling 

    5. Spur/Pinnion Gear 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Rope Hoist Mechanism (Hydraulic) 

    5. Check Valve 

    5. Counterweights 

    5. Crosshead 

    5. Crosshead Guide 

    5. Geared Sheave 
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    5. Hydraulic Cylinder Support 

    5. Hydraulic Cylinder - Ceramic 

    5. Hydraulic Cylinder - Chrome/Stainless 

    5. Hydraulic Piping - Carbon Steel 

    5. Hydraulic Piping - Stainless Steel  

    5. Multipart Sheave 

    5. Plain Sheave 

    5. Rope Other Material (Define) 

    5. Sheave Guide Assembly 

    5. Wire Rope Attachment Casting 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

   4. Wire Rope Cable (Horizontal Pull) Assembly 
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    5. Brake - Mechanical Pads & Springs 

    5. Connecting Shaft - Rotating  

    5. Drum 

    5. Gear Reducer/Parallel Gears 

    5. Geared Sheave 

    5. Multipart Sheave 

    5. Plain Sheave 

    5. Right Angle Gear 

    5. Rope Other Material (Define) 

    5. Spur/Pinnion Gear 

    5. Wire Rope Coupling 

    5. Wire Rope - Carbon Steel 

    5. Wire Rope - Stainless Steel 

  3. Lock Gate Structures 
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   4. Miter Type Gate 

    5. Diagonals - Corrosion 

    5. Diagonals - Fatigue 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  

   4. Roller Type Gate 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  
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   4. Sector Type Gate 

    5. Bracing/Diagonals - Corrosion  

    5. Bracing/Diagonals - Fatigue  

    5. Center Post - Corrosion  

    5. Center Post - Fatigue  

    5. Hinge Assembly - Corrosion  

    5. Hinge Assembly - Fatigue  

    5. Horizontal Trusses - Corrosion  

    5. Horizontal Trusses - Fatigue  

    5. Skin Plate Assembly - Corrosion  

   4. Tainter Type Gate 

    5. Horizontal Girders - Corrosion  

    5. Horizontal Girders - Fatigue  

    5. Left End Frame - Corrosion  
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    5. Left End Frame - Fatigue  

    5. Left Hub Assembly - Corrosion  

    5. Left Hub Assembly - Fatigue  

    5. Right End Frame - Corrosion  

    5. Right End Frame - Fatigue  

    5. Right Hub Assembly - Corrosion  

    5. Right Hub Assembly - Fatigue  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Girders - Corrosion  

    5. Vertical Girders - Fatigue  

   4. Vertical Lift Type Gate 

    5. Horizontal Trusses - Corrosion  

    5. Horizontal Trusses - Fatigue  

    5. Roller/Truck Assemblies - Fatigue  
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    5. Roller/Truck Assemblies - Corrosion  

    5. Skin Plate Assembly - Corrosion  

    5. Vertical Panel - Corrosion  

    5. Vertical Panel - Fatigue  

  3. Misc Lock Gate Features 

   4. Gate Fire Suppression System 

    5. Gate Fire Protection System 

   4. Gate Latching Devices 

    5. Electric Driven Operator 

    5. Gate Latching Device 

    5. Hydraulic Driven Operator 

    5. Manual Operator 

   4. Gate Seals 

    5. Seal Heater System 
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    5. Seals 

    5. Seals, Other Material (Define) 

    5. Seals, Rubber 

    5. Seals, Timber 

   4. Lock Gate Cathodic Protection 

    5. Impressed Current System 

    5. Sacrificial Anodes 

   4. Lock Gate Fenders 

    5. Fender Supports 

    5. Fenders Other Materials (Define) 

    5. Steel Fenders 

    5. Timber Fenders 

    5. Uhmw Fenders 

   4. Miter Guide 
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    5. Guide Bracket 

    5. Miter Device 

    5. Roller(s) 

   4. Pintles 

    5. Pintle 

    5. Pintle Ball 

    5. Pintle Base & Anchorage 

    5. Pintle Casting (On Gate) 

   4. Quoin Blocks & Other Load Blocks 

    5. Contact Blocks 

    5. Embedded Quoin Section 

    5. Quoin Blocks (On Gate) 

 2. Lock Structure 

  3. Lock Walls & Other Lock Structures 
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   4. Bulkhead Sill 

    5. Deterioration  

    5. Stability  

    5. Structural  

   4. Chamber Floor 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Filling/Emptying Culverts 

    5. Deterioration  

    5. Structural  
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   4. Gate Sill 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Guard Sill 

    5. Deterioration  

    5. Stability  

    5. Structural  

   4. Guard Wall 

    5. Deterioration  
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    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Guide Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  
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   4. Landside Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Middle/Intermediate Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 
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    5. Stability  

    5. Structural  

   4. Miscellaneous Paving 

    5. Curbs 

    5. Esplanade Paving 

    5. Exterior Plaza Areas 

    5. Heliport Pads 

    5. Retaining Walls 

    5. Sidewalks 

    5. Slope Paving 

   4. Nose Pier 

    5. Deterioration  

    5. Foundation System 

    5. Stability  
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    5. Structural  

   4. Pier Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 

    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

   4. Riverside Wall 

    5. Deterioration  

    5. Foundation Drainage System 

    5. Foundation Pressure Relief System 

    5. Foundation System 
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    5. Seepage Cutoff System 

    5. Stability  

    5. Structural  

  3. Misc Lock Features 

   4. Docks, Wharfs and Lock Mooring Facilities 

    5. Fixed Dock 

    5. Floating Dock 

    5. Mooring Features 

    5. Paved Boat Ramp 

    5. Safe Harbors 

    5. Unpaved Boat Ramp 

    5. Wharfs & Bulkheads 

   4. Elevator 

    5. Elevator Car & Structure 
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    5. Elevator Controls 

    5. Elevator Hoisting Equipment 

   4. Fish & Wildlife Protection Features 

    5. Fish Barriers 

    5. Fish Deterrent Systems 

    5. Fish Diversion Structures 

    5. Fish Ladders 

    5. Manatee Barriers 

    5. Other Wildlife Barriers 

   4. Guide Rail, Roads, and Parking Areas 

    5. Guide Rail, Parking Areas 

    5. Guide Rail, Roadways 

   4. Jib Cranes, Davits & Light Hoists 

    5. Davit 
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    5. Jib Crane 

    5. Light Hoist 

   4. Lock Access Road 

    5. Drainage Systems 

    5. Embankment 

    5. Guide Rail, Parking Areas 

    5. Guide Rail, Roadways 

    5. Paving 

   4. Lock Approach Clearance 

    5. Obstructions 

    5. Shoaling 

   4. Lock Chamber Clearance 

    5. Debris Accumulation 

    5. Obstructions 
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   4. Lock Parking Area 

    5. Drainage Systems 

    5. Embankment 

    5. Paving 

   4. Saltwater Control Systems 

    5. Air System Features 

    5. Barriers and Gates 

    5. By-Pass (Diversion) Conduits 

    5. Circulation Conduits 

    5. Electric Power 

    5. Hydraulic Power 

    5. Machinery 

    5. Machinery Houses 

    5. Operating Controls 
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    5. Pump & Machinery Controls 

    5. Pumps 

   4. Shoreline Erosion Protection 

    5. Armor Stone 

    5. Bedding & Fill Layers 

    5. Filter Layer 

   4. Stairs, Walkways & Work Platforms 

    5. Paved Walkways 

    5. Stairways, Concrete 

    5. Stairways, Steel 

    5. Work Platforms 

  3. Misc Lock Wall Features 

   4. Bulkhead Slot Fillers 

 

 

 

 

 

 

 

 

 

 

 

 

 

   FLOATING BULKHEADS UNWATERING PUMP #1  

    MOTOR CONTROLLER  
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    5. Corrosion/Deterioration 

   FLOATING BULKHEADS UNWATERING PUMP #2  

    MOTOR CONTROLLER  

   FLOATING BULKHEADS UNWATERING PUMP #3  

    MOTOR CONTROLLER  

   FLOATING BULKHEADS UNWATERING PUMP #4  

    MOTOR CONTROLLER  

 FILL/EMPTYING VALVE BULKHEADS  

  LOCK EMPTYING VALVE BULKHEAD  

   LOCK EMPTYING VALVE BULKHEAD V2  

   LOCK EMPTYING VALVE BULKHEAD V1  

  LOCK FILL VALVE BULKHEAD  

   LOCK FILL VALVE BULKHEAD V3  

   LOCK FILL VALVE BULKHEAD V4  
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    5. Damage/Loss 

   4. Debris Screens, Culvert Ports 

    5. Damage/Loss 

   4. Emergency Gate Screens/Slot Fillers/Protectors 

    5. Corrosion/Deterioration 

    5. Damage/Loss 

   4. Grating/Cover Plates 

    5. Aluminum Cover Plates 

    5. Aluminum Grating 

    5. Concrete Cover Plates 

    5. Steel Cover Plates 

    5. Steel Grating 

   4. Handrailing & Safety Rail 

    5. Aluminum Pipe Post & Rail 
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    5. Steel Pipe Post & Rail 

    5. Wire Rope with Post 

   4. Ladders 

    5. Aluminum Ladder 

    5. Steel Ladder 

    5. Steel Rungs in Recess 

   4. Trash Racks, Culvert Intakes 

    5. Damage/Loss 

   4. Utility Crossovers/Tunnels 

    5. Infiltration 

   4. Wall Armor/Fenders 

    5. Corrosion/Deterioration 

    5. Damage/Loss 

 2. Navigational Aids & Auxiliary Facilities 
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  3. Mooring Facilities 

   4. Mooring Facilities 

    5. Mooring Buoy No. 01 

    5. Mooring Dolphin/Mooring Pier No. 01 

    5. Mooring Buoy No. 2 

    5. Mooring Buoy No. 3 

    5. Mooring Buoy No. 4 

    5. Mooring Buoy No. 5 

    5. Mooring Cell No. 01 

    5. Mooring Cell No. 2 

    5. Mooring Cell No. 3 

    5. Mooring Cell No. 4 

    5. Mooring Cell No. 5 

    5. Mooring Dolphin/Mooring Pier No. 2 
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    5. Mooring Dolphin/Mooring Pier No. 3 

    5. Mooring Dolphin/Mooring Pier No. 4 

    5. Mooring Dolphin/Mooring Pier No. 5 

  3. Navigation Aides 

    4. Flow Control Features 

    5. Exposed Training Dikes 

    5. Other Flow Control Aides 

    5. Shuttered Guard Walls 

    5. Submerged Training Dikes 

    5. Wing Dams 

   4. Navigation Aides 

    5. Air Horns/Audible Signal System 

    5. Air Tuggers 

    5. Bollards & Deadmen 
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    5. Capstans 

    5. Check Posts 

    5. Fender Collision Boom (Incl. Equipment) 

    5. Floating Mooring Bits 

    5. Tow Haulage System 

    5. Traffic Signal System 
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Appendix D: FEM Job Plans 

Job plans for Bayou Sorrel, Lower Mountain Lock and Dam, and New 
Cumberland Lock and Dam are given in this appendix. 
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D.1. Bayou Sorrel 



ERDC/CERL TR-13-15 179 

 



ERDC/CERL TR-13-15 180 

 



ERDC/CERL TR-13-15 181 

 



ERDC/CERL TR-13-15 182 

 



ERDC/CERL TR-13-15 183 

 



ERDC/CERL TR-13-15 184 

 



ERDC/CERL TR-13-15 185 

 



ERDC/CERL TR-13-15 186 

 



ERDC/CERL TR-13-15 187 

 



ERDC/CERL TR-13-15 188 

 



ERDC/CERL TR-13-15 189 

 



ERDC/CERL TR-13-15 190 

 



ERDC/CERL TR-13-15 191 

 



ERDC/CERL TR-13-15 192 

 



ERDC/CERL TR-13-15 193 

 



ERDC/CERL TR-13-15 194 

 



ERDC/CERL TR-13-15 195 

 



ERDC/CERL TR-13-15 196 

 



ERDC/CERL TR-13-15 197 

 



ERDC/CERL TR-13-15 198 

 



ERDC/CERL TR-13-15 199 

 



ERDC/CERL TR-13-15 200 

 



ERDC/CERL TR-13-15 201 

 



ERDC/CERL TR-13-15 202 

 

D.2. Lower Monumental Lock and Dam 
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D.3. New Cumberland Lock and Dam 
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