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1 Introduction

1.1 Location

The Lindy Claiborne Boggs Lock and Dam facility is located in Catahoula
Parish, LA, about 5 miles north of the town of Brouillette. The lock and dam
complex is positioned in a 1.7-mile (2.7-km)-long cutoff on the J. Bennett
Johnston Waterway between 1967 river miles 42.6 and 51.6. This location is
approximately 9 miles (14 km) upstream from the confluence of the Red and
Black Rivers. '

1.2 Problem Description

The Lindy Claiborne Boggs Lock and Dam is designed to facilitate naviga-
tion along the J. Bennett Johnson Waterway between the Mississippi River and
Shreveport, LA. Construction of the lock and dam was completed in 1984. A
schematic representation of the existing site plan is given as Figure 1, and
annotated photographs of the site are provided as Figure 2.

To accommodate the large fluctuation of water levels, floating guide walls
upstream and downstream of the lock were incorporated into the plans
(U.S. Army Engineer District, Vicksburg 1999). To retain the riverside lock wall
backfill, a concrete “T-wall” was constructed for a distance of 130 ft (approxi-
mately 40 m) perpendicular to the lock on the downstream end. Anticipating that
sediment would deposit in the navigation channel underneath the downstream
floating guide wall, provisions were provided in the original plans in the form of
an earthen dike and a composite “I-wall” (steel sheetpiling and concrete wall) on
top of the dike. The I-wall was connected to the T-wall and continued 130 ft
offset from and parallel to the floating guide wall for 1,100 ft (335 m). The
purpose of the dike and I-wall was to divert the flow and sediment from the
floating guide wall and the navigation channel, thus providing a slack-water lock
approach channel.

After service began in 1984, the T-wall and the I-wall were inundated and
sediment began accumulating beneath the downstream floating guide wall, within
the concrete lock monoliths, and in the navigation channel and lock approach. As
potential remedy for this problem, the height of the sediment barrier walls was
increased from elevation (el) 38.0 to el 55.0.

! All elevations (el) cited herein are in feet referenced to the National Geodetic Vertical Datum.
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Figure 1. Schematic of existing site (not to scale)

An angled timber wall was constructed upstream of the T-wall, and the I-wall
was modified by constructing a timber wall on top of it. These timber walls were
completed in 1986. The angled timber wall extends 30 ft (9 m) from the end of
the T-wall upstream and parallel to the lock wall, and then 135 ft (41 m) back to
the lock wall on a 24-deg skew angle. The timber curtain wall constructed on top
of the I-wall measured 398 ft (121 m) from the intersection with the T-wall. The
timber wall is supported by a steel H-pile A-frame structure.

After this measure showed that a timber barrier wall could reduce the amount
of deposit of sediment within the lock chamber, beneath the floating guide wall,
and within the lock approach channel, the timber wall on top of the I-wall was
extended an additional 504 ft (154 m) farther downstream. The extended timber
wall (completed in 1988) has proven to be somewhat more effective in reducing
the accumulation of sediment, although sedimentation continues to be a problem.
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Figure 2. Annotated photographs of existing site
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Dredging has been required on an annual or semi-annual basis to remove
sediment from beneath the floating guide wall. The barrier has reduced the
amount of sediment deposited in the lower lock approach. However, the lower
floating guide wall is still removed yearly or semi-annually for sediment removal
from beneath the lower pontoons. Pontoon removal has resulted in minor damage
to the pontoons. With the guide wall removed, damage can occur from barge
impacts on the end of the lock approach wall adjacent to the location of the guide
wall.

4 Chapter 1 Introduction



2 Design-lmpfovement
Alternatives for the Lower
Lock Approach

2.1 Description of Alternatives

Michael Baker, Inc., conducted a lower lock approach sediment control study
consisting of six alternatives for solving the sedimentation problem. This study
involved performing preliminary engineering design on each of the six alterna-
tives and obtaining costs and benefits with associated uncertainties and risks. Of
the six alternatives, the Corps considered two viable and worthy of further
investigation. The two viable alternatives were expanded into three alternatives
for further investigation and preliminary design. Neel-Schaffer, Inc., examined
the three alternatives and performed design analyses on each alternative pro-
posing to solve or reduce the sedimentation. Three alternatives were assessed,
based on costs and benefits with associated uncertainties and risks, to select the
best design improvement.

The proposed alternatives to the sedimentation problem are listed below.

a. Remove the timber barrier, concrete I-wall, and dike and build a fixed
guide wall.

b. Remove the timber barrier and the concrete I-wall and build a fixed
guide wall.

c. Extend the existing timber barrier downstream an additional 400 ft
(122 m), replace the timber wall with concrete panels, and encase the
steel H-pile support frames in concrete.

2.1.1 Alternative A: New Fixed Guide Wall with Dike Removal

The existing floating guide wall pontoons will be removed and disposed of,
and a new cast-in-place guide wall will be constructed. The foundation and the
lower part of this fixed guide wall will consist of a sheet-pile cell and pile-
supported cast-in-place concrete footing. The new guide wall will be constructed
to the same elevation as that of the lock walls and to the same length as the
existing floating guide wall. The existing timber curtain walls, concrete I-wall,

Chapter 2 Design-Improvement Alternatives for the Lower Lock Approach



earthen dike, and a portion of the T-wall will be removed and disposed of. The
backfill on the riverside of the guide wall will match the slope of the lock wall
backfill and will taper to no backfill at the downstream end of the guide wall. A
new dock dike extending 400 ft (122 m) downstream from the new fixed guide
wall shall be constructed. All excess material from the dike will be relocated to
the left descending bank of the downstream lock approach channel to construct a
navigation channel width of 115 ft (35 m), measured from the guide wall to the
toe of the left descending bank. This width is consistent with the width at
Richard B. Russell Lock and Dam (formerly Lock and Dam No. 4) on the

J. Bennett Johnston Waterway.

2.1.2 Alternative B: New Fixed Guide Wall with Retention of Dike

The existing floating guide wall pontoons will be removed and disposed of,
and a new cast-in-place guide wall will be constructed. The foundation and the
lower part of this fixed guide wall will consist of a sheet-pile cell and pile-
supported cast-in-place concrete footing. The new guide wall will be constructed
to the same elevation as that of the lock walls and to the same length as the
existing floating guide wall. The existing timber curtain walls, concrete [-wall,
and a portion of the T-wall will be removed and disposed of. The existing dike
will remain in place. The backfill on the riverside of the guide wall will match
the top elevation of the existing dike until the end of the guide wall is reached,
where the backfill between the existing dike and the guide wall will taper to no
backfill at the downstream end of the guide wall. The left descending bank of the
downstream lock approach channel will be filled in with suitable material to
construct a navigation channel width of 115 ft (35 m), measured from the guide
wall to the toe of the left descending bank. This width is consistent with the
width at Russell B. Long Lock and Dam.

2.1.1 Alternative C: Barrier Extension and Use of Concrete Panels

The timber barrier wall (including the angled timber wall) will be removed,
disposed of, and replaced with solid precast concrete wall panels. This alternative
will require constructing a new T-wall along the limits of the existing angled
wall. New structural steel framing members will be used to attach the new
concrete panels to the existing steel H-pile A-frame structure. The new concrete
panels will be built to the same elevation as that of the existing timber walls
(el 55.0) and will be extended to the end of the existing I-wall (sta 20+15L). A
new section, including new concrete wall panels and supporting H-pile A-frame
structures, will be constructed approximately 200 ft (61 m) farther downstream to
sta 22+16.65L. The dike will also be built up to el 24.25 for approximately 200 ft
downstream. The steel H-piles will be cleaned of any foreign materials (existing
piles only), repaired as necessary (existing piles only), and concrete encased.
Other items of work to be completed in this alternative include excavating the
downstream lock approach channel to el -7.0 and excavating the silt on the dike
to its original as-built shape and condition.

2.2 Assessment of the Alternatives

Over the past 4 years, an average of approximately 310,000 cu yd
(237,000 cu m) of silt has been removed annually from the lower lock approach
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channel at Lindy Claiborne Boggs Lock and Dam. The proposed improvements
to control this sedimentation defined in the three alternatives above include the
removal of the timber curtain walls and concrete I-wall and the construction of a
new sheet-pile cell/cast-in-place concrete guide wall to serve as a sediment
barrier. Neel-Schaffer, Inc., assessed these alternatives as summarized below.

2.2.1 Alternative A: New Fixed Guide Wall with Dike Removal

Removing the dike would allow water passing through the dam gates to more
nearly flow in a straight line, thereby reducing the crosscurrents that help carry
sediment into the lock approach channel. Based upon dredging results at other
installations that employ a guide wall system similar to the proposed system,
annual dredging requirements would be approximately 50,000 cu yd
(38,000 cu m). This accumulation of sediment could be maintained by main-
tenance dredging and would not impede barge traffic.

The construction phase of the proposed improvements using the sheet-pile
cell foundation would be simplified in that dewatering would not be necessary.
The lock approach channel would likely be encroached to some extent during
construction but would be kept to an acceptable encroachment of 42 ft (13 m) or
half the width of the lock. All excess material from the dike would be relocated
to the left descending bank of the downstream lock approach channel. A naviga-
tion channel width of 115 ft (35 m) would be maintained through the downstream
lock approach, measured from the guide wall to the toe of the left descending
bank. -

The total cost of the proposed improvements needs to be estimated, but is not
yet available. Also, the construction cost and the present worth of dredging cost
need to be estimated. The proposed improvements are assumed to incur no main-
tenance costs over the 50-year service life of the lock and dam, except for the
periodic inspection costs incurred every 5 years. The construction cost should
include the removal and disposal of the existing timber walls, concrete T-wall,
and floating pontoons.

2.2.2 Alternative B: New Fixed Guide Wall with Retention of Dike

By allowing the dike to remain at el 24.25 to provide a low-water sedimenta-
tion barrier and constructing the fixed guide wall, annual dredging requirements
are estimated to be approximately 50,000 cu yd (38,000 cu m). This accumula-
tion of sediment could be maintained by maintenance dredging and would not
impede barge traffic.

The construction phase of the proposed improvements using the sheet-pile
cell foundation would be simplified in that dewatering would not be necessary.
The lock approach channel would likely be encroached to some extent during
construction but would be kept to an acceptable encroachment of 42 ft (13 m) or
half the width of the lock. A navigation channel width of 240 ft (73 m) would be
maintained through the downstream lock approach, measured from the guide
wall to the toe of the left descending bank.
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The total cost of the proposed improvements needs to be estimated but is not
yet available. Also, the construction cost and the present worth of dredging cost
need to be estimated. The proposed improvements are assumed to incur no
maintenance costs over the 50-year service life of the lock and dam, except for
the periodic inspection costs incurred every 5 years. The construction cost should
include the removal and disposal of the existing timber walls, concrete T-wall,
and floating pontoons.

2.2.3 Alternative C: Barrier Extension and Use of Concrete Panels

This alternative controls the sedimentation by replacing the existing timber
walls with precast concrete panels and a 400-ft (122-m) extension of the wall. By
extending the wall 400 ft (122 m) downstream and replacing the existing timber
walls with precast panels, annual dredging requirements would be reduced to
50,000 cu yd (38,000 cu m).

The proposed improvements could be constructed without hindering traffic
through the lock in any way.

The total cost of the proposed improvements needs to be estimated but is not
yet available. Also, the construction cost and the present worth of dredging cost
need to be estimated. The assumed future maintenance items associated with the
approach improvements include the removal of the pontoons every 3 years, the
replacement of the timber fenders of the floating guide wall every 5 years, and
repainting all metal structures every 17 years.

Chapter 2 Design-Improvement Alternatives for the Lower Lock Approach



3 Objective and Scope

The U.S. Army Engineer District, Vicksburg, requires the probability of
catastrophic failure during the construction and utilization phases of the lock-
improvement alternatives, including potential catastrophic damage occurring to
the floating guide wall pontoons while they are being removed, transported to
and from their temporary storage area, and reinstalled. Catastrophic damage is
defined as one of the following:

a. The sinking or destruction of any one or all of the pontoons.

b. Sufficient damage occurring to any pontoon to require repair or
replacement.

The probability of this type damage occurring within the navigation channel
or the lock chamber, thus shutting down the waterway to barge traffic until the
sunken or destroyed pontoon can be removed from the navigation channel, is also
required.

The needs of the District can be met by performing probabilistic risk assess-
ment and management to identify initiating events and failure scenarios, and to
assess their occurrence probabilities and consequences. The results should be
expressed in a manner suitable for total life-cycle cost analysis and the use of
decision-makers.

The methodology used in this analysis (described in the succeeding chapter)
covers key aspects of the Preliminary Hazard Analysis process. The proposed
risk-based methodology begins with system definition and progresses to defini-
tion of work tasks for the three alternatives. The tasks in every phase of each
alternative are assessed for risk, examining associated initiating events, failure
scenarios, consequences, and occurrence probability. Initiating events and failure
scenarios are identified and enumerated. Consequences and occurrence proba-
bility are determined by subjective evaluations in linguistic terms using linguistic
variables. The methodology includes development of risk profiles and decision

“analysis.
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4 Methodology

4.1 Components
The proposed risk-based methodology includes the following components:
a. System definition.
b. Definition of work tasks for the three alternatives.

c. For each alternative, each phase and each task, assessment of the initi-
ating events, failure scenarios using event and fault trees as needed, basic
events and their occurrence probabilities, occurrence probabilities of
failure scenarios, consequences of failure scenarios, total present value of
failure consequences for a typical life cycle, construction duration and
cost information for alternatives, and total present value of
construction cost.

d. Development of risk profiles and performance of decision analysis.

These components are described in detail in the work breakdown structure
presented below. The work breakdown structure shows the hierarchy of tasks for
each alternative.

4.2 Definition and Architecture (Primary Logic
Boxes)

e System definition
o Identification of phases (three)
= Construction phase
= Utilization phase (utilization life = 50 years)
= Disposal phase (not included in the study)
o Definition of decision alternatives
= Alternative A: New fixed guide wall with dike removal
= Alternative B: New fixed guide wall with retention of dike
= Alternative C: Barrier extension and use of concrete panels
o Definition and collection of data

Chapter 4 Methodology



e Definition of work tasks for each alternative

)

Chapter 4 Methodology

Alternative A: New fixed guide wall with dike removal

= Definition of primary construction-phase tasks
v Remove and dispose of existing pontoons

Removal of lower floating guide wall pontoons
v Requires a work crew of approximately eight people

=  Shut lock chamber to all lockages for approximately 4 to 6 hr

»  Use two skiffs and one mule barge and/or towboat to move pontoons
from their position in the guide wall and into lock chamber

= Remove and secure all three sections (pontoons) in chamber after
they are taken loose from guide beams. Remove in the order
pontoon 3, then 2, and finally 1. Pontoon 3 is farthest downstream.
This process takes approximately 3 to 4 hr. Once this process has
begun, the work cannot be stopped until all three pontoons are
disconnected, moved, and secured in the chamber.

= Remove the pontoons from the chamber and float them to the
upstream guide wall location and secure off. This process requires
approximately 3 to 4 hr if weather conditions are favorable. High
winds can hamper this operation.
v Construct the sheet-pile cells and pile-supported footing for the

new guide wall

Construct the new cast-in-place guide wall (above el 16.5)

Construct the new cast-in-place guide wall (lower than el 16.5)

Remove and dispose of timber curtain wall '

Remove and dispose of the concrete I-wall and sheet pile

Remove and dispose of portion of the concrete T-wall

Remove the earth dike downstream from the new guide wall

Backfill and riprap behind the guide wall

Relocate excess materials from the dike to the landside bank of

the downstream lock approach channel

Maintain barge traffic during construction (42-ft (13-m) width)

=  Definition of scheduled utilization-phase tasks
v Provide annual dredging of 50,000 cu yd (38,000 cu m)
v Maintain traffic during dredging
v’ Provide any needed inspection, maintenance, and repair

Inspections held every year for first 5 years, then once every 5 years

thereafter

Alternative B: New fixed guide wall with retention of dike

= Definition of primary construction-phase tasks
v" Remove and dispose of existing pontoons

Removal of lower floating guide wall pontoons

= Requires a work crew of approximately eight people

= Shut lock chamber to all lockages for approximately 4 to 6 hr

» . Use two skiffs and one mule barge and/or towboat to move pontoons
out of the location and into lock chamber

= Remove and secure all three sections (pontoons) in chamber after
they are taken loose from guide beams. Remove in the order
pontoon 3, then 2, and finally 1. Pontoon 3 is farthest downstream.
This process takes approximately 3 to 4 hr. Once this process has -
begun, work cannot be stopped until all three pontoons are
disconnected, moved, and secured in the chamber.
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= Remove the pontoons from the chamber and float them to the
upstream guide wall location and secure off. This process requires
approximately 3 to 4 hr if weather conditions are favorable. High
winds hamper this operation.

v" Construct the sheet-pile cells and pile-supported footing for the
new guide wall

Construct the new cast-in-place guide wall (above el 16.5)

Construct the new cast-in-place guide wall (lower than el 16.5)

Remove and dispose of timber curtain walls

Remove and dispose of the concrete [-wall

Remove and dispose of portion of the T-wall

Backfill and riprap behind the guide wall

Maintain barge traffic during construction (42-ft width)

= Definition of Scheduled Utilization-Phase Tasks
v" Provide annual dredging of 38,000 cu m (50,000 cu yd)

v" Maintain traffic during dredging
v" Provide any needed inspection, maintenance and repair

Inspections held every year for first 5 years, then once every 5 years

thereafter.

Alternative C: Barrier extension and use of concrete panels

» Definition of primary construction-phase tasks
v" Construct new concrete panels
v' Excavate the silt on the dike to its original as-built condition
v Clean up and repair existing H-piles and encase in concrete
v' Construct new structural steel A-frame and encase in concrete

for a distance of 400 ft (122 m) downstream from existing A-

frames

Remove and dispose of timber wall

Attach the new solid precast concrete panels to the existing and

new structural steel frames

Maintain barge traffic during construction (84-ft (26-m) width)

* Definition of scheduled utilization-phase tasks
v' Provide annual dredging of 50,000 cu yd (38,000 cu m)

v Maintain traffic during dredging
v" Remove the pontoons once every 3 years for dredging, dredge
and reposition the pontoons

Removal of lower floating guide wall pontoons

= Requires a work crew of approximately eight people

*  Shut lock chamber to all lockages for approximately 4 to 6 hr

=  Use two skiffs and one mule barge and/or towboat to move pontoons
out of the location and into lock chamber

= Remove and secure all three sections (pontoons) in chamber after
they are taken loose from guide beams. Remove in the order
pontoon 3, then 2, and finally 1. Pontoon 3 is farthest downstream.
This process takes approximately 3 to 4 hr. Once this process has
begun, work cannot be stopped until all three pontoons are
disconnected, moved, and secured in the chamber.

* Remove the pontoons from the chamber and float them to the
upstream guide wall location and secure off. This process requires
approximately 3 to 4 hr if weather conditions are favorable. High
winds can hamper this operation.

AN N NN Y
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e For

Storage of downstream floating guide wall behind upstream floating

guide wall

»  Approximately once a week, pontoons are inspected for loose ropes
or lines and to ensure that they are not in contact with any other
concrete surfaces. Rubber tires are placed between each section
(pontoon) to keep the sections from touching any other concrete
surfaces. :

= Pontoons may be out and secured behind upstream guide wall
anywhere from 3 to 6 months depending on downstream river
elevation.

Reinstallation of downstream floating guide wall

» Requires a towboat and two skiffs

= Same crew size needed as required to remove pontoons.

= Pontoons are floated out of their stored location and into lock
chamber. They are secured off in opposite order they are to be
installed, with pontoon 1 being next to lock. This requires
approximately 3 to 4 hr, during which the lock chamber is shut down
to traffic.

» Remove from chamber and push into place one pontoon at a time.
Attach pontoon to guide beams—pontoon 1 first, then 2, and finally 3.
Chamber still shut down. This requires approximately 4 to 6 hr.

v" Replace the timber fenders of the floating guide wall every

5 years

Replacing timbers on guide wall

» This operation was done on the upstream guide wall and required a
crew of approximately 4 to 6 men with a towboat and work barge,
over a period of 60 to 90 days. No traffic is delayed, and lock is
never shut down. Work barge is moved on and off location when
needed.

Disposal of old timbers ,

= All of the existing timbers are creosoted pine. These old timbers
have to be placed on the bank and trucked to a certified state landfill
for disposal. This requires numerous truckloads to accomplish.

v" Provide any needed inspection, maintenance, and repair
Inspections held every year for first 5 years, then once every 5 years
thereafter

v' Paint all structural steel every 17 years

each alternative, each phase, and each task, the following items need to

be assessed:

(o)

©O 000 0 0 00O

Initiating events

Failure scenarios using event trees

Fault trees for underlying events in the event trees

Basic events and their occurrence probabilities

Occurrence probabilities of failure scenarios

Consequences of failure scenarios

Total present value of failure consequences for a typical life cycle
Construction duration and cost information for alternatives

Total present value of construction cost

e Development of risk profiles and decision analysis

Chapter 4 Methodology
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The life-cycle cost consists of the costs during the construction phase
(including failure cost) and the costs during the utilization phase (including
inspection, maintenance, repair, and failure cost). The results from the
methodology can be used in a decision tree as shown in Figure 3.

Construction Utilization
Phase Phase of
50 Years

/©<f8

F —)
NF = Non-Failure \‘O<NF
F = Failure F\m

Figure 3. Decision tree
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5 Data Needs and Collection

The proposed methodology requires data and information of failure proba-
bilities and consequences for the various tasks of the three alternatives. Such
information and data are not available from empirical sources, and need to be
assessed subjectively using expert-opinion elicitation.

Expert-opinion elicitation can be defined as a heuristic process of gathering
information and data or answering questions on issues or problems of concern. In
this study, the focus is on occurrence probabilities and consequences of events
related to the construction and utilization phases to facilitate comparison of the
three alternatives. For this purpose, the expert-opinion elicitation process can be
defined as a formal process of obtaining information or answers to specific
questions about certain quantities, called issues, such as failure probabilities and
consequences. The suggested expert-opinion elicitation process is a variation of
the Delphi technique (Helmer 1968) scenario analysis (Kahn and Wiener 1967)
based on uncertainty models (Ayyub 1992, 1999a, b; Cooke 1991); social
research (Bailey 1994); U.S. Army Corps of Engineers studies (Ayyub, Riley,
and Hoge 1996; Baecher 1998); ignorance, knowledge, information and uncer-
tainty, experts and opinions; nuclear industry recommendations (Nuclear
Regulatory Commission 1997); and Stanford Research Institute protocol
(Spetzler and Stael von Holstein 1975). A typical expert-opinion elicitation
process is illustrated in Figure 4.

An expert-opinion elicitation session was conducted for this study and is
- reported in a separate technical report (Ayyub, Blair, and Patev 2002).

Chapter 5 Data Needs and Collection
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Identify Need of an
Expert Elicitation
Process

I

Select Study Leader

l

Define Study Level

+—TI Process

Select Technical
Integrator (TI)

!

Identify and select peer
reviewers

l

Identify technical issues, available information, design
analyses, information sources, and retrieval methods

}

Perform analyses, collect information relevant to
issues, and estimate needed quantities

I

v L 4
Perform data Administer peer
diagnostic review
[ I
v
Revise estimated quantities, and respond to peer
reviews

|

Document process and
communicate results

Figure 4. Expert-opinion elicitation process
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|
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!
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:

Document process and
communicate results

Chapter 5 Data Needs and Collection



6 Results of Risk Assessment

Figure 5 depicts a decision tree that is used to assess the risk associated with
a given initiating event of a given scenario for a given alternative. Figure 6 is an
event-on-node representation of the same information. A decision tree such as
Figure 5 or an event-on-node diagram such as Figure 6 is required for every
initiating event of each alternative. A complete representation of all decision
aspects requires over 40 such decision trees or event-on-node diagrams. This
decision information is more concisely provided in the form of return matrices,
one for every phase of each alternative. '

Damage/

/—\ Response
kc / None K

N

Cost

Risk m Event
Occurs k j Minor

N

O

Modest Negligible/ 1
repair
Major Significant/ 10 |
replace
Maximum Catastrophic/ 100
abandon
K Does not occur |
o |

Figure 5. Decision tree for risk of one initiating event of one scenario for an alternative

6.1 Qualitative Risk Matrices

This method of risk assessment qualitatively describes both the likelihood of
occurrence and the consequences of an adverse event. From the combination of
these two terms, a quantitative risk assessment is derived. The quantified risks for
various scenarios can be used to perform comparisons among scenarios. The
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. Damage/
Risk Event Response Cost
None
None (o]
Minor
Negligible/ 1
repair
Modest
Significant/ 10
replace
Major
Catastrophic/
abandon 100
Maximum

Figure 6. Event-on-node form of risk of one initiating event of one scenario for an alternative

National Aeronautics and Space Administration has used risk assessment
matrices to avoid the problem of managers treating the values of probability and
risk as absolute judgments (Wiggins 1985). The Department of Defense offers
the use of risk assessment matrices as a tool to prioritize risk (Defense Acquisi-
tion University 1998). The tasks in every phase of each alternative are assessed
for risk, examining associated initiating events, failure scenarios, consequences,
and occurrence probability. Initiating events and failure scenarios are identified
and enumerated. Consequences and occurrence probability can be determined by
subjective evaluations. These subjective evaluations can be in linguistic terms
using linguistic variables whose values are natural language expressions referring
to the quality of interest.

The values of the linguistic variable Consequence include very low, low,
medium, high, and very high. The costs resulting from these consequences can be
approximated by the values given in Table 1.

The values of the linguistic variable Occurrence Probability include very
low, low, moderate, high, and very high likelihood. The probabilities resulting
from these likelihoods can be approximated by the values given in Table 2.

A number of tasks and initiating events for each alternative and phase are
conventional construction activities with related and similar conventional con-
struction risk. In assessing risks for each alternative and phase, these activities
are placed in an initiating event category “Conventional Construction,” and the
failure scenarios, consequences, and occurrence probability are assessed for the
category as a whole.

Risks are then prioritized and categorized by pairing likelihood and conse-
quence, as shown in Table 3. This risk assessment matrix is particularly suitable
in this case because of the reliance on “semiquantitative” data and the uniqueness
of the project for which specific data may not be available.
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Table 1
Cost Approximation of Consequence Linguistic Variable
(Present Value)

Consequence Linguistic Variable Cost Approximation
Very low Less than $50,000
Low i ‘ $100,000
Medium $500,000
High $1 million
Very high ) Over $10 million
Table 2
Probability Approximation of Likelihood Linguistic Variable
Likelihood Linguistic Variable Probability Approximation
Very low 10°
Low 2.5x 102
Medium 5x 107
High 7.5 x 107
Very high 0.1
Table 3
Risk Assessment Matrix
Consequence Level
Likelihood
Level Very low Low Medium High Very high
Very low Low Low Low Low Moderate
Low Low Low Low Moderate High
Medium Low Low Moderate High High
High Low Moderate Moderate High High
Very high Low Moderate High -1 High High

6.2 Expert-Opinion Elicitation

Information related to failure probability and consequences is not available
from historical records, prediction methods, or literature review. Expert-opinion
elicitation provides a means of gaining information on these essential risk-related
quantities. The expert-opinion elicitation process is a formal, heuristic process of
obtaining information or answers to specific questions about certain quantities,
called issues, such as failure rates (probability) and failure consequences. Ayyub,
Blair, and Patev (2002) document the expert-opinion elicitation performed to

Chapter 6 Results of Risk Assessment
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meet risk analysis needs of the design-improvement alternatives to the Lindy C.
Boggs Lock and Dam. In the report (Ayyub, Blair, and Patev 2002), the different
components of the expert-opinion elicitation process are described, the process is
outlined, and the results are documented. The results of expert-opinion elicitation
are documented in the form of an Expert-Opinion Elicitation and Results Matrix
for every issue, initiating event, and scenario.

6.3 Risk Assessment of Alternative A

The return matrices for the risk assessment of Alternative A are given in
Tables 4 and 5. Consequences and likelihood estimates in Tables 4 and 5 are
obtained from the expert elicitation documented in Ayyub, Blair, and Patev
(2002). Supportive reasoning and assumptions made by the experts, as well as the
level of confidence of the experts in their assessments, are reported in Ayyub,
Blair, and Patev (2002). The product of the cost and probability estimates
obtained by expert-opinion elicitation is the expected value of the cost of risk of
each scenario. The sum of expected values of the cost of risk of all scenarios in
each phase gives a profile of costs due to risk for Alternative A with an initial
construction risk cost of $1,403,140 and a recurring annual risk cost of $8,500.

Table 4
Return Matrix for Construction Phase of Alternative A (thousands of dollars)
Risk Assessment
Alternative | Initiating Event Expected Value Total
A Remove pontoons $103.95 | $1,403.14
Remove I-wall and sheet pile 86.56
Remove T-wall 60.00
Remove timber curtain wall 65.00
Attach timber curtain wall 54.63
Conventional construction:
-Construction of guidewalls (above 16.5 ft) 20.00
-Construction of guidewalls base (lower than e! 16.5 ft) 33.00
-Construction of concrete panels 0.00
-Removal of earth dike 7.50
-Backfill and riprap 7.50
-Relocation of excess material 7.50
-Excavation of silt 7.50
Maintain traffic 950.00
Table 5
Return Matrix for Utilization Phase of Alternative A (thousands of dollars
Risk Assessment
Alternative Initiating Event Expected Value Total
A Annual dredging $8.50 $8.50
Inspection maintenance and repair 0.00
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6.4 Risk Assessment of Alternative B

The return matrices for the risk assessment of Alternative B are given in
Tables 6 and 7. Consequences and likelihood estimates in Tables 6 and 7 are
obtained from the expert elicitation documented in Ayyub, Blair, and Patev
(2002). Supportive reasoning and assumptions made by the experts, as well as the
level of confidence of the experts in their assessments, are reported in Ayyub,
Blair, and Patev (2002). The product of the cost and probability estimates

obtained by expert-opinion elicitation constitutes the expected value of the cost

of risk of each scenario. The sum of expected values of the cost of risk of all
scenarios in each phase gives a profile of costs due to risk for Alternative B with
an initial construction risk cost of $1,388,140 and a recurring annual risk cost of

. $8,500.
Table 6
Return Matrix for Construction Phase of Alternative B (thousands of dollars)
Risk Assessment
Alternative Initiating Event Expected Value Total
B Remove pontoons $103.95 | $1,388.14
Remove |-wall and sheet pile 86.56
Remove T-wall 60.00
Remove timber curtain wall 65.00
Atftach timber curtain wall 54.63
Conventional construction:
-Construction of guidewalls (above 16.5 ft) 20.00
-Construction of guidewalls base (lower than el 16.5 ft) 33.00
-Construction of concrete panels 0.00
-Backfill and riprap 7.50
-Excavation of silt 7.50
Maintain traffic 950.00
Table 7
Return Matrix for Utilization Phase of Alternative B (thousands of dollars
Risk Assessment
Alternative Initiating Event Expected Value Total
B Annual dredging $8.50 $8.50

Inspection maintenance and repair

0.00

6.5 Risk Assessment of Alternative C

The return matrices for the risk assessment of Alternative C are given in
Tables 8 and 9. Consequences and likelihood estimates in Tables 4 and 5 are
obtained from the expert elicitation documented in Ayyub, Blair, and Patev
(2002). Supportive reasoning and assumptions made by the experts, as well as the
level of confidence of the experts in their assessments, are reported in Ayyub,
Blair, and Patev (2002). The product of the cost and probability estimates

obtained by expert-opinion elicitation constitutes the expected value of the cost

~ of risk of each scenario. The sum of expected values of the cost of risk of all
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scenarios in each phase gives a profile of costs due to risk for Alternative C with
an initial construction risk cost of $1,220,000 and a recurring annual risk cost of
approximately $254,020.

The amount of recurring annual risk cost fluctuates from year to year due to
assumed future maintenance needs. The assumed future maintenance needs
associated with Alternative C that vary include the removal and reinstallation of

the pontoons every 3 years, replacement of the timber fenders of the floating
guide wall every 5 years, and repainting all metal structures every 17 years.

Table 8
Return Matrix for Construction Phase of Alternative C (thousands of dollars)
Risk Assessment
Alternative Initiating Event Expected Value Total
o] Remove timber curtain wall $ 65.00 | $1,220.00
Attach precast concrete panels 25.00
Conventional construction:
-Construction of concrete panels 0.00
-Construct new T-wall 60.00
-Backfill and riprap 7.50
-Excavation of silt 950.00
-Cleaning, repairing, encasing existing H-piles 112.50
-Driving and encasing new H-piles 0.00
Table 9
Return Matrix for Utilization Phase of Alternative C (thousands of dollars
Risk Assessment
Alternative Initiating Event Expected Value Total
o] Annual dredging $ 8.50 $254.02
Dredging every 3 years 8.20
Remove pontoons 103.95
Reinstallation of pontoons 123.36
Inspection maintenance and repair 0.00
Replace timber fenders 10.00
Repainting all metal structures every 17 years 0.01

6.6 Comparison of Alternatives

The approximate risk profiles, as expected costs in the form of a cash flow
for Alternatives A, B, and C, are depicted in Figure 7. Alternative A has an initial
construction risk cost of $1,403,140 and a recurring annual risk cost of $8,500 for
50 years. Alternative B has an initial construction risk cost of $1,388,140 and a
recurring annual risk cost of $8,500 for 50 years. Alternative C has an initial
construction risk cost of $1,220,000 and a recurring annual risk cost of
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approximately $254,020 for 50 years. The amount of recurring annual risk costs
for Alternative C fluctuates from year to year due to assumed future maintenance

needs as discussed above.

Figure 7 shows the initial construction costs due to risk and the recurring
annual costs due to risk that are amortized over the 50-year life cycle to obtain
the net present value as given in Table 10. The effective discount rate used in this
amortization is 5 percent, assuming a nominal discount rate of 8 percent and an
inflation rate of 3 percent. The net present value of risk costs over the project’s
life cycle, as given in Table 10, is approximately $1.5 million for Alternatives A
and B and approximately $3 million for Alternative C.

‘.’—

Alternative A: $1,403

&—— Alternative B: $1,388
J\ﬁ €—— Alternative C: $1,220

[] Aitemative A [] Altemative B ] Altemative C

Figure 7. Risk profile for the three alternatives (thousands of dollars)

Table 10

Amortization of Risks Costs over Project Life Cycle (thousands
of dollars)

- Alternative A Alternative B Alternative C
Construction phase $1,403 $1,388 $1,220
Utilization phase 9 9 254

Net present value 1,484 1,470 2,994
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7 Summary and Conclusions

The Lindy C. Boggs Lock and Dam experiences variations in water-level
fluctuations that are currently handled using floating guide walls upstream and
downstream of the lock. A concrete T-wall is provided in anticipation of sedi-
ment deposits in the navigation channel underneath the downstream floating
guide wall. A dike and I-wall are also used to divert the flow and sediment from
the floating guide wall and the navigation channel. Nonetheless, an average of
approximately 237,000 cu m (310,000 cu yd) of silt has been removed annually
from the lower lock approach channel at Lindy C. Boggs Lock and Dam.

The proposed solutions to the sedimentation problem are to

a. Remove the timber barrier, concrete I-wall, and dike and build a fixed
guide wall.

b. Remove the timber barrier and the concrete I-wall and build a fixed
guide wall.

c. Extend the existing timber barrier downstream an additional 122 m
(400 ft), replace the timber wall with concrete panels, and encase the
steel H-pile support frames in concrete.

The methodology used in the report covers key aspects of the Preliminary
Hazard Analysis process. The risk-based methodology begins with system
definition, and definition of work tasks for the three alternatives. The tasks in
every phase of each alternative are assessed for risk, examining associated
initiating events, failure scenarios, consequences, and occurrence probability.
Initiating events and failure scenarios are identified and enumerated. Information
related to failure probability and consequences is not available from historical
records, prediction methods, or literature review and is obtained by expert-
opinion elicitation (Ayyub, Blair, and Patev 2002). Supportive reasoning and
assumptions made by the experts, as well as the level of confidence of the experts
in their assessments, are reported given in Ayyub, Blair, and Patev (2002).

The product of the cost and probability estimates obtained by expert-opinion
elicitation is the expected value of the cost of risk of each scenario. The sum of
expected values of the cost of risk of all scenarios in each phase gives a profile of
costs due to risk for each alternative. The net present value of risk costs over the
project’s life cycle obtained from this analysis is approximately $1.5 million for
Alternatives A and B and approximately $3 million for Alternative C.
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The results show that Alternative C has approximately double the cost of risk
over its life cycle compared with Alternatives A and B. The difference in cost
between Alternatives A and B is insignificant given the level of precision of the
estimates obtained by expert-opinion elicitation. The main difference between
Alternatives A and B is the removal of the earth dike in Alternative A, and this
does not provide any measurable benefit in terms of cost of risk.

Areas of future research include sensitivity analysis to examine the effect of
allowing for the varying levels of confidence of experts in their estimates. The
estimates obtained could be weighted based on the confidence level of the expert,
and the significance of the changing weights on the results would be investigated.
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Appendix A
Probabilistic Risk Assessment

Risk studies require the use of analytical methods that model the relation-
ships among subsystems and components in assessing overall system failure
probabilities and consequences. A systematic, quantitative approach for assessing -
the failure probabilities and consequences of engineering systems can be used. A
systematic approach allows for the evaluation of complex engineering systems
for safety and risk under different operational and extreme conditions. The ability
to quantitatively model these systems helps cut the cost of unnecessary and often
expensive re-engineering, repair, strengthening, or replacement of the system.
The results of risk analysis can also be used in decision analysis for cost-benefit
trade-offs. The objective of this section is to introduce needed terminology and
methods for performing risk-based technology including risk analysis, manage-
ment, and communication.

A.1 Risk Terminology

This section provides definitions that are needed for presenting risk-based
technology methods and analytical tools.

A.1.1 Hazard

A hazard is an act or phenomenon posing potential harm to some person(s) or
thing(s), i.e., a source of harm, and its potential consequences. For example,
uncontrolled fire is a hazard, water can be a hazard, and strong wind is a hazard.
In order for the hazard to cause harm, it needs to interact with the person(s) or
thing(s) in a harmful manner. The magnitude of the hazard is the amount of harm
that might result, including the seriousness and the exposure levels of people and
the environment.

A.1.2 Reliability

Reliability can be defined in the context of a system or component as its
ability to fulfill its design functions under designated operating or environmental
conditions for a specified time period. This ability is commonly measured using
probabilities. Reliability is, therefore, the occurrence probability of the
complementary event to failure resulting in the following expression:
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Reliability = 1 — Failure probability (A1)

A.1.3 Failure Consequences

For an event of failure, consequences can be defined as the degree of damage
or loss from some failure. Each failure of a system has some consequence(s). A
failure could cause economic damage, environmental damage, injury or loss of
human life, or other possible events. Consequences may need to be quantified
using relative measures for various consequence types to facilitate risk analysis.

A.1.4 Risk

The concept of risk is used to assess and evaluate uncertainties associated
with an event. Risk can be defined as the potential of losses resulting from
exposure to a hazard. Risk should be based on an identified failure scenario, its
occurrence probability, its consequences, consequence significance, and the
population at risk. However, it is commonly and can be fundamentally measured
as a pair of the probability of occurrence of an event, and the outcomes or
consequences associated with the event’s occurrence. This pairing can be
represented by the following equation:

Risk=[(0) (o) (s @

In Equation A2, p;, is the occurrence probability of event x, and ¢, is the
occurrence consequences or outcomes of the event. Risk is commonly evaluated
as the product of likelihood of occurrence and the impact of an accident:

E
RI SK(Consequence\ = LIKELIHO OD( vent\ « IMPA CT(Consequence\ (A3)
Time ) T/me) Event )

In Equation A3, the likelihood can also be expressed as a probability. A plot
of occurrence probabilities and consequences is called the Farmer curve.

A.1.5 Uncertainty

The analysis of an engineering system often involves the development of a
system model. The model can be viewed as an abstraction of some aspects of the
system. In performing this abstraction, an analyst or engineer must decide which
aspects of the system to include and which to leave out. Also, depending on the
state of knowledge about the system and the background of the analyst or
engineer, other aspects of the system might not be known, thus increasing the
overall uncertainty of the system. In these three categories, i.e., abstracted,
nonabstracted, and unknown aspects of the system, several types of uncertainty
can be present. These models are based not only on probability theory, but also
on various combinations of fuzzy-set theory, evidence theory, possibility theory,
and various other uncertainty theories.
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A.1.6 Performance

The performance of a system or component can be defined as its ability to
meet functional requirements. The performance of an item can be described by
various elements, including reliability, capability, efficiency, and maintainability.
The design and operation of the product or system influence performance.

A.1.7 Risk-Based Technology

Risk-based technologies (RBT) are analytical methods or tools and processes
used to assess and manage the risks of a component or system. RBT methods can
be classified into risk management (which includes risk assessment/risk analysis
and risk control) and risk communication, as shown in Figure Al.

Risk assessment consists of hazard identification, scenario and accident
propagation development, event-probability assessment, consequence assess-
ment, and event prevention and consequence mitigation. Risk control requires the
definition of acceptable risk and comparative evaluation of options or alternatives
through monitoring and decision analysis. Risk communication involves percep-

* tions of risk, which depends on the targeted audience. Hence, methods of risk
communication are classified as those directed to the media and the public and to
the engineering community.

Risk-Based Technology Methods

A
Risk Risk
Management Communication
Risk Assessment /Analysis: Risk Control: Media Fmd Engmeerl.ng

Hazard identification Risk acceptance Public Community
Risk estimation Option analysis '

Decision making

Monitoring

Figure A1. Risk-based technology methods

A.1.8 Safety

Safety can be defined as the judgment of risk acceptability for the system.
Safety is a relative term since the decision of risk acceptance may vary
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depending on the individual making the judgment. Different people are willing to
accept different risks, as demonstrated by factors such as location of residence,
method of transportation, occupation, and lifestyle. The selection of these
different activities demonstrates an individual’s safety preference despite a wide
range of risk values. Table Al identifies varying risks for different activities.
Figure A2 demonstrates various risks for different industries and activities.

Perceptions of safety may not be true to the actual value of risk. Uncertainty
with risk for an activity is often denied by an individual, causing an unwarranted
confidence in a person’s perception of safety. Rare causes of death are often
overestimated, and common causes of death are often underestimated. Perceived
risk is often biased by the familiarity of the hazard. Understanding these differ-
ences in risk and safety perceptions is vital to performing risk management
decisions and achieving effective risk communications.

The significance of the impact of safety perceptions is that decisions are
often made on subjective judgments. If the judgments hold misconceptions about
reality, the bias will affect the decision. For example, the choice of transportation
means by an individual—train, automobile, motorcycle, bus, bicycle, etc.—can
stem from a decision concerning many criteria, including such items as cost,
speed, convenience, and safety. The weight and evaluation of the decision to
select a mode of transportation will rely on the individual’s perception of safety,
which may vary from the actual value of risk.

Table A1

Relative Risk of Different Activities

Risk of Death Occupation Lifestyle Hobby

High (10"2 to 10"3) Stuntman Smoking Skydiving
Racecar driver Rock climbing
Fireman
Miner

Medium (10-3 to 10—4) Pollcem?n Heavy drinking Ca.n-oelng .
Truck driver Driving automobile

Low (1 0-3 to 10—5) Ban!<er nght.danklng S.knn.g
Engineer Vaccinations Fishing
Insurance agent Radiation

A.1.9 Engineering Systems

A system can be defined as a deterministic entity comprising an interacting
collection of discrete elements. The word “deterministic” implies that the system
is identifiable. A system shall also be performing some function. A description of
a system may be a combination of functional and physical elements. Usually,
functional descriptions are used to identify high levels of a system. A system may
be divided into subsystems that interact. Additional detail leads to a description
of the physical components of the system.
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Figure A2. Risk comparisons

A.2 Risk Assessment

Risk assessment is a technical and analytical process by which the risks of a
given situation for a system are modeled and quantified. Risk assessment can
require and provide both qualitative and quantitative data to decision-makers for
use in risk management.

Risk assessment or risk analysis provides the process for identifying hazards,
event-probability assessment, and consequence assessment. The risk assessment
process answers three basic questions: (1) What can go wrong? (2) What is the
likelihood that it will go wrong? (3) What are the consequences if it does go
wrong?

The development of the scenarios for risk evaluation can be created deduc-
tively (e.g. fault tree) or inductively (e.g., failure mode and effect analysis or
event tree analysis). The likelihood or frequency can be expressed either deter-
ministically or probabilistically. Varying consequence categories may be evalu-
ated including such items as economic loss, loss of life, or injuries.
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Risk assessment requires the utilization of several formal methods, as shown
in Table A2. These different methods contain similar approaches to answer the
basic risk assessment questions; however, some techniques may be more appro-
priate than others for risk analysis, depending on the situation.

Table A2

Risk Assessment Methods

Method Scope

Safety/Review Audit Identify equipment conditions or operating procedures that could
lead to a casualty or result in property damage or environmental
impacts.

Checklist Ensure that organizations are complying with standard practices.

What-If Identify hazards, hazardous situations, or specific accident events
that could result in undesirable consequences.

Hazard and Operability Identify system deviations and their causes that can lead to

Study (HAZOP) undesirable consequences and determine recommended actions to
reduce the frequency and/or consequences of the deviations.

Preliminary Hazard Identify and prioritize hazards leading to undesirable consequences

Analysis (PHA) early in the life of a system. Determine recommended actions to

reduce the frequency and/or consequences of the prioritized
hazards. This is an inductive modeling approach.

Probabilistic Risk Analysis | Methodology for quantitative risk assessment developed by the

(PRA) nuclear engineering community for risk assessment. This
comprehensive process may use a combination of risk assessment
methods.

Failure Modes and Effects Identifies the components (equipment) failure modes and the

Analysis (FMEA) impacts on the surrounding components and the system. This is an

inductive modeling approach.

Fault Tree Analysis (FTA) Identify combinations of equipment failures and human errors that
can result in an accident. This is a deductive modeling approach.

Event Tree Analysis (ETA) | Identify various sequences of events, both failures and successes
that can lead to an accident. This is an inductive modeling

approach.

A.3 Typical Probabilistic Risk Analysis
Methodology and Its Levels

Application of the PRA methodology starts with the definition of initiating
events that are considered bad beginnings or accident initiators or failures, and
transforms initiating events into risk profiles. The risk management process then
follows through initiating-event prevention, initiating-event propagation preven-
tion, onsite consequence mitigation, and offsite consequence mitigation. The
PRA methodology includes the following steps for systems with hazardous
materials:

Definition of initiating events.
Identification of accident sequences and assignment of probability
values.

e Distribution of hazardous source based on its terms to the environment.
Accident propagation, human effects (immediate and latent) and property
damage.

e Overall risk assessment and development of risk profiles.
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Analysis of other risks.
e Risk mitigation through initiating-event prevention, initiating-event

propagation prevention, onsite consequence mitigation, and offsite

consequence mitigation.

e Uncertainty analysis.

. The PRA methodology is commonly termed to consist of three levels, as
defined in Table A3. Figure A3 shows potential interactions and dependencies
among the various steps of a PRA. An example risk profile based on PRA
Level 3 is shown in Figure A4 based on a nuclear release safety study.

Table A3

PRA Levels

PRA Level 1 PRA Level 2 PRA Level 3

Accident frequency analysis Accident frequency analysis Accident frequency
analysis .

Accident progression analysis Accident progression analysis | Accident progressio
analysis

Source term analysis (toxic
source amount and fraction)

Source term analysis
(source levels and
fraction)

Offsite consequence
analysis

Risk computation (risk profiles
and uncertainties)

Risk computation (risk profiles
and uncertainties)

Risk computation (risk
profiles and uncertainties)

AT AR I el b AR
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Figure A3. PRA steps and their interactions (from Kumamoto and Henley 1996

(© 1996 IEEE))
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Figure A4. Example risk profile (from Kumamoto and Henley 1996 (© 1996
IEEE))

A.4 Preliminary Hazard Analysis

Preliminary Hazard Analysis is a common risk assessment tool with many
applications. The general process is shown in Figure A5. In PHA, hazards are
defined as initiating events coupled with consequences, and classes of hazards
are used such as Classes I to IV (for negligible effect to catastrophic effects,
respectively). Initiator groups are defined as events per year or in terms of annual
frequency. Initiator groups are generally classified into five groups, ranging from
the highest group with frequencies of 10" to 10 events per year to the lowest
group that has frequencies of 107 to 10 events per year.

The consequence groups can be also considered as five groups from trivial
consequences to nonrepairable with fatalities or health effects. This technique
requires experts to identify and rank the possible accident scenarios that may
occur. It is frequently used as a preliminary way to identify and reduce the risks
associated with major hazards of a system.

The PHA method uses an interdisciplinary team in a creative, systematic
approach to identify hazards resulting from deviations from design intent. It uses
a list of hazards and generic hazardous situations applied to various segments or
“nodes” of the system. It also develops recommendations to address those con-
sequences for which safeguards are deemed inadequate by the team. The method
requires, if available, codes and standards; previous safety studies; current draw-
ings and flow diagrams; operating procedures; incident history; maintenance,
inspection, and test records; and material properties. It also requires a team leader
trained in the PHA method and team members with good knowledge of the
design and operation of the system being evaluated.
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Figure A5. Preliminary hazard analysis process

The PHA methodology can produce findings recorded in the form of hazard
scenarios; recommendations for changes in design, procedures, etc.; and recom-
mendations or areas needing further evaluation. Also, it can produce prioritized
lists of recommendations based on risk rankings estimated by the team using

- predetermined guidelines for assigning likelihood and severity of consequences
from various scenarios. :

Figure A6 provides a PHA methodology that was specifically developed for
use by U.S. Navy teams involved in the T-ADC(X) (auxiliary dry cargo carrier)
program. The methodology shows detailed steps that are needed to effectively
achieve the goals of PHA. The PHA process and results are commonly provided
in tables with the following column headings:

Subsystem or function.

Mode (or phase of operation).

Hazardous element (gas, steam).

Event causing hazardous condition (error, malfunction).
Hazardous condition.

Event causing potential accident.

Potential.

Effects.

Hazard class.

Accident prevention measures (hardware, procedure, and personnel).
Validation.

The PHA has the advantages that it can be used at the concept design stage
by relying on team expertise; it produces lists of risk-ranked hazardous scenarios;
it is a creative process for identifying hazardous scenarios that can be readily
used in quantitative risk analysis; and it can address both potential safety and
productivity losses. However, the methodology has the following limitations:
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e [trequires an interdisciplinary team of at least four persons, including a
scribe and leader trained in PHA.

e Itis less systematic than some other qualitative methods (e.g., FMEA or
HAZOP analysis) and therefore relies more heavily on team knowledge
and commitment to quality analysis.

o If properly applied, PHA can require a level of effort approaching a
significant fraction of the time required for HAZOP analysis or a FMEA
or PRA.

The PHA methodology has won favor in both the nuclear power and
~ chemical processing industries. The number of marine applications of PHA has
increased due to recent commercial accidents that are making regulators,
including the U.S. Coast Guard, utilize formal risk assessment tools for design
evaluation and approval more frequently than before.

Appendix A Probabilistic Risk Assessment




REPORT DOCUMENTATION PAGE OV NG o188

Public reporting burden for this callection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspact of this collection of information, including suggestions for
reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA
22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shalt be subject to any penalty for failing to comply with a collection of information if it does not display a
currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
December 2002 Final report
4. TITLE AND SUBTITLE . 5a. CONTRACT NUMBER
Risk Analysis of Design-Improvement Alternatives to the Lindy Claiborne Boggs Lock §b. GRANT NUMBER
and Dam
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) . 5d. PROJECT NUMBER
Bilal M. Ayyub, Andrew Nyakaana Blair, Robert C. Patev Se. TASK NUMBER
5f. WORK UNIT NUMBER
33236
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER :
BMA Engineering, 11429 Palatine Drive, Potomac, MD 20854-1405;
U.S. Army Engineer District, New England, 696 Virginia Road, ERDC/TL TR-02-1
Concord, MA 01742-2751
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
‘| U.S. Army Corps of Engineers, Washington, DC 20314-1000;
‘| U.S. Army Engineer Research and Development Center, Information Technology 11. SPONSOR/MONITOR'S REPORT
Laboratory, 3909 Halls Ferry Road, NUMBER(S)

Vicksburg, MS 39180-6199

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES -

14. ABSTRACT

This report summarizes a review and assessment of the Preliminary Hazard Analysis (PHA) for lower lock approach sediment
management improvements to the Lindy Claiborne Boggs Lock and Dam. The review assessed the probability of catastrophic failure
during the construction and utilization phases of the lock-improvement alternatives.

The Lindy C. Boggs Lock and Dam experiences large water-level fluctuations. To accommodate the large fluctuation of water levels,
floating guide walls upstream and downstream of the lock were incorporated into the plans. To retain the riverside lock wall backfill, a
concrete “T-wall” was constructed for a distance of 130 ft (40 m) perpendicular from the lock on the downstream end. Anticipating that
sediment would deposit in the navigation channel underneath the downstream floating guide wall, provisions were included in the
original plans in the form of an earthen dike and a composite “I-wall” (steel sheetpiling and concrete wall) on top of the dike. The I-wall
was connected to the T-wall and continued 130 ft offset from and parallel to the floating guide wall for 1,100 ft (335 m). The purpose of
the dike and I-wall was to divert the flow and sediment from the floating guide wall and the navigation channel, thus providing a slack-
water lock approach channel. Nonetheless, an average of approximately 310,000 cu yd (237,000 cu m) of silt has been removed annually
from the lower lock approach channel at Lindy C. Boggs Lock and Dam. Three alternative improvements are proposed to control this
sedimentation: the provision of a new fixed guidewall with dike removal, the provision of a new fixed guidewall with retention of dike,
and the barrier extension and use of concrete panels.

(Continued)
15. SUBJECT TERMS
Design alternatives Expert opinion Locks Probabilistic risk assessment Risk assessment
Dams Elicitation Navigation project Reliability Uncertainties
Delphi process Innovative construction Preliminary hazard analysis  Risk analysis
16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES

a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area

45 code) } .
UNCLASSIFIED UNCLASSIFIED

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 238.18




14. ABTRACT. (Concluded)

The U.S. Army Engineer District, Vicksburg, has the requirement to determine the probability of catastrophic failure
during the construction and utilization phases of the lock-improvement alternatives, including potential catastrophic
damage occurring to the floating guidewall pontoons while they are being removed, transported to and from their
temporary storage area, and reinstalled. Catastrophic damage is defined either as the sinking or destruction of any
one or all of the pontoons or as sufficient damage occurring to any pontoon so as to require repair or replacement.
The probability of this type damage occurring within the navigation channel or the lock chamber, thus shutting
down the waterway to barge traffic until the sunken or destroyed pontoon can be removed from the navigation
channel, is also required.

The methodology used in this analysis covers key aspects of the PHA process. The proposed risk-based method-
ology begins with system definition and progresses to defining work tasks for the three alternatives. The tasks in
every phase of each alternative are assessed for risk, examining associated initiating events, failure scenarios,
consequences, and occurrence probability. Initiating events and failure scenarios are identified and enumerated.
Information related to failure probability and consequences is not available from historical records, prediction
methods, or literature review and is obtained by expert-opinion elicitation (see companion report entitled “Expert-
Opinion Elicitation for the Risk Analysis of Design-Improvement Alternatives to the Lindy Claiborne Boggs Lock
and Dam,” ERDC/ITL TR-02-2).

The report findings are summarized using tables that include (for each location, system, or procedure) the hazard

description, causal factors, hazard effect, initial risk, mitigating control, residual risk, and remarks. The results are
provided in terms of initial risk ranking and hazard groups. The various risk-ranking categories are described and
discussed.




Destroy this report when no longer needed. Do not return it to the originator.



