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ABSTRACT

A Failure Modes and Effects Analysis (FMEA) was performed to identify
design changes and other corrective actions to improve the system 1nto?r1ty
and operational performance of the West Valley Demonstration Project vitri-
fication system, The FMEA includes descriptions of the failure modes and
causes of those failures, possible effects of the failures, qualitative
estimates of the probability and severity of the failures, and possible
corrective actions. Nineteen ftems were fdentified as having a high failure
frequency or a medium failure frequency with 1cn?thy repair times. An
additional thirty items were identified whose failures could be mitigated or
eliminated by design modifications or additional monitoring. Recommendations
for improving these items are provided. An effort was also mad: to quantify
the failure rates and repair times to prioritize the important components and
to estimate the vitrification system's availability,



1.0 INTRODUCTION

The West Valley Demonstration Project (WVDP) is being conducted to
demonstrate removal and solidification of the high-level ligquid wastes stored
at the now defunct, Western New York Nuclear Service Center fuel reprocessing
facility at West Valley, New York. From 1966 to 1972, Nuclear Fuel Services,
Inc. operated the facility, during which time approximately 640 tons of
nuclear fuel were reprocessed. As a result of these activities, 560,000
gallons of neutralized high-lev2l liguid waste (HMLLW) and 12,000 gallons of
acidic THOREX waste were generated. in 1681, West Valley Nuclear Services
Inc. (WUNS, a subsidiary of Westinghouse Electric Inc.) was established to
implement the WVDOP. The current schedule calls for the vitrification system
to begin radicactive operation in FY 1291 and operate for approximately two
years tn vitrify all of the HLLW on site.

The West Yalley Support Task of the Nuclear Waste Treatment Program al
the Pacific Northwast Latoratory (PNL) is proviaing techniza’ support to the
WYDP, Cne activity undertaken by PNL ir FY-198 has been to complete &
Fatlure Modas and Efferts Analysis (FMER) of tha vitrifization system within
the Camponent Tust Staard (CTS) at vest /ailey,

A FifiA s %ypivaliy performed to ‘dent'fy design chonges and other
corrective actions “hat can be made to impr-ve tne reliabi!ity sna safety of
the system analyzed., The FMEA includes descriptions of 1) the failure modes
and causes of those failures, 2) possibie efferts or the failures, 2) che
probability of the failure, 4) the severity of the {ailure, and Si possible
corrective actions (Bjoro date unknown, Blanchard and Fabrycky 1981). A FMEA
is directed toward equipment and equipment design and does not include the
effects of human actions. It is usually performed early in the design
process.

Section 2.0 of this report describes the approach, assumptions, format
and methodnlogy used in the performance of the FMEA. Section 3.0 discusses
the results of the analysis. Section 4,0 1ists the conclusions and recommen=
dations developed as a result of performing the FMEA. The functional block
diagram, FMEA worksheets, and a review of the Fussell-Vesely Importance
measure are included as appendices.




2.0 FAILURE MODES AND EFFECTS ANALYS RIPTION

A Failure Modes and Affects Analysis (FMEA) 15 a systematic, logical
process for idemtifying equipment failure modes for a plant, system, sub-
system or component. It inductively determines the effects that such
failures will have on the desired operational characteristics of the system
being analyzed. For example, a desired characte~istic of a typical process
system is fts abilfty to maintain production. The most usefu) outputs of a
FMEA are the assessment of the design adequacy of the system to perform its
intended function, and an increased understanding about the physical and
functional interrelationships of the multiplicity of parts in the system.

The FMEA assists the designer in evaluating the inherent strengths and hidden
flaws in the design and identifying those potentizl design improvements which
will improve =elfability, minimize maintenance requirements, and maximize
operaticnal effectiveness,

Forr the Wast Valley Cemonss~ation Project FMEA, primary emphusis was
placed on valuatiay tte abiliny of tie system to continue the vitrification
procecs under component failyure ~orditions &nd recommending methods to
mnimize the fmouets of these fai'ures “rom the standpoints of system
integrity and cperatiorsi parfurmance. The *MEA was conducied {9 Part 1o
poevis  guidanc2 for the devel pment of interlccks and adarms to be inple-
rented or the Jiatributed control system at WVNS.

Four steps were completed in performing the FMEA (Bjorn). First, a
Functional Block Diagram was prepared to show the interfaces gmong the major
equipment components of the vitrification system in the CTS. Second, the
actual Failure Modes and Effects Analysis was performed and documented on the
FMEA worksheets. Third, a corrective action report was prepared that
identifiec the equipment components whose failures would most impact the
safe, efficient operation of the plant. Fourth, this final report sum-
marizing the FMEA was prepared.



FUNCTIONAL BLOCK DIAGRAM

The Functional Block Diagram (FBD) shows graphically the interfaces
between the individua! components of the vitrification system, Eich piece of
equipment is represented by a block, and 1ines connecting the blocks rep-
resent pipes and flow paths between pieces of equipment,

The FBD developed for the WYNS vitrification system can be found in
Appendix A, Major equipment components included the Concentrator Feed Makeup
Tank (SFMT), the Melter Feed Tank (MFT), the melter, the turntable, and the
off-gas treatment system including the Submerged Bed Scrubber (SBS), the off-
gas dryer, dual trains of High-Efficiency Mist Eliminators (HEMEs), pre-
heaters, HEPA filters, and a single trench heater. Auxiliary equipment
including instrumentation, pumps, jets, agitators, valves, and services are
also shown on the FBD., The diagram is based on our understanding of the
vitrification flowsheet as defined in the following paragraphs.

To vitrify the wastes, the WVDP will decant and decontaminate the
supernatant from the 80-2 neutralized waste to remove the Cs-137 via fon
exchange onto a zeolite. The loaded zeolite will then be blended with the
solids fraction of tank 80-2 and the THOREA waste in tank 8D-4. These
activities will be conducted outside the CTS and are therefore outside the
scope of this FMEA.

The waste will then be pumped into the CTS where the waste will be
concentrated and then blended with glass forming chemicals, recycle and
decontamination wastes, and sugar to adjust the glass redox potential.

¥ Following verification that tr2 melter feed composition 1s within acceptable
1imits, the slurry will be transferred to the melter feed tank and metered to
the slurry-fed, Joule-heated, ceramic melter,

The slurry-fed melter (SFM) has been designed to process the slurry at a
feed rate ranging from 30 to 150 L/h. The design basis glass production rate
is 45 kg/h. Currently, the equivalent glass oxide concentration fn the feed
slurry 1s approrimately 350 g/L. As the glass is produced, it will be
transferred into stainless stee] canisters positioned beneath the melter by
an enclosed turntable. Once filled, the zanisters are allowed to cool fn the
turntable prior to being removed for closure and decontamination. The off
gases generated during processing will include steam, decomposition gases,
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and entrained particulate and volatile matter, The off-gas treatment system
will remove the particulate and condensable matter for recycle back to the
melter. NO, will also be stripped from the off-gas stream in the 01-14
Building prier to releasing the remaining noncondensable gases to the plant
stack.

The Functional Block Diagram was prepared from this understanding of the
process and from Process and Instrumentation Diagrams (P&IDs), hydraulic
diagrams, and nozzle and jumper layout drawings. Several updates to the FBD
were made as the equipment design evol.ed (January 30, 1987 was the nominal
cutoff date for incorporating changes in the FBD).

FMEA WORKSHEETS

To guide the performance of *“ “MEA, a worksheet was devised so that
the necessary information would be ....:ned. The choice of the format for
the FMEA worksheets was made based on the successful experience with per-
forming FMEAs on similar systems. Minor modifications were made to the
initial format to make it more compatible with the WVDP configuration. The
present format contains the major headings necessary to cover all aspects of
the type of output required for this project. The FMEA worksheets are
included in Appendix B. The entries under each of the ten columns of the
FMEA waorksheets are explained below.

e Item: This column contains the name of the component being analyzed.

e Failure Mode: In this column, the credible ways in which the item can
fail are listed. 1In many instarces, there are several failure modes to
be considered (i1.e., valves can "fai1, to operate", “fail open', "fail
clcsed”, or "rupture”) and each failure mode must be 1isted separately
on the FMEA. 1In general, the failure modes of a component describe the
manner in which it cannot perform its intended function.

e Failure Mechanism: In this column, the fundamental causes potentially
responsible for the particular failure mode being fnvestigated are
described. For example, if the failure mode of a pump is defined as
"fails to operate", failure mechanisms attributable may be “loss of



pawer", “broken drive belt", “sefzure", etc, Each failure mechanism for
each failure mode must be listed separately on the FMEA.

Failure Effect, System Level: The expected behavior of the next higher
level portion of the subsystem being investigated which results from the
failure of the identified item is entered in this column. For example,
{f the ADS pump on the Meiter Feed Tank "fails to operate" due to
sefzure", the system level effect is that feed will cease being
transferred to the melter.

Failure Effect, Plant Level: In this column, the expected behavior of
the overall plant due to the failure of the item under consideration is
presented. ln the case of the previous exampie, however, the effect at
the plant level is to let the melter idle until the pump is repaired or
replaced., Thus, glass production is halted during this maintenance
action time. If there is no immediate effect, this is stated and
further explanations may be entered in the Remarks column as appro-
priate.

Method Of Detection: This column 1ists any sources which zan provide
the operating personnel with information which would make them aware of
the failure. This could be a significant entry in the FMEA, because a
failure may be inconsequential if detected immediately, but may become a
problem {f the ability to detect the failure is delayed very long. In
the case of the WVDP, it is expected that the onset of failures that
would lead to unacceptable periods of plant downtime will be adequately
alarmed to alert the operating personnel to the situation.

Recovery Action: In this ¢column, the steps necessary to recover from
the failure are described, For a system in which the operations are in
series (i.e., failure of any component of the system fails the entire
system), there is usually no recourse but to repair or replace the
failed item. However, if there is a redundant path available, such as
the dual off-gas treatment lines, which would mitigate the effects of
the failure until the repairs are completed, this is stated.

Failure Freguency: This column contains a semi-quantitative estimate of
how often the item is expected to fail; this can be expressed as the
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“failure freguency", or “number >f failures per unit of time". For this
analysis, the~e were *hree levels of failure freguency; "high", “medium"
and “low" (H, M, L). A “high" failure frequency was defined as being at
least one failure every six months, a "medium" failure frequency as
heing at least one failure occurring between 6 months and two years, and
a "low" failure frequency as having no expectation of failures before
two years of system operation.

+ Repair Time: This column contains a semi-quantitative estimate of the
time it will take to repair or replace the failed item., For this
analysis, there were three levels of mean-time-to-repair, *high",
*medium”, and “low" (H, M, L). A “high" repair time was defined to be
greater than one week; a "medium" repair time was defined to be between
one day to one week; and a "low" repair time was defined to be less than
one day.

« Remarks/Recommendations: Comments in this column may clarify the
entries in any of the other columns, provide recommendations for design
modifications which appear desirable to improve the system operations,
or provide any other information which seems appropriate to the further
clarification of the item under consideration.

The analytical approach taken was to carefully examine each system
component (indicated as “Item" on the FMEA) that appeared on the functional
block diagram to determine the consequences (indicated as "Effect" on the
FMEA) of a failure in that component, particuiarly relative to glass pro-
duction and/or system integrity. All legitimate modes in which that com-
ponent could fail were alsc identified, and for each failure mode, the
mechanism(s) that could cause such a failure mode were defined. The effects
of these failures, at both the subsystem level and at the plant level, were
identified as well as method(s) for detecting that this failure had occurred,
the action that needed to be taken to recover from the failure (i.e., repair,
replace, use redundant path, etc.), and semi-quantitative estimates of
failure frequency and repair times. In many cases, special consideration had
to be given to qualifying conditions, such as the impact of mulitiple simul-
taneous failures, assumptions, and recommendations. These considerations
were noted under the Remarks/Recommendations heading on the FMEA,
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Assumotiors

Pricr *7 ‘~‘tiating the FMEA and during the performance of the FMEA, it
was necessory v make certain assumptions regarding system characteristics
which were as yet not completely defined, Examples of the types of assump-
tions that needed to be made involved system operating philosophy, operating
methods, and equipment configurations. These assumptions are important to
the understanding of the results of the FMEA, since an incorrect assumption
could significantly change the outputs from the FMEA, Following is a 1ist of
these assumptions which were felt to be important to the conduct of the FMEA.

e Human-errors due to test and maintenance, equipment fnstallation, etc.,
were not considered in this analysis.

s Common-cause failure effects (e.g., redundant systems, external events)
and component aging degradation were not considered.

e Operator recovery actions were not considered.

o It was assumed that nefther of the redundant paths of the off-gas system
was a primary path, i.e., that when a failure occurred in a primary
path, the secondary path would only be used until the primary path was
operational again. The operating philosophy will be to use one path
until a failure occurs in it, and, after switching to the second path,
continue using that path until a failure occurs in it. By this time,
the failure in the first path would be repaired and the first path would
again be available for operation.

o It was assumed that, under normal operations, the melter would be
operating continuously while the fesd preparation process would be
operating in a batch processing mode.

e It was assumed that equipment failures which had no impacts on safety or
plant operaticns, i.e., equipment which is useful but not mandatory to
successful operations, could be repaired or replaced at a later time
during a shutdown required for other reasons,



Analysis Methodology

A consistent and meaninaful FMEA can only be achieved through a coor-
dinated effort on the part of the preparers, The ultimate FMEA is one in
which each participant prepares a FMEA for the entire system being analyzed
and, in a meeting of all participants, the various inputs from each preparer
are evaluated in detail for each FMEA item entry. Available resources seldom
permit this sort of in-depth analysis, as is the case fcr the WVDP FMEA. The
methodology used in the WVDOP FMEA was to assign selected portions of the
system to each of the participants. However, during the performance of the
WVDP FMEA, frequent meetings were held among all the participents to clarify,
critique and recommend improvements to each entry in the FMEA.

In addition to the detailed review by the preparers, an independent
technical review was performed. Two vitrification system experts (a PNL
staff member and a private consultant) reviewed the completed worksheets,
Their comments and recommendations were addressed and incorporated in the
worksheets.,

CORRECTIVE ACTION REPORT

The Corrective Action Report was prepared in response to the findings of
the FMEA, The purpose of the report was to identify the vitrification system
equipment component: whose failure would most impact the successful or
efficient operation of the plant. The criteria used for selection included:
1) items having a high failure frequency, 2) items having a medium failure
frequency in conjunction with a high or medium repair time, and 3) FMEA {tems
that could be mitigated or eliminated through design changes or additional
monitoring equipment. Also included in the Corrective Action Report were
estimatas of the system availability (based on a two year operational
lifetime) and a 1ist of recommendations for minimizing or eliminating the
impacts of equipment failures on successful plant operations. Since the
transmittal of the Corrective Action Report to WVNS(A), revisions to the FMEA

(a)Letter to Jim Pope from John Carrell, WVST 87/141, April 30, 1987.
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worksheets based on comments from reviewers have changed some items in the
Corrective Action Report. The changes are reflected in the next section of
this final report.



3.0 DISCUSSION OF RESULTS

For the WVDP FMEA, there were approximately 115 separate ftems in the
system that were examined for their unique failure modes to determine their
finpact on system performance and integrity. Approximately 200 separate
failure modes were attributed to these items and, when multiple failure
mechanisms which caused specific failure modes to occur were considered,
approximately 300 entries were included in the FMEA, The FMEA worksheets
showing the failure modes and their associated failure mechanisms for each
item are presented in Appendix B.

Nineteen items from the FMEA worksheets were identified as having a high
failure frequency or a medium failure frequency with a high or medium repair
time. An additional thirty items were identified whose failures could be
mitigated or eliminated by design modifications or by incorporation of
additional monitoring instrumentation. Tables 1 and 2, revised from the
Corrective Action Report, 1ist these items and recommended corrective
actions. The plant's reliability could be improved by all o a-combination
of the following: performing periodic preventive maintenance or testing on
the item, improving on the design of the item {tself or of ancillary equip-
ment, or instituting clearly defined operating procedures/philosophy documen-
tation which will mitigate the effects of the failed item.

An effort was also made to quantify the failure rates and recovery/
replacement times of the nineteen key items in Table 1 in order to estimate
their impact on plint availability. Though the FMEA 1tself used only
qualitative values (High, Medium or Luw) for these characteristics, failure
and repair experience from similar projects as well as engineering judgement
were employed to provide specific numerical estimates. The quantitative
estimates used for this availability analysis are shown in parentheses in
Table 1.

The Fussell-Vesely (FV) Importance measure was used for this quanti-
tative analysis (Lambert 1973). The FV Importance measure is the fraction of
the total system unavailability to which an event, component, or subsystem
contributes. The objective of this evaluation is tu identify and
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strict requiresents,
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cleaning the Lip s racomsended. |loss
of one or both casera imagea should not
require iemediate cessation of slurry
feeding to the meiter given that trained
operators can interpret instrument data
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The corrosion of the dip tubes are
recognizec to be 2 high failure ites
which will require frequent replacesent.
The operation of the selter should
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systes to lessen the ispact of its
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The longer repair tins is based on the
fact that it say take a longer period of
time Lo identify the source of the
failure than to actually repair the
failura. It is recossended that a
pressure transducer be located in the
air line at the seltar %o allow for a
rapid identification of the source of
the failure.
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data for purposes of YFQ aay reauirs
continuous therununuple data. This
requiresent neecs Lo be def ined
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required to sufficientiy heat the
overf low ares befors replacesent of the
hester insert section |8 required.

Salt attack (] ¥ Failury will lead to piuggage of the
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Failure Items Based on Design Areas and/or
Instrumentation Improvements

FMEA
Item Page Comment/Recommendation

Air Purge 12-16 Present approach is to open air purge

Confirmation valve and assume air flowed. If it did

After Jet not, in some cases baci-siphoning could

Transfer occur. Need feed-back to control system
that confirms that air purge actual y
occurred. Insert orifice plate in-line
downstream from air valve and pressure
tap to sense air flow so that control
system can confirm,

ADS Sample Pump 4,8 Need to assure that the circulated flow
has been running sufficiently to achieve
a homogeneous stream that is similar to
the tank contents. Need flow sensor in
recirculation loop to assure that pump is
operating as required.

Radiation 45 If a HEPA filter is breached, downstream

Monitor Down- contamination will occur, A single

stream of HEPA radiation monitor before the trench

Filter heater would indicate severity of the
problem. If not already existing, an
additional gamma radiation monitor
downstream of both redundant off-gas legs
is recommended to sense ary spread of
radiation past HEPAs.

Radiation 10 Monitor for any contamination in coolant.

Monitor 1in Install radiation monitor on CLCW system

Closed Loop outside of cell,

Cooling System

Closed Loop 10 Make manual water make-up automatic loop

Cocling System to ensure water level 1s maintained in
the loop.

Airlift Air 19 A solenoid valve is recommended to

Supply prevent inadvertent air flow to afr 1ift.

Condenser, 34 Condenser coolant could leak into

Coolant leaks

condenser undetected and end up in either
Tanks 80-1, 80-2, or 80D-4, Include
closed loop cooling system level moni-
toring in process control system,
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Iten

0ff-Gas System
Isolation Valves

Melter Feed
System

Glass Overflow

SBS Recir-
culating Tank
Packed Bed

Off-Gas System
Dryer

Air Purge Valve

Solenoid (Air to
Jacket on CFMT).
Does not open on
power-up.

Pressure Let-
down Valve Low
Pressure Loop.
Pressure remains
high in rest of
1o0p.

TV System,
Obstruction of
tip aperture.

Glass/Plenum
Thermewells.
Loss of signal.

17

36

39

10

18

18

Comment /Recommendation

Need to ascertain position of valves
(open or closed). Add position switches
to valves to indicate open or closed
position. Incorporate into process
control system,

The ADS pump should be monitored to
determine its performance and detect
feedline pluggage. Add melter feed flow
meter to monitor feed flow to melter,

To indicate glass accumulation in pour
area. Add a remote viewing system to
monitor glass pour stream.

If the bed surport fails and the bed
drops down into the receiver tank, there
will be no way to know that it happened.
Need means to ascertain that the bed is
still intact and in place if impacts of
such a failure are unacceptable.

An electrical circuit monitoring system
is recommended to warn of an impending
failure of the heater and subsequent
excess condensation in the HEME. Add
monitoring of the heater electrical
circuit.

Monitor air purge service.

Controller logic needed to obtain shared
flow to other demands.

Method of routinely cleaning tip of
assembly recommended.

Ceramic liner inside thermowell fis
recommended to minimize corrosion,
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Iten

Inner Refractory
Cooling System.
Loss of tem-
perature
indication,

Shell Cooling.
Loss of water,

Shell Cooling.
Rupture of
shell,

0ff-gas Vent
Line. Solids
plug water
drain,

Condenser Qutlet
and Drain.
Solids piu?
liquid outlet.

Control Valves
in CLCW System.
Fails to open.

TV System. Loss
of cooling.

Melter Elec-
trodes. Loss of
cooling.

0ff-gas Nozzle
Film Cooler.
Loss of air.

Shell Cooling.
Loss of water,

Shell Cooling.
Loss of air.

Connection to
Melter,
Expandable
bellows fails.

FMEA
Page

24

28

33

10

18

20

25

26

27

28

Comment/Recommendation

Exit air temperature monitor should be
replaceable.

Back-up afr cooling should be available
in case of loss of water cooling.

Design of shell cooling system should
prevent isolation of melter jacket that
could lead to steam pressurization.

Drain should be sized so as to prevent
this event.

Capability to jumper in a back-flush if
ever needed is recommended.

A1l CLCW system valves should be designed
to fail open.

Valves in afir 1ines should be designed to
fail open.

Valves in air 1ines should be designed to
fail open.

Valve(s) in air 1ine should be designed
to fail open if compatible with operating
control.

Valves in water line should be designec
to fail open.

Valves in air 1ine should be designed to
fail open.

Valve in air line should be designed to
fail open.

16




FMEA

Jtem Page Comment /Recommendation

Access Port, 29 In-cell water supply valve should be

Water seal designed to fail open. Water regulator

fails. valve should be set to operate in-cell
valve full open as standard operating
procedure.

Weigh Sy stem, 29 In-cell air valve shculd be designed to

A1r1c0011ng fail open.

fails.,

to prioritize the components that dominate the total system failure, given
that component failure occurred.

The nineteen high and medium failure rate {tems from Table 1 were
ranked according to their unavailabilities, as shown in Table 3. The result;
indicated that an upper bound on the plant availability is 0.83, which means
that the plant would be expected to be fully operational 83% of the time anc
down for repairs 17% of the time as a direct result of equipment failures.

An analysis of the important component measure shows which of the
component failures dominate the total system's avaflability, Table 3 lists,
in decreasing order of magnitude, the results ¢f the FV Importance measure
for components in Table 1. Two comments must be made concerning this table.
First, the items identified in the table as having high unavailabiiity will
have a high impaz: on the plant's availability; e.g., Overflow Section Heater
has a highest unavailability at 2.39 * 10'2 and 1ts FV Importance (IFV) is
0.134., This 1is the highest value of IFV for all the components l1isted in
Table 3. Second, this data contains only the components/ subsystems that
have either a high or medium failure frequency combined with a medium or high
repair time. As a result this is not considered a comprehensive analysis.

It must be emphasized that these calculations are based on crude estimates of
failure frequencies and repair times. A more comprehensive treatment is
recommended for future study. More details and sample calculations of the FV
Importance evaluation can b2 found in Appendix C.

17



TA 3.

Component Unavailability and its Associated
Fussell-Vesely Importance Measure

Item Failure Mode Unavailability(a Measure(b)
+« Overflow Section Heaters Heater failure 2.39'10'2 1
(thermal shock/fatigue)
+ Overflow Section Heaters Loss of power 1.64%1072 2
* Glass Airlift System Over/under 1.64"10'2 3
pressurization
» Glass Pour Area Discharge  Plugs 1.64%1072 4
Cone
* Glass/plenum Thermowells Loss of signal 1.20%10"° 5
(T/C failure)
+ Glass/plenum Thermowells Loss of signal 1.20%1072 6
(weil failure)
+ Weight Factor/Specific Faulty signal 1.10"10'2 7
Gravity (connection failure)
* Bottom Electrode Electrode failure 1.10%10"% 8
+ Weight Factor/Specific Faulty signal 1.10%10°2 B
Gravity (diptube failure)
' Glass Afrlift System Loss of 11ft air 1.10%10°2 10
» Off-gas Nozzle Film Cooler Corrosion 1.10"10'2 11
* Overflow Section Loss of signal 7.94*10'3 12
Thermowells
s 0ff-gas Nozzle Film Cooler Weld failure 5,50%10"° 13
+ 0ff-gas Nozzle Film Cooler Plugged 4.20%1073 14
* Glass Airlift System Air lance fails 4,00%10"° 15
+ TV System Obstruction of 3.97%10°° 16
tip aperture
« ADS Pump Pumping rate falls off 1.45%107° 17
» Level Indication No level indication 1.45"’10'3 18
+ Feed Nozzle Slurry pluggage 1.45%10"° 19

(a) These gquantitative calculations are provided for perspective. Moreover, the
numerical values presented in this report are highly uncertain, and should be
interpreted cautiously. =y

(b) Ranked in descending order of magnitude of the calculated values.

18



4.0 CONCLUSIONS AND R.

Based on the information generated in th)
Analysis, the following conclusions regarding tn
of the WVOP are presented:

e There are no equipment items in the WVNS vitrit 2

both a high failure rate (> 2/y) and high repai:
Nineteen items were identified with a high failur
failure rate (> 0.5/y) and a high or medium ( 1 w.
Thirty additional items were identified whose failur.
gated or eliminated by design modifications or additio
Recommendations for improvements are described in detail
Tables 1 and 2.

e The availability analysis indicates that the vitrificatio
operating availability will be approximately 80% as a resu equip-
ment failures. This analysis is based on the nineteen iten naving a
high failure frequency or a medium failure frequency with medium or long
repair times and uses semi-quantitative estimates for the failure fre-
quencies and repair times. Therefore, the analysis should not be
considered rigorous.

* The larges® contributors to system unavailability are the overflow
section heaters which represent approximately 36% of the unavailability.
The second largest contributors are the glass/plenum thermowells which
represent approximately 14% of the unavailability. The results of the
availability analysis are summarized in Table 3.

This FMEA was limited in scope to the vitrification system proper within
the Component Test Stand at WVNS. Thus, some failures and effects that could
effect production were not addressed. In particular, the loss of cranes,
manipulaters, and other handling and transportation equipment should be
evaluated. The loss of services (power, instrument air, steam, water, etc.)
was examined for each piece of equipment. The system-wide effects of the
loss of services should be addressed.

When detailed cell-layout drawings are available, a technical review by
experienced remote facility operators should be conducted. One product of

19




the review would be quantitative estimates of the failure rates and repair
times. This additional information could then be used for an in-depth
analysis of the reliability of the WVNS vitrification system.



(Revised).
Blanchard, B, S., and W. J. Fabrycky. 1981, Sistem §nﬂ1nger1ng and
Analysis. Prentice-Hall, Inc., Englewood CIiTTs, .

Lambert, H. E. 1973, Fussell-Vesely Importance Measure. UCID-16238,
Lawrence Livermore Lagorafory. fivermore. California.
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FMEA FUNCTIONAL BLOCK DIAGRAM




REFERENCES FOR FINCTIONAL BLOCK DIAGRAM

Prints
West Valley Nuclear Services Company, Inc. Drawing No. 900E70S.
Sheet Abbreviations and Legend " Rev 0
Concentrator Feed Makeup Tank Rev B
3 Melter Feed Hold Tank 63-11-011N Rev D
Process and Instrumentaticn
< Waste Header-vVitrification Cell Process Rev C
and Instrumentation Diagram
5 Sample Pumps and Samplers for V-01 & V-11 Rev D
Process and Instrument Diagram
6 FHT ADS Pump 63G-11 Process and Instrument Reay B
Diagram
7 Internal Melter Thermocouples Rev 0
8- Melter Cooling System Rev 1
9 Melter Pneumatic Instrumentation Rev 0
10 Melter & Heater Power Supply & Controls Rev 0
12 Turntable Rev 8
13 Turntable Seal Rev 0
14 Primary Scrubber Scrub Section Rev C
15 Primary Scrubber Receiver Tank Rev 1
16 Glass Level Detector System Rev 0
19 CTS Vessel Vent System Rev B
el Melter Off-gas System Pre-heater and Rev B
| HEMES PLID
22 Vessel Vent Off-gas Filters and Heaters Rev B

Process and Instrument Diagram

A.3



Prints (continued)
(No drawing number)

Off-gas System Hydraulic Elevation Rev 0
Diagram

(No drawing number)
Pit Area Hydraulic Diagram Rev 0
PNL-250~1 Sheet 1

Concentrators V-01 & V-11 Nozzle & Jumper Layout

Qther References

Siemens, D. H., W. O, Heath, D. E. Larson, S. N. Crafig, D. N. Berger and R.
W. Goles., April 1985, MHigh-Level Radioactive Waste Vitrification Process
Equipment Component Test1ng. PNL-5394, Pacific Northwest Laboratory,
Richland, washington.

Siemens, D: H., M. M. Beary, S. M, Barnes, D. N. Berger, R. A. Brouns, C. C.
Chapman, R. M. Jones, R. D. Peters, and M. E. Peterson. March 1986, Design
r the

and Operating Features of the High-Level Waste Vitrification System fo
West saliev gemonstration Project. PNL-5/80, Pacific Northwest Laboratory,

Richland, washington.

Holton, L. K., Jr., Compiler, June 1985. Design Features of the Radiocactive
Liguid-Fed Ceramic Melter System. PNL-5393, Pacific Northwest Laboratory,
chland, Washington.
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FATLURE MODES AND EFFECT

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: STEAM JET CONTROL SYSTEM

PREPARED BY: Frank Graf

Failure Failure Effect
1tem Failure Mode Mechanism Tvstem Level ant Leve) ¥
Cell sump Vent valve Solencid fails Loss of steam Miner
to waste header fails open motive power.
(North or No transfer
South)
team supply Same No steam for Same
valve fails jet.
closed No transfer
Air supply Same No purging No back siphon=
valve fails possible ing 1ikely
c¢losed
-~
Block valve Same . No transfer Minor
uosecream of jet
fails ciosed
See Shest &3 for failu
Turntable Vent valve Solenoid Loss of steam Cannot pump
to waste fails ooen fails motive power. out turntable
heazder jet : No transfer
Steam supoly Same No steam for Same
valve fails jet.
closed No transfer
Air supply Same No purging No back siphon=
valve fails possible ing likely
closed
Block valve Same No transfer Cannot pump out
upstream of jet the turntable

faile closed



ANALYSIS WORKSHEET

Method
Detection

onitor cell
ump level

Same
Same

analysis of jet
Monitor turn-
tanle level
Same

Same

Same

REVISION #: 2
DATE: July 1987
DRANING NUMBER: DFME A=

SHEET: 12 1 of: 49

Recovery Failure Repair ’

Action F requency Time Remarks/R3commendations
Replace L L There are two cell sumps. One
solenoid. Use will therefore be availabdle
other sumd
in meantime
Same L L
Same L L Need confirmation that air purge

re2lly occurred
Same L L
itself
Replace L L
solenoid
Same L L
Same L L Need confirmation that air purge
rez2lly occurred
S
Same L L Al 1:}{ !‘ LR}‘,
CARD

Also Availatle On
Aperture Cavd

8911010071 - O
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FAILURE MODES AND EFFECTS
PROGRAM:

WEST VALLEY DEMONSTRATION PROJECT

. SYSTEM: CLOSED-LOOP COOLING WATER SYSTEM

PREPARED B8Y:

Frank Graf

T oy

Failure Failure Effect

ltem Failure Mode Mezhanism “Svstem Level Plant Level .
Backup steam Does not e No steam No water e Stop glass F1
turbine pump startup e Bearings flow during production ar
seize electric-driven e melter ir

pump failure refractory

overheats
e 585 1iquid

Heat
exchanger
(coole)

Cooling power
purp fails

Loss of cooling

Melter, turn=
tanle V=001 and
v-011, SE5,
vassal verm:
¢condanser lose
cooling sourc

Vessel vent
condenser fails
to condense
CFMUT vapor,
pressurizes vent
system diverting
steam to offgas
dryer which will
pass steam to
HEME, HEME will
pass steam to
HEPA's melting
them and causing
breaching., Could
also pressurize
melter by back-
pressuring the
S8S offgas system.
Glass pruduction
topped, Possible
uncontrolled glass
discharge from mel

et 0 < X



ANALYS1S WORKSHEET

REVISION #: 2

CATE: _July T987
ORAWING NUMBER: FMEA-

SHEET: i T R 49

thod Recovery Failure Repair
Detaction Azzion Frequency Time Remarks /Rezommendations
meters Use air coding L L Refer to Sheet 25, loss of wasar
temperature on melter cooling on melter shell; page 35,
ifcators jacket loss of cuvoling for SBS. Should
check out backup pump monthly
nitor vessel f no redundant L L The status of the cooling tower

nt condenser
plant water
eruiure

pump availadle

~ump should be on the distributed
control system. If redundant
pumps are available, means to
switzh over from pump to pump
should be available from the CTS
control room

S
APERTURE
CARD

Also Available On
Aperture Card

8Y11010071- O
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FATLURE MODES AND EFFECT

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: CLOSED-LOOP COOLING WATER SYSTEM
PREPARED BY: Frank Graf
Failure Failure Effect
1tem Failure Mode Mechanism “Tystem Level Plant Level
Elecsric circus No circulation Motor failed, Loss of cooling Stop glass
lation pump coupling to SBS, melter, production
failed v-011, V=001,
vessel vent
condenser and
turntable
Pressure let- Pressure Valve None None
down valve Tof remains high mechanical
low pressure in rest of or electrical
1000 1o0p failure

Hold tank
level

1ns:rumenta:1on

Control valve
to any source

System lezk

Dip tube plugs

valve fails
open

Pipe or
sank leak

Inleakage into

loop while pump

off

\.

salt buildup

Ruptured
diaphragm

Corrosion/
weld failure

Same

Level unknown

Excess cooling
to loop with
failed valve,
others are
gstarved

Loss of conlant

Contaminated
coolant

None if other
monitor points
verify circu= :
1ation flow

Stop feeding
melter

top glass
production

Spread of con<
taminated cool=
ant outside cel



RHSHEET

REVISION #: )
DATE: Ty 1987
PR

DRAWING NUMBER: v 3
SHEET: W e &9
Recovery Fatlure Repair ‘
Action Freousncy  Time  _ __ Remarks/Recommendations
Switeh to stesm 8 L Steam turdine is the backup.
turdine pump, Builging SOP's should include use
Replace failed of turdine pump
motor
essure 1000 Replace velve L L Wignepressure loop normelly runs
50 psig, lowepressure 100D runs
35 osig. Melter jacket can take
§0 psig, Pump curve should be
checked to see wnat shut-off
pressure could be exoected
Need controller logic to obtein
L shared flow to other demands
dguring prodlems
Level readin Blow cown L L System goes not have avtomatic
goes *f s:agc gip tubde Teve! nikeup
st mign end
Flow readings R/R valve 8 L Valves should 211 fail open
on a1l looss
on the CLOWS
{ Add maieud M L No Yevel input to control system
E::\.:nt an water ‘ from hold tank, Neecs a level
control loop
None Orlin‘coe1ant L L Need radiation monitor on cooling
and dispose of 100p to monitor for ¢contaminated
it, reduce ¢coolant
corroced parts
APERTURE
CARD

Also Available On
Aperture Card

8911010071- 07




FAILURE MODES AND EFFECTS %

PROGRAM: WEST VALLEY NEMONSTRATION PROJECT |
SYSTEM: SAMPLE STATION
. PREPARED BY: Frank Graf
Failure Failure Effect
1tem Failure Mode Mechanism “Svitem Leve’ iuatvﬂ f
Sample Sample cone Sample cone No sample Glass produce
container tainer does not  tainer jammed tion stops when
come out of pcceptadle feed
sampler {s exhausted
k Spray rinse No spray Valve does Ko rinsing of Same
valve no. open due outside of
vo fatled SV sample
Miscellaneous Mechanical Wear No sampling Same

paris

- — .

perss fafl



LISIS WORKSHEET

REVISION #: 2
OATE: _ JUTV ISETT
ORAWING NUMBER:  FRETTTET T~

SHEET: _ 9 ¢ of: _ 49

Recovery Fetlure Repair

Action Fresuenty Time Remarks /Recommencations
Repair sampling L L Sample station must be in view
Replace SV that L L Semple station must be in view
supplies air to
rinse weter
supply valve
R/R ADS sample L L Sample station must be in view

pum _

Sh
APERTURE
CARD

Also Avaitable On
Aperiure Card

3911010071-04-



PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: MELTER FEED TANK (V«011)
PREPARED BY: Frank Graf
Failure " Failure Effect ‘
1tem Failure Mogde Mechanigm “Tvstem Level ii "t Level
ADS sample Fails to pump Cylinger No sample, Glass produce
pump slurry Jammed with cannot proceed tion stopped
velve closed with the bateh until ADS sample
purp repeired
Same Cy)inder No sample, eir Same
Sammed with plows into tank
valve open
Same \l1r vent No slurry Same
solenoid velve circulation
fails in suoply
position
Same Alr vent valve Pymp chamder Same
fails in vent fi1ls but cane
position not pumy due to
loss of motive
air
Same Pressure ratio Higner pressure No immediate
relay fails on pum than effect
c¢esired
Same worn mechanical  No pumping Glass produce
parts tion stopped
unt*l pump
replaced
Same Screen plugged Same Glass produce

tion down until
screen flushed

.
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PROGRAM: WEST VALLEY DEMO

MELTER FEED TANK

8Y: Frank Graf

A
-~

Marwaniem

~ b |
Lviingers

jammed with
| | sl a | y -
valve in closed §s prod

nAaeNt"I\An
position

chamber
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FAILURE MODES AND EFF

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: MELTER FEED TANK (Vv-011)

PREPARED BY: Frank Graf
Failure Fatlure Effect
14en Failure Mode Mechanism Svstem Level ant Level
Jet recycle Jet does not Jet dip leg Cannot recycle Glass
back to CFMUT work plugged back to CFMUT production
interruption
Agitator Shaft fails to Motor failed Solids settle Same
turn out
Same Coupling Same Same
“disengaged
Same Shafs breacs Same Same
Demister Plugs off or Water soray Shytdown boile Potential delay
nigh aPf control valve down cycle to processing
fails or nozzle
plugs
Glass former Cannot add Control valve Cannot makaup Melter glass

addition

Chemical/
HNO
Addition

glass former

Vaive failed
shut

failed close
or 1/P trans~
mitter failed

Diaphragm or

solenoid failure

batch when this
tank is in
backup service

Cannot makeup
batch

production
interrupted

Same




nitor levels
in CFMUT and
feed tank

anitor motor
amps

Monitor motor
amps

Same

AP asross
filter

Monitor level,
check chemical
feed tanks

Monitor level
check chemical
makeun tanks

Reoair
Time

REVIS%ON £
DATE: July
DRALING NUMBER: FqE*-

SHEET: 2 t o oof: 4%

Rempreg /Rpsommpacpsises

Recovery Failure
Azsion Freguency
Remove and L "
¢lean, Replace
if necessary
Replace motor L M
Remove and L M
renlace
agitator arive
Same __ . M
Repair water L L
spray velve and
ingrease flow
until 4P
returns to
normal.
Replace
demister if
required
Remove and L L
repair valve
Remove and L L
repair valve
Sl
APERTURE
CARD

Also Available On
Aperiure Card

wWi'® reguire special tool 9
retrieve broken shaft from
tank, The resuscension of the
soligs in the 1y be @
guestion

Kosm2lly boildown is done
in CPMUT

No means of flow indication at
control room

8911010071 - O




PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM. MELTER FEED TANK (V-011)
PREPAKED BY: Frank Graf

1tem

Steam supp)
to tank coils

Internal coils

Feed tank

Cold water sup-
ply valve or
return valve

F|11!:! Mode

Steam supply
valve fails
shut

Steam conden~
sate valve
fails

Solenoid valve
on steam supply
velve fails
Solenoid valve
on steam cone
gensate fails

Corresion

Same

Leaks

Conling vater
stays on

Fatlure
NQC_H |n1 Ll

Rupsured
glaphragh

Same

Solenoid burned
out

Same

Minor mupture
of corroded
pipe section

Major rupture
of corroded
pipe section

Corrodes through
tank wall,
weld faitlure

Fails open

FA

MODES AND EFFECT

Failyre £7feut

!v!;’: E!v’T

Cannot *ai1
gown 3 baten
for melter feed

Same

Seme

Same

Dilytes batch
with steam
condensate

Steam will
not condense
{n feed tank

Terminate feed
to melter

Cooling water
on until hand
valved out

.

Can run melter
with unconcen-
trated feed,
Sleass produciion
will de low

Same

Same

Seme

Gless production
stopped

wil)l overload
vent condenser,
Could pressure
ize the melter
resulting in
uncontrolled
glass discharge

Melter on 1dling
until new feed
tank acquired

No delay unless
feed tank used
as concentrator

Sa

Ve
in

-t T =<
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BALYSTS WORKSHEET

-
.

marisg /Recommencetions

Feed tank 13 only used a8 8 cone
centrator when CRMUT

service., Repair time snore

L vio-

$
is » 01

"
LA

Feed tank 1s
out of servile
until cotl

replaced

!
APERTURE
CARD 8911010071 -

Also Available On
Aperture Card




PROGRAM:

-

WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: ggﬁgmugg FEED MAKEUP TANK

PREPARED BY:

14em

ADS sample pump

Frank Graf

v,gx,;, Mode
Fails to pump

slurry

Same

Same

Same

Same

Same

Same

High
rate

pump

Fatlure
M.;nigj[n

Cylinders
jammed with
velve closed

Cylinders
Sammed with
valve open

Air vent SV
fails in 2ir

\lupp\y pesition

Air vent SV
fails in vent
position

Screen plugged
Worn parts
Pressure ratio

relay fails

Pressure ratio
relay fails

FATLURE MODES AND

Fatlure Eff

!ViSlﬂ le!1 an v
No semple., Glass produce
Cannot proseed tion stopped
with bateh when feed

exhaysted
No sample, @ir Seme
blows into )
CFMUT tank
No slurry Same
circuleation
Pump chamder Same
f11ls but cane~
not pump due tO
loss of motive
alre
Cannot sample Mplter down

Same

Higher pressure
en pump than
desired

None

after acceptadle
feed exhausted

Same

No {mmediate
effect

None




control

gssure signal
stem

essure signel
control
stem

Recovery
Action

Replace pump
top assemdly

Same

Same

Same

water fiush
screen

R/R ADS sample
pump

Remove and
replace ratio
relay wnen
convenient

Remove and
replace ratio
relay

Fatlure
'r!!!!nsv

L

azv%s;gn T 2
ATE: TV 1587
DRAVING NUMBER:  FRET-TREV T

SHEET: 8 $ of} 49
Repair :
Time Remarks /Recommendations
L Need means %0 verify that ADS
sample pump 18 pumping slurry
L Same
L Same
L Same
L heed means T2 determine pumping
rete
L Same
L Flow rete will be uncontrolladly
nigher
L
S
APERTURE
CARD
Also Available On
Aperture Card

8911010071 - 04




PROGRAM:
SYSTEM:

WEST VALLEY DEMONSTRATION PROJECT
CONCENTRATOR FEED MAKEUP TANK

PREPARED BY:

[tem

Frank Graf

Failure Mode

Failure
Mechanism

Glass former
addition

Mee) removal
equipment

Feed transfer
Jet

Heating and
cooling Jacket

CAMUT tank

Level instrument

Thermowell

Cannot add
glass former

Cannot pump
heel

Feed will not

transfer

Corrosion

Tank leaks

Dip tudbe cor-
rodes, level
drifts

Corrodes

Control valve
tatled closed
or 1/P failed

Jet plugged

Jet plugged

Ruptures Jjacket

Corrosion/
weld failure

Corrosion of
end of dip tude
will overflow
to seal pot

V=003 and thence

FATLURE MODES AND EFFECTS

Failure Effect
“Tviten Level 51ont Level

Cannot make up
batch

Cannot pump
heel toO
80-2 Tank

Cannot transfer
feed to feed
tank

Cannot concen=

trate 2 feed
bastch

CFMUT out
of use

Overfill tank

to the waste header

Both T/Cs fail

No temperatures
control during
operation

Glass produte
tion interrupted
after exhauste=
ing feed suoply

None

Glass produte
tion stops
after feed
exhausted
Same

Can use feed
tank but rate
of glass
production cut
in half

Minor, Will
recycle back
to 8D tanks

None. Spare
thermowel)
available

" =0 T OO




REVISION #: 2 ——
DATE: July 1987
DRAWING NUMBER:  FWEA-] REV 3
SHEET: 7 s o 49
Recovery Failure Repair ,
ion Action Freguency Time Remarks /Recommendations
R/R valve or L L Flow meter on line would verify
1/P relay the flow and provide totalization
capadbility

Remove and L M Level will be bdelow dip tubes so

clean jet and heel may not be sensed by the dip

suction line tubdes

levels Same L M Plugged dip tudes

1 sump level Use feed tank L M Feed tank ¢ould also be used for
resses as concentrator LFMUT, However, this then slows

untiY CPMUT gown ¢lass proguction

repaired of

replaced
1 sump level Replace tank if L H

early in cam-

paign. If not,

complete came

paign at

reduced produce

tion rates
dicated Install new dip L L Heel is larger 2as dip tubde |
nsity would tube corrodes. Battheto-bateh '
1ft lower. consistency in auestion APERTURE
en tank CARD
erflows,
:::\ p;'t‘ :;8?3 Also Available On
dicate high Aperture Card
pmperature Peplace L L Change out thermowell when
hes t0 maximum thermowell and 1t is convenient. Use spare
ynge T/Cs when in meantime

convenient

8911010071 - |
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FAILURE MONES AND EFFECTS A

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: STEAM JET CONTROL SYSTEM
PREPARED BY: Frank Graf

Failure Failure Eff
Item Filure Mode Mechanigm “Eystem Level v
CFMUT to Vent valve Solenoid Loss of steam Glass produce Low
feed tank fails open hurned out motive power tion stops after duri
in Jet. exhsusting feed V=20
No transfer Tev
che
Steam supply Same No stesm to run  Same No
velve fails jet pre
“o‘.ﬂ |
Air supply Same No purging Can siphon Mon
valve fails pack from 44
closed ~ feed tank
X to CPMUT
Valve upstresnm Same No steam %0 Same Sa
from jet fails e,
closed Cannot transfer
See Sheet 5, 7 for failure
SES rectroula- Vent valve Solenoid Loss of steam No immediate Mon
tion tank to fails oden surned out motive power prohlem, SBS [
S35 receiver for jet. will plug uwp in PP
No jet transfer time, Glass
production must
stop prior to
reaching high aP
Steam supply Same No steam to Same Sen
valve fails operate Jjet
closed
Air supply Same No purging. Wil11 siphon Mo
valve fails Can siphon back more
closed back from dilute slurry
receiver t0 than was
scrub section transferred
Rlock valve Same No transfer Shut down feed
upstream from possidble to melter
jet fails
¢losed

See Sheet 35 for failure




Recovery
Action

essure Replace
Jctt1ng solenois velve

ang V-2l

a0 not

Same

Same

Same

L.\ysis of jet itself
|

tor level Replace

steam solenoid valve
jsure

¢ Same

itor levels Same

\itor stesm Same
pssure

nalysis of jet itself

REVISION o s
JATE: Ju'ly

DRAWING NUMBER: FREL-T REV Y
SHEET: 13 3 of: 49

Failure Repair

Freouency  Time Remarks /Recommendations
M L
M L
M 8 Need a confirmation beck to the

control system that air purge
cycle occurred

M L
" L
M L
M L Need confirmation that air "
purging really occurred Sl AR
APERTURE
CARD
M L Also Available On

Aperture Card

8911 0100 1 - h# &




FAILURE MONES AMD EFFECTS

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: STEAM JET CONTROL SYSTEM
PREPARED BY:

Frank Graf

Failure Fatlur~ Effect
1ten Failure Mode Mechanism —Svitem Level Tant Level of .
SRS to CFMUT Vent valve Solenoid Loss of steam Glass Ste
fails open hurned out pressure, jet proguction
will not work interrypted
; Steam supply Same Cannot transfer Same No
velve fails hetween SBS and pre
closed to CFMUT
Air supply Same Cannot air Can siphon dack Mon
valve fails purge from CFMUT and
closed to S8§ tan
Rlock valve Seme No sransfer Same Mon
upstream from possidble pre
Jet f2ils
closed
See Sheet 317 for failure 2
CFMUT to Yent valve Solenvid valve Loss of steam Minor, Low
8D tank fails open motive power to  Assumed it is du
valve pit ! Set. only used V-0
No transfer occesionally d
Steam supply Same No steam for Same Sa
valve fails Set.
closed No transfer
Afr supply Same No purging Minor Mo
valve fails possible le
closed
Valve upstream Same No transfer Same Sa

of jet fails
¢losed

See Sheet 5 for failure 2



Recovery

Action
Replace
solenoid
Same
Same
levels
or steam Same

re

-

plysis of jet itself

pressure Replace
ng Jetting solenoid
1 leve)
not change
Same
tor tank Same
s
Same

lysis of jet itself

REVISION #:
DATE:
DRAWING NUMBER: FUEE.

2

Ty 1587
MERCT REV 3

4 SHEET: 14 : of:

Remarks /Recommendations

49

Failure Repair
Freouency Time

M L

M L

N L

v L

L L

L L

L L

L L

Need confirmation that air
purging really occurred

Need confirmation back to contro)
system that air purging occurred.

Both siphoning possidle

Sl

APERTURE
CARD

Also Available On
Aperture Card

§811010071-19




PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: STEAM JET CONTROL SYSTEM

PREPARED BY: Frank Graf

y-001

jet

heel removal
to waste header

Failure Failure thi%g
ltem _Failure Mode Mechanism Svstem Level _ ant_Level
v-011 to Vent valve Solenoid fails Loss of steam Minor
V-001 jet fails open motive power
to Jjet.
No transfer
back to CFMUT
Steam supply Same No steam for Same
valve fails jet.
closed No transfer
Air supply Same No purging. Same
valve fails < Possible back
closed siphoning of
- tank v-001
to V=011
No transfer Same

Valve upstream Same
of jet
fails closed

Vent valve
fails open

Steam supply Same
valve fails
closed

Air supply Same
valve fails
¢losed

Block valve Same
upstream of jet
fails closed

Solenoid fails

See Sheet 2 for fail

Loss of steam Minor
motive power

to jets.

Cannot remove

neel from V=001

(CFMUT tank) to

wastz header

No steam for Same

jet.
No transfer

No purging Minor
possible
No transfer Same

See Sheet 7 for fa



An AT NS
v A"AND

S ANALYSIS WORKSHEE

SHEET:

Failure Renair
Frequency Tim

Method
of Detection

Remarks /Recommenditions

| Monitor steam M Only used occasiondlly
i pressure. .

I No level change

hre analysis of jet itself

Monitor steam Replace
pressure. solenoid
Ko level change

S
APERTURI
CaRD

~¥

lure analysis of

ooy 8811010071 - |

Also Avatla
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: STEAM JET CONTROL SYSTEM

PREPARED JY:

1tem

Frank Graf

Failure
Mechanism

V-003 seal pot
10 waste header

Failure Mode

Vent valve
fails open

Steam supply
valve fails
clused

Air suoply
valve fails
closed

Block valve
upstream of
jet fails
closed

Solenoid fails

Same

Same

Same

FAILURE MODES AND EFF

Failure Effect

“Svsten Level ant Leve! f
Loss of steam Minor Mon
motive power pre
to Jjet. No

No transfer '
No steam for Same SCHJ

jet,
No transfer

No pur?1n9
possidle

No transfer

Back siphoning  Mon
unlikely. pot
However, Cen

continye to

siphon out all
contents of the

sed] pot thus

opening uo 2 path

for overhead vapor

to flow to the

waste header and
thence back 0

the turntadle

Cannot oump Mo
seal pot to P
waste header



REVISION #; 2
” DATE: July
3 _WORKSHEET DRAWING NUMBER: [Miiel REV 3

——

SHEET: )L 4

L

Recovery Failure  Repair ‘
Action Freauency Time Remarks /Recommendations
Replace L L Rarely would be used
svlenoi !
Same L L
Same L L Need confirmation that air purg-
ing actually occurred. Need
automatic water makeup to
se2l pot
{tor seal Same L -

Tevel

S
APERTURE
CARD

Also Available On
Apertnre Card

8911010071 - |1 !




FAILURE MODES AMD EFFECTS

WEST VALLEY DEMONSTRATION PROJECT
(v-20)

PROGRAM:
SYSTEM: MELTER

PREPARED BY:

J. M. Perez, Jr.

Failure Failure Effect
Item . Failure Mode Mechanism Svstem Level Plant Level 0
Feed Nozzle Slurry pluggage Loss of cooling Loss of feed Interrupts mels o}
in feed nozzle to nozzle to melter ter operation s
causing it to ‘ 1
overheat !
{
Same Oversized feed Same Same Sat
particle, or
gradual scale
< buildup
Feed Nozzle Fails to keep Interruption e S0y over- Same ®
Cooling system feed nozzle of radiator pressure
cool air cooling e Interrupt
suoply feed slurry .
flow =2
malter |
l
Same Failure of o 50, loss Same 53
radiator e Interrupt m¢
feed slurry ‘
flow to |
meltar i
|
Same Failure of Same Same + 30 S{
S0p supply gas will ge
lines ventad to |
the cell
Same Carrasion of Same e Interrupts S
faud nozzle melter
outer wall operation,
e 50y (gas)

vented into

melter plenum

sl s T



REVISION #: 2

DATE: July 1987
YS1S WORKSHEET DRAWING NUMBER:  FMETRA-1 REV 3

SHEET: 17 3 of: 49

Recovery Failure Repair
Action Frequency T1ime Remarks
Drain/flush M L Recommend feed line flow meter be
feed line, added
repair/replace
S0, radiator,
and clear/
replace feed
nozzle
Drain/flush H L e Feed nozzle changeout may
feed 1ine, and require 50; radiator changeout l
clear/repiace o Feed line Tlow monitor recom-
feed nozile mended to 2llow early direc:
detection ‘
|
e Shut down L M Need to 2ssure maximum S0, ' :
feed system pressure is acceptable
e Repair air
supply |
failure i
e Reinstall
feed nozzle/
cooling ‘
system {
pressure e Shut down L L i
itor feed system
; e Replace feed
nozzle/ ! ;
cooling i
system 5
Same L L S0, (gas) to cell should not pose |
2 safety risk !
|
Same M L S0 (gas) to plenum should not ’
pose a safety risk : ) |
|
Sl f
APERTURE %
CARD |
Also Available On 1007 1- ‘% |
Aperture Card g9l 10 :
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: MELTER

(1-20)

PREPARED BY:

J. M, Perez, Jr.

FATLYRE MODES AND EFFECTS AN

Failure Failure Effect |
Jtem Failure Mode Mechanism System Level Plant Level of |
TV System Lpss of cooling Loss of air o Reduce mel- None o Al
ter monitor- mo
ing/control e C2
capability te
e Camera’lens mo
system wold e 0
be damaged Tu
Failure of lens  Same Loss of air Same None Same
assemdly
Lens failure Loss of air Same None Sam
tooling |
Same Radiation Same None Qua
effects ™
Same Fouling of lens Same None San
Opstrucsion of Salt depocits, Same None Gr
tip aperiure impinged glassy sy
material of
team clean- Loss of steam/ Same None St
ing failure connection 5
Camera Loss of Same None Lo
failure power S
Glass/plenum Loss of signal e T/C Reduces meltar None T
thermowells failure monitoring/
e T/C wire control
junction
failure
Same T/C well Same Stop feeding 1
tailure during T

replacement



DATE: July 1987
DRAWING NUMBER: rn!‘!?ﬁtﬂ"

SHEET: 18 : of: 49

————————

‘ hod Recovery Failure Repair
" Action Freguency Time Remarks /Recommendations |
e Restore air L M o If air source failure results
tors supply in both plenum-viewing cameras
ra/lens e Repair/ losing cooling, temporary
erature replace interruption of melter opera-
itors camera/lens tion may be considered
14ty of assembly e Valves snould fail open
image
Replace camera/ M L Corrosion of external assemoly
' lens assemdly housing is the primary concern
due to corrosive plenum
| environment
|
r Same L L
ity of Same L L Minimize through selection of
mage optimum lens material
Same M L Hign quality air without oils or
dirt 1s essential
dual or Activate lens h L Method of routinely cleaning tip
den loss cleaning device of assembly is strongly
image if availadle; recormended
therwise
replace
camera/lens
assemole
eam flow Repair steam M L
nsors service
ss of Repair power M L
qnal service
/C signal Determine H L e Minimize with use of Type B
source of T/C, consider Pt-sheath and
failure and comoatible T/C well materials
correct e Consider ceramic liner in T/C
well to minimize corrosion
oss of Replace T/C M L e Melter has two thermowells with
umerous T/C well and T/C's Sl 7 T/Cs each. Three T/Cs in
ndications at L N each thermowell are used for
ane time Al’ERTURl‘o temperature control
CARD

911010071 — 1A

Also Availabie On
Aperture Card

A RO



FAILURE MODES AND EFFECTS g%

PROGRAM: WEST VALLEY NEMONSTRATION PROJECT
SYSTEM: MELTER (V-20)
PREPARED BY:

J. M. Perez, Jr.

Failure Failure Effect
1tem Failure Mode Mechanism Tvstem Level Piant Level of
Heignt factor/ Faulty or Afir supply Reduces melter Interrupt feed- Suppu
specific interrupted interrupted monitoring/ ing to replace pres
gravity signal control flow
Same Connection Same Same Line
failure not
Same Transmitter Same Same Loss
failure sign
Same Dip tube fail- Same Same Same
ure due 0
corrosion or
plugging -
Glass afrlift Loss of 11ft Failure of e Glass pour= Interrupt Sup
system eir control vaive ing by natu- melter operation flo
ral overflow 4
only
e Cannot
completely
£111 canister
pefore canis-
ter change
Same Connection Same Same Lis
failure 101
|
Same Supply Same Same Su
interrupted pr
f1
Air lance fails Corrosion/ Same Same Ca
' erosion fa



MR YSIS WORKSHEET

Recovery Failure

Action Frequency Remarks /Recommendations

Determine L
ire and/or  source of
ate failure and
] correct

Troubleshoot
connections and
transmitters

and correct

Same

w
3
~

W v ot

on number
nave tO

4
¢ip

-
v

s N O W
et -
0

"w w -+

o x
»
)
LU
T et
~ 3
c
3
O v o0
w o
s I
y W

o™

L&)

Ot O
- ®
»
o
0
o
-3
® v
-t ¥ D
o o

O

nt experience indicates
tubes will experience
rosion/erosion rates
1 result in gradual
drift
only one dip tube system in
| need to interrupt feed-
replace

-
Cn‘
)
e
(9
Wi

"
.
r
b}
]

needs to establish

ure for canister filling

in event air 1ift

yre monitor

|

e pressure : : transducer

i “normal” 3 annectdon
or lance pr

o
hister weight  Replace air Sl

Eeor eplace 21 4 PERTURE
‘ CARD

Also Available On
Aperture Card




Pl

PROGRAM:

SYSTEM: MELTER

(V-20)

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

J. M, Perez, Jr.

FAILURE MODES AND FFFECH

Failure Failure Effect
5l Item Failure Mode Mechanism “Tystem Level Plant Level
Glass airlift Oyerpressurizas< Faulty signal/ Overfill Interrupt
. system (contd) tion control canister melter
operation
Same Same Plug pour area Same
Underpres= Same Same Same
surization !
Overflow Loss of signal o T/C failure Overflow set- None
section o T/C wire tion heaters
thermowells junction switched to
failure manual control/
reduces moni=-
toring and
control
Same T/C well Same Interrupt melte
failure gperation to
rep]a;e
Electrodes Loss of cooling Air source Glass would Threat to mel-

Same

failure

Cooling channel
failure

migrate further
into refrace
tory, higher
corrosion

rate of the
electrodes
would occur

Same

ter service
1ife

Same



LYS1S WORKSHEET

Method
of Detection

nister waight
ctor

JC readings,
anister weight
actor level
paitor

Seme

T/C signel

Rapid failure
of multiple
T/Cs

Air pressure
and flow
sensors

Drop in air
pressure &P, &7
and & flow

ALYLiun & 13

DATE: July 1987
DRAWING NUMBER: FMEIR-1 RE7 3
SHEET: 20 'y e 49

e+ e e

Recovery Failure Repair
Action F requency Time Remarks /Recommendations
Remove turn~ M M Air control should limit maximum
table thimdle air pressure and flow
and clear glass
from 1t; remove
glass from
canister neck
inside and
outside areas
Remove pour M M Visual monitoring of the pour
area insert seream before it enters the
canister is recommended
Same M M Same
Determine H L See comments for item:
source of glass/plenum thermowells
failure and
correcs
Replace T/C M L
well and T/Cs
Repair failure L L e Plant should establish
and resume air operational procedure to mini-
cooling mize damage to the melter or
threat to melter service life
e Shell cooling would prevent
glass migration to the shell
e Valve should fail open
e Stop cooling L H Critical area, alarm/monitoring
air recommended for cooling system
e Replace
melter if
continued S1
operation is i E
not possithe APERTURE
CARD

Also Available On
Aperture Card

8011010071+ §|

T —




PROGRAM:

SYSTEM: MELTER

(V-20)

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

J. M, Perez, Jr.

FATLURE MODES AND EFFECTS

Failure Failure Effect
Item Failure Mode Mechanism “System Level Plant Level
Electrodes Loss of coocling Control loop Same Same
(contd) ' failure
Electrical Bus bar/cable Interrupt mel- Could require
failure failure ter operation cold restart
Same Transformer Interrupt mel= Interrupt melter
failure ter operation operation
Electrode Correosion Stop melter Plant put on
failure operation tandby to
e replace melter
Same Corrosion due Stop melter Plant put on
to OC voltage operation standby to
replace
melter
Bottom electrode Electrode Nonconductive Bottom elec~ Reduced glass
(only) failure sludge layer trode fails production rate,
to pass current or interrupt
causing cooling operation if
of glass melter replace-
ment required
Same Conductive High current Same

sludge layer

flow increases
electrode tem=-
perature lead-
ing to failure,
alloying noble
and precious
metals acceler-
ate corrosion

o

o rr.



ALrvadawn #,
DATE:

<
July 1987
DRAWING NUMBER: X REV o

FMzAa]

SHEET: 21 1 of: 49

Method Recovery Failure Repair
tection Action Freguency Time Remarks /Recommendations
Repair ccne L L Failure of loop should never be
trol “o0p allowed to terminate cir flow
s of current  Replace cadle L L Low repair time if preparations
and clamps as were made to change out at early
required indications of failure
s of elec- Repair/replace L H e High repair time if spare is
e power transformer not on hand
e Glass would freeze unless
system allows i1dling with
remaining system
gcirode elec~ Replace melter L H tElectrode face thickness conser-
ical and vatively sized to allow for
oling monitors corrosion
me e Adjust/ L H e Electrodes should be inspected
‘Fepair power for signs of preferential
system corrosion due to DC voltage
e Replace following cold testing
melter e Systems availadble to routinely
monitor for DC voltage should
be considered if justified
Electrode e Reduce elec- L H Ffor melter replacement if
voltage, trode power, required
resistance evacuate e Method of removing sludge
measurements sludge from may be recuired if glass
melter floor chemistry allows excessive
e Possible sludge production
requirement
to replace
melter
lectrode~to~ Same M (1) M (2) (1) highly dependent on noble and
lectrode precious metal inventory and
resistance glass chemistry
asurement e alarm electrode high
current and temperature
limits "
(2) for melter replacement, if
S1 required, a high repair time

would occur

APERTURE
' CARD

Also Avgilable On
Apecture Card

8¥11010071- 34
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: MELTER

(v-20)

PREPARED RY:

J. M, Perez, Jr.

FATLURE MODES AND EFFECTS A

y Failure Failure Effect
Item Failure Mode Mechanism Tvsiem Level Plant Leve! of
Glass tank Brick collapte Wall warpage/ Stop operation Replace melter Refr
. refractory " shifting T/C
TV
Same Corrosion of Same Same Sam
lower level
_ bricks
Electrical Glass migration Brick collapse Stop operation Replace melter T/C
short to shell tro
cal
ins
N
Same Brick corrosion  Same Same Sar
Same Loss of elec~ Same Same Sa
trode cooling
Same Breakdown of Same Same £l
bus bar elec~ pe
trical isolation of
Same Shift in mel=- Same Same S
ter internals
forces bus bar
against shell
Electrode short Electrical Same Same S
to shell insulation
hreakdown



Recovery Failure Repair
Action Freguency Time Remarks /Recommendations

Remove glass L H Melter designed to allow for
5 lac joint expansion
I, In-melter and replace h
‘ meiter
Same W Melter cesigned conservatively to
allow for maximum expected br
corrosion

*
K

1C

and elec- 0 1as She]lisaoiing’uoulc also have
be electri- to fail to ;:‘ow electrical
l monitors/ path to s:e..‘ta be meintained
ter TV ‘o' any significant period of
ime
larm
E

”~
”

-
-
-
L

°
e
emn
an
af

mezasur
resist 2 Qr pelow specific
leve)

t <
Same i came

Resume cooling (1) (1) Dependent on loss mechanism
- - "A(S';b.le and response
| Y pee .
Ses Item:
Tlectrodes

an

Lv

melter l Isolation design is conservative
wall and
1:7v re-

isolation

Melter design all
expansion

monitor




PROGRAM:

SYSTEM: MELTER

V-20

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

J. M, Parez, Jr.

FAILURE MODES AND EFFECTS AN

Failure Failure Effect
1tem Failure Mode Mechanism Svstem Level Plant Level of D
Glass discharge Inpporable Collapse/fatigue Stop operation Interrupt plant  Inabi
riser operations disch
Same Sludge plugs Same Same Same
riser
Efficiency Corrosion Discharge rate ., HNone Disc
d¢rops (Gradual versus glass vers
geserioration) sank level tank
changes
Feilure of Sludge acsumu= top operation Interrupt plant  Same
hackup riser/ létion or refrace- operasions
gischarge tory failure
section
Lid Assemdly Nezzles/Flanges  llarpage Higher Inzre2sed non- v1suﬁ
inleakage conaensible flow
flow to the mon 11
off-gas system |
|
Same Solids pluggage Stop operation Interrupt plant  1n2b
operations remo
inst
flan
Same Corrosion top operation Possible melter Visu
replacement melt
age
Inner refrac- Corrosion Glass contact top airflow Possible mel- Air
tory cooling (1) ter failure (2) anc
system pre
Same Salt contact Same Same Sam



-~
|

Recovery Failure Repair

Action Frequency Time Remarks /Recommendations

Switch to backe M
up discharge
rigser

Same 110w
5@

)
Switch to
backup riser
when Corrodsion
hecomes
excessive

©
- 3
o
o
n -
"0
y 3
w

w
v
A
"

3 O
‘D

- £

= q®
o O
3
re
”
(&

"hO v
o
L&)
T C
N -
S
ot
w -
o
1)

Br inleak-
]0»4

: S
Same  APERTURE b
CARD

Also Available On
Aperture Card
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FAILURE MODES AND zmctgj

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTCM: MELTER v-20
> PREPARED BY: J. M, Perez, Jr.
Failure Failure Effect
Item Failure Mode Mgzhanism Svstem Level ant Level A
|
Ianer refrace Mechanical Thermal stress Same Same ${
tory cooling failure
system (contd)
Loss of air Air supply fails Halt \ Interrupts glass §
operation( ) produstion §
Loss of Failed T/C(s) Loss of moni=- None L
temperature junction toring ability H
indication
Overflow sec~ Corrosion Glass contact rossibie glass Pogsinie melzer
tion dam penetration failure (2)
into overflow
area (1)
Same Salt contact Same Same
Mechanical Thermal stress Partial or Require
failure tota]l collapse melter
of tank replacement
refractories
Lid refractory Loss of Thermal stress Interrupt mel= Possible mel-

refreztory

Same

Failure of
metal clips
holding refrac-
tory support
bricks

ter operation

(1)

Same

ter failure

(1)



NALYSIS WORK

SHEET

REVISION #: 2
DATE: July 1987

DRAWING MUMBER: FMET-

SHEET: 24 : of: 49

Metnod Recovery Failure Repair
Detezsion Aztion Freauency Time Remarxs /Recommendations
Same L H Melter design allows for
expansion
Determine L L e (1) Circumstances may require
source of temporary lowering of glass and
failure and overflow temperatures, operat-
repair ing procedure required
e Valvels) snould fail open
ss of Determine M L txit air temperature monitor
gnal(s) source of snould bde replaceadle. Panel
tailure and T/Cs (if existing) replacement
repair/replace optional
ne None-=replace L A(2) (1) Reguires failure of the inner
melter if glass refractory ¢ooling panel(s)
migration into (2) 1f (1) occurs and significant
overflow occurs glass migrates from tank to
and is not overflow section requiring
acceptadble (2) melter replacement
ne Same L K
n-mgliter Same L H Melte~ design allows for
iewing of expansion
lass tank
Possible 1f catastrophic L H (1) 1f catasirophic failure
with in~ replace melter (2) 1f they exist
melter view- e Melter design should
ing system minimize possibility for
Lid surface thermal stress
T/C(s) (2)
Same Same L K
S
APERTURE
CARD

Also Available On
Aperture Card




PROGRAM:

SYSTEM: MELTER

v-20

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

J. M, Perez, Jr.

FAILURE MODES ANC EFFECTS

Failure Failure Effect
Item failure Moge Mechanism Svstem Level jant Level
Overflow sec- Loss of power Heater elec- Interrupt mel- Interrupt glass
tion heaters trical lead(s) ter operation production
fail
Same Electrical sup= Same Same
ply to bus bdar
- fails
Heater failure Thermal shock Same Same

Overflow trough

Overflow
refractory

ff-gas nozzle
film cooler

Becomes

‘misaligned

Same

Collapses

Loss of air

Same

Same

Weld/refractory
failure
Corrosion
Thermal /mechan=

jcal stress

Supply failure

Control valve
failure

Connection
failure

Interrupt mel-
ter operation

Same

Same

Interrupt mele~
ter operation

Same

Same

Interrupt glass
proauction

Same

Same

Interrupt
glass/canister
production

Same

Same



ALYSIS WORK

monitors,
tempera-
indicazion

|
ass cseses 1O
ar canister

FI

ir flow/pres-
ure monitor

ame

SHEET

REVISION #: 2
DATE: July
DRAWING NUMBER: FMEA-

SHEET: g5 : eof: 49

Recovery Failure Repair
Action Fraguency Time Pemarks /Recommendations

Replace heater M M Should determine if the failure
gssembly if of a single heater lead will bde
temperature of gesested by V, R, 1 indicators
zone cannot bde
maintained

Determine L M

source of faile

yre and repsir/

replace

Replace heater H M Snould determine that heater
gssemdly if fragments would not plug trough
temperature of or pour area

zone cannot de

maintained

Switeh to L M 1¥ backup not availadle, melter
backup overflow replacement required with high
section repair time

Same L M

Same L M Minor failure could result

in trough or pour area being i
nbstrucsed F

Determine L L=M Valve(s) should fail open if com-
source of fail- patible with operating control
ure and repair/

replace

L \ S
. - APERTURE
CARD .

Same L M

Also Available On
Aperture Card

8§011010071- 3y
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FAILURE MODES AND EFFECTS Al

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
: |
SYSTEM: MELTER V=20
PREPARED BY: J. M. Perez, Je.
Failure Failure Effect 1
Item Failure Mode Mechanism Svstem Level “Plant Level of
Off-gas nozzle Loss of steam Supply loss Interrupt mel- Stop Glass Same
fiTm cooler ter operation Production
(contd)
Same Connection Same Same Sam‘
failure |
Corrosion Salt FTsack Same Same Same
b |
|
weld failure Corrasion/tner- Same Same Sam
mal cycling i
Pluggage Accumulated Same Same Mel
s0iids &P
Shell coeling Loss of water Supply fatlure Same Same ' COJ
an
o
|
Same Connezzion Same Same fa
failure
1
Same SJ

Channe! blocked  Steam genera<

Snell rupture |
or line closed tion ruptures

\

|

|

off jacket

-



temperature
tors

YSIS WORKSHEST

REVISION #: 2
DATE: July 1987
DRAWING NUMBER: FMEX-T REV 3

SHEET: _ 26 : of: _ 49

Recovery Failure Repair
Action Freauency Time Remarks /Recommendations
Same A L Valve(s) should fail open if com-
patible with operating control
—
Same L L
Replace film M M Failure would le2zd to eventual
cocler assemply pluggage of nozzle
Same M M Same
Same H L Routine cleanout procesure is
recommended
e Initiate L M e Assumes backup air ccoling
backup air availaole
cooling e Recommend procedure for glass
o Determine idling temperature and response
source of saguenca
failure and e Shell temperature must be kept
repair/ below ¢critical tamperature to
replace pravent warpage
e Valves should fail open
e Electrode cooling should be
suspended at times wnen water
to jacket 1s lost and air cool-
ing is required
Determine L M
source of
failure and
repair/replace
Replace melter L H e In-ceil repair possidble for !
snall leaks
§1 e Design and procedures should
Bt prevent isolation of melter
APERTURFE jacket. Consider rupture disk
CARD

Also Available On
Aperture Card

8011010071 - 1
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: MELTER

V-20

PREPARED BY:

[tem

J. M. Perez, Jr.

Failure Mode

Failure

Mechanism

Shell cooling
(contd)

Trough cooling
air

Glass pour area
discharge cone

Shell failure

Same

Loss of air

Same

Loss of air

Same

Same

Plugs

Corrosion
vWeld failure

“Supply failure

Connection
failure

Supply failure

Control
valve failure

Connection
failure

Glass
accumulation

FATLURE MODES AND Ergq

Failure Effect

Cveeem Level

ant Level

Cooling ability
lost

Same

Shell warpage
may damage
melter

Same

Possible glass
movement into
trough

Same

Same

Interrupt mel-
+er operation

Same

Same

Same

Same

Same

Same

Same

Same



s ANALYS1S WORKSHEET

Method
of Detection

REVISION #: 4

ATE: July 1987

DRAWING NUMBER: F"‘:'\°l KLV 3

SHEET: 4, s o3 4

e st

arks /Rezommencations

N same plus sump
alarm of liquid
present

Same plus sumd
alarm of liquid
present

Cooling flow
and temperatur
monisors

- 0
~%
O
-
3 W

w

e

con £ o
Q 0

Y I 2
ooty @ -

35
0 ¢
&

Same

lone tempera~
ture ingica-
tions and
¢ooling flow
monitors

Same

Canister weight
factor ancd
gamma level

Vxﬂ‘mi'ad by proper matarials
selectio

"tSu es
and air
]

reaginess
/ e -

29N

. Tail =pen

S
AVERTURY
CARD

AN 40:.1‘7‘1' ()Ic
erture Card

Would not pinpoint cause,
nificant amount of glass w

10
|

T

g

ect in the cone prior
ying the problem,

AN

s

S
"
0
.
t
A
'

.
the glass




PROGRAM:
SYSTEM:

TURNTABLE

V.41

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

1tem

). M, Perez, Jr.

Fatlure Mode

Failure
Mechanism

FATLURE MODES AND EFFE

Failure Effect

Tvstem Level

ant Level

Connection to
melter

Shell conling

0ff-gas vent
line

Vent to melter
plugs

Expandable
bellows fails

Same

Loss of water

Same

Jazket fails

seai pot fails

Same

Air purge fails

and salts and/or

particviate
plug line

Air supply
fails

Fatigue ¢cracks

develop

Supply fails

Connection
failure

Corrosion

Vater supply
fails

Solids plug
water drain

Melter and
turntadle
uperate at &P

Unable to seal
turntable to
melter:
excessive air
inleakage

Same

o Will affect
canister
coolinrg
history

e Higher
internal
semperature
may affect
mechanical
operation

Same

Same

Melter gases
may be drawn
into turntable
and increase
contamination
of canister
walls

Wate~ collec~
+ion in or
around turn=
taple possidle

Interrupt glass
production

Interrupt glass
production

Sama

May interruct
glass proguzsion

Same

Same

No immediate
impact

Same



ANALYS1S WORKSHEET

REVISION #: 2
DATE: July 1987
DRAWING NUMBER: FMIE-] REV 3

SHEET: 28 1 ot} 49

D i

Recovery Failure Repair
gtion Action Frequency _Time Remarks /Recommendations
2 measurement Repair/replace L v
ween melter jumper and
d turntadle restore air
; purge
Visual, turn- Re-estadlish L M Velve should fail open
tanle/melter &P air supply
Same Retract L ~
turnta2ble and
replace bellows
water flow/ Determine L M e Operating procedure reguired to
temperature source and specify turntadble internal
- monitors repair/replace temperature limits for
operation
e Valves should fail open
Same Same L M
Same plus sump Replace L i
liquid alarm turntable
water flow Determine L L Plant procedure requirec defining
moni*or failure and operating under this condition
replace/repair
Same Replace seal L L Drain should be oversized to
pot S prevent this event
APERTURE
CARD

Also Available On
Aperture Card

§9110100%1 - &

A a— oy
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: TURNTARLE V-41

PREPARED BY: J. M. Perez, Jr.

Failure Failure Effect
1tem Failure Mode Mechanism “Tvstem Level Plant Level
Aczess port Water seal water supply Adequate seal No immediate
fails fails not maintained, jmpacs

air inlezkage
may recuire
' stopping melter

operation

Same Seal drain Same Same

plugs
Turntable Drive Carousel will Motor fails Cannot rotate Interrupt

nos rotate canister glass/canister
b production

Same Linkage fails Same Same Visuel

Same Bearings freeze  Same Same

Same Mezhanical Same Same Sa
failure



WORKSHEET

REVISION &: 2

DATE: July 1937
DRAWING NUMBER: FNSE°I REV 3

-

SHEET: B89 i of: _ &)

Recovery Fatlure Repair |
ion Action Freguency Time Remarks /Recommendations
flow Dezermine L L In-cell valve should operate 100%
r failure and goen so that fail open aztion
replace/repair does not impast operation
Repair drain L
power Replace motor M L
or assemaly
Replaze linkage L M
essQ@g1y
rect remove L H
ation turntadle 144
ination and inspect.
ther Repair/replace
ibilities) surnsable
Same L H

S1
APERTURE
CARD

Also Available On
Aperture Card

89{1010071' 30
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PROGRAM: WEST VALLEY DEMONSTRATION

SYSTEM: TURNTABLE V<4l

PROJECT

PREPARED BY:

J. M, Perez, Jr.

FATLURE MONES AND EFFECTS

Failure 5 Fajlure Effect
1tem . Failure Mode Machanism Tvstem Level Plant Level of
weigh system Loss of signal Load cell fails Gamma detection  None Sig
becomes only ing
method for
canister level
monitoring
Same Elezsrical con-  Same Same Sa
necsion fails
Mezhanical Pivot assemdly Same Same No
failure fails me
Air cooling Supply fails Same Same Af
fails mo
Same Piping connec- Same Same Sa
tion fails )
Steam service Loss of steam Control valve Steam not Same St
fails availadle mo
water sarvice Loss of water Same Hazer cooling Same Wa
not available mo



am 1low
ftor

o flow
ftor

qgﬂﬁiﬂiiT

Recovery
Action

Replace load
cell assemoly

Desermine
failure and
repeir/replace

Replaze pivot
gssemdle

Repeir tir
sourie

Desermine
failure and
repair/reslace

Replaze valve

Came

Failure
Fr!g!!nsv

L

REVISION #: 2

DRAWING NUMBER: FMETL

SHEET: 0 : of: 49

Repair

Time Remarks /Recommengations

M Plant procesure required to
define operational response in
cese of load cel) failure

L

-

L In=cel) valve should fail open

¥

™

M

si
APERTURE
CARD

Also Available On
Apcrtore Card

8911010071~ %)




PROGRAM:

lten

SYSTEM: MELTER v-20

WEST VALLEY DEMONSTRATION PROJECT

’It?Ah[b BY: Frank Graf

Failure Mode

Failure
Mechanism

Emergency
vent valve

Emergency
vent valve

Fails in open
position

Same

Same

Same

Fails to open
when raeded

Valve does not
open

Same

Air pressure
reducer %0
pneumatic
activator fails

Valve roes not
open

Stuck open due
to heatup from
hot melter

off gases

Solenoid in
air supply
burns out

Airline %0
acsivator
hroken or

.p1ncnod'off

Activator .
jammed

Valve stuck
shut

Solenoid burned
out on motive
power air line

Airline to
activator
broken or
pinched off

Ruptured
diaphragm

Activator
jammed

FAILURE MODES ND EFFECTS A

Failure Effect

1"!&!.’! &svsl T!ﬂ! Level

Cannot shut
valve

Same

Same

Same

Cannot vent
melter during
overpressure.
“auld discharge
glass into both
discharge por:s

Same

Same

50 psig %0
activator may
jam the valve
open or closed

Cannot vent
melter during
overpressure

Stop glass
production,
Loss of pres-
sure control
on mliter

Same

Same

Same

Stop glass
production,
Melter overares-
surization can
blow seals and
contaminate cell

Same f

Same

Same

Same




REVISION o
D‘Yt: Julv )
DRAWING NUMBER: rﬂ.‘if*.‘ V3
SHEET: 31 3 ef: a9

Recovery Failure Repa'r
Action Freouency T i me Remarks /Recommendations
or melter Remove and 8 M Velve tolersnces may have to be
replace opened up, Valve may close when
cooled cown after feeding
stops. Recommend exercising
velve occasionally
Remove and " L
replace
solenoid
1 Remove &nd L L
¢2ion replace airline
Remove and L L

replace velve
or melter Remove ane L ™ will protesly *af) snut,

Nezas
sure replace valve

0 be ecltiveses occasiondly

but cannot  Remove and L L
inguish replace
t Cause solenoid valve

. Remove and - L Manipulator can camage tuding
ection replace airline

uelly check Remove and L L
zougu on replace
n valve pressure
reducing valve

N
Remove and L M ME DT I 1
replace valve "“::/’:}I{:)Rlu

Also Availahe On
Aperture Cord

80110100721 - EL



FAILURE MODES AND EFFECTS

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: SEAL POT V-003
PREPARED BY:

Frank Graf

Failure Failure if(igi
Jtem Failure Mode Mechanism Cvesem Level ant Level _‘
: Jet " Unable to pump Jet “fon Seal pot will Prepared feed M
sea! pot bl overflow t0 1ost dack to 5
waste header 80 tanks v
and then back
to 8D tanks
Water addition Level rises Water 2ddition Seal pot will Increeses S
to seal pot contro) valve overflow to future boildown #
legks waste header requirements
and then batk
1o B0 tanks
Level No leve) Dip tudbe None None
ingication indication plugs
Same Same Transmitter None None
fails
water sea2) Lass of sea) Evaporation Vapor bypasses Condensables
or leek to waste header can reach
turntable
and condense
SYSTEM: SEAL POT D-16
Pressure Dutput fails Eleztronics No seal pot
transmitter to zero failure pressure signal
Density Same Same No seal pot Minor
transmitter density
Density dip No air purge Tip of dip tube Same Same

- —

tude to create salts over
backpressure
weignt factor Ousput fails Electronic No indication Can bypass vapor

transmiiter

to 2ero

poard failure

of seal pot
level

t0 waste header
and thence to
turntable if
1iguid seal

is lost




REVISION »: 2 2
DATE: Julv .
DRAWING NUMBER:  FMTE.

SHEET: 32 of: 49

—————— -

Recovery Failure Repair
Action f reguency Time Remarks /Recommendations
level in Remove and L L Uoset mossdalance program,
1 pot, clean jet 1ts an unmetered stream
11 leve!
1 pot level Hand valve out L L

v-011 level water supply
gnd remove and
repair control

valve
!
3] pot Blow down ¢gip - L
evel input tubes _
{
me Remove and L L !
repair
transmitier
2] pot Add water T2 M L Automate makeup of water to sesl
eve) seal pot pot sugpested
ndication .
Monitor pres- Remove and L L
sure input replace
p essure
transmitter
Monitor density Remove and L L
input repair density
| transmitter
Same Back flush dip L L
tube
Meight factor Use DWS purge L L Need automatic response to failed
transmitier on seal pot i transmitier to prevent loss of
indication until the S seal leve)
transmitter s APERTURE
repaired

CARD

Also Available On
Aperture Card

8911010071 - A%
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: VESSEL VENT CONDENSER
PREPARED BY: Frank Graf

Fatlure Failure Eff
Item Failyre Mode Mechanism ve ns
. Control valve or e Transmitter e Diaphragm Control valve May rob cooling
1/P trensmitter fails to zerd ruptures fa41s wide open water from
output o flectronic in either case other areass~
e control velve circuit fails especially melt
fails open " iacket and SBS
Cooling water T/C fails Open junction Temperature Same
return temperd- consraller
ture element would call for
more ¢ooling
if upscale
burn out OCturs
Tempersture Fails upscale Electronic Same Same
transmitsar . circuit fails
Condenser Liquid outlet Solids Reduces cone- w111 drain to
outlet plugged aczumulate genser capacity SBS and thence
as conoensate bazk to CFMUT
backs up to gas
outlet
Condenser Plugs Solids buildup Same Same
dgrain 80 inch
1o0p
Noncondensibdle Valve fails Diaphragm Migh negative Shut down
off-gas pres- open ruptures pressure at CFMUT botildown
sure control CFMUT would operation
valve increase boilup

rate, suddenly
overcrme the
condenser and
push hot vapors
over to the SBS

P e



Method
f fon _

Flowmeter in
ca0ling luop

Flowmeter

4° across
condenser

Same

Monitor cone-
densar pressure

REVISION NUMBER:
DATE: )
DRAWING NUMBER:

SHEET: 35 1 oft 49

Remarks /Recommendations

Recovery Fatlure Repatr
Action Fresuency Time
Replace 1/P or L L

control valve

Renove and L L
replace T7/C

Repair L L
transmitter
Back flush L L
Flush loop L L
Replace Jjumper L L
with control
valve in it

Need meens 0 prevent one cooling
Toop's fatlure from reducing flow
to the eritical loops

Same

Same

heed back flush capadility.
Could creete a2 closed loop that
would keep fil11ing up the CFMUT
gs it tried to evaporate down

Need back flush capabdility

The steam to the CFMUT should be
cut off automatically
S
APERTURE
CARD

Also Available On
Aperture Card

8911010071 - 34




FATLURE MODES AND EFFECTS

Fatlure
Failure Mode Mechanism

5
\

'.‘

-—

-

ant
vent

et et OO

h\

s 5 ]

ot O

Valve fails

japhragm
unt
ppen rups

ures

»
<
_
0
$

™

J e ] -

‘ ol Change loads
Pressure relief Fails %0 phrege i ghe S
valve on relieve ! t R
cooling water pressire
supply




BNALYSIS WORKSH

£e
- -

| Method
{ Detection

Recovery
Action

REVISION NUMBER:
DAYE:

DRAWING NUMBER:

Replace vesse)
vent congenser

Remove
repair

Remove and
repair velve

itarina af
\\""v W

¢losed~
wenk level.
tank levels

automatic response to pre-
vent excessive load switghing on
CLCWS and to De adle to maintain

some minimum he2t load pickup
from the melter jacket

- .

S
APERTURE
CARD




PROGRAM: WEST VALLEY DEMONSTRATION ROVECT

-

D RED SCRUBRER V.31

. Westsik, Jr.

Fatlure Failure Effect
Fatlure Mode Mechanism Svetem Level Yiant Level

lLoss of csoling Corrosion of Lower of f-gas Potential ¢
¢oil exit temination

» . » )
temperatyure

ok anb ¥ nn
Migher off-ges

exit

temperatyre

)
-
¢
.
'
-
-
»
v

Stop feed to
melter when

replacing
sparger

1
ame




Recovery
Action

hid tempera-
decrenses
11quid

resses and
uid tempere~

in
of recire
tion tank

air Now,
¢hange in

jasurement,
fessure

1

i

pcrease
supply line

e Turn off

cooling water

ooling water.

(L1

ocete and

LA

repair ‘Iee‘

Replace Jjet

and
leak, repair

transmitier

Failure

Freouency

- e
v a4+
4 B .

b A - ' isala B B
WAWING NUMBLR PMLA.]

Repair

Time Pemarks /Recommendations

s ——

1
.

Need t0 determine if agiabatic

- Py - b
operation 15 accedptadie

Aerm sump levels

for steam-jet
ystam analysis

1f only one leg
get level indica

mAant®ar »n Cura
LS - ,JY'{’S:;..".'

J
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PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: §2!!§!G§D BED SCRUBSER V-3l
PREPARED BY: J. K, Westsik, Jr.
Failure

[tem Failyre Mode Mechanigm
Recirculation “Loss of Thermocouple
tank temperature burnout,
thermowel) measurement poor contacts
Recirculation Leak Corrosion
tank vessel
Recirculaszion Loss of Corrosion
Lank packing ~or weld feilure
packec-bed lepcing.to
vesse! pecking falling

Receiver tiank
cooling coil

into recircue
1ation tank

Packing plugsed Excess solids

in scrud
solution
Loss of Corrosion
¢ooling of coi
Same Leak at valves,

jumpers

Failuyre S"i§;

EV!"!N\ Level ant Level

TC used in None

controlling

cooling water

flow

Loss of Potentia)

scrubbing, release t0

overloading stack, stop

other off-gas gless production

system

compongnts

Inefficient Potential

ssrudding, relesse

overloading to stack,

ather off-geas stop glass

systan production

components

No off-gas Stop glass

treatment production

from melter

Jer transfers Stop glass

inefficient if production,

cooling water Potential

turned off consamination
of cold water
lo0p. Initially
larger volume of
1iquid to treat:
then, when coole
ing water off,
none

Jet (- asfers Watar on cell

inefficient floor. Stop

unless solution
cooled

glass production
t0 repair

P e B e

e e e b e



Recovery
Action

s Increase
evel of
fver tank

contaming~
s deposie

pressure
oD ACrosS
rubber

‘Quil tempera-

re decreases
d 1ouid
creases
"d"o

crease of
Tume in

)1d water loop

:croasn in
quid tempera-
re, Gicrease
volume of
14 water loop

Replace ¢
and/or
connesiors

Replace tank

Replace packed-

ted vessel

Flush packing
with '.t.r.

replace pactked-

bed vessel

Turn off
cooling weter,
replace SBS

Turn off
cooling water,
locete and
repair leaks

Failure
Fr!g!!ﬂgv

L

REVISION »: 3
DATE: JyTv 1987
DRAWING NUMBER: %el REV 9
SHEET: __36 _: of: _ 49

Repeir _

Time Remarks /Recommencations

L Fatlure of TC should ledd to
meintenance level of cso\1n$ flow
to cotls. Transmitter snould
have upscale T/C burnout feature

M

¥ Ko immediate means to cetess

M

M Need to determine 1f adiabatic
operation is acceptadle

Sl
APERTURE
M CARD

Also Avatlable On
“~.;~"'i ture Card

891101007 - 37

—



PROGRAM: £ST VALLEY DEMONSTRATION PROJECT

. e - !

SY U ) B¢D SCRUBBRER

Westsik, Jr.

Failure Failure Ef
Failure Mode Mprhanism Cvetem Level

. \

Receiver tank Control valve \ug Cannot control
cooling coil fails open 564 0N 10w

(contd)
Receiver
fet

Receiver tank

air sparge

Farmmeinn
o Ve iV




RCSHEET

Recovery
Action

surement

change in

evels increase

Replace valve

Replace Jet

Replace sparger

Locate and
repair ledks

Replace dip
legs, fix
lerks, make jet
transfers on @
conservative
schedule,
replace
transmitter

Replace TC
and/or connec~
tors. Can run
cooling loop 1in
manual during
repairs

Operate out of
recirculation
tank.,

Replace SBS

Failure
Ereovency

L

REVISIUN NUMBER: [
DATE: J
DRAWING NUMBER: d -

SHEET: 37t of: 49

Repeir
Tire Remarks /Recommendations
L
Ll
N Can protadbly continue t0 operate
without sparge
-
v
L Feilure of TC should lead to
maintenance level of cooling flow
to coils
H

S
APERTURE
CARD

Also Availabhle On
Aperiure Card

89110100%) - 29



PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: OFF ~3AS SUBSYSTEM

PREPARED BY: F, Fisher
Failure
1tem Failure Mode Mechanism

The off-ges subsystem is designed to eliminste unde-
sirable radioactive particulates in the gases ema=
nating from the melter. After passing through the
submerged bed scrubber and into the off-gas cryer
and being heated there, tne of f ¢gas passes through 2
sank of WEME end WEPA filters (&nd another dryer in
front of the HEPA) before passirg through the trench
heater and into the trench. The off gas is further
cleaned in the 01-14 building prior to release t0
the atmosphere. The HEME -heater-HEPA filter bank is
dcsi?noa for reduncant operation, which is con~
trolled by opering or closing ball valves at either

end of the two Danks.

In this andlysis, only one side of the redun~
gant paths s considered. The other path will have
{dentical characteristics. In 211 cases, if both
paths are in 2 failed state, glass production must
be halted until at least one path {s operating

satisfactorily.




Recovery

Acsion

REVISION NUMBER: 4
DATE: y |
DRAWING NUMBER: .

SHEET: 38__ of: &9

Failure Repair

Pr!gg!nsv Tim. l!m!rk!/lt“gﬂn“ygn!

S
APERTURE
CARD

Also Availuble On
Apertore Card

8911010071 3(




PROGRAM:

SY M1

OFF =3AS DRYER (Ve32)

WEST VALLEY DEMONSTRATION

PREPARED BY: F. Fisher

1tem Failure Moce

Failure
Mechanism

FAILURE MODES AND

Failyre Effect

“Svetem Leve]

viant Level

Off-ges Fails to heat
gryer (V+32)

Overheating of
coils

Chemical added.
Valve fails

shut

Thermocouple
failure

Heating coils
burmn Out

Short or open
in electrical
supply lines

Solids or core

rosion scale
accumulate
on coils

Ruptured dia-
phragm, trans-
mitter failure

failure.
wire

11ows extese~
sive moisture
in the off-ges
to HEME

Cannot flush
demister pad

Same. Cannot
control
temperature

Glass produce
tion halted
until gryer
bazk on line

|2ass produce
ion halted
until problem
is locatese
and corrected

-
2
-

.

Same

Reduced off-
gas flow

Same




BNALYS1S WORKSHEET

Method
i Detection

Failure
Freouenty

REVISION NUMBER: 2
DATE: July 198
P ——r——

DRAWING NUMBER: FMIA«l

'
KLY ¢

MEET: 39

Remarrs /Racommengations

Miperature
Bicator on
fler shows
' Also
gter current
B0 S

essure drop
Rross the

ter

Remove and
replace aryer
heeting coils
as eporopriate

(See Remarks)

Locaze, isolate
and redeir

shors Or open

Remove and
replace dryer
heating coils

Repair velve

S

redundant heater coils can be

switched in and correcsive
ection celayed unti)l more
convenient time
Recommend elestric circuit

monitoring cevice be installed

Same

May have to stop glass production
dguring repair if melter vacuum
cannot be maintained

S
APERTURE
CARD

8011010071 - 4O




4 ‘“ -

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT
SYSTEM: OFF-GAS VALVE

Failure Effect
TViLen Level 510nt‘lgvo1

PREPARED BY: F, Fisher
; Failure
1tem Failure Moce Mechanism
Valve Fails open Seizure or
(HV«330-1) plugsing
(HV=360-1)
-
Fails closed Seizure or
plugging

Worn seats,
stem wear

Leakage

One or the
other valve
would be nore
mally onen and
sttempts tO
¢lose it made
only 1f maine
tenance action
were required
downstream,
Off gas would
continue t0O
flow through
area requiring
maintenance

This valve is
¢losed when
maintenance has
been performed
downstream and
the redundant
path is in
operation.
Reopening will
be attempted
when mainte-
nance is
required in the
redundant path,
1f unable to
open, off gas
will continue
to flow in path
requiring
mainterance

Air in-leakage
to off-gas
stream

Glags produce
tion halted
while velve
is replaced

glass produce
tion halted
wnile valve
is replaced

Glass produc~
tion halted
until valve is
replaced



REVISION NUMBER:
DATE:
DRAWING NUMBER:

B NALYS 1S WORKSHEET

SHEET: &0

Method Recovery Fatlure

Detection Action Frequency Remarks /Recommendations

Remove and

Back end valve (OH«390-1 or =2)
replace valve

on this leg of the filter bank

can de closed and redundant

path opened. This will permit
the delay of the replacement of

e of off-gas the failed valve until 2 mor

MEME. Also convenient time

ual valve Yalve position indicators are

recommendad

Need flowmeter in each path to

gssess leakage

§fferential Remove and
Rressure on replace valve
B033 or V-03
jhdicates no

ow of off gas

? ncreased pres- Remove and
Reure drop valve replace valve _
cross HIME Sl
APERTURE
CARD

Also Available On E;£>] I ()] ()()'7 1- '{l

Aperture Card

Alarm on pressure may be
eppropriate




PROGRAM:
SYSTEM: MHEME

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY: F, Fisher
Failure
1tem Failure Mode Mecharism
HEME Loss of Filter clogged
(v«033 or filtration
v-036)
Loss of DuS Nozzles clogged

HMEME fi1ls with
water

Same

Seal loop plugs
due to glass
fines

Drain to SBS
¢logs due tO
glass fines

Failure iﬁict

§vs§em L:vg\

Restricted off-
gas flow
through HEME.
Maximum &P
achieved

HEME eventually
clogs

Overflow of

1iquid in HEME
to other downe
stream vessel,
Possibly short
out preheater

Same

ant Level

Stop glass

production 1f
redundant 1ine
not availadle

Stop glass

production if
redundant line
not available

Same

Glass produc~
tion halted
until drain
is operating
properly



Method
f ion

Differential
pressure
increase will
be indicated on
4P transmitter

Flow meter
DRS 1ine

will indicate
loss of flow

Same

Pressure trans-
mitter and
level trans-
mitter will
indicate
problem

Recovery
Aztion

Failure

Fr!gu!ncv Time

Repair

REVISION NUMBER: 2

DATE: Ju
DRAWING NUMBER: TWESS

SHEET: 4] : of: 49

Remarks /Recommengations

Open chemica) M L
additive valve
initially to
try to unclog
filter., 1If
unsuccessful,
switeh in
redundcant
pathe=remove
and replace
filter

Open~chemicea) L L
pdditive valve

to try t0

unclog filter.

Switch in

redundant path.

Rerove and

replace HEME

filter

Switeh in L M
redundant

path, Remove

and replace

HEME

Close valves at L M
bottom of doth

HEMES. Unholt

drain and

attempt tO

clear the

clog., If

unsuccessful,

replace drain

1ine

8811010071 -41)

e Alarm on oP may de appropriate
e Gracdua) fncrease expected,
Can correct before HEME becomes
plugged

S1
APERTURE
CARD

Also Available On
Aperiure Card




FAJLURE MODES AND SFFECT

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: OFF-GAS SUBSYSTEM

PREPARED BY: F, Fisher

Failure Failure Effect
[tem Failure Moce Mechanism Cystem Level iian& Tevel

0ff-gas dryer Fails to Valve sticks Insufficient Glass produce

DVS flow control operate on OWS to V.32 tion ha ted

valve demand demister, which until wvalve
will eventually 1s operating
¢log properly

HEME DWS flow Fails to Valve sticks Insufficient Stop glass

control valve operate on DWS to V-033 production if

demand or V-036 MEME redundine 1ine
which will not aviilable
_ eventually clog

HEME chemi- Fails t9o Valve sticks Insufficient No eff:ct

cal additive operate on additive to

flow control demand HEME will

valve

Differential
pressure Sensors
on off-gas

dryer (V-32)

Fail to display
proper aP

Same

2) Too high

b) Too low

eventually clog
HEME, This
additive is not
required very
often

Decrease in
ability to
monitor off-gas
flow

Same

Glass »roduce
tion halted
until cause of
overprussure
is determined
and corrected

Same

w et <
g e il



S

REVISION NUMBER:
DATE: Ju
DRAWING NUMBER: -

SHEET: a2 1 ofs 49
Recovery Failure Repair
Action Freguency Time Remarks /Recommendations
1 indicator Remove and L L This valve is located outside of
indicete replace valve the vontainment ared
lem
1 Indicator Switch in L L Same
indicate redundant
Tem path. Remove
and replace
valve
sure trans- Switih in L L This valve is located outsice tne
er on HEME redundant containment area
1 indicate path., Remove
Tem and replace
velve
ue) inspec~ Troubleshoot L L This equipment is outside the
of pres- the equipment contaminant are?2
e gauge to verify that
sensor 1s give
ing erroneous
signal. Remove
and replace
me Same L L Same S1 |
APERTURE
CARD

Alsu Available On
Aperfure Card

8011010071 - XA



PROGRAM: WEST VALLLY DEMONSTRATION PROJECT

SYSTEM: HEME _
PREPARED #Y: F. Fisher
Fatlure Failyre Eff
tten e
Pressure trans- Fails to dise a) Too high Decrease in Glass produce
mitter on MEME play proper ability to tion stopped if
pressure monitor off-ges  redundant line
flow not availabdle
Same (d) Too low Same Same
Level density Fails to dis~ a) Dip tube Level density Glass produc~
transmitter play proper plugs ingication to0 tion stopped if
on HEME level righ redundant path
not availadble
Same Circuit board Zero level Same
. fails indication



REVISION NUMBER:
DATE: m
DRAWING NUMBER: B

SHEET: 43 : of: 4%

Recovery Fatlure Repair
Action Ereouency _Time Remarks /Rezommencations

inspec~ Valve in redun~ L L This equipment is cutside the
pres- dant path, containment ares -

gauge Troubleshoot

the equipment

to verify that

sensor 1§ give

ing erroneous

signal. Remove

and replace

Same L L Same

alarm Valvé in redune L L Same
tor dant path,

Troubleshoot

the eguipment

to verify that

sensor is give

ing erroneous

signal. Remove

and replace

Same L L Same

SI
APERTURE
CARD

Also Available On
Aperture Card

8911010071 - 4~

- o

- —




PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: PREMEATER (E-38, £-37)
PREPARED BY: T. V. Vo

Failure Fadlure Effect
Item Failyre Mode Mechanism “Sviten Cevel Tent Level
Prehester Fails to a) Electric e Low tempera=  Stop glass .
(E-34, E-37) preheat heater ele~ ture in production 1f
the off gas ment fails preheater redundant path
short/ e potential not available
open congensation
circuit on HEPA
e material
filter
~ defect
e T/C fatlure
Came t) Preheater e Low tempera= Same
nousing fails: ture in
corrosion pireheater
mechanical e potential
camage condensation
on HEPA
filter
e cannot maine
tain melter
vacuum 1f
excessive
inleakage
Thermocouple T/C junction e Low tempera- Seme
fails failure, ture same in t
extension preheater |
wire fatlure e potential
congensation
on HEPA
filter
e potential
overheating
of HEPA



Method

er
in
reheatar
rehester
1tage or
rrent
ndicators

urveillance
oss of

cuum in
pstream
arponents

ss of
erat. ®
dication

Recovery
Action

Freguency

REVISION NUMBER: 2
DATE: JULY 987
DRAWING NUMBER: “FMEA-

SHEET: a4 $ of 49

Remarks/Recommendations

! q;ign
ature

e Valve in
redundant
path

e replace
hzater
elements

e Valve in
redundant
path

e replace
preheater
housing

Valve in redun-
dant path and

replace T/C

e Repair time 1s low due to the

availability of soare heater
elements in the housing

Heater can be controlled manually
if T/C fails. Past history will
dictate controller setting.
Heater has redundant
thermocouples

SI
APERTURE
CARD

Also Availa’ *On
Aperture  ard

o
8911010071 - 4h

S,
P r———



PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM:

HEPA FILTER A (T-35)

PREPARED BY:

T. V. Vo

FATLURE MODES AND EFFECTS |

Feilure Failure Effect
Item Failure Mode Mechanism Svstem Level ant Level
HEPA filter Filter element e Material Contaminate Stop glass
(T-35, T-38) breached defect system production
e excessively downstream {f redundant
high tempera- path not
ture/pressure/ available
X radiation
e plugged with
particulate or
. water
Filter housing Corrosion e Primary loop Same
mechanical of off-gas
dameage system fails
e melter
vacyum cannot
be maintained
Radiation Fails to e Power surge Loss of moni- Same
detector operate e calibration toring device
error cannot assess
e defective HEPA
materials performance
e wiring/
electronics
failure
Differential Fails to e Power surge Same Same
pressure operate e calibration
transmitter errors
(aPT) e wiring/
electronics

failure

_9!.1

Lo
ve



YS1S WORKSHEET

REVISION NUMBER: 2

DATE: July 1987
DRAWING NUMBER: rﬂ!X¥T‘!tV'!

SHEET: 48 : of: a9

Recovery Failura Repair
zxion Action F requency T1ime Remarks/Recommendations
nge in aP e Valve in L L Replace HEPA filter as a
ross HEPA redundant complete assembly. Individual
gher radi- path filter elements in the assemdbly
ion levels e replace will not be replaced
nsLream filter turn off the preheater prior to
assembly HZPA replacement
e assess may have to stop glass
downstream production if significant
contamination contamination. Need radiation
level detector downstream to monitor
of f gas beyond HEPA filter
melter e Valve in L . Turn off the preheater prior to
um redundant HEPA replacement
path
e replace
housing
Ls of signal e Valve in L L
redundant
path
e diagnose the
causes and
replace/
repair
detector
rls of signal e Valve in L L Can use upstream and downstream
redundant pressure taps to estimate pres-
path sure drop
e diagnose the S
causes and A g 18
replace/ Al ";R 1 LRI‘
repair CARD
instrumentation

Also Available On
Apcrture Card

8911010071- 40



FAILURE MODES AND EFFS

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: Xﬁ}VE (M=390-1 and =2)

PREPARED BY: T. V. Vo

Failure Failure Effect
Item Failure Mode Mechanism Svstem Level Plant Level

Valve Fails open Seizure or Possible

Stop feeding
(H-390-1 and-2) plugging

contamination until valve
on back of HEPA fixed
filter

"ails closed ! _ Loss of redun-
ant system

Inleakage Worn seats, Loss of vacuum
stem in upstream
components




AURAR
129}
F\

|

CTS ANALYSIS VORKSHEET

Method

of Detection
e Will not

close. Pres-
sure indica-
tion from
upstream
components

e Will not

open, PI"ES'
sure indica=-
tion from
upstream
components

Small leaks are

hard to detect.
Larger leaks
will cause loss
of vacuum

Recovery
Action

Failure
Freaquency

REVISION NUMBER: 2
DATE: July 1987
DRAWING NUMBER: WH‘Y:TTW'I

SHEET: 46° : of: a9

Repair
Time Remarks /Recommendations

Stop feeding
and replace
with new valve

Same

Same

L

L e This failure mode can be
detected only when the valve 1is
on demand, e.y., need to close
the valve but it will not close

L e This failure mode can be
detected only when the valve is
on demand

e In all cases, installing valve
position indicitors are
recommended

S1
APERTURE
CARD ;

Also Available On
Aperture Card

8811010071 -47




PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SYSTEM: TRENCH HEATER (E-39)

PREPARED BY: T. V. Vo

FAILURE MODES AND EFFECTS

Failure Failure Effect
Lcem Failure Mode Mechanism “Cvsiem Level Plant Level
Trench heater Fails to a) Electric Low tempera= Stop glass
(E-39) heat the off heater ele- ture in trench production
gas ment fails: heater
e shorst/ e possible
open condensation
circuit on system
e material
defect
~
Same b) Treach- e Low temperz~  Same
heater hous- ture in
ing fails: trench heater
e mechani= e possihie
cal failure condensation
e melter
vacuum cannot
be maintained
Thermocouple T/C junction e Low tem- Same
fails failure, perature in
extension wire preheater
failure e potential
condensation
in trench



3

JALYSIS WORKSHEET

pethod
tection

Recovery
Aztion

Failure
Frequency

REVISION NUMBER: 2

-
DATE: _July 1987
DRAWING NUMBER: TMEA-L REV &

SHEET: &7 ¢+ of: a9

P

Remarks /Recommengdastions

5y tempera~
re in the
ench heater

Brveillance
bW tLempera-
Rre in
Bonchn heater

cuum in
pestmeam

Bature
i{cation

Stop feeding

replace
heater
elements

Remotely

remove/replace

trench heater
from VF cell

L

Renair time is low due to the
availability of spare heater
elements in the heater

until the trench
paired/replaced

Should have automatic switch over
to redundant T/C

010071 - ~%

)
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PROGRAM:

SYSTEM: OFF-GAS SYSTEM

WEST VALLEY DEMONSTRATION PROJECT

PREPARED BY:

F. Fisher

FAILURE MODES AND EFFE

Vacuum pumps
in off-gas
system

Vacuum pumps
in off=-gas
system

Fails to main-
tzin required
vacuum levels

Fails to main-
tain required
vacuum levels

A1l possible
pump/blower
failures

Faijure of
vacuum control

equipment is
operating
satisfactorily

Flow of off-gas
essentially
stopped

Off-gas flows
too quickly
through off-gas
system

Failure Failure tffect
14em Failure Mode Mechanism Svstem Level ~ Plant Level
'Mastnr/S\avc Fails to A1l possible No effect if 1f a failure in
manipulator operate mechanisms rest of plant the off-gas

svstem Occurs
and it is
required to
velve=in the
reduncant HEME-
HEATER-HEPA
filter bank,
glass production
must be halted
uyntil manipulator
can operate the
appropriate valv

Glass produce
tion halted
until required
vacuum levels
are attained

Glass produc-
tion halted
yntil normal
yacuum pressure
can be attained



[S ANALYSIS WORKSHEET

REVISION NUMBER: 1
DATE: June 1987
DRAWING NUMBER: FMEA-

SHEET: 48 : of: 49

Method Recovery Failure Repair
Detection Action Freguency Time Remarks /Recommendasions
Attempts to Replace H L
operate manipu- manipulator
lator are
unsuccessful
5
Loss of vacuum Repair cor M M Alarms should be installed to
replace vacuum warn of this condition
pumps /blowers
High vacuum Repair or L M Same

replace vacuum
pumps, control
system

S
APERTURE
CARD

Also Available On
Aperture Card

Fod

8911010071- 4



FATLURE MODES AND EFFECTS

PROGRAM: WEST VALLEY DEMONSTRATION PROJECT

SUMPS (North or South)

F. Graf

[tem

Failure Mode

Failure
Mechanism

Failure

£

$8ar

vetem

wevel

-
ant Level

Jet to
waste heager

Steam supply
valve failed

Ruptured
diaphragm

No jet transfer

from one of the

None. Other
sump available

sumps

Same

Level
instrumentation

No level
indication

None. Other
sump's level
indication can
be used in
interim period

Transmitter
fails

Dip tube plugs Minor. Level
indication
probably close
enough. Also,
other su'np could
yield information

Lo
s

S

of density
1

a

e
-ame




WORKSHEET

sity indica-
lost

Recovery
Action

Kemove and
repair steam
supply valve

Flush jet

Back flush dip
tubes

——

Remove and
repair
transmitter

Blow down dip
tubes

Remove and
repair
transmitter

Failure
Freguency

L

Repair
Time

REVISION NUMBER:

DRAWING NUMBER:

SHEET:

DATE:

2

JGTZ_T§E7—-

49 R

49

Remarks/Recommendations

L

SI
APERTURE
CARD

Also Available On

Aperture Card

8911010071 -50
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APPENDIX C

IMPORTANT COMPONENTS OR SUBSYSTEMS RANKING

This appendix presents the mothodoloq¥ used to rank the importance of
the components that have either a high failure freguency or a medium failure
frequency combined with a medium or high repair time, The objective of this
evaluation is to fdentify which components dominate the system unavail-
ability, given that component failure has occurred.

The components/subsystems “importance” w(i)calculated using the Fussell-
Ve;sly (FV) Importance messure (Lambert 1973)‘®/, The FV Importance measure
(I"7) 1s defined as the fraction of the total system unavailability to which
an event, component, or subsystem contributes.

‘ A ATSE
(1) I %

Qq 1s defined as the probabiliity of the component or subsystem failure
exists at time t. This is either the probability of compcnent or subsystem
failure or the probability of a particular system hazard at time t, depending
on the definition of the failures. In general, Q; s defined as

Q = (1-e°Xt) for nonrepairable component
A
i

[l-e'(x1 " ”1)t] for repairable component (2)
A *u
! § .
where Ay = component { failure rate (per unit time)
By = component 1 repair rate (per unit time)

t = time

Similar to Q;, the total system unavailability, Q¢, 1s defined as

Q, -};01 (3)

(a) Lambert, H. E. 1973, *“Fussell-Vesely Importance Measure." Report No.
UCID-16238, Lawrence Livermore Laboratory, Livermore, California.

C.2



For 11lustration purpose, the calculations of I'' for the ADS pump (first
item in Table 1 of this report) is detailed in the next few paragraphs. The
frequency of ADS pump failure was estimated to be 1/wk or 1/168 hr = 0.006
per hour. The repair time for the ADS pump was estimated to be 0.25 hr which
transiates to a repair rate of 1/0.25 hr or 4 per hour. From equation (2),
the ADS pump unavailability is

. _0.006 -(0.006 + 4) (2*8760)]
QADS [l‘e

0.006 «+ 4 J

= 1,45%107°

where time t 1s assumed to be 2 years, the operating 1ife of the WVDP plant.

The unavailability of the other 18 components listed in Table 1 were
calculated in the same manner. The contribution of these 19 unavailabilities
were then summed to obtain the total system unavailability, Qg, 4t described
in equation (2). The resulting value of Qg was 1.70*10 o

Therefore, from equation (i), the FV Importance measure for the ADS puiip
was determined as follows

. -3
(FV L L8072 | o oog

1.70*10"*




