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ABSTRACT 

The VITPP Upgrade Study is evaluating the feasibility of converting the existing 1 
metric ton per day Vitrification Pilot Plant (VITPP) into a long-term production facility in 
order to  vitrify all of the residues in the K-65 silos. A simulation analysis was performed 
on existing configuration of the VITPP the to  evaluate its reliability, availability, and 
maintainability as a production facility. The analysis modeled the operation of major 
systems and components using AT&T’ISTEL’s Witness’ simulation software. Estimates of 
mean time between failure (reliability) and mean time to  repair (maintainability) were made 
for components that could cause a reduction or suspension of glass production. The 
analysis software, using the above estimates and a functional description of the process 
systems, determined the total operating efficiency (availability) of the pilot plant on a 
monthly and cumulative basis over an eight year period. 
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EXECUTIVE SUMMARY 
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The current baseline for final remediation of the residues stored in Silos 1, 2, and 3 is 
vitrification in the Fernald Residues Vitrification Plant (FRVP). The FRVP is scheduled to  
begin operation in the year 2000 and complete its mission by the end of 2003. The 
estimated capital cost for FRVP is near $100 million and the estimated total life cycle cost 
is near $200 million. To gain information specific to  vitrifying the silo residues, a 1 metric 
ton (1 000 kg) per day (MT/d) Vitrification Pilot Plant (VITPP) has been built. 

A potentially less expensive alternative to  building the FRVP is being evaluated by the 
VITPP Upgrade Study. This alternative consists of providing an alternative stabilization 
method for Silo 3 residues; increasing the capacity of the VITPP to  the maximum extent 
possible (between 4.5 and 6 tonnes/day); building a second, parallel plant of near equal 
capacity; and operating both through 2003 to vitrify Silos 1 and 2 residues. This 
alternative poses some unique challenges in that the VITPP was designed to  operate for 
only a short time and process only a small amount of radioactive waste. 

The purpose of this analysis is t o  estimate the reliability, availability, and maintainability of 
the VITPP. This evaluation is necessary to  identify the bottlenecks and/or weak links in 
the design in order to  determine the changes required to  upgrade the facility from a pilot 
plant to  a production plant. 

The results of this analysis show that the monthly average availability is around 80 
percent. Every three years or so, the melter refractory must be replaced which requires a 
t w o  month extended outage. Factoring this outage into the simulation, the cumulative 
availability is approximately 75 percent. 

The model assumes that the VITPP has completed its pilot plant duties, has not been 
upgraded to  6 MT/d, and is operating as a 1 MT/d production plant. This means that plant 
shakedown has been completed and all items not "fit for duty", by nature of their design or 
materials of construction, have been replaced, and that appropriate weather protection has 
been provided for installed instrumentation. The model also assumes the immediate 
availability of spare parts, operators, and maintenance personnel t o  perform all necessary 
repair or replacement tasks. As a result of these assumptions, the calculated availability is 
higher than that expected during either Phase I or Phase II pilot plant testing. 
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1 .O INTRODUCTION 

1.1 Background 

The current baseline for final remedial design of Operable Unit 4 (OU-4) at the Fernald 
Environmental Management Project includes removal and treatment of residues stored in 
silos 1, 2, and 3. The treatment technology selected for stabilizing the silos' contents is 
vitrification. The final product is currently planned to  be borosilicate glass gems, which are 
flattened spheres 1 to  2 cm in diameter by approximately 0.5 cm thick. 

A Vitrification Pilot Plant (VITPP) using a Duratek melter with a nominal capacity of 1 
metric ton of glass per day (MT/d) is operational. Phase I (non-radioactive) operation 
began in June 1996. Phase II (radioactive) operation is scheduled to  begin in July 1997 
and end in October 1997. The purpose of the VITPP is to  gain information on vitrifying the 
silo residues for use in designing the Fernald Residues Vitrification Plant (FRVP). 

Reliability, Availability, and Maintainability (RAM) analyses can be a valuable tool during 
the design of a facility. Reliability is a component by component estimation of the number 
and types of breakdowns that are expected to  occur during operation of the plant. 
Availability is the amount of product actually produced in a given time period divided by 
the amount of product that could have been produced if the plant operated at 100 percent 
capacity during that same time period. Maintainability is an evaluation of the time required 
to  repair failed plant equipment. Factors such as radioactive contamination, spare parts 
availability, and accessability are considered in determining maintainability. 0 
1.2 Purpose 

The FRVP is scheduled to  begin operation in the year 2000 and complete its mission by the 
end of 2003. The estimated capital cost for FRVP is near $100 million and the estimated 
total life cycle cost is near $200 million. A potentially less expensive alternative to  
building the FRVP is being evaluated in the VITPP Upgrade Study. This alternative consists 
of increasing the capacity of the VITPP to the maximum extent possible (between 4.5 and 
6 MT/d) and building a second, parallel plant of near equal capacity, and operating both 
through 2003. This alternative poses some problematical concerns in that the VITPP was 
only designed to  operate for a short time then be dismantled. 

The purpose of this analysis is to  evaluate the reliability, availability, and maintainability of 
the VITPP. This evaluation is necessary to identify the bottlenecks and/or weak links in the 
design in order to  determine the changes required to  upgrade the facility from a pilot plant 
to  a long-term production plant. 

1 
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1.3 Methodology 

The first step in preparing the simulation model is to  develop the logic that describes 
material flow throughout the facility. This logic also contains operating rules, processing 
rates, and parameters such as storage capacity and standby times. Next, all equipment 
whose failure will have an impact on plant performance is identified, and estimates of 
failure rates and repair times are made. The simulation model is then built on this 
information using the WITNESS@ simulation software. WITNESS provides an interactive 
environment to  permit quick model development, debugging, and analysis of dynamic 
systems. Graphics are used to  show liquid flows and the status of all equipment modeled. 

The WITNESS model depicts the major operations including feed preparation and melter 
feed, vitrification, and melter off-gas systems. Within each of these systems, major 
equipment having a production impact due to  failure is included. Further, the model 
addresses tank standby times and storage. Standby time is important because it can 
mitigate the impact of equipment failures on production by allowing time for restoration 
before production is lost. 

' 

After developing the model, the failure and repair times were applied to  the equipment. 
The Mean-Time-Between-Failure (MTBF) data assumes that equipment items operate on a 
continuous basis. This is reflected in the model by allowing equipment to  fail on calendar 
time versus operating time. This means items such as flow valves, which only operate 
intermittently, can fail (or plug-up) without actually being in use: something that can, and 
occasionally does, happen in real life. 

In order to  characterize the equipment failure-restoration process, the model uses Mean- 
Time-Between-Failure (MTBF) and Mean-Time-to-Restore (MTTR) values for all equipment. 
Both historical data bases and FERMCO operating experience were used as the basis for 
the MTBF values. An exponential distribution was used to  simulate equipment failures on 
a random basis. 

Component restore times were developed by using a maintenance functional analysis 
approach in conjunction with the FERMCO maintenance department. This analysis 
itemized the steps involved with the restoration of each equipment item included in the 
model. Restoration times and sequencing criteria were applied to  determine the overall 
MTTR values for each item. 

The RAM Analysis Report will be published in two  parts. This first part evaluates the 
VITPP in its 1 MT/d configuration. The second part will evaluate the upgraded plant in its 
4.5 to  6 MT/d configuration. 

2 
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2.0 RESULTS 

The average availability per month for an eight year span of operation is shown in Figure 1. 
Eight years was chosen because of limitations in the computer program. WITNESS can 
only store the last 100 data points, and since monthly average availability values were 
computed, 100 months is 8.3 years. As can be seen, monthly availabilities normally vary 
between 75 and 90 percent with an average of around 80 percent. Every three years or so 
the melter refractory must be replaced which causes a two  month extended outage. 
Factoring this into the simulation the cumulative availability is approximately 75 percent. 

Estimates of the failure rates, MTBF, and repair times, MTTR, for the equipment modeled in 
this analysis are shown on Table 1. Equipment not 'modeled is presented in Table 2. 

This model assumes that the VITPP as operating as a production plant. In that capacity, 
there are no programmatic shutdowns for test changeouts included. It also assumes that 
plant shakedown has been completed and all items not f it for duty, either because of 
design or materials of construction, have been replaced, and that appropriate weather 
protection has been provided for all instrumentation. As a result of these assumptions the 
calculated availability is higher than that expected during both Phase I and Phase II pilot 
plant testing. 

3 
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3.0 MODELING CRITERIA AND ASSUMPTIONS 

3.1 General 

The model assumes that the VITPP has completed its startup and pilot plant testing 
operations and is operating as a production plant at the design capacity of 1 .O MT/d. 
During the startup and testing periods all equipment that may not be appropriate for the 
service, as a result of either function or materials of construction, have been replaced. 

The plant will process residues only from Silos 1 & 2 only; Silo 3 residues will undergo an 
alternative stabilization and disposal process and therefore its associated equipment is not 
considered in this analysis. Off-spec gems will be stored for recycle in a future campaign 
at the end of the plant life. No estimate of the percentage of off-spec gems is made for 
this study. Off-spec gems are counted the same as acceptable gems for determining 
ava i la bi lit y . 

3.2 Mean Time Between Failures 

Reliability data for an equipment item is usually expressed as a Failure Rate (FR), i.e., the 
rate at which failures occur in a given time interval, or as the Mean Time Between Failures 
(MTBF). The MTBF is based on calendar time. The relationship between the t w o  is: 

I MTBF = - 
FR 

The values for MTBFs used in this analysis were estimated using a variety of sources on 
equipment in similar environments. MTBFs are generally the arithmetic average of 
operating times of a component from the time it is placed in service to  the time of the next 
subsequent failure. It may also be derived from published failure rates. 

0 
Multiple data sources for failure rates were used. They included: 

EG&G, "Generic ComDonent Failure Data Base". Jan. 1993 - This is an update of 
EGG-SSRE-8875 (1 990). EGG-SSRE-8875, in turn superseded NUREG CR-2728 
(IREP) and EGG-EA-5887. Contains recent failure data from nuclear power facilities 
in the United States. In choosing the recommended composite value, the quality of 
the original source was considered. 

IEEE-500, "Reliabilitv Data", 1984 - Expert opinion and data from nuclear power 
plants. 

Fluor Daniel, "Total ODeratina Efficiencv Evaluation / Simulation Studv". ADril 1993 
- A RAM analysis performed for the Hanford Waste Vitrification Plant Project. 

Informal conferences with FERMCO maintenance deDartment - Several meetings 
were held with Joe Legge et. al. t o  obtain input on Fernald operating experience. 

10 



3.3 Mean Time To Repair 
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The Mean Time To Repair (MTTR) is the total time that it takes t o  restore a component to 
service after a failure is discovered. This includes time t o  diagnose the problem, prepare 
the work order and obtain approvals t o  perform the job, survey the work location for 
radiological and industrial hazards and install temporary protective devices if required, 
replace the failed component, and finally test the replacement item. MTTR estimates were 
obtained from the same sources as MTBF estimates. 

3.4 Combined Equipment 

Some equipment, which consists of multiple components, are modeled as single items. For 
example, a typical agitator is made up of a motor, gearbox, coupling, and blades, each of 
which have different MTBFs and MTTRs. The combined MTBF, and MTTR, are determined 
using the following formulas, where A is the availability, subscript c is the combined value, 
and subscript x is the value for the item in question: 

1 -  1 1 1 
-+ -+. . . ---- 

MTBFc M T B f ,  MTBF, MTBF, 

M rEFc 
MTTRc- - - MTBFc 

Ac 

A,=A, *A,*A,+.. .  

MTBF, 

3.5 Fit For Duty 

It is assumed that all equipment installed is fit for duty. No allowance has been made for 
repairing or replacing items that are not intended for the service they are performing. This 
includes materials of construction issues. The underlying assumption here is that the 
VITPP has completed its pilot plant duties and is now operating a production plant. All "fit 
for duty" issues such as slurry pump design, slurry pipe routing, film cooler cleaning, 
desiccant replacement, etc. have been resolved and corrected as necessary. 

3.6 Availability of Spares and Personnel 

11 
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The model assumes sufficient storage space is provided near the VITPP for immediate 
availability of spare equipment and components. The model also assumes that sufficient 
operations and maintenance personnel are readily available t o  perform the necessary tasks. 

3.7 Other Events 

Natural Disasters, labor disruptions, sabotage, initial facility startup problems, and any 
FEMP site emergencies are excluded from this evaluation. Gross operator error is also 
excluded 

12 
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D 4.0 SIMULATION MODEL 

4.1 General 

The basic VITPP residue processing system was modeled t o  allow calculation of glass 
production, and therefore availability. The calculated glass production in a given time 
period is divided by the maximum possible production during that time period [(l MT/d) X 
(number of days)] t o  determine the availability of the plant. 

The processing system components (Additive Bin, Thickener, and Slurry Tanks) were 
modeled as tanks or processors with no failure rates specified. Various pieces of 
equipment were added to  the model whose failure would stop or reduce production in a 
given component. MTBFs and MTTRs were determined for each of these added 
equipment. Equipment whose failure would not interrupt production, or which has a 
redundant backup are considered irrelevant to  availability, and were not modeled. 
Equipment with no moving parts, and thus, no identified failure mode other than structural 
failure were not modeled. Simultaneous failures of redundant equipment were not 
considered. 

In order t o  allow all components to  reach equilibrium and obtain accurate results from the 
model, AT&T ISTEL recommends that the simulation time be run for several times longer 
than the maximum MTBF of any component. The longest MTBF in this model is 175,200 
hours (20 years) for the Quench Tower Heat Exchanger. A run length of 400,000 hours 
(45 years) was chosen. Figure 1 represents the last 8 years of that time period. 

Figure 2 presents a basic flow diagram of the VITPP highlighting the processors and 
equipment modeled. As can be seen, the majority of the VITPP equipment, 
instrumentation, and controls are not included in the model. To account for these missing 
items, and for other system failures such as line pluggages, t w o  "generic" pieces of 
equipment were added to the model. These are titled Misc Slurry System and Misc Off- 
Gas System. Failures of 1 shift per week for operational upsets and 2 shifts per month for 
miscellaneous equipment failures were assigned to  each of these t w o  items. 

0 

The Thickener receives residues from Silos 1 and 2 as a slurry containing approximately 
7.5 percent solids. Flocculent is added and the solids content is increased t o  50 percent 
by decanting off the excess water. The slurry is then transferred to  one of t w o  Slurry 
Tanks where it is sampled and the appropriate glass formers added. The slurry is then fed 
to  the melter where glass is produced. The following sections describe how these 
components are modeled. 

4.2 Thickener 

Since the Residue Retrieval System is not modeled, the Thickener is modeled as a tank 
containing ten times the actual amount of solids in Silos 1 and 2. Ten times was selected 
to  ensure that this modeling element would not "run dry" during the 45 year simulation 
period. The Thickener provides feed to  the Slurry Tanks. 
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Failure of the Thickener Rake or any of the five slurry control valves (FV-024 coming out of 
the thickener, FV-047 between the Thickener and the Slurry Tanks, FV-048 recycling back 
to  the Thickener, and FV-290 and FV-291 leading to  the t w o  Slurry Tanks) prevents the 
thickener from transferring slurry. 

4.3 Additive Bin 

The Additive Bin receives glass formers measured in the proper proportion from the Bag 
Dump Station. Since the Bag Dump Station is not modeled, the Additive Bin is also 
modeled as a tank containing ten times the actual amount of glass formers that will be 
needed to  process all of the silo residues. Ten times was selected t o  ensure that this 
modeling element would not "run dry" during the 45 year simulation period. The Additive 
Bin provides feed to  the Slurry Tanks. 

Failure of the Rotary Feeder prevents the thickener from transferring glass formers t o  the 
Slurry Tanks. 

4.4 Slurry Tanks 

The two  Slurry Tanks are modeled as processors and operate sequentially. During each 
cycle a Slurry Tank receives 390 gallons of slurry from the Thickener, 35 gallons of glass 
formers from the Additive Bin, and 9 0  gallons of water from "the world", a modeling term 
meaning an infinite source or destination outside the model. After receiving the feed, the 
processing time is set t o  9.5 hours, which accounts for mixing (0.5 hours), sampling (0.5 
hours), analyzing (8 hours), and adjusting (0.5 hours). The Slurry Tank then waits until the 
other Slurry Tank is empty, then begins feeding the Melter at 15.5 gallons per hour. It 
takes approximately 33  hours to  empty a Slurry Tank. 

Failure of a Slurry Tank's Agitator, its double diaphragm pump, or any its three associated 
feed, flush, or recycle valves (FV-298, FV-296, or FV-348 respectively for tank A and FV- 
299, FV-292, or FV-347 respectively for tank 6) prevents transfer of feed t o  the melter. If 
the other Slurry Tank is in use or available (i.e., its processing complete) then melter feed 
continues or is immediately transferred to it. If not, then the melter is idled until the first 
Slurry Tank is available. If the Melter Feed Valve, FV-179, or the Moyno Melter Feed 
Pump fails, the Melter is idled until they are repaired. If miscellaneous slurry system 
operational difficulties arise (such as line plugging) or a miscellaneous system component 
fails (such as instrumentation) the Melter is idled until they are corrected. 

4.5 Melter 

The Melter is modeled as a machine that receives feed from the Slurry Tanks and 
discharges gems to "the world" at the rate of 91.67 pounds per hour (1 MT/d). The Melter 
has several components that can fail, and thus, cause it t o  idle. These include the 
discharge heaters, the electrode and discharge heater SCR Controllers, the diverter valves 
in the gem machine, and the Closed Loop Cooling Water System Radiator Fan. 
Miscellaneous operational difficulties such as foaming or control system problems are 
modeled as 1 hour per day plus 8 hours per week. 
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. - The electrodes are consumed during operation. Duratek estimates that each pair will need 

t o  be rotated and slightly inserted into the Melter approximately every 5 months. It is 
expected to  take 6 hours per pair for insertion. The refractory is also consumed during 
operation. It has been estimated by FERMCO that the refractory will have t o  be replaced 
approximately every 3 years. FERMCO estimates and GTS Duratek concurs that it will 
take approximately 2 months to  complete a refractory replacement. This assumes that the 
replacement is a planned event, that new refractory ( largely cut t o  shape) is available in a 
staging area, and that an experienced subcontractor will perform the work on a three shift 
per day basis. 

4.6 Melter Off-Gas System Equipment 

Failures in any of the Melter Off-Gas System equipment modeled will cause the Melter t o  
idle. This includes the Quench Tower Heat Exchanger; the Cooling Tower Pump; control 
valves FCV-070 feeding the Quench Tower with recycle water, LCV-070 draining the 
Quench Tower, and FCV-250 regulating the flow of the off-gas t o  the stack; the exhaust 
fan; and the Emergency Exhaust Fan. . 

If a Melter Off-Gas System operational difficulty arises (such as an off-gas line plugging) or 
a miscellaneous system component (such as instrumentation) fails, the Melter is idled until 
they are corrected. Finally, the desiccant in the Desiccant Tower must be replaced every 
27 days, which requires the melter to  be idled for about a day. 
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