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EXECUTIVE SUMMARY

The Failure Modes and Effects Analysis and the Reliability, Availability, and Maintainability
Analysis performed for the Multi-Canister Overpack Handling Machine (MHM) has shown that
the current design provides for a safe system, but the reliability of the system (primarily due

the complexity of the interlocks and permissive controls) is relatively low.,

No specific failure modes were identified where significant consequences to the public occurred,
or where significant impact to nearby workers should be expected. The overall reliability
calculation for the MHM shows 2 98.1 percent probability of operating for eight hours without
failure, and an availability of the MHM of 90 percent. The majority of the reliability issues are
found in the interlocks and controls. The availability of appropriate spare parts and maintenance
personnel, coupled with well written operating procedures, will play a more impottant role in

successful mission completion for the MHM than other less complicated systems.

e —— —
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1.0 GENERAL

The Canister Storage Building (CSB) Multi-Canister Overpack (MCO) Handling Machine
(MHM) is designed for handling MCOs at the Hanford Site Spent Nuclear Fuel Canister Storage
Building. The MHM is a large complex piece of machinery that is required to perform its
mission and functions in a safe and reliable manner. This report describes the results of a Failure
Modes and Effects Analysis (FMEA) and a Reliability, Availability, and Maintainability (RAM)
Analysis conducted on the MHM by ARES Corporation under contract with Duke Engineering
and Services Hanford [(DESH) 1997].

1.1 Purpose

The FMEA was conducted as a means to evaluate the designed safety features of the MHM and
identify any undesirable failure modes which should be mitigated or eliminated. The RAM was
conducted to determine if the overall reliability of the MHM would be sufficient to safely meet
the required throughput rate of the MCOs to be delivered to and stored in the CSB.

1.2  System Definition

The MHM is essentially a crane system designed for the mission of transporting MCOs within
the CSB from a receiving station to storage tubes, and vice versa, in an inert and shielded
environment. Several functions are invelved in performance of this mission, such as:

Collecting an MCO from the MCO service station or storage tube,

Depositing an MCO iato a storage tube,

Delivering an MCO to the Hot Conditioning Facility,

Collecting an MCO from the Hot Conditioning Facility,

Transferring an impact absorber from the exchange facility to a storage tube,
Transferring an impact absorber from a storage tube to the exchange facility, and
Replacing a tube plug.

L] L - L - - L )

A brief description of the subsystems which comprise the MHM system follows.
1.2.1 MHM Description

The MHM consists of two main structures, the crane system and the shielded turret
system. The Crane System consists of the trolley and control panel, girders, end ties,
whee] trucks and seismic clamps. The shielded turret or cask system includes the MCO
cask body, MCO hoist, ventilation and inert gas system, tube plug hoist, TV navigation

ARES PAGE NUMBER 1
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cameras, shield skirt and turntable.

. The crane has a bridge that provides travel in the North-South direction and a
trolley that provides travel in the East-West direction.

. The shielded turret system is mounted on the trolley and has a turntable to align
one of three cavities (TV navigation, tube plug hoist, and MCO hoist) with the
shield skirt port that is aligned with a storage tube or other MCO handling
location.

. The TV navigation camera cavity contains two closed circuit television cameras
that are used by the operator to navigate the MHM to the desired location and
closely align it over a storage tube.

. The tube plug hoist cavity contains a lead screw type hoist and grapple for lifting,
temporarily storing, and reinstalling a storage tube shield plug. The MCO hoist
cavity provides a shielded cask for temporary storage of the MCO during
transport, and a double reeving cable hoist and grapple system for raising and
lowering an MCO in a storage tube. All three cavities and the shield skirt area are
actively ventilated and maintained in an inert atmosphere by a helium purge from
the ventilation and inert gas system. All exhaust paths in the ventilation system
contain two High Efficiency Particulate Air (HEPA) filters to maintain control of
airborne radioactive particulates.

1.3 Scope

The FMEA and RAM conducted for this report only considered the systems described above. It
specifically did not address the supporting utility systems, such as electrical power, or the
structure within which the MHM is located. Also, the studies were conducted at a major
component level as opposed to a piece and part level for the analysis to be at a sufficiently
macroscopic level to be of maximum benefit. Even so, at the level at which the study was
conducted, over 500 individual components were addressed.

1.4  Objectives

The objective of the studies was to make recommendations for improvements to the MHM for
safety and reliability considerations. More specifically, these recommendations were to be based
on determining whether there are any failure modes that could be identified that had the potential
to result in undesirable consequences from a safety standpoint, and whether the MHM was

ARES PAGE NUMBER 2
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reliable enough to meet required throughput rates.

2.0 ANALYSIS METHODS
2.1  Desigoation of the Subsystems for Analysis

In order to conduct the FMEA and RAM analyses, the MHM was first broken down into the
following subsystems. These subsystems closely follow the description provided above and the
subsystems described in the 90 Percent Design Report (GEC 1997a). A notable exception was
that for the purposes of the FMEA, a separate subsystem for the controls is not defined. Rather,
the controls were described as associated with each mechanical subsystem. This method was
chosen so that a “book-keeping” method would be available 1o determine the effects of
individual control components failing. However, for the RAM analysis the control system is
considered as a whole for reasons that are described in Section 2.4. The subsystems and their
description are:

J Bridge Travel
This subsystem provides the bridge that supports the MHM and MHM trolley, controls
the allowable movement of the bridge unit, and provides indication showing movement
status. The bridge provides North-South movement of the MHM.

. Trolley Travel

This subsystern supports the MHM and allows for trolley movement in the East-West
direction.

. Turret and Turntable Assembly

This subsystem provides a turret assembly for the MHM that can be rotated to one of
three positions to align the requisite MHM cavity over the corresponding turret opening.
The three posttions are the MCO hoist cavity, the tube plug hoist cavity, and the
navigation camera cavity.

’ Tube Plug Hoist and Grapple

This subsystemn supplies the hoist and grapple necessary to remove the plug at the top of
the MCO storage tube, and temporarily store this plug in an MHM turret cavity for

ARES PAGE NUMBER 3
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subsequent operations.
. Nose Unit, Shield Skirt, Sealing System

This subsystem supplies radiation shielding and an integral seal between the MHM and
the MCO storage tube while raising or lowering an MCO.

. MCO Hoist and Eoclosure

This subsystem provides a hoist for raising and lowering of an MCO from the MHM to
the storage tube. This hoist is also used for handling the impact absorbers that are placed
in the storage tube.

. MCO Grapple

This subsystem provides a grapple for the MCQO hoist for both the MCO and the impact
absorbers that are placed in the storage tube.

. Navigation System

This subsystem provides two navigation cameras on the MHM for accurately aligning the
turret opening over a storage tube.

. Ventilation and Ineriing System

This subsystem provides exhaust ventilation on the MHM for control of any MCQ offgas.
In addition, the inerting system maintains an inert atmosphere in the MHM to prevent
possible deflagration in the event that hydrogen is relieved through an MCO pressure
relief valve.

2.2 Method Used for FMEA

An FMEA is a flexible design analysis tool that is useful for providing input to design from
component concept through development. The extent of effort and sophistication of approach
used in the FMEA is dependent upon the specific requirements of an individual program. This
makes it necessary to tailor the requirements and conduct of an FMEA to each program.
Therefore, the methods used to perform the MHM FMEA are described here in some detail.
Further information can also be obtained from the references cited. In general, the guidelines of
MIL-STD-1629A (DOD 1980) were used in conducting the FMEA.

PAGE NUMBER 4
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A typical FMEA systematically reviews the one-line drawings (e.g., P&IDs) to identify failure
modes associated with the system. However, for the MHM the only one-line drawings available
were for the ventilation & inert gas system. Therefore, a combination or mechanical drawings,
control logic diagrams, electrical elementary drawings, design reports, and an Interlock
Requirements Schedule (GEC 1997b) were the primary sources of information used. A complete
list of all documentation provided is contained in Appendix A. It should be noted here that
complete updated elementary diagrams were not received until a majority of the analysis had
been completed using the control logic diagrams. The consistency of information between the
updated elementaries and the compieted analysis was reviewed, and where needed, the
elementaries were used to enhance the information in the FMEA worksheets prepared using the
control logic diagrams. :

The performance of the FMEA can best be described by the manner in which the FMEA
worksheet utilized for this analysis was developed. An example of the worksheet used, along
with a more detailed description of the information contained in each column, is included in
Appendix B. The various components (switches, relays, contacts, instruments, etc.) necessary for
each subsystem to operate were identified and recorded on the individual FMEA worksheets.
The principal failure modes of interest for these components were determined from such sources
as FMD-91 {(RAC 1991), engineering experience, and engineering judgement. The effects (or
consequences) of a failure mode for each component was determined from both a local
standpoint and a system wide standpoint {end effect) and recorded. In addition to the effects of
the failure, features of the design that mitigate the effects were also recorded. Mitigating features
include redundant systems that lessen the probability of a failure occurring, or features that limit
the severity of the consequences should the failure occur. Both fatlure effects and mitigating
features were evaluated through documentation review, conversations with engineers and
maintenance personnel, and past engineering experience. Finally, methods of identifying the
failure were determined and a severity class was assigned. Further information on failure modes
and effects is contained in sections 2.3.1 and 2.3.2, respectively.

For this FMEA, the means of identifying the failure was included only if it was explicit. In many
cases, whether or not a failure is detected is based upon how the systern is being operated at the
time. If the component may not have been in use at the time of failure, and there was no clear
indication to the operator that it had failed, then the means of identifying the failure was listed as
“None”. This does not mean that the failure cannot be detected at all, but that it may only be
found during certain operations or during maintenance.

The severity class was assigned to provide a qualitative measure of the worst potential
consequences resulting from component failure. Using the guidelines of MIL-STD-1629A and
the needs of the project, the following severity classifications were used.

PaGE NUMBER 5
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. Category 1

Catastrophic - A failure which may cause death, offsite toxic or radiclogical
consequences, or system loss (MHM) of greater than one month. Offsite is considered
outside the Hanford Site boundaries.

. Category H

Critical - A failure which may cause severe injury, major property damage, toxic or
radiological consequences outside the CSB (onsite), or system loss (MHM) of greater
than one week.

. Category 111

Marginal - A failure which may cause minor injury, minor property damage, toxic or
radiological consequences confined to the CSB, or system loss (MHM) of greater than 24
hours.

. Category IV

Minor - A failure not serious enough to cause injury, property damage, toxic or
radiological consequences, and system loss (MHM) is less than 24 hours.

The consequences were based on engineering judgement and experience. The end effects noted
for the consequences were also based on the governing item that determined the severity class.

2.2.1 Consideration of Failure Modes

All predictable failure modes for components analyzed were considered. Where failure
modes resulted in the same effect, they were usually considered under one failure mode.
For example, a motor failing to start or failing to run had the same consequences in most
cases and the failure mode was listed as motor fails to start/nin. The potential failure
modes were determined by examination of the item in assembly and one-line drawings.
To assure that a complete analysis was performed, FMD-91 (RAC 1991) was used and
the general modes shown below were considered by the analysts in all cases. Only those
failure modes deemed to be of interest by the analyst were recorded on the FMEA
worksheets.
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. Premature operation,
. Failure to operate at a prescribed time,
. Intermittent operation,
. Failure to cease operation at a prescribed time,
. Loss of output or failure during operation,
. Degraded output or operational capability, and
. Other unique failure conditions, as applicable, based upon system characteristics

and operational requirements or constraints.
2.2.2 Consideration of Failure Effects

The consequences of each assumed failure recorded were identified, evaluated, and
recorded on the FMEA worksheet. For this FMEA, the consequences were described in
terms of local and end effects. Local effects concentrated specifically on the impact an
assumed failure has on the operation and function at the level under consideration. The
purpose of defining “local” effects is to provide a basis for evaluating compensating or
mitigating provisions and recommending corrective actions. It is possible for the local
effect to be the failure mode itself.

End effects represent and define the total effect an assumed failure has on the operation,
function, or status of the uppermost system (i.e. the MHM). For the FMEA all end
effects considered only the failure descnibed and not double failures. Double failures
were considered 10 be beyond the scope of this effort and have been addressed and will
continued to be addressed by safety analysis. The end effects also documented the
primary consequence that drove the severity classification. For example, if a component
failure caused the MHM to shutdown and the repair took greater than 24 hours, this
would be noted in the end effects column of the FMEA worksheet, and a severity class of
III was assigned.

2.3 Method Used for Reliability and Availability Analysis
Several methods of reliability analysis could have been selected including:
. Fault-tree analysis - uses a process or system analysis technique based on a
detailed logic model that represents the status and conditions for an undesirable

top event to occur.

. Event tree analysis - a method of displaying a large number of accident sequences
in a systematic manner. The analysis starts with an initiating event and then
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displays the alternate subsequent events, often with their numerical probability.

. Faiture mode and effect analysis - a process for identifying and documenting
causes and modes of each component failure and the consequences of such failure.

. Reliability block diagram analysis - uses an analysis technique in which the
logical and sequential arrangement of blocks and lines depict the effect of a failure
on the overall process or system. The block diagram closely resembles a typical
single-line or process flow diagram so that it is easily constructed and understood.
This analysis provides a convenient basis for proceeding to one of the other more
specialized analyses shown above.

2.3.1 Use of the Reliability Block Diagram Method
The reliability and availability analyses of the MHM systern were developed using an
RBDA+ reliability block diagram analysis program. The advantages of use of such a

computerized program are that the results provide the following:

. A means of developing an easily-changed block diagram reliability or availability
modei that represents both essential and critica] functions of the systern.

. The basis for calculating both the avaijlability and the probability of success of the
system.

This medel can be modified or expanded, thereby providing the capability to analyze the
reliability of alternative configurations and equipment in any follow-on studies.

For a more detailed discussion of the capabilities of the RBDA+ analysis program as well
as guidelines for understanding the model, see Appendix C.

2.3.2 Steps in Preparing the Reliability and Availability Analysis

An introduction to reliability analysis 1s provided in Appendix C. The following
paragraphs detail the specific reliability analysis process utilized in this report.

As a first step, the systermn and subsystems were defined and the method of operation
reviewed. Using this, the FMEAs were developed for nine of the subsystems. Each of
the reliability block diagrams was developed directly from the FMEAs.

PAGE NUMBER 8
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Actually, two models were developed for each subsystem. One model included the
controls and logic elements that must function for success of that particular subsystem.
Because many of the sensors and switches that determine success affect more than one
subsystem, they are shown on each of the subsystem diagrams. If these data were
combined and used for system calcutations, it would be overly conservative.

In order to provide data for a more exact calculation of system reliability, a second model
was prepared for each subsysiem. This model did not include any of the limit switches,
relays, or logic elements, Using the elementary diagrams, these items were counted
separately at the system level and included in one group for the entire system. The count
of the control and logic elements and the failure rates/down time information for
appropriate elements has been included as Appendix D.

In the first analysis, all the control elements were included at the subsystem level. In the
second analysis, the control and logic components were excluded at the subsystem level
and calculated separately at the system level, This provided data for a more detailed
analysis of the impact of the controls on system operation.

2.3.3 Failure Modes

The FMEA shows the more likely failure modes for each component. Though not all
failure modes would result in an immediate failure of the system, a more careful analysis
showed that almost all of the failure modes would prevent the system from completing its
full cycle--estimated at eight hours. An example is the X and Y channels. In a few
cases, such as for the nose and cask extraction units, the two control systems were found
10 be redundant and have been modeled that way. In most cases, it was found that the X
and Y channels were redundant as far as protection (system shutdown) is concerned, but
that the failure of either the X or Y ¢hannels would subsequently prevent the system from
accomplishing its mission. In these cases, the X and Y channels were modeled in series.

The FMEA also shows the failure effects of each component at both the local and
subsystem level. With few exceptions this has resulted in system fatlure.

The notable exception is some of the emergency components, such as the handwheel.
These are strictly for safety and not needed for operation. As a result, they have not been
included in the rehability model.
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23.4 Redundancy

A review of the system showed many applications in which the X and Y channel controls
and logic were redundant for shutdown and safety concerns but were not redundant for
operation. It was noted that a failure in either the X or Y channel would subsequently
cause a system failure that would prevent completion of the mission. Where this was the
case, all blocks were modeled in series.

In those cases (such as the nose and cask extraction systems) where the system could
operate en either channel, they have been modeled as redundant.

2.3.5 Operational Mode

It was realized that certain of the component failures would not cause an immediate
shutdown if they were not currently in use. These component failures were considered

systemn faitures if they would subsequently prevent the MHM from completing its total
mission.

2.4  References and Data Sources Used for the Analysis

The basic system data was provided by DESH and prepared by GEC Alsthom and Ederer Cranes.
This data was supplemented by discussion with DESH personnel on functionality, downtime
estimates, and maintenance philosophy. These personnel had operating experience under similar
conditions. In a few cases, industry standard figures were available. Utility surveys and Army-
sponsored surveys have provided data for some of the more common components. 1t should be
noted that repair and restoration times vary widely and depend on the maintenance policy and
spares policy at each site.

Component failure rate data was available from many sources, including IEEE Std-500, IEEE
Std 493-1990, Reliability Analysis Center (RAC) NPRD-95, RAC NPRD-3, NPRD-91, RAC
EPRD-97, and other military and utility data sources.

Because of the spetial nature of many of the components, published failure rate data was not
available. In these cases, expert opinion and comparison with similar items were used. See
Appendix E for a more complete listing of the published reference data.

ARES PAGE NUMBER 10
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Several assumptions were mentioned earlier, including the assumption that all failure modes
would subsequently result in system failure.

More basic assumptions include:

Most items are available as spares in a nearby warehouse. If this is not true, the mean down time
shown may need to be modified unless specifically discussed in the FMEA worksheet.

For the control and interlock systems, it was assumed that each limit switch or contact operated a
relay and the failure rate assumed included both the contact and the relay coil.

Assumptions were also made as to the complexity and failure rates of items that could not be

further

resolvers, and the brakes.

Assumptions Made in Modeling

The system will have been thoroughly checked before use and is operational at time zero.
Al failures are random.

No wear out will be experienced during the relatively short time the equipment is
required to operate.

Repair personnel are available on call, 24 hours a day. Repair time estimates allow for a
maximum response time of two hours.

identified. These included the hydraulic power unit, the variable speed controls, the

2.5.1 Factors Specificaily Not Included

It should be noted that the following factors may have a significant impact on the system
reliability or availability, but have not been inciuded in this analysis:

. Human reliability - Particularly during the early period, operator error could be
significant. The same will be true after the system has not been used for many
years. Until such time as operating procedures, training programs, operator
qualifications, etc., are established, the impact of operator error cannot be
calculated.

. Software Reliability - This is normally a major contributor to system reliability

—— .
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calculation. Relatively little new or non-standard software is used here, so this
will not be a major factor,

. Availability of offsite utilities, such as electric power. The reliability of electric
power onsite is understood to be very high; therefore, this contribution should be
minimal.

. Availability of main-line helium. This supply should be very reliable, and the

impact of this item shoutd be minimal.
2.5.2 Assumptions Regarding Certain Failure Rates

In several cases, no data could be found that related directly 1o special components, such
as the festoon and the grapple and jaws. No industry survey to find where similar items
had maintained and repaired was performed as part of this report. Interviews with local
personnel and the gathering of expert opinion was utilized and should provide acceptable
model input.

2.6  Development of Models

As noted earlier, the complete reliability and availability models were developed directiy from
the FMEA diagrams, and therefore, they follow the FMEA, block-by-block.

The initial models included all control and logic and predicted the reliability and availability of
each individual subsystem. It was often difficult to determine whether all the components were
included only once in the model particularly for the control and interlock systems.

Because of the commonality and sharing of the logic between subsystems, it was necessary 1o
prepare a second system-level calculation in which all logic was grouped together. This had the
advantage that it showed the failure contribution by all logic and controls and assured that an
overall accurate calculation of reliability could be obtained.

3.0 FINDINGS FROM THE ANALYSES

3.1  Results of the Failure Modes and Effects Analysis

The complete FMEA worksheets for the MHM are located in Appendix F. The results of the
FMEA show that there are very few potential system failure modes that could resuit in a

CORPORATION
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significant safety hazard. All failure modes that were identified as having a severity
classification of II were either failures of variable speed drives that were identified as taking
greater than one week to replace, or gross structural failures of major load bearing components
which are highly unlikely to fail. In order to assure that these structural components are unlikely
to fail, it is recommended that the design and fabrication criteria be closely reviewed for
appropriate safety margins and quality assurance requirements. The structural components
identified were:

. MCO grapple structural load path components,
. Tube plug grapple structural load path components, and
. Tube plug hoist lead screw.

Another result of the FMEA is that nearly all of the failures investigated will require component
replacetnent action to correct. It is, therefore, very important that spare parts lists are accurate
and that the spares are maintained in a ready inventory. A number of the same components are
used in several places so the total number of spare items can be reduced.

A final result of the FMEA is the observation that the MHM system is complex, and when
failures occur, they may be difficult to diagnose. It will be very important to thoroughly train
both operations and maintenance personnel to be familiar with the likely failure modes, some of
the indications of those failures and procedures to trouble shoot based on the indications.

3.2  Results of the Reliability and Availability Analysis

The 18 RBDA reliability and availability analysis models and their calculations are shown in
Appendix G. Assistance in interpreting the models can be found in Appendices C and D.

Note that data is provided regarding the failure rate, restore time or mean down time (MDT),
availability, and unavailability of every component, each subsystem, and the overall MHM
system. In addition, grouping of the failure rates permits estimating the portion of the failures
and down time that are attributed to control and logic components.

Probably the best summary of the reliability and availability calculations can be seen in Figures
1,2, and 3. Figure 1 shows the relative frequency of failure of the subsystems. The frequency of
failure is shown in failures per hour. If mean time between failures (MTBFs) is needed, the
MTBF is the reciprocal of the failure rate.

Because much of the control system and logic is shared by several systems, the individual system
resuits cannot be combined directly to provide a system reiiability resuli. To show this, a
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separate calculation is required. The results of this calculation are shown in Figures 2 and 3. For
these displays, the control system and logic failure rate have been removed from each systern and
dispiayed as one slice of the pie.

Examination of the data shows that the control systems and logic account for approximately 50
percent of all system failures. It may be noted that the turret and turntable assembly is the maior
contributor to the longest bar in the frequency of failures display shown in Figure 1, yet the turret
is not a major contributor to the failure causes or outage time shown in Figures 2 and 3. This is
due to two factors. First, the major failure causes for the turret and tumntable are the contrels and
logic. In Figures 2 and 3, the controls and logic have been removed for the turret segment and
included as part of the controls. The second factor is that the mean down time for the turntable
and turret assembly is relatively low, as controls and logic can be replaced or repaired in less
time than other components. However, because this system can be repaired rather quickly, it
accounts for only approximately 28 percent of the system down time.

The data provided allows for many useful calculations. Findings that may be particularly useful
in subsequent calculations are:

. As an operating system the MHM has an availability of about 90 percent. This means
that if the MHM is operated continually, it can be expected to require maintenance abou:
870 hours per years.

¢ As an operating system, the MHM has an estimated failure rate of 2,880 failure per
million hours.

If all systems are operating at the start, there 1s 2 98 percent probability that the system will
operate successfully for the next eight hours.

33  Open Items

The FMEA and RAM analyses were conducted with the design of the MHM at the 90 percent
complete level. Therefore, open items have been documented to assure that future design
changes and design completion consider the findings of these analyses.

. The MCOQ hoist subsystem design was not yet at the 90 percent level, and the analyses
were performed to the level of detail available. Because of the lack of design details, it
was not clear whether there were any mitigating circumstances for an MCO hoist brake
failure. Some mitigation, such as a backup brake, needs to be added in order to prevent
an MCO load drop if the primary brake should fail.

e
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FIGURE 2 - COMPARISON OF FAILURE CAUSES
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Operating scenarios for the MHM are still being developed. The RAM models for this
report assumed an eight hour operating period for receiving and depositing an MCO in a
storage tube. Changes to this number will affect the calculated probability of success.

Revised elementary diagrams were not received until the RAM analysis was nearly
complete. The control logic diagrams were used to estimate the number of switches, and
relays involved in various control commands. This technique should be sufficiently
accurate for the purposes of this report. At such time as final elementaries are available, a
review of changes can be made to see if any changes to this report are warranted.

RECOMMENDATIONS

The MHM is designed to be a very safe system and the FMEA reflects this. However, to provide
this level of safety, active interlock controls are used which affect the overall system reliability
and availability. The following are recommendations for improving the reliability and
availability if it is deemed appropriate.

The control system is designed to be redundant from a safety aspect, but not from a
reliability aspect. A thorough review of the safety needs should be conducted to
determine if the number of control interlocks can be reduced. Additional redundancy
could be provided for reliability, but this would be costly at the current state of project
completion.

The ability to maintain and repair the MHM will be very important in the availability of
the MHM. Thorough training of both maintenance and operations personnel is
encouraged. Spare parts must be reviewed and adequate inventory maintained in an
available location.

Initial startup and restart procedures need to be detailed and thorough to minimize the
probability of failures occurring during operations.

Operators should be thoroughly trained to reduce failures due to operator error. They
should also be trained in the manual alternatives available for MHM operations.

Although the vent system by itself is comparatively reliable, deiction of the inerting
system that has been proposed would improve the reliability by reducing the number of
interlocks that are associated with other subsystems.

Ell
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Document No. Sheet Revision | Document/ Title
Number Drawing
Type

ESL/R(97)8 N/A B Report Hanford MCO Handling Machine Interlock
Regquirements Schedule {revised 8/13/97)

ESL/R{96)065 N/A < Report Hanford MHM Project 90% Design Submission Report
+ 6 June 1997

ESL 1506/2D N/A A Spec. Hanford MHM Control System Requirements
Specification - Technical Specification

ESL/R(96)065 N/A C Drawings Mechanical Drawings - 90% Design Submission - 6
June 1997 (Includes all drawings on index)

ESL/R(96)065 N/A C Drawings Electrical Drawings - 90% Design Submission - 6 June
1997 {Includes ail drawings on index})

ESL/R(96)0635 N/A C Spec. Specifications - 90% Design Submission - 6 June 1997
{Includes all specifications on list)

C-34650 - B Drawing Seismic Restrain Assay

C-34680 - B Drawing Bridge Drive Assay

C-34966 - - Drawing Seismic Restrain Uplift Trolley

C-35188 - A Drawing Trolley Drive Assay

C-35570 - - Drawing Rail Detail Bridge Festoon

C-35625 - - Drawing Support (Trolley Festoon)

C-35626 - - Drawing Pusher Arm (Trolley)

EB-33056 I E Drawing Crane Control Elementary Drawings - Title and Index

(includes all drawings on index - rev. ¢ and rev. d were
also provided)

EB-330%6 1A A Drawing Crane Control Elementary Drawings - Title and Index
Continued (includes all drawings on index - initial rev.
was also provided)

363A0038 N/A A Drawing Hanford MHM Control and Interlock Logic Diagram

HNF-5-0468 N/A 3 Spec. Canister Storage Building Integrated MCO Handling
Machine Specification

N/A N/A 2 Comments | MHM 80% Design Review Comments

ESL/R(96)083 N/A 1 Report Hanford MHM Project Seismic Analysis of the MCO

Handling Machine
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Document No. Sheet Revision | Document/ Title
Number Drawing
Type

ESL/R(96)39 N/A B Repon Hanford MCO Handling Machine Design Caleulations
ESL/R{96)085 N/A A Report Hanford MHM Phase 1]] Shielding Assessment
ESL/R(9T)9 N/A - Report Hanford MHM Phase 11l Thermal Assessment
D-34964 - - Drawing MHM Rotate Gear Guard
D-34968 - A Drawing Turret Festoon Arrangement
D-34969 - A Drawing Festoon Rajl Beam
D-34970 - A Drawing Vertical Supports
D-35571 - - Drawing Bridge Festoon Assembly
D-35263 - - Drawing Trolley Conductor Assembly (Festoon)
D-35624 - - Drawing Rail (Trolley Festoon)
B-35266 - A Drawing Hanger Carrier
B-35288 - - | Drawing Hose Clamps Top & Bottom
B-35569 - - Drawing Pusher Arm (Bridge Festoon)
B-35618 - - Drawing Intermediate Shaft Hex Adapter
B-35636 - - Drawing Splice Guard and Step
D-35205 - A Drawing Bridge Erection Drawing MHM Ganiry Crane
C-35662 1 - Drawing Shipping Contro] Drawing (Bridge)
D-34%60 : - A Drawing Trotley Arrangement
L-34557 1thra2 C BOM Bill of Material - Bridge List
1-34598 1 thru 9 A BOM Bill of Material - Walkway Access and Electrical List
L-34604 1 B BOM Bill of Material - Main Trolley List
L-34605 i thru 3 B BOM Bill of Material - Trolley Wheel and Drive
1510-08% - - Letter MCO Handling Machine

Purchase Order MDK-5DX-452656
FRF-2825 - - Report Fault Tree Analysis for MHM System - June 7, 1996
97-SFD-141 - - Docuruent Attachment 1, IRP Questions and Assignments

{Informa) draft provided)
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Document No. Sheet Revision | Document/ Title
Number Drawing
Type

- - Document MHM System Qutline {informal draft provided)

- N/A - Vendor GEMCO Quik-Set III, Programmable Limit Switch
Info

N N/A - Vendor General Purpose Relays
Info (FAX)

05092 N/A - Vendor Troubleshooting the Drive

Info
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FMEA Worksheet Description
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An example of the FMEA worksheets utilized in this report is shown on Page B-4. The
worksheet is used to tabulate various :nformation necessary to perform the FMEA. A description
of the information in each column is provided as follows.

Subcompenent/Subsystem - This column provides a further breakdown of the system by defining
a subcomponent or subsystem.

Component I - This column provides the actual component whose failure is to be analyzed.
Where possible, the component is identified by an existing component numbering system. If the
component is not assigned a unique identifier, such descriptions as part numbers and noun names
are used.

Component Fail Rate/Hr - This column provides the failure rate per hour chosen for the
component. Generic sources of information as well as component specific information may be
used.

Failure Mode - This column provides the modes in which the component may fail that were
analyzed.

Alpha - This column provides the probability that the failure was in the mode specified in the
previous column.

Local Effects - This column is used to describe the local effects of the failure. Local effects
concentrate specifically on the impact an assumed failure has on the operation and function at the
level under consideration. The purpose of defining “local” effects is to provide a basis for
evaluating compensating or mitigating provisions and recommending corrective actions. It is
possible for the “local” effect to be the failure mode itself.

End Effects - This column is used to describe the total effect an assumed failure has on the
operation, function, or status of the uppermost system (i.e. the MHM). The end effects also
documented the primary consequence that drove the severity classification. For example, if a
component failure caused the MHM to shutdown and the repair took greater took 24 hours, this
would be noted in the “end” effects column of the FMEA worksheet, and a Severity Class of Il
was assigned.

Failure Detection Method - This column is used to describe the ways in which a failure may be
detected. The information is not required in the statement of work for this report, but may be
useful where provided.

ARES PAGENUMBER  B-2
gommnun —— I




SNF-6449 REV 0

FMEA/RAM ANALYSIS FOR THE MHM Report No. 974502002, Rev. 0
September 23, 1997
e -
Mitigation - This column is used to describe the mitigating features of the failure described. It

may include redundant systems that lessen the probability of a failure occurring, or features that
[imit the severity of the consequences should the failure occur,

Severity Class - The severity class is a means of prioritizing failure modes as a function of
probability of occurrence and the severity of the consequences. The following categories were
used:

. Category I - Catastrophic - A failure which may cause death, offsite toxic or radiological
consequences, or system loss (MHM) of greater than one month. Offsite is considered
outside the Hanford Site boundaries.

. Category ]I - Critical- A fatlure which may cause severe injury, major property damage,
toxic or radiological consequences outside the CSB (onsite), or system loss (MHM) of
greater than one week.

¢ Category 11I - Marginal - A failure which may cause minor injury, minor property
damage, toxic or radiological consequences confined to the CSB, or system loss (MHM)
of greater than 24 hours.

. Category [V - Minot - A failure not serious enough to cause injury, property damage,
toxic or radiological consequences, and system loss (MHM) is less than 24 hours.

The severnity class assighments were based on engineering judgement and experience and not on
detailed accident analysis.

Maintenance Action - This column briefly defines whether a component should be repaired or
replaced in order to correct the failure. If an item is not planned to be carried in spares it is
noted. In many instances where replacement has been noted, it is recognized that for some
failures, repair may be possible in lieu of replacement. The most difficult maintenance action—
usually replace--was noted in this column.

Remarks - This columns contains additional remarks to clarify any information provided on the
worksheet.
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Introduction to Reliability Analysis
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C.1 INTRODUCTION TO RELIABILITY ANALYSIS

Reliability analysis provides a formal method for evaluating a process or system from a RAM
viewpoint,

. It invoives the development of logical and/or mathematical models which represent the
interaction among various processes, systems, and components for the occurrence of a
specified system state (i.e., working, failed, etc.). Though the analysis may be qualitative
or quantative, the quantative analyses are desired. A quantative solution of the model
requires relevant failure data, repair data, experience data, and minimum operational
reguirements.

There are a number of objectives that may be realized from such analysis. These can be to:

. Compare alternate system configuration from a reliability viewpoint.

. Confirm the ability of the process/system design to meet its reliability requirements.
v Identify critical areas for improvements.

. Provide input to trade-off studies, including consideration of spares.

. Provide input to maintenance and operational procedures and policies.

. identify reliability goals for systems/processes.

. Evaluate consequences of failure.

. Satisfy regulatory requirements.

Though there are several techniques that can be used, a reliability block diagram analysis is the
technique most often used for an operating process or system in which system availability and
reliability is a major concemn. Fortunately, a reliability block diagram closely resembles a flow
diagram, a schematic, or a functional block diagram.

The reliability block diagram is really a logic chart and the arrangement of blocks and lines
shows the relationship among system processes and components to indicate which components
{(blocks) of the system must operate successfully for the process to accomplish its intended
function. It is developed through the analysis of the function relationships among the
components. Each component is represented by a block. Removal of the block from the diagram

PAGE NUMBER C-2
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represents the failure of the components represented by the block. The blocks for redundant
components are shown in parallel. Blocks representing compontents whose failure canse a
process or system failure are shown in series. Once the reliability block diagram is constructed,
the success paths of the process can be identified and reliability/unreliability of the system can be
calculated.

A system is said to be a series system, from a reliability viewpoint, if all system components
{blocks) must work for system success or only one needs to fail for system failure.

A system is said to be a parallel system, from a reliability viewpoint, if only one path (biock)
needs to be working for system success or all must fail for system failure.

The reliability of simple series and parallel circuits can be readily calcnlated by hand, particularly
if the failure rates are low and approximations are used. Comprehensive diagrams, such as those
for the MHM, are best analyzed with the use of a computer program, such as RBDA+.

C.2 HOWTO READ A RELIABILITY BLOCK DIAGRAM

For ease of illustration, the model has been constructed as a block diagram using the arrangement
of the blocks to show functional or equipment relationships. The success path in the block
diagram is indicated by an unbroken chain of successes or blocks from start to finish. The
probability of failure (and usually the frequency of failure and restoration time) are typically
indicated by the numbers shown on the corners of each block.

Blocks representing functions that cause a system failure are shown in series with the other
blocks.

Most blocks in the reliability block diagram have been arranged in about the same position that
they would be in a functional block diagram, although mathematically, it is not necessary to do
this. This makes the reliability block diagram easier to follow and compare with the functional
diagram.

The rehiability and availability analysis of the MHM has been based on the following:

. Developing a series of block diagram reliability models that represent the functions of the
system.
. Calculating both the unavailability and probability of success.

E—
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For ease of illustration, the madel has been constructed as a block diagram that uses a block
arrangement to show the interrelationship and redundance of the equipment functions represented
by the bilocks. Success is indicated by a path through an unbroken chain of blocks from start to
finish. The probability of failure (and usually the frequency of failure and restoration time) are
typically indicated by the numbers shown on the corners of each block. The failure codes are
defined below.

jCorﬂel.i Where in.fonnatiori Appears | Faiture Code Information

Upper right Availability of the component

Upper left Unavailability (also the probability of failure)

Lower left Failure rate per hour

Lower right Mean down time (MDT) or mean time to
restore operation, in hours

Blocks representing components or functions that cause a system or process failure are shown in
series with the other blocks. For the MHM system, there is little redundancy, so most blocks are
in serjes.

Blocks shown with the upper corners clipped are further subdivided. Another drawing shows the
components that are included.

C.3 RELIABILITY AND AVAILABILITY DEFINITIONS

Availability - The probability that a process of function is in an operable state and can function if
required. It is also a measure of the fraction of the time that an item or process is functioning
during a period.

Component - Often used interchangeably with equipment for a definable or replaceable element
in an equipment or process. In some applications, a component is a part of an equipment.

Corrective Maintenance (CM) - Unscheduled maintenance that cannot be deferred until the
next scheduled maintenance period. Such unscheduled maintenance is normally considered to be
a failure.

Equipment - Often used interchangeably with component for a definable or replaceabie element
in an equipment or process. In some applications, a component is a part of an equipment.
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Failure - Basically, the inability of an item or process to perform its required function. Where
redundancy is involved, an item may fail, but the process or system can continue to perform all of
its required functions until a repair is made or a second failure occurs.

Failure Rate - The failures per unit of time. For this prediction, it is the probability of a failure
per hour.

item - A generic term that can include components, equipments, or a collection of them.

Lambda - Used in the RBDA printouts to represent failure rate. Normally shown in failures per
hour.

Maintainability - A measurement of the ease with which a process or system can be restored to
operation. Typically, it is measured in the hours of mean down time (MDT) following a failure.
Consideration needs to be given to total down time and not just the active repair time.

MDT (Mean down time) - This is often interchangeable with MTTR. MDT always includes all
administrative and other contributors to down time.

MTBF - The mean or average time between failures. It is the reciprocal of failure rate.
MTTR - The mean or average time to repair (or restore) the item for service.

PM - Preventive maintenance that is scheduled for keeping an item in operating condition or
restoring it to original condition. This is normally scheduled in an off period and has not been

included in the MHM calculations as it will have little impact on overall reliability.

Probability of Failure - Used in the RBDA printout with a value that is (1 - probabitity of
success). It represents the probability that an item or system is in the failed state.

Probability of Success - Used in the RBDA printout and has essentially the same meaning as
availability.

Redundancy - The existence of one or more means (not necessartly identical) for accomplishing
& given function.

Reliability - The probability that an item (which may be a single component or a complete
system) to perform its required function under stated conditions for a specified time interval.
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System - an assembly of compenents or equipment needed to accomplish a function. In this
respect, it is similar to the definition for a process, but the term system tends to be used for
functions where no linear movement or flow is involved. For this analysis, the MHM is
considered to be a system.

Subsystem - For this analysis, the subsystems described are portions of the overall system or
essentially various discrete groups of compenents necessary to perform a portion of the overall
process. These subsystems include bridge travel, trolley travel, turret and turntable assembly,
tube plug hoist and grapple, nose unit/shield skirt/sealing system, MCO hoist and enclosure,
MCO grapple, navigation system, and ventilation and inerting system.

Unavailable - The status of an item or major piece of equipment which renders it inoperable
because of a failure or other adverse condition.
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MHM Reliability Block Diagrams
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SNF-6449 REV 0

Bridge Travel Subsystem
Without Controls
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SNF-6449 REV 0

Trolley Travel Subsystem
With Controls
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Trolley Travel Subsystem
Without Controls
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Turret and Turntable Assembly Subsystem
With Controls
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Turret and Turntable Assembly Subsystem
Without Controls
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Tube Plug Hoist and Grapple Subassembly
With Controls
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Tube Plug Hoist and Grapple Subassembly
Without Controls
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Nose Unit, Shield Skirt, Sealing System
With Controls
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Nose Unit, Shield Skirt, Sealing System
Without Controls
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MCO Hoist and Enclosure Subsystem
With Controls
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MCO Hoist and Enclosure Subsystem
Without Controls
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MCO Grapple Subsystem
With Controls
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MCO Grapple Subsystem
Without Controls
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Navigation Subsystem
With Controls
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Navigation Subsystem
Without Controls
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Ventilation and Inerting Subsystem
With Controls

Note: Ventilation and Inerting Subsystem without Controls provides
same gquantitative results.
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Robert H. Gauger

GunnainatN»
RN
L

Consulting assignments that utilize technical ano problem soiving

capabilities in reliability engineering, electronics, and reiated fielas.

Professional
Experience

INDEPENDENT CONSULTANT, IRVINE, CA 1990 to date

Providing reliability consulting and ris< anarysis for clients, including
Fluor Daniel, Holmes & Narver, PLG inc, and Precision Controls &
instrumentation.

HOLMES & NARVER, Orange, CA 1974 to 189C

Manager of Reliability Engineering - Responsinle for all reiiadiity,
availability, and maintainability (RAM] sengineerning programs and
services provided by Holmes & Narver. This included analysas of
control systems, process systems, chemical plants, pharmaceutica’
plants, power plants, wastewater piants, and military bases. Tne
programs used techniques such as faiure moae analyses [FMEAs),
failure mode effect and criticality analyses, (FMECAs], reliability
modeling, accessibility analyses, fault tree analyses (FTAsj, event trees,
accident scenarios, hazard analyses, and identification ot protwem
areas. In all cases, quantitative reports were provided, and design
changes resulted.

Recent programs included:

4] A failure mode, effect, and criticality analysis for a NASA tes*
facility for hydrogen storage tanks.

0 A failure mode and effect anatysis for a compactor for hazardous
waste.

0 An ethylene oxide plant that required a high integrity shutdown
system. The analyses used FTAs and FMECAs.

o Severa: programs for high-reliability communicatons systems,
including networks, emergency  systems, satel'ite

communications, and fiber optics.

0 Clinch River Breeder Reactor Plant, using availability analyses,
risk assessments, FMECAs, FTAs, and prediciions.

H-2
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o Uranium enrichment facility with FMEAs and predictions used to
satisfy availability and safety concer-s.

o Southern California Edison, including the development of an
advanced data acquisition, monitoring, and diagnostic system
based on expert systems,

o Consolidated Space Operations Center, RAM analyses and
controls to meet the critical requirements regarding the
availability and distribution of electric power.

0 National Test Facility, again with critical power requirements, but
based on a combination of backup power systems.

) Security system for military bases having reliability andg
availability reguirements.

0 A pharmaceutical piant that required a quantitative hazard
evaluation and FTAs in order to obtain approval for piant
constructics,

SINGER KEARFOTT, Littie Falls, N.J. 19701974

Reliability Program Manager - Established a series of sequentiai

reliability tests and programs for the company’s electrical and
mechanical guidance components.

HAZELTINE CORPORATION, Greenlawn, N.Y. 1949-197C

Division Head - Directed all reliability, availability, maintainability,
components, and standards activities for a muitiplant military
electronics company.

BSEE, lowa State University

MEE, Polvtechnic institute of Brookiyn

IEEE, Life Senior Membar

ASQC Certified Quality Engineer

ASQC Certified Reliability Enginee-

Professional Engineer, Quality, California

Professional Engineer, New Yo

Institute for the Advancement of Engineering, Fellow

Presented and published more than 30 papers on availability,.
maintainability, and reliability.

H-3
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Ph.D.
M.S.
B.Tech.
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RESUME OF AMITAVA GHOSE

Structural Engineering, University of California, Berkeiev
Structural Engineering, University of California, Berkeley
Civil Engineering. Indian Institute of Technology

PROFESSIONAL REGISTRATIONS

Registered Professional Engineer, State of California, Reg. No. CE-26202

PROFESSIONAL AFFILIATIONS / PUBLICATIONS

Member. American Society of Civil Engineers

Co-author: ASCE Standard 4-86, "Seismic Analysis of Safety Related Nuclear

Structures”

PROFESSIONAL EXPERIENCE

ARES Corporation

Vice President and one of the founders of ARES Corporation, Some areas ir.
which the finn provides services include:

Seismic evaluation and retrofit design of nower plant, transportation,
industrial, and commercial structures;

Design of high level radioactive waste underground storage facilities;

Performance of third-party design and construction reviews of plant
Systems;

Development of design basis and licensing basis documents for plant-wide
design criteria manuza:;

Development of safety analyses for plant modifications; acé

Development of methodology for the basis for the justification for
continued operation of plants.

CORPORATION
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Some recent projects in which Dr. Ghose had major involvement include:

Development of Design Basis Document for PG&E's Diablo Canyon
plant. DBD development activity included writing, reviewing, enhancing,
and revising a comprehensive set of DBDs encompassing the
Civil/Structural/Piping disciplines. His breadth of experience is
exemplified by the following partial list of DBDs worked on: Seismic
Analysis; Containment Building; Containment Interior Structure; Fuel
Handling Building; Seismic Qualification of Equipment; Pipe Break
(HELB, MELB) and missiles; Contol of Heavy Loads; etc.

Development of Alternate Analysis Techniques for Arkansas Nuclear
One's [sometric Update Project. A comprehensive set of plant-specific
simplified evaluation techniques were developed, eliminating undue
conservatisms, for the cost-efficient documentation update of the plant's
small-bore piping systems and supports. The ANO staff engineers and
field personnel were trained in the effective use of these procedures;

Vibration analysis for suppression pool components for boiling water
reactor under seismic and hydrodynamic loads; and

Evaluation of the effects of long duration seismic loading on the
performance of reinforced concrete bridge columns,

Qggng Qmun_ IIIQ,

As Section Manager for Advanced Seismic/Structural Analysis, technical
direction and management were provided for the following key projects:

-

-Development of design basis documnents, and numerous plant design
modifications including seismic/structural design of a major plant building
expansion at Pacific Gas & Electric's Diablo Canyon Nuclear Generating
Station,;

Comprehensive research and rewrite of the Updated Final Safety Analysis
Report for Commonwealth Edison Company's Quad Cities Nuclear
Generating Station, reflecting all design basis modifications and resolving
any existing inconsistencies; and

Performance of a series of seismic parametric studies for the California
Department of Transportation, to verify and improve the seismic
meodeling, evaluation techniques, and design specifications used by

CORPORATION
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Caltrans for single and double-deck elevated freeways. Presentations were
made, based upon these studies, to groups of Caltrans senior design
engineers, and to Caltrans' distinguished seismic advisory boar<.
Numerous results and conclusions from these studies have been
incorporated into the Caltrans procedures.

Independent Seismic/S | Consuitant

Independent consultation on seismic design and review of industria) structures.
Utilized computer-based as well as conventiona! solutions 1o the application of
earthquake loads on large complex structures. and evaluated the integrity of their
designs. The majority of the consultation was in the Power Industry. Specific
projects included:

Design review of the seismic design of Category 1 structures, dynamic
evaluation of safety class components and critical piping systems angd their
supporting structures, and evaluation of pipewhip and jet interactions, for
the Comanche Peak Nuclear Plant.

Seismic evaluation of the interfacing cable tray and conduits and taeir
supports associated with a control panel design modification at the Diao.o
Canyon Nuclear Generating Station.

Review of computer models and codes for Nuclear Power Structura!
Evaluations (NASTRAN, STARDYNE, GTSTRUDL, SUPERPIPE) and
Computer Codes for Repository Design Models (ADINA, DOT,
MATLOC, SALT4, VISCOT, HEATING6, STEALTH2D), for an
NRC/DOE Projec:.

vona Corporation. San Franci

As Manager of Product Development, Dr. Ghose produced definition and design
of a structural engineering system for the interactive design of commercial and
industrial buildings. Development of a demonstration system utilized C-

programming language, in a UNIX environment. Responsibilities includec
technical direction and management of the development group.

on San Fragei

As Senior Technical Specialist, key responsibility was the development of the

Interactive Structural Design module for Impell's Computer-Aided Engineering
product. Significant contributions were made in conceptual planning and ir:

CORPORATION
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directing the development team; efficient design of data structures;
implementation of 3-D interactive graphics; and design of interfaces with
Structural Analysis software.

As a Manager of the Advanced Structural Analysis Section, provided technical
management of a group of 20 engineering personne] within the Advanced
Analysis Division. Responsibilities included technical direction, client interfacs,
perseonnel hiring, evaluation and development. The technical areas covered
included the application of computer analysis techniques to the design ans
analysis of complex structural systems, reactor components and equipmen:.
Dynamic analysis codes using finite element methods were developed ar.c
applied. Design verifications were performed of Category I structures in U.S. and
overseas nuclear power p.antis.

Selected project areas included:

»  Supervision and technical direction of structural dynamics problems for
power plant structures and components. Some sample project invoivement
were the foliowing:

- seismic analysis of Category I structures and development of
amplified in-structure response spectra for Allen's Creek, Doug'as
Point, Hope Creek, and South Texas Projec:.

- seismic analysis studies, including fluid-structure interactior:
effects, of the proposed Atlantic Generating Nuclear Station
floating power plant.

- nonlinear dynamic analysis of generic PWR model witn
asymmetric loads for the evaluation of the reactor vessel, saddls
supports, pedestal and shield wal's.

- dynamic analysis and component/equipment evaluation and retrofit
design for BWR Mark I suppression pool hydrodynamic loads for
Cooper Nuclear Station.

- dynamic analyses for the correlation of General Electric's Ful
Scale Test Facility results for the development of chugging loads
in BWR Mark I containments.

- seismic analysis of a BWR Mark III containment buiiding
axisymmetric model including fluid-structure interaction effects of
the pressure suppression pool.

- dynamic time-history analyses for the evaluation of steam-nammer
and water-hammer effects on main steam lines and safety/relie?
valve lines on Duke Power Company’s McGuire and Catawba
Plants and TVA's Sequoyah and Watts Bar Nuclear Plants.

CORPORATION
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»  Supervision of technical work for site seismic ground motion development

and soil-structure interaction analysis. Some specific project experience
includes:

- site analysis, seismic design criteria development, spectrum-
compatible ground motion computation, and generic soil-structure
interaction studies in support of the Early Site Review Report
(ESRR) for the proposed San Joaquin Nuclear Plant for LA
Department of Water and Power.

- soil-structure interaction analyses in support of Preliminary Safety
Analysis Report (PSAR) for Allen's Creek, Douglas Point, and
South Texas Project.

- sotl-structure interaction studies for General Electric's BWR
Standard Reactor Island Design (STRIDE) project.

- soil-structure interaction studies including nonlinear soil-gap
properties for Tihange 2, Electrobel, Belgium.

»  Direction of the enhancement developments, testing, and documentation of
the company's two major engineering software modules: SUPERPIPE and
EDSSAP.

Madigan-Hyland Inc.. New York

Analysis, design, and refurbishment of steel and reinforced cancrete bridges in the
State Highway systern of New York and New Jersey.

CORPORATION
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RESUME OF BRUCE D. GROTH

EDUCATION

B.S., Chemistry, Willamette University, Salem, Oregor

B.S., Mathematics, Willamette University, Salem, Oregen

Progress towards M.S., Chemical Engineering, Washington State University-Tri Cities,
Richland, WA

Over 30 hours of continuing education in project managemen:.

PROFESSIONAL EXPERIENCE
ARES Corporation, Richland, Washingtor

Mr. Groth is a senior engineer responsible for conducting engineering studies, conceptua. desigr.
reports and estimating, and performing design reviews, in addition to other engineering duties.

Westinghouse Hanford Company, Richland, Washington

While working as a Tank Farm Characterization and Monitoring Systems Design Engineer, M-,
Groth performed engineering studies, conceptual design, and detailed design for systems to
characterize and monitor waste in high level radioactive waste storage tanks on the Hanford Site.

As a Project Engineer on Muliti-Function Waste Tank Facility, Mr. Groth performed project
engineering functions on a new $435 million tank farm for the storage of radioactive and
hazardous waste from concept through detailed design. Responsibilities included Safery
Analysis Report preparation, Systems Engineering, design oversight, preparation of design
baseline criteria, risk management. cost and schedule control, and NEPA documentation support.

As a Tank Farm Process Engineer, Mr. Groth was involved in process support, equipment
design, development of design criteria, maintenance, and operation of instrumentation, data
acquisition, electrical, and mechanical systems in Nuclear Waste Storage Tank Farms. Primarily
worked on developing, fabricating, installing and operating new gas monitoring systems for botn
process control and analytical purposes in tanks with safety concems.

U.S. Navy

Main Propulsion Assistant onboard USS Texas (CGN-39) - Duties involved supervision of al.
mechanical system maintenance, operation, testing, and training on TEXAS' two Nuciear
Propulsion Plants. Responsible for completion of all repairs and altcrations as specified on ships
drawings from the planning phase through the completion of satisfactory testing. Supervision of
a staff of two Lieutenants, five Chief Petty Officers, and sixty enlisted personne].

ARES

CORPORATION
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Assistant to the Chief Engineer onboard USS TEXAS {CGN-39) - Coordinated maintenance
with outside repair activities, assisted in implementing a Quality Assurance Program in the
Engineering Department, and significantly upgraded the mechanical training program:.

Machinery Division Officer onboard USS TEXAS (CGN-39) - Experience involved
operation, preventive mainienance, and repair of all Reactor and Steam Plant Mechanical
Systems. Qualified as Engineering Officer of the watch of TEXAS' Nuclear Propulsion Plants as
well as Engineering Duty Officer and Nuclear Quality Assurance Inspector. These duties
involved direct supervision of 35 personre!.

Surface Warfare Officers School, San Diego, California - Comprehensive training on al.
aspects of Naval Surface Ship Operations, Weapons, Engineering, and Administration.

Naval Nuclear Propulsion Training - Six months of formal training in Reactor and Steam plant
theory, mathematics, physics, electrical engineering, materials, chemistry, and reactor design a*
Naval Nuclear Power School, Orlando, Florida. Seven months of operational training at A1W
nuclear prototype reactor in Idaho Falls, Idaho

CLEARANCE: DOD Top Secret Security C.earance

ARES

CORPORATION
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