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ABSTRACT 
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Prior to operation of the VITPP facility, Failure Modes and Effects Analyses (FMEA) are used 
to catalog failure modes of equipment and their effects on a system or plant. Failure modes 
describe how failures occur, and the effect of each failure mode is determined by the system's 
response to that failure. The FMEA provides a qualitative review of the VITPP availability and 
safety characteristics. FMEA identifies credible equipment and system failures that could 
create an unsafe condition or initiate an outage, and recommends a corrective course of 
action. Additionally, FMEA provides a basis for the quantitative availability analysis. 
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EXECUTIVE SUMMARY 

The Failure Modes and Effects Analyses (FMEA) analysis performed for this study is limited to 
VITPP systems and the Phase I1 normal operating mode. These systems include the 
Dewatering, Feed Preparation, Additive Transfer, Melter, Waste Water Treatment, Radon 
Removal, Off-gas Treatment, Off-gas Air, Emergency Off-gas Treatment, Process Cooling 
Water, and Compressed Air systems. 

The FMEA is performed to identify the effects of single equipment and system failures and 
provide a qualitative review of the VITPP availability and safety characteristics. The results of 
a FMEA are used as a basis to evaluate the current technical baseline configuration and 
recommend appropriate actions. The following paragraphs summarize the FMEA analysis for 
the VITPP. 

The following items are considered "to be important actions" to the current VITPP 
configuration, as determined by the FMEA. These items are listed by system. 

Feed PreDaration Svstem 

1. A low melter feed rate alarm (control room) is recommended to permit 
operators a quick response to a melter feed valve (FV-170) failure to open 
condition: 

Melter Svstem 

1. 

2. 

3. 

4. 

5. 

Add interlock to shutdown melter feed pump (5-PM-17C) on local high pressure 
alarm (PSH-174) to protect melter feed pump from plugged discharge line 
condition or inadvertent closure of melter feed pump isolation valves. Provide 

' 

control room alarm from local high pressure signal. 

Add control room high cooling water temperature alarm to permit operators a 
quick response to a loss of air flow condition of the closed loop radiator cooling 
fan. 

Install a pressure relief device on the cooling loop side of V-513 to permit relief 
of system pressure of the closed loop cooling water system in the event of 
inadvertent closure of manual valve V-513. 

Place PIT-540, PIR-540 and interposing relay on critical proof testing schedule 
to ensure proper operation of these components (for proper activation of the 
emergency "once through" cooling water system). Additionally, modify FS-002 
signal to provide a low flow alarm in the control room to monitor the flow of the 
emergency "once through" cooling water system (as well as the closed loop 
cooling water system). 

Add an interlock to shutdown the radiator cooling pump(s) upon activation of 
the emergency "once through" cooling water system. 

iii 
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6. Add a parallel air supply line (with pressure regulator) to the main chamber 
bubblers to improve system reliability and to permit maintenance on UA-R001. 

Provide administrative control features to lock open manual valves UA-V002, 
UA-VOO1 and V-1006 to prevent inadvertent closure (loss of air supply to main 
chamber bubblers) of any of these valves. 

7. 

8. Add a parallel air supply line (with pressure regulator) to the lift chamber 
bubbler to improve system reliability and to permit maintenance on UA-R002. 

Off-aas Treatment Svstem 

1. Consider adding a bypass on FCV-070. 

2. Add a high flow alarm on FIC-070 to alert control room operators in the event 
the quench tower inlet water valve (FCV-070) fails open. 

3. Add block and bypass on the quench tower outlet control valve (LCV-070) in 
the event LCV-070 fails closed. 

Off-aas Air Svstem 

1. Add a fire suppression system to the Carbon Bed system. Add CO/C02 
detector alarms (to detect oxidation) at the Carbon Bed discharge . 

2. Provide administrative control features to control the use of manual valve V- 
557 after Phase 1 operations. 

Emeraencv Off-aas Svstem 

1. Provide administrative control features to lock open inlet manual valves V-OG- 
1288 and OG-104 to prevent inadvertent closure (after testing or maintenance) 
and the inability to open FV-370/360 upon demand (FV-370 permits Emergency 
Off-gas System response to melter high pressure condition). 

2. Provide means to drain liquids accumulated in pressure taps PDAH-171 and 

Provide a low pressure alarm to alert control room operators of an exhaust fan 
failure. 

PDAH-250. 

3. 

The following items are "to be considered actions" in the current VITPP configuration, as 
determined by the FMEA. These items are listed by system. 

Dewaterina Svstem 

6 2  -8 

1. Consider adding low flow detection device when the residue slurry pumps (PM- 
04 A/B) are in recycle mode. 
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Feed PreDaration Svstem 

1. Consider adding coupling failure indicator to the slurry tank agitators (5-AG-05 
NB) to alert operators of a failure condition. 

Melter Svstem 

1. Consider providing a local flow indicator on the flush line (before FV-171) to 
indicate water flow is established during melter feed line flushing activities (to 
indicate proper valve function, no pluggage in line). 

2. Provide administrative control features to control opening the flush line valve, 
V-SL-098, during non-routine melter feed line flushing activities (in the event of 
severe pluggage in line). 

Radon Removal Svstem 

1. Consider adding a manual bypass to solenoid valve (FY-391) to ensure sparge 
air flow to Radon Sparge Tank for continued radon removal. 

Off-aas Treatment Svstem 

1. Consider providing an interlock to shutoff quench tower pumps and protect 
from cavitation during a low quench tower liquid level (signal from LSLL-070). 

Off-aas Air Svstem 

1. Consider providing a spare Exhaust fan (5-FA-25) to increase availability/ 
reliability of the Off-gas system. 

Process Coolina Water Svstem 

1. Consider the addition of a second cooling tower pump to provide increased 
availability/reliability of the Process Cooling Water system. 

6 2  8 
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Failure Modes and Effects Analyses''] (FMEA) is used to catalog failure modes of equipment 
and their effects on a system or plant. Failure modes describe how failures can occur, and 
the effect of each failure mode is determined by the system's response to that failure. FMEA 
identifies single failure modes that either directly result in or contribute to an accident situation 
or a system shutdown. 

1.1 General 

Operable Unit 4[21 (OU4) personnel are currently preparing for the third tier of the United 
States Environmental Protection Agency (USEPA) outlined approach for conducting 
treatability studies at a Superfund site. The third tier, Remedial Design/Remedial Action 
(RD/RA), consists of the design, construction, and operation of a one metric ton per day 
(2,200 Ib/day) output pilot scale facility for vitrification of K-65, bentonite, and Silo 3 material. 
Additionally, waste retrieval from the silos and adequate control of radon gas will also be 
demonstrated. The third tier will be conducted in phases. Phase I of the OU4 VITPP will use 

. bentonite, surrogate materials, and the pilot scale vitrification facility. Phase II, following 
Phase I, will use bentonite, K-65 residue, and Silo 3 materials retrieved from the silos. The 
results of this third tier treatability testing are critical in determining the path foward for the 
final remediation-of OU4. 

1.2 Purpose, and Need 

Prior to operation of the VITPP facility, a FMEA is performed to identify single equipment and 
system failure modes and effects. The FMEA provides a qualitative review of the VITPP 
availability and safety characteristics. FMEA identifies credible equipment and system failures 
that could create an unsafe condition or initiate an outage, and recommends a corrective 
course of action. The results of a FMEA are used as a basis to evaluate the current technical 
baseline configuration. 

e 

1.3 Scope 

The FMEA analysis is limited to pilot plant systems and Phase II VITPP operations. It includes 
the Dewatering, Feed Preparation (excluding Silo 3 equipment since it is not planned for use 
during Phase ll), Additive Transfer, Melter, Waste Water Treatment, Radon Removal and 
Treatment, Off-gas Treatment, Off-gas Air, Emergency Off-gas Treatment, and Process 
Cooling Water systems. The designation of the systems as noted is based upon referenced 
P&ID divisions. The Hydraulic Waste Retrieval, Spare Storage Tank, and Waste Removal 
systems are excluded from the analysis. The analyses is based on the Piping & 
Instrumentation Diagrams (P&IDs) plus supporting Control Logic Diagrams (both contained in 
Appendix A). 

Operating procedures which discuss step-by-step activities, including human-equipment 
interface, alarms, and protective system checks, are essential for proper review. Non-normal 
VITPP operating modes are not investigated in this report. This study focused on the normal 
operating mode and did not include the following modes of operation: 

1 
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Initial installation 
Melter startup 

0 Melter idle 
0 Melter restart after upset 
0 Reduced capacity operation 
0 Melter shutdown 
0 Melter decontamination 
0 Maintenance activities 

0 :  

This study investigated the safety and operability of the VITPP using a systems based 
approach and a structured FMEA methodology, as described in Section 1.5. 

1.4 Assumptions 

The FMEA considers the failure of major equipment impacting production such as pumps, 
control valves, fans, agitators etc as well as critical safety systems (relief valves and 
emergency shutdown devices). It also includes instrumentation failures which cause an 
automatic operating state change. For example: A level or flow detection device failure 
causing control valves to openklose. The analysis excludes: 

The failure of instrumentation which provides only an indication or an alarm. Note: 
Alarms are included (where applicable) in the "Detection" column of the FMEA 
worksheet as means of identifying the cause of the failure mode. 

Failures causing a functional loss of non-routine operations which-do not directly 
impact production or safety such as loss of slurry line unplugging equipment. Note: 
The inadvertenVpremature activation of these items and their safety and production 
impact on the process are considered. 

0 .  

Under this category, non-routine operating systems such as the Spare Storage Tank 
and the Waste Removal systems are excluded from the analysis. . 

The failure of redundant systems having no safety impact such as Gem production. 

0 Per Section 9.4.3.5 of the PSAR (FEMP-2337) a leak of the entire Thickener contents 
into the diked area does not expose the worker or the offsite public to a dose level 
above the maximum annual allowable (Worker - 1 .O, Public - 0.1 Rem). Consequently, 
safety concerns associated with leaks in the Thickener, Feed Preparation or Recycle 
water systems are not addressed. Furthermore, operational impacts from minor 
equipment leaks are not considered because they are assumed to be repaired during 
a scheduled outage or in the shadow of other equipment repair operations. 

0 Non-Process related failures causing personnel injury accidents are not considered. 
Examples of these events include operators contacting rotating machinery, touching 
exposed electrical or thermally hot surfaces. Plant worker safety guidelines and OSHA 
regulations are assumed to provide the necessary protection. 

2 
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1.5 

Failures resulting in injuries from maintenance activities are not addressed. Provisions 
for flushing/draining as well as adequate process isolation and worker safety/OSHA 
guidelines are assumed to mitigate maintenance related hazards. 

The FMEA considers the effects of failures which originate inside the facility, such as 
corrosion, wear, and material fatigue. The FMEA does not address events initiated 
outside the facility, such as earthquakes, plane crashes, severe storms, sabotage, or 
sub-standard construction (a loss of power event is considered, however). 

Methodology 

The FMEA reviews the P&ID drawings to identify failure modes associated with a hazardous 
condition or a potential outage. It addresses failures of all major equipment and critical safety 
systems using the FMEA worksheet (Appendix B contains all worksheets and presents them 
in tables). The FMEA worksheet not only is the primary data collection tool, but it also 
provides the structure necessary to systematically evaluate the process. The structure is 
derived through the column headings, which require a logical thought progression in order to 
assess availability and safety concerns. The worksheet column headings are shown and 
discussed below. 

Column 

Column 1 : The FMEA begins 

DescriDtion 

Item/Function 
Failure Mode 
Cause 
LocaVSystem Effect 
Detection 
Safeguard 
Recommendation 

with column one by listing the review item's tag number, its 
name and function. A concise statement of the item's function is important in order to 
understand its relationship to the overall system and its role in ensuring adequate safety and 
operability. 

Column 2: The second column describes the failure mode or the manner in which the item 
fails to function. For example, a pump may fail in a manner that it provides inadequate (no) 
flow or excessive flow. 

Column 3: The cause provides the reason for the failure. An instrument air loss may cause a 
pneumatically operated pump to have "no flow". Alternately an instrument air valve 
malfunction, allowing high air flow to a pneumatic pump, may cause excessive pump flow. 

Column 4: The local or initial failure effect as well as the system or "higher level" effect is 
indicated in column four. This column evaluates the consequence of the failure mode on the 
process. Degraded states as well as full outages are noted. Its completion is necessafy to 
establish availability and safety risk. 
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Column 5: Column five relates how the failure is detected or recognized by an operator under 
normal system operation or maintenance. Primary instrumentation identification devices are 
typically noted. If no instrumentation exists, operator inspection is mentioned if applicable. 

Column 6: The design safeguard or defense is described in column six. If a backup system, 
such as a redundant pump exists, it is detailed. If a safeguard is not present, the word "None" 
is stated. 

Column 7: The recommendations to improve system availability and safety discussed in 
Column seven are provided as non-mandatory suggestions to improve system performance. 
The recommendations may apply to reducing the likelihood of occurrence of the failure mode 
and its associated cause(s). The recommendations could also pertain to improving the 
mitigation system's reliability by the addition of detection instruments or periodic testing of 
existing devices. 

Utilities supporting the main process and redundant systems having no safety impact (such as 
gem/monolith production) are considered using a top down approach. The top down 
methodology addresses failure modes related to the loss of the system's function as well as 
system deviations upsetting the main process. If the failure mode demonstrates a safety or 
operability concern, it is investigated at the component level. Otherwise, the analysis ends 
with this system level consideration. For example, with regard to the Additive Transfer 
system, the loss of the Bag Dump Station Filter Vacuum Blower does not impact production or 
safety. A local 'tent' can be installed to mitigate a potential dust release. Since no concern is 
demonstrated, its evaluation is concluded (at the system level) by documenting this fact on . . 

the FMEA worksheet. 

4 
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2.0 VITPP REVIEW 

6 2  $ 2  

The FMEA analysis is limited to VITPP systems and operations. It includes the evaluation of 
the following systems: Dewatering, Feed Preparation (excluding Silo 3), Additive Transfer, 
Melter, Waste Water Treatment, Radon Removal and Treatment, Off-gas Treatment, Off-gas 
Air, Emergency Off-gas Treatment, Process Cooling Water, and Compressed Air. The 
Hydraulic Waste Retrieval, Spare Storage Tank, and Waste Removal systems are excluded 
from the analysis. The analyses is based on the Process Flow Diagrams and supporting 
Control Logic Diagrams (CLD). Data sources used in the FMEA are identified in Appendix A. 

The following sections provide descriptions and concerns for the systems evaluated in this 
study. 

2.1 Dewatering 

2.1 .l Description 

The Dewatering System (part of Feed Preparation System) is presented on Figure A-1 . 
Figure A-2 presents the CLD used in this evaluation. The Dewatering System is 
designed to provide a recycled water supply to the Recycle Water Tank. 

The VITPP Dewatering System uses a Thickener (5-TK-01) to receive daily transfers 
of slumed waste from Silo 1 and Silo 2 for up to 6 hours per day, at a rate of 50 gpm. 
The Thickener feed stream receives a controlled addition of flocculent solution to aid in 
solids settling. Concurrent with these feed transfers, a partially clarified supernatant 
spills over a weir inside the Thickener and gravity flows to the Recycle Water Tank. 
Meanwhile, most of the incoming suspended solids undergo gravity settling to form a 
sludge layer in the bottom cone of the Thickener. The continuous rotation of the 
Thickener Rake Mechanism (5-TH-02) pushes the sludge to the outlet connection at 
the bottom of the inverted cone. . 

The concentrated Thickener underflow is continuously drawn to the suction of one of 
the two parallel, air-operated Residue Slurry Pumps (5-PM-04NB). The pump 
discharge is normally recycled to the Thickener feed well in order to control the solids 
content of the bottom sludge layer. The underflow stream is also intermittently 
transferred foward to one of the two parallel-mounted Slurry Tanks (5-TK-29NB). 

2.1.2 Concerns 

Table B.l describes the results of the FMEA for the Dewatering system. Significant 
findings include: 

Residue S lum PumD. PM-04 N B :  Pump failure will cause a no flow condition causing 
loss of slurry transfer from the Thickener to the Slurry Tanks (a redundant pump is 
provided). Although a low flow alarm is provided on the feed foward line to the Slurry 
Tanks (F1-290), it is recommended that a low flow indicator be added to detect loss of 
flow when the pump is in recycle mode. 

5 oooBp1.3 



2.2 Feed Preparation e 
2.2.1 Description 

The Feed Preparation system is presented on Figures A-3,4. Figure A-5 presents the 
CLD used in this evaluation. The Feed Preparation system is designed to provide a 
properly formulated melter feed slurry to ensure an acceptable glass product. 

The two Slurry Tanks are operated batchwise, on staggered time cycles. A complete 
operating cycle for either tank consists of a first phase, during which a batch of melter- 
ready process slurry is prepared, followed by a second phase of equal duration, during 
which the slurry is continuously fed to the melter by the associated Slurry Tank Pump 
(5PM-34NB). Each time the melter feed function is transferred from one Slurry Tank 
to another, certain solenoid operated block valves in slurry lines connected to these 
pumps must change position. 

2.2.2 Concerns 

Table B.2 describes the results of the FMEA for the Feed Preparation system. 
Significant findings include: 

S lum Tank Aaitator. 5-AG-05 A/B: The loss of an agitator component (e.g., motor, 
gear box, or coupling failure) will cause a failure to provide a properly formulated 
slurry. It is recommended that operations discontinue melter feed operations upon 
indication from XS-051/052 (motor failure indicator). ' 

S lum Tank Outlet Back Flush Valve, W-296/292: Inadvertent operation of these 
valves may result in greater water content in the slurry. The high moisture content of 
the slurry is then transferred into the melter where it is vaporized (resulting in a 
pressure excursion). Although indication is provided (ZSH-292) and the EOS will 
protect the melter system from the pressure excursion, it is recommended that 
operations discontinue melter feed operations upon indication from ZSH-292. 

Slurry Tank Pumos. 5-PM-34 N B :  Failure of the Slurry Tank Pumps due to line 
blockage or pump failure can result in solids settling in both the piping system and the 
bottom of the Slurry Tanks (5-TK-29 N B ) ,  provided the slurry level is below the height 
of the slurry tank agitator (5-AG-05 NB). Additionally, if the failed pump is providing 
circulation to the melter feed loop, this will result in loss of feed to the melter. Although 
local pressure indication is provided (PI-341/343) on the slurry tank recirculation loop, 
and a low-flow alarm provided to the control room (FI-170) for the melter feed loop (this 
alarm does not provide any information for the other slurry tank pump in the slurry tank 
recirculation mode), it is recommended that low-flow alarm(s) be provided to the 
control room after the discharge of each slurry tank pump to monitor the operation of 
each slurry tank pump. 

Melter Feed Valve. FV-170: Failure of the melter feed valve to open due to loss of 
instrument air or valve malfunction will prohibit slurry transfer to the melter feed pump. 
Although methods exist to detect this condition (e.g., decrease in gem production rate, 
camera view of melter cold cap), these methods do not provide immediate detection 
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for operator response. It is recommended to provide a low melter feed rate alarm in 
the control room to allow operators to better respond to this upset condition. 

2.3 Additive Transfer 

2.3.1 Description 

The Additive Transfer system is presented on Figures A-6,7. The Additive Transfer 
system is designed to provide the required bulk additives to the melter'feed 
preparation process to ensure a properly formulated glass formulation. 

Bulk glass former materials are received, staged and sampled as required. Melter 
feed sampling methods determine the quantities of glass former additives required in 
the batch melter feed preparation process. Bulk glass formers are measured (e.g., 
weighed), and pneumatically transferred to the Additive Filter/Receiver tank (5-DC-65) 
using a Bag Dump Station (5-BG-64). A diverter valve (5-VL-18) directs the constant 
volume feed operations of glass formers from either of two Slurry Tanks (5-TK-29NB). 
The bulk glass former system is controlled by a combination of local and distributed 
control systems. 

2.3.2 Concerns 

Table 8.3 describes the results of the FMEA for the Additive Transfer system. Several 
findings are noted in Table B.3, however, the FMEA makes no recommendations since 
it is felt that maintenance can be used to recover from most component failures. 

2.4 Melter System 

2.4.1 Description 

The Melter system is presented on Figures A-8 through A-12. CLDs are provided in 
Figures A-13,14. The Melter system is designed to vitrify properly formulated feed 
slurry to produce glass of an acceptable quality. 

The VITPP melter is joule-heated and uses 5 sets of water-cooled, molybdenum 
electrodes to provide power for joule-heating (joule-heating is achieved by passing a 
current through the glass pool by electrodes placed inside the melter). The electrodes 
are not in contact with corrosive waste materials, but instead, are submerged in a 
benign glass formulation (e.g., non-corrosive) in two isolated side-chambers. Isolation 
walls provide a physical barrier that serve to minimize the transport of corrosive waste 
materials into the side-chambers. The isolation walls are electrically conductive and 
permit current to travel between the electrodes and molten glass in the main-chamber 
(vitrification of silo residues occur in the main-chamber). Glass levels in each chamber 
(two side, one main) are maintained by independent feed systems. 

The melter design temperature is 1400°C with a maximum operating temperature of 
1350°C (expected operating temperatures are estimated at 1250 "C). Waste slurry is 
introduced into the melter by a Melter Feed Pump (5-PM-17C). Since the melter is 
designed to operate with partial cold cap coverage, some of the feed material will 

. .. - 
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dissolve into the molten bath, with the remaining forming part of the cold cap. 
Compressed air is used for agitation in the VITPP melter to increase the waste 
processing rate. The air bubbler system is located in the center of the melter and 
forces air through the molten bath. Air flow is regulated to control the utilization of air 
for. (1) dissolution of the feed materials and cold cap, (2) distribution of heat in the 
bath, and (3) reduce the potential of elemental metals and debris settling in the glass 
melt (melter bottom). Molten glass is discharged from the VITPP melter in a 
continuous mode. The batch method is accomplished by using an air lift feature 
located in the bottom of the discharge chamber. The air lift injects air bubbles that "lift" 
molten glass over the edge of the discharge trough. The rate of discharge can be 
controlled by the rate of air flow applied. This mode of operation requires the glass 
level in the main-chamber to be maintained below the discharge trough. The air lift 
gives flexibility in the control of glass flow through the melter and to the gem making 
machine. 

2.4.2 Concerns 

Table 8.4 describes the results of the FMEA for the melter system. Significant findings 
include: 

Melter Feed PumD (MFP). 5-PM-17C: Low flow or low pressure due to a motor or 
pump failure can cause loss of melter feed capability. Currently, the VITPP 
incorporates no method of detection outside of cold cap and melter discharge viewing. 
It is recommended that a melter low feed rate alarm be provided to alert operators of 
this upset condition (also see Section 2.2.2, Melter Feed Valve). 

Slurry material can remain in the melter feed line if it is improperly flushed after MFP 
operations. Heating effects can cause slurry feed material to bake onto the interior 
walls of the melter feed line, resulting in line pluggage. This may result in high melter 
feed discharge pressure and release of contamination if a pump seal leaks. It is 
recommended that an interlock be provided to shutdown the MFP on high pressure 
and a MFP high pressure alarm be provided in the control room (local alarm is 
provided). 

JVlelter Feed PumD. Valves: Manual valves that provide an isolation function for the 
MFP may inadvertently be closed (operator error). This may result in high melter feed 
discharge pressure and release of contamination if a pump seal leaks. The 
recommendations are the same as for MFP line pluggage: an interlock be provided to 
shutdown the MFP on high pressure and a MFP high pressure alarm be provided in 
the control room (local alarm is provided). 

The MFP Flush Valve. FV-171: Provides the melter feed line (including MFP) with 
manual flushing capability to prevent slurry feed material from drying out and plugging 
the melter feed system. Premature opening or opening over long durations caused by 
a valve malfunction or operator error would result in excessive water addition to the 
melter if the MFP is on, or if the MFP is off and water leaks through the pump seals. 
Water addition to the melter may result in a pressure excursion (caused by the 
evolution of steam) and transfer to the Emergency Off-gas System. Although several 
methods of detection exist for this event (ZSH-171 valve open indicator, PDIC-520 
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high melter differential pressure alarm, PDIS-170 high melter differential pressure 
alarm), it is recommended that an analysis be performed to determine if this event can 
cause an undesirable condition (under worst conditions). If so, it is recommended that 
an automatic system with independent monitoring be added to control the flush 
system. 

Likewise, if FV-171 fails to open upon demand due to valve malfunction or operator 
error, slurry remaining in the melter feed line will not be flushed and becomes subject 
to drying and pluggage. This may result in high melter feed discharge pressure and 
release of contamination if a pump seal leaks. It is recommended that an interlock be 
provided to shutdown the MFP on high pressure and a MFP high pressure alarm be 
provided in the control room (local alarm is provided). 

The MFP Flush Manual Valve, V-SLO98-DTK: Provides the melter feed line 
(downstream of MFP) with increased flow rate capability to dislodge severely plugged 
material in the melter feed line. Inadvertent opening caused by operator error would 
result in possible long term water addition to the melter that may result in a pressure 
excursion (caused by the evolution of steam) and transfer to the Emergency Off-gas 
System. Although several methods of detection exist for this event (melter camera, 
PDIC-520 high melter differential pressure alarm, PDIS-170 high melter differential 
pressure alarm), it is recommended that an analysis be performed to determine if this 
event can cause an undesirable condition (under worst conditions). If so, it is 
recommended that an automatic system with independent monitoring be added to 
control the manual flush system. 

Closed LOOD Coolina Water Svstem: Radiator Coolina Fan: In the event of loss of air 
flow (motor or fan failure, TSH-504 fails low), the Closed Loop Cooling Water (CLCW) 
temperature will increase causing melter components to overheat. Although local 
temperature indication is provided on melter components (additionally, a local high I 

temperature alarm is provided), it is recommended that a control room high 
temperature alarm be provided to allow the operator to more quickly respond to 
temperature upsets. Additionally, it is suggested that the Emergency once through 
cooling water system be activated by the high temperature alarm discussed above. 

Closed LOOD Coolina Water Svstem: Manual Valve, V-513: The surge tank provides 
the CLCW system the capability to respond to volumetric changes (Le., temperature 
changes) and is designed with a 15 psi rated relief system. In the event of an 
inadvertent closing of manual valve V-513, the surge tank will fail to perform its 
functions. If the CLCW recirculating pump or radiator fan motor fail, concurrent with 
the inadvertent valve closure, the CLCW system may over pressurize. It is 
recommended that a pressure relief device be installed on the cooling loop side of V- 
51 3. 

' 

Emeraencv "Once-Throuah" Emeraencv Water Svstem: Detection Devices: PIT-540, 
PIR-540 and interposing relays provide detection of CLCW low pressure to initiate 
valves FV-542, 540, and 541 status change. Failure of these devices (or relays) to 
activate upon demand may result in no Emergency "Once-Through" water flow through 
the CLCW system and result in the inability to cool melter components. 
Recommendations include placing these detection devices on a critical proof testing 



schedule, having redundant cooling water low pressure detection devices, and 
providing a low flow alarm in the control room to monitor flow of Emergency "Once- 
Through" system. 

Bubbler Svstem: Loss of air flow to the main chamber bubbler system will result in 
molten glass flowing into the bubbler tubes and impairing/prohibiting bubbler function (it 
is assumed that a bottled air source provides failsafe air supply to the bubbler system). 
This condition occurs when UA-ROO1 fails closed due to malfunction or operator error, 
or if UA-ROO1 requires isolation (for maintenance). It is recommended that a parallel 
air line (with pressure regulator) be installed to improve air reliability and allow 
maintenance. 

Loss of air flow to the lift chamber bubbler will result in molten glass flowing into the 
bubbler tube and impairing/prohibiting discharge operations (it is assumed that a 
bottled air source provides failsafe air supply to the bubbler system). This condition 
occurs when UA-ROO2 fails closed due to malfunction or operator error, or if UA-ROO2 
requires isolation (for maintenance). It is recommended that a parallel air line (with 
pressure regulator) be installed to improve the lift chamber bubbler reliability and 
permit maintenance on valve UA-ROO2. 

2.5 Waste Water Treatment 

2.5.1 Description 

The Waste Water Treatment system is presented on Figure A-1 5. Figure A-1 6 
presents the CLD used in this evaluation. The Waste Water Treatment system is 
discussed in the following paragraphs. 

A .partially clarified Thickener overflow stream drains through a sloping line to the 
Recycle Water Tank (RWT). In addition to a suspended bentonite loading of 
approximately 1 percent, this liquid is also expected to contain dissolved process 
solids (such as nitrates, carbonates, sulfates, and various metals) and dissolved 
radon. From the RWT, the Thickener overflow liquid is routinely pumped to the 
following destinations and processed as indicated: 

0 Silos 1 and 2, where it is used to hydraulically mine solid waste and then 
transport it to the Thickener. 

0 Off-gas System Quench Tower, where it is used on a once-through basis to 
contact the hot melter off-gas before itself being,cooled and returned to the 
Thickener. 

0 Wastewater Filter, where particles 5-1 0 microns and larger are removed and 
periodically back flushed to the Thickener, and from which the filtrate proceeds 
to the Sparge Tank for radon removal. 

- In addition to filtered Thickener overflow liquid, the Sparge Tank also receives the 
purge of alkaline solution from the Quench Tower and Scrubber (5-SB-07/22) and the 
waste desiccant solution from the Desiccant Tower (Off-gas Treatment system). 

0 
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These combined liquids are warmed by a submerged electric heater. Clean instrument 
air is introduced near the bottom of the tank through submerged sparge piping. As it 
bubbles upward through the liquid, the air strips out dissolved radon and carries it 
overhead, back to the Off-gas Treatment system. Meanwhile, the radon-depleted 
process liquid is pumped from the bottom of the Sparge Tank to the Building Sump 
Tank (BST). The BST also routinely receives: 

e Low-solids liquids from Thickener Containment 
e Unfiltered building sink drains 
e Cooling tower blowdown 
e Lab sink drains 

Low-solids liquids from Spill Containment. 

It is understood that the laboratory will segregate spent samples of process slurry for 
eventual recycle to the Thickener so that the sink drain effluent should be normally free 
of radionuclides. 

The liquid accumulation in the Building Sump Tank represents the entire VITPP 
process liquid waste. This liquid is periodically pumped from the BST to the existing 
FEMP High Nitrate Storage Tank, which is located outside the VITPP battery limits. 
There, it mixes with various other FEMP aqueous wastes before being discharged to 
the Advanced Waste Water Treatment facility ( A M ) .  

2.5.2 Concerns 

11 

Table B.5 describes the results of the FMEA for the Waste Water Treatment system. 
Significant finding s include : 

Manual Valve (Spare Storaae Tank). V-327: Inadvertent opening of this valve will 
result in transfer of recycle water to the Spare Storage Tank. Although a level alarm is 
provided on the Recycle Water Tank (IALL-IOO), it is recommended that a level 
indicator be provided for the Spare Storage Tank. 

Recvcle Tank Vent Damper. V-340: Failure of this component in the closed position 
due to an operator error will result in the inability to vent the Recycle Tank to the off- 
gas line. Currently no method of detection exists for this condition, therefore, it is 
recommended that a local pressure indicator be provided on the Recycle Tank to 
indicate a closedhlocked vent valve condition (a study of tank vent routing and venting 
is to be performed before VITPP Phase 11. This concern and comment is generic for all 
tank vents). 

2.6 Radon Removal System (Sparge Tank) 

2.6.1 Description 

The Radon Removal System (Part of the Waste Water Treatment System) is 
presented on Figure-A-17. The Radon Removal System collects the net excess water - 
from the pilot plant for radon removal prior to discharging the water to the High Nitrate 
Tank and ultimately to the A M .  The following paragraph describes this system. 
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Water streams from the off-gas desiccant tower, the off-gas scrubber, and the waste 
water filters are collected in the Sparge Tank (5-AE-39). The water is heated by in- 
tank, submerged heating elements and sparged with plant air for radon removal. The 
water is routed from the tank by the sparge tank pump (5-PM-42) to the building sump. 
The water is ultimately pumped to the A M  via the High Nitrate Tank. 

~ 2.6.2 Concerns 

Table B.6 describes the results of the FMEA for the Radon Removal System. 
Significant findings include: 

SDarae PumD. 5-PM-42: A power outage will cause a loss of flow condition from the 
Sparge Tank (5-AE-39) to the building sump (PI-428 will indicate this condition). As 
the plant becomes reactivated (stand-by power), several systems will re-establish 
water flow to the Sparge Tank (flows from the off-gas desiccant tower, the off-gas 
scrubber, and the waste water filters). Over an extended outage, this water will 
accumulate in the Sparge Tank. It is recommended that connecting the Sparge Pump 
to stand-by power for plant restart during extended outages be considered. 

Electrical Heaters: A power outage will cause a loss of heating capacity by the in-tank, 
submerged heating elements for radon removal. As the plant becomes reactivated 
(stand-by power), several systems will re-establish water flow to the Sparge Tank 
(flows from the off-gas desiccant tower, the off-gas scrubber, and the waste water 
filters). Over an extended outage, this water will accumulate in the Sparge Tank. It is 
recommended that the electrical heaters be connected to stand-by power for plant 
restarthadon removal operations during extended outages be considered. 

Solenoid Valve. FY-391: Failure of this solenoid valve to activate upon demand due to 
malfunction or inadvertent closure will result in a loss of sparge air flow condition. 
Consequently, water leaving the plant is high in radon content. It is recommended that 
a manual bypass to FY-391 be considered. 

2.7 Off-gas Treatment 

2.7.1 Description 

The Off-gas Treatment system is presented on Figures A-1 0, A-1 8 through A-21. The 
CLD used for this analysis is provided in Figure A-22. The Off-gas Treatment system 
treats the gases produced in the melter prior to transfer to the radon treatment system 
(Off-gas Air). The system also provides for confinement of these gases by maintaining 
the melter at a vacuum relative to the surrounding atmosphere. Treatment includes 
cooling and moisture condensation, solids scrubbing, acid gas scrubbing, and drying. 

The melter gases consist of moisture evaporated from the feed, reaction gases (such 
as acid gases and radon), in-leakage air, particulate entrained from the melter, and air 
from bubblers and the air lift. The melter off-gas exits the melter plenum and flows into 
the film cooler, which is mounted in a nozzle on the melter shell. The film cooler adds 
compressed air to the off-gas to provide direct off-gas cooling. Cooling minimizes 0 
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sticky material deposition in piping and lowers the design temperature for downstream 
piping and equipment. 

The off-gas leaving the film cooler then flows to,the quench tower where the off-gas is 
cooled using direct contact with water. Two spray nozzles, which are located inside 
the tower, spray water into the off-gas. Contact with the water spray both cools the 
gas and condenses moisture from the gas. The incoming water is recycle water from 
the recycle water pump. The quench tower pump transfers the quench water from the 
tower, through the heat exchanger, and to the thickener. Thickener overflow returns to 
the recycle water tank. Moisture condensed from the off-gas is burged from the 
recycle water tank, filtered, and sent to the radon sparge tank for radon removal. 
Waste water from the radon sparge tank flows to the building sump and then to the 
AWWT for treatment prior to NPDES discharge. Caustic is periodically added to the 
quench tower as needed to maintain the water alkaline, thereby reducing corrosion in 
carbon steel piping, thickener, recycle water tank, and wastewater system. 

The quenched off-gas then flows to the scrubber for particulate and SO, removal. The 
off-gas first enters the jet venturi scrubber, which provides 95% particulate removal. A 
scrub pump transfers scrub water from the scrubber tank to the venturi scrubber. The 
scrub water flows through a nozzle located inside the venturi scrubber, which forms a 
spray for particulate scrubbing. The off-gas and water leaving the venturi scrubber 
flow into the scrubber tank where the scrub water falls into the tank. 

The off-gas then flows into the packed bed for 99% SO, removal. The packed bed 
also provides an undetermined amount of COP and NO, removal. Countercurrent flow 
with scrub water over the packed bed provides the required scrubbing. The scrub 
water entering the packed bed is provided by the same scrub pump that provides 
scrub water to the venturi scrubber. The scrub water leaving the bed also gravity 
drains into the scrubber tank. Caustic is periodically added to the scrubber tank as 
needed to maintain the scrub water alkaline, thereby improving SO, removal. SO, that 
is dissolved or reacted with caustic in the scrub water is periodically purged to the 
radon sparge tank. Makeup water is then periodically added to compensate for the 
purged water. 

The process tank off-gas vents and the radon sparge tank vent join with the off-gas 
leaving the scrubber. The combined off-gas stream then flows to the desiccant tower 
for moisture removal to 15% relative humidity. The off-gas flows upward through the 
tower contacting solid desiccant tablets. The desiccant consists of activated alumina, 
which does not dissolve, and two proprietary desiccants. A saline brine forms from the 
removed water and the desiccant. Water is removed due to its limited equilibrium 
vapor pressure over the saline brine. The brine flows down into a collection tank. A 
pump periodically pumps the brine to the radon sparge tank. 

The dehumidified off-gas leaving the desiccant tower moves to the Off-gas Air system 
(see Section 2.8) for further processing. 
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2.7.2 Concerns 

Table 8.7 describes the results of the FMEA for the Off-gas Treatment system. 
Significant findings include: 

Film Cooler: Loss of compressed air flow will occur dunhg an air compressor failure, 
PCV-422 failing closed, power loss, or operator error. Immediate effects include 
downstream piping and coatings exceeding design temperature limits. Although 
alarms (PISL-441TTIR-071) exist for this condition, there is the possibility that operator 
response (manual changeover) will not mitigate against damages in a timely manner. 
It is recommended that operator response times (e.g., to open PCV-422 bypass) be 
quantified to determine if system damage will occur to those downstream components. 
Additionally, it is suggested that in the event of power loss, an air compressor be 
connected to stand by power with a solenoid valve to shutoff instrument air flow to the 
film cooler after the melter vents to the Emergency Off-gas Treatment System (EOS). 

Quench Tower Flow Control Valve. FCV-070: A low flow condition occurs when the 
valve fails closed. The loss of quench water leads to a high gas temperature in 
downstream equipment with potential problems in the scrubber due to increased 
scrubber water temperature. It is recommended that a bypass with block valves for 
FCV-070 be considered. 

A high flow situation occurs when Control Valve FCV-070 fails open. Excessive 
quench water could lead to blockage of the off-gas line. Level alarms in the quench 
tower will signal this condition. LCV-070 will open in response to the high level. It is 
recommended that a high flow alarm for FIC-070 be considered. 

Quench Tower Level Control Valve. LCV-070: A low flow condition occurs when LCV- 
070 fails closed. This results in high quench tower liquid that may lead to stoppage of 
off-gas flow and high melter pressure (possibly diversion of off-gas 10 EOS). It is 
recommenced that block and bypass valves be added to LCV-070. 

A high flow situation from the bottom of the quench tower occurs when LCV-070 fails 
open. Low quench tower liquid level may cause the pump to cavitate. Although 
monitored for low level condition (independent detection is also provided), it is 
recommended that an interlock be added to shutoff the pumps upon a low quench 
tower liquid level. 

2.8 Off-gas Air 

2.8.1 Description 

. The Off-gas Air system is presented on Figures A-10 and A-23. The Off-gas Air 
system treats the gases from the Off-gas Treatment system for radon and radioactive 
particulate removal. The system also provides for confinement of these gases by 
maintaining the melter at a vacuum relative to the surrounding atmosphere. Treatment 
includes radon removal, and HEPA filtration. 
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Dehumidified off-gas enters the Off-gas Air system from the desiccant tower in the Off- 
gas Treatment system (Section 2.7) to one of two parallel carbon bed vessels (one 
operating, one spare) for radon removal. Radon is adsorbed onto the carbon bed 
where it remains while it radioactively.decays to its daughter products. The radon 
daughter products remain adsorbed on the carbon. 

Off-gas from the carbon bed next flows to one of two parallel HEPA filters (one 
operating, one spare) for removal of radioactive particulate. The off-gas then flows to 
the exhaust fan and the stack. The exhaust fan induces air flow through the off-gas 
system (to include Off-gas Treatment and Off-gas Air), and as such, maintains the 
vacuum in the melter. 

2.8.2 Concerns 

Table 8.8 describes the results of the FMEA for the Off-gas Air system. Significant 
findings include: 

Carbon Bed Inlet/Outlet Dampers. FV-190/192: The motorized dampers provide 
isolation capability to the A&B Carbon Beds. Failure of inlet damper in the closed 
position due to operator error or valve malfunction will result in high negative pressure 
in the carbon bed and HEPA filter. This condition, in addition to causing the melter to 
vent to the EOS, may cause either component (carbon bed or HEPA filter housing) to 
rupture (releasing contaminates into the atmosphere). It is recommended that the 
specification for the Carbon Bed enclosure be reviewed to verify that it can tolerate the 
negative pressure associated with this condition as well as the new Phase II 
exhausters. 

Carbon Bed Filter: The function of this filter is to remove radon through adsorption. 
Inability to remove radon may be caused by the depletion of the carbon media due to 
improper maintenance procedures and may result in the release of contamination to 
the environment. It is recommended that an alarm for the AIR-191 radon indicator be 
provided to alert control room operators of this condition. 

The Carbon Bed filter's function may also be impaired by carbon oxidation with NOx. 
High NOx concentrations presents a potential fire situation due to the heat liberation in 
this reaction (followed by release of contamination to the environment). It is 
recommended that a temperature alarm and COCO2 gas detectors be provided at the 
discharge of the Carbon Beds to detect oxidation. Additionally, a fire suppression 
system (presently planned for Phase II) should be considered for the Carbon Beds. 

Manual Valve. V-557: Inadvertent opening of this valve during Phase II due to 
operator error will result in the off-gas bypass to the Carbon Filter. Inability to remove 
radon from the off-gas will result in potential particulate release to the environment. 
However, it is noted that transient elution of radon from the carbon beds resulting in a 
large release to the environment is a concern. In the event of excessive release, it 
would be beneficial to provide the ability to isolate the beds. This could only be 
achieved using the normal off gas if the bypass exists. Although alarms alert 
operators of the open bypass condition (PDIT-190; low differential pressure), it is 
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recommended that administrative control features be implemented to control the use of 
manual valve, V-557 after Phase I operations. 0 
Exhaust Fan. 5-FA-25: Failure of the Exhaust Fan will lead to automatic venting of the 
melter to the EOS. The melter will move to an idle mode while the plant is down for 
exhauster repairkeplacement. A spare Exhaust 'Fan is recommended. 

2.9 Emergency Off-gas Treatment 

2.9.1 Description 

The Emergency Off-gas Treatment system is presented on Figures A-10 and A-24. 
The CLD used for this analysis is provided in Figure A-25. The EOS is discussed in 
the following paragraphs. 

Upset conditions, such as off-gas exhaust fan failure or inadvertent valve closing, 
could prevent the exhaust fan from maintaining a vacuum in the melter. The melter, 
although idled during such conditions, must be maintained under a vacuum relative to 
the melter room to prevent the out-migration of gases from the melter. The EOS 
ensures that a vacuum is maintained during such upset conditions. System design is 
based on in-leakage air from the melter, film cooler air, and cooling air added to the 
EOS. The EOS maintains a melter vacuum of %'I Water Column. The system also 
provides over pressure protection for the melter. 

When the melter pressure rises to a set point, a valve opens and the off-gas flows to 
the EOS. The hot off-gas is cooled by the direct addition of cold air from the melter 
room. The cooled off-gas then enters the knock out pot, which is a cyclone separator. 
A cyclone separator uses centrifugal forces to enhance the separation of solids and 
sticky materials from the off-gas. The off-gas from the knock out pot then flows to a 
HEPA filter for removal of radioactive particulate. The filtered off-gas flows to the 
emergency exhaust fan and the stack. The fan induces air flow through the system 
and maintains the vacuum in the melter when the off-gas cannot flow to the off-gas 
system. EOS fan operation is maintained during normal plant operations to ensure 
that the EOS is available when needed. 

The EOS also provides melter over pressure protection. In the unlikely event that the '- 

melter pressure becomes positive, a paper-type rupture disk breaks, which allows the 
off-gas to bypass the on-off valve and flow into the EOS. The off-gas then flows to the 
knock out pot for removal of solids and sticky materials and to the mist eliminator, 
which is a Chevron mist eliminator, for additional removal of solids and sticky 
materials. A relief valve finally releases the off-gas to the atmosphere at a safe 
location. 

2.9.2 Concerns 

Table B.9 describes the results of the FMEA for the Emergency Off-gas Treatment 
system. Significant findings include: 
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Control Valve. FV-370/360: Failure of this valve to activate upon demand due to 
sticking or solenoid malfunction (SY-370 failure to open FV-370), inadvertent closure 
of valves V-OG-1288 and/or OG-104, or PDAH-171 and -250 fail low (condensation at 
a low point in the instrumentation piping) will result in melter over-pressurization and 
opening of rupture disk OS-350. The exhaust fan will respond to this event and reduce 
melter pressure to a negative level, however, the positive pressure condition will allow 
a short term radon release in the vicinity of the melter. It is recommended that 
administrative/operation procedures be implemented to ensure and verify proper 
positioning of all manual valves (e.g., V-OG-1288 or OG-104). Additionally, it is 
suggested that piping associated with PDAH-171 and PDAH-250 is free of low points 
that permit the accumulation of water. 

Malfunction of solenoid valve SY-360 to activate N-360  will result in high temperature 
off-gas to the EOS. Sections of piping immediately downstream of N -360  will 
experience high temperature. A manual method exists for operations to open FV-360 
to avoid structural damage. Additionally, field inspections have indicated that the lines 
down stream of FV-360 are not insulated as shown in the P&IDs. The P&IDs should 
be modified to show the actual conditions. 

Emeraencv Off-aas Fan. 5-FA-38: A belt failure of this component will result in the 
loss of off-gas backup capability. Currently, only a running status indicator is provided 
in the control room to alert operators of the Emergency Off-gas Fan status. It is 
recommended that a pressure alarm (or speed switch) be installed to the EOS to 
detect conditions such as belt failure and alert the control room operators. 

2.1 0 Process Cooling Water 

2.1 0.1 Description 

The Process Cooling Water system is presented on Figure A-26. The Process 
Cooling Water system is discussed in the following paragraphs. 

The Process Cooling Water system is designed to cool 200 gpm from 1 15 OF to 85 OF 
at an ambient 78 OF wet bulb temperature. Cooling water for both the Melter and the 
Gem Machine were included in the original heat loads for its design (since then, both 
of these duties have been transferred to an air cooled closed loop cooling system). 
This system is comprised of a Cooling Tower and a Cooling Tower Pump. The cooling 
tower serves the heat exchanger in the Off-Gas System. The Process Cooling Water 
System removes heat from normal processing operations, and rejects that heat via 
evaporative cooling. Chemistry control of the tower water is maintained by a 
combination of tower water blowdown and the use of treated water as make-up. 

2.1 0.2 Concerns 

Table B.10 describes the results of the FMEA for the Process Cooling Water system. 
Significant findings include: 

Coolina Tower Puma 5-PM-28: This pump circulates process cooling water through 
Heat Exchange 5-HE-27. Failure of this pump to circulate will result in the loss of heat 
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rejection for the Quench Tower liquid, and eventually cause a plant outage condition. 
It is recommended for consideration that a redundant cooling tower pump be added to 
this system to provide backup capability. 

Coolina Tower Fan. 5-CT-26: The cooling tower fan removes heat from the Quench 
Tower liquid. Failure of the fan to provide this function will result in loss of forced air 
flow. Maintenance procedures may mitigate a plant outage condition (e.g., replace 
fadmotor) since natural draft in the tower will permit a cooling period until temperature 
limits are exceeded. It is recommended that the fan be placed on standby power to 
support the off-gas system (on standby power). 

Heat Exchanaer. 5-HE-27: The heat exchanger removes heat from the Quench Tower 
liquid. The heat exchanger tubes serve as a boundary between the Process Cooling 
Water and the contaminated water in the Quench Tower. A tube leak initiating from a 
bad weld or the effects of corrosion may permit contaminated water to enter the 
Cooling Tower water system causing a radon release to the environment if the Quench 
Tower water pressure is higher than the Process Cooling Water system. Therefore, it 
is recommended that the Process Cooling Water pressure be maintained above the 
Quench Tower water pressure, and that Process Cooling Water chemistry be properly 
maintained to preventlminimize the effects of corrosion. 

2.11 Compressed Air 

2.1 1.1 Description 

The Compressed Air system is presented on Figure A-20. The Compressed Air 
system is discussed in the following paragraphs. 

The Compressed Air System is comprised of one air compressor with a capacity of 
483 SCFM @IO0 psig and a 400 SCFM dryer, and one air compressor with a capacity 
of 320 SCFM a125 psig and a 200 SCFM dryer. Both of these trains go to a single air 
receiver and then to a single distribution system for both plant and instrument air. 
Plant Air requires high pressure air (5 micron, 100 psig) for operation of Diaphragm 
Pumps, the Gem Machine, and miscellaneous other uses. Instrument Air requires dry 
compressed air (-40 OF dew point, 1 ppm oil, 100 psig) for pneumatically operated 
and controlled valves. 

The existing Compressed Air system makes no provision for critical air users to have 
priority use of the air that is available during an emergency shutdown. 

2.1 1.2 Concerns 

Due to the configuration change of the Compressed Air System currently in progress, 
the FMEA was deferred. 
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