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SCOPE
The scope of this task was to provide a reliability amalysis of two

major systems in the Radwaste Treatment Lystem at the West Valley
Demonstration Project: the Supernatant Treatment System (STS) and the
Cement Solidification System (CSS) (Figure 1). The purpose of this
analysis was to provide assurance that these systems ire designed for
safe operation during the supernatant processing phase of the project.
The analysis was not intended to predict overall availability of the
systems., The study, completed by Westinghouse Manford Company (WHC),
evaluated the major components located in the steady state main process
flow stream of the STS and CSS (through the drum filling operation
only) as shown in Figures 2 and 3. DOrum nandling before and after
filling was not ‘o be included in the analysis. Major components
include tanks, pumps, heat exchangers, main stream remotely operated
valves, and special equipment such as drum filling equipment; the
specific components addressed are identified in Appendix A, The
analysis (Appendix B) did not address common cause failures and
evaluated single failures only, 1.e. failu'e of one component at a
time. The anaiysis addressed tie system design as specified in the
documents listed in Appendix C and assumed the systems were constructed
per those documents. Furthermore, the analysis assumed the operating
procedures were current and correct, and the systems will be operated
in accordance with these procedures.

The objective of this analysis was to complete 2 systematic evaluation
of pustulated component failures, with the goal of providing confidence
that the systems were designed for safe operation. The anmalytical
method chosen 1or this task was a qualitative Failure Mode, Effects and
Criticality Analysis (FMECA) which identifies the effects of postulated
failures and provides judgement by the analyst regarding the severity
and relative probability of occurrence of the postulated failure.
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3.0 SUMMARY
Eighty-nine components were analyzed in the STS and 57 in the CSS. The

number of failure modes postulated for the STS was 261 and 171 for the
CSS.

Failures designated as "Class 1" (major severity combined with a high
relative probability of occurrence) are of greatest concern. Failure
definitions are shown in lible 1.

The number of failures that fall within the various categories of
failure severity, including the number that fall within the various
ranges of failure probability are shown in Table 2.

A1l postulated failures are identified in the worksheets of Appendix B:
those judged to be of greater significance are summarized in Section
7.0. Also discussed in Section 7.0 are observations related to safety
and reliability that were noted during the analysis, but were outside
the specific work scope identified in Section 1.0. Recommen .%ions for
improvements in reliability and safety are included in Section 7.0 for
information..

Although there are actions that should be taken to provide a safer and
more reliable system, thi. independent analysis provides additional
confidence that the STS and CSS are designed such that they can be
operated safely.
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RELATIVE PROBABILITY
OF FAILURE
LOW MODERATE HIGH
C B p
MINOR
SEVERITY 111 it dho
OF MEDTUM 3 CLASS
FAILURE 1 2
MAJOR CLASS CLASS
I 2 1
SEVERITY
I11 MINOR:  RESULTS IN NO UNPLANNED PERSONNEL EXPOSURE AND OPERATIONS MAY
CONTINUE
I1 MEDIUM: a) RESULTS IN AN UNPLANNED RCLEASE OF CONTAMINATION TO A
NORMALLY INACCESSIBLE AREA
b) RESULTS IN AN OPERATING OUTAGE OF LESS THAN 48 HOURS
| MAJOR: a) RESULTS IN A RELEASE OF CONTAMINATION TO AN OPERATING

AREA
b) RESULTS IN AN OPERATING OUTAGE OF GREATER THAN 48 HOURS

PROBABILITY
C. LOW: HIGHLY UNLIKELY TO OCCUR DURING 2 YEAR PLANT MISSION
B. MODERATE:  OCCURRENCE IS POSSIBLE BUT NOT LIKELY OURING 2 YEAR PLANT

MISSION
LIKELY TO OCCUR DURING 2 YEAR PLANT MISSION

A. HIGH:
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FAILURE SEVERITY SIS €SS COMBINED
I (Major) 83 13 96
IT  (Modium) 57 103 160
I[1T  (Miuer) 121 55 176
RELATIVE PROBABILITY

A (High) 8 14 22

B (Moderaie) 57 112 169

C (Low) 196 45 241
FAILURE CLASS

1 3 4 7

2 31 10 4]

3 227 157 384

FAILURE #ODE, EFFECTS AND CRITICALITY ANALYSIS
POSTULATED FAILUR: SUMMARY




ATTACHMENT 1
Page 8

4.0 SYSTEM FUNCTION

4.1

4.2

Supernatant Treatment System (STS)

The function cof the STS is to remove high level waste supernatant
from the 80D-2 storage tank in the West Valley Radwaste Treatment
System and extract Cesium-137 from the supernatant to a level that
permits supernatant solidification and storage as low level waste.
The STS utilizes a zeolite ion exchange process to separate cesium
from the other constituents in the supernatant.

Cement Solidification System (CSS)

The primary function of the CSS, during supernatant processing, is
to immobilize the processed supernatant coming from the Liquid
Waste Treatment System (LWTS) and package it into drums for
storage in the Drum Cell. Materials handling is accomplished
remotely and includes handling of empty and filled drums, and
loading the drums onto vehicles for local shipment to the Drum
Cell, Drum handling and ancillary functions, such as cement
storage, were not to be addressed in this reliability analysis.
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5.0 SYSTEM AND PROCESS DESCRIP)ION

5.1 Superpatant Treatment System (STS)

Figure 2 provides a block diagram showing the ma‘n process flow in
the STS., The systom uses an ion exchange process with a cesium-
specific zeolite contained in four separate ion exchange columns
to recove cesium from the supernatant. The zeolite columns are
suspended in Tank 8D-1.

The system description can be followed on Figure 4 which includes
all of the evaluated components up to the ion exchange columns.
The supernatant is pumped from the high level storage tank (80D-2)
and transferred via triple-contained piping to a pre-filter
(F-001). This filtration prevents contamination of the zeolite by
sludge particles suspended in the supernatant. The filtered
supernatant is fed to an intermediate collection and feed tank
(D-001) which provides about five hours of hold-up. Supernatant
ready for ion exchange is then pumped through a cooler to ensure
more effective cesium removal in the ion exchange cclumns. The
supernatant is then directed to the first of three ion exchange
columns arranged in series.

Figure 5 details the evaluated components and support systems for
each ion exchange column. Processing is effected by down-flow
through a six-foot zeolite bed in each column. Three successive
columns are on line at all times; the fourth is off line
undergoing rinse, backflush, sluice-out, zeolite replacement, or
standby. Continuous on-stream radioactivity monitoring of the
process supplements quantitative analytical sampling to detect
column exhaustion and ensures that an appropriate process
decontamination factor is achieved. Decontaminated supernatant
exiting the third column in the series is passed through a sand
filter (F-002) to remove zeolite fines which could contaminate the
down stream process.
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Figure 6 depicts the actual evaluated components downstream of the
ion exchange column. Filtered and decontaminated supernatant
flows to a 15,000 gallon underground storage tank (80D-3) which
serves as an intermediate collection and sampiing tank prior to
transfer to the Liquid Waste Treatment System. From 80-3, the
process fluid is pumped to the LWTS Tank 35104. A recycle line is
provided back to Tank 80-2 to enable reprocessing if required.

Spent zeolite and sand filter media are removed when required and
discharged to and stored at the bottom of Tank 80-1 for subsequert
delivery to the Vitrification System.

Fresh zeolite is fed to the columns in the form of a slurry. Dry
zeolite (from drums) is transferred to a water filled batch tank
and backwashed to remove fines. After fines are removed, fresh
zeolite is charged into the ion exchange columns as a water
slurry.

Otner support ‘ervices required for STS operation include
instrument air for the filter blowback (F-001) and sluice water
for the ion exchange columns and sand filter (F-002).

Cement Solidification System (CSS)

Figure 3 provides a block diagram showing the main process in the
CSS. Supernatant concentrate is pumped from the LWTS to the Waste
Dispensing Vessel (WDV) (70-D-001) in the CSS. The waste liquid
is collected and stored here before mixing with cement. Figure 7
shows the process of feed delivery to the WOV, The Waste
Dispensing Vessel Pump pumps the liquid waste slurry in batch
quantities from the vessel into the High Shear Mixers,
Recirculating the liquid back to the Waste Dispensing Vessel
maintains homogeneity of the siurry. The slurry is fed into "“e
upper portior of the High Shear Mixers where it mixes with
Portland cement in accordance with a predetermined recipe.
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Figure 8 shows how the waste and cement is added to the mixers. The Cement
Metering Subsystem consists of a cement day bin and feeder which dispenses
metered amounts of dry cement into the High Shear Mixers via a diverter
valve. The discharge rate is controlled based on the cement loss from the
bin; as the cement feeds down into the mixer, the resulting decrease in
weight is monitored by the control system.

The Cement Feed Diverter VYalve alternately directs the cement into the two
High Shear Mixers. The mixers provide the mechanical action to ensure
adequate mixing of the waste slurry and cement. Additives can be introduced
to adjust mixture setting time or the chemistry of the liquid wastes
upstream of the mixers. Using the discharge head dev:loped by a rotating
blade in the mixer, the mixture batch (containing apnroximately 22 gallons
of waste) is discharged through a special fill head and into a drum. Two
mixer batches are placed into each drum. The fill head is designed to
descend into the drum and seal the opening to prevent spillage of
radioactive material. The fill head includes an internal vent that is
normally vented to the process room. After each mixer completes its fill
cycle. flush water is introduced into the mixer through spray nozzles which
flush the top and side walls of the mixer to remove any residual material.
This flush water becomes a part of the recipe for the next cycle and the
process is repeated until the Waste Dispensing Vessel is emptied.
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6.0 APPROACH AND ASSUMPTIONS

6.1 Approach

The approach to this task was as follows:

1. The scope of work and objective were developed in conjunction
with WVNS.

2. The team ieaders selected for each system travelled to West
Valley where they received technical briefings. The
briefings included review of system drawings, discussions
with the system cognicant engineers, and inspection of the
mechanical equipment and control systems.

3. The documentation listed in Appendix C was used as the basis
for the FMECA analyses.

4, In an effort to assure an accurate evaluation by Westinghouse
Hanford Company (WHC) of the failure effects and to keep WVNS
apprised of the results of the analysis, it was mutually
agreed that WHC would transmit the FMECA worksheets on a
daily basis for in-process review and commen: by WVNS. [t
was also agreed that WVNS would return any comments to WHC
within one day.

5. The definitions of failure probability, severity and
classification, listed in Table 1, were developed jointly by
WHC and WYNS prior to preparation of the FMECA worksheets,

6. The FMECA was conducted using the general guidelines of
MIL-STD-1629A.
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The results of the analysis were summarized in a draft report
and transmitted to WVNS for review and comment prior to
issuing the final report.

6.2 Basis for Analysis
The basis and assumptions applicable to the FMECA are as follows:

The documents listed in Appendix C were assumed to be current
and correct for use in the analysis.

The support systems listed in Appendix A were treated as a
"black box"; their discrete components were not examined
individually.

Only steady state conditions were considered; startup and
shutdown operating modes were not to be included in the scope
of this task.

The components addressed are those containing or monitoring
supernatant flow during normal processing from storage tank
80-2 through encapsulation in the CSS. Those components
which are in support systems and those which are included in
ancillary systems used for bypass, return flow, sampling,
etc. were not considered. The specific components addressed
in this analysis are listed in Appendix A wunder four
categories: Mechanical Equipment, Valves, Instruments, and
Support Systems.

The analysis of the CSS assumed that system operation is in
automatic mode with the Programmable Logic Control -wr (PLC)
and Data Acquisition System (DAS) fully operational,
operating correctly and providing proper alarms. [t was also
assumed that if manual recovery was necessary, the proper
corrective action would be taken by operations personnel.
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In the STS, three of the STS ion exchange columns we:
evaluatcd as though they were in normal serial process flow.
The fourth column was evaluated under standby conditions and
under the zeolite replacement mode. The zeolite replacement
mode was assumed to occur immediately following 95% resin
breakthrough. Resin replacement is comprised of five rather
distinct steps that include: 1) air purge that forces
supernatant fluid from the column back to Tank 8D-2, 2) fill
and rinse of column zeolite with sluice water, 3) backwash of
the column zeolite that fluffs the zeolite in the column to a
50% greater volume, 4) sluicing of the fluidized zeolite out
the bottom of the column into Tank 8D-1, and §) loading of
fresh zeolite into the column.

In the STS, the prefilter (F-001) was evaluated in both
normal process flow and in the blowback condition., The sand
filter (F-002) was evaluated in steps similar to the ion
exchange columns, as well as normal process flow.
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7.0 FMECA FINDINGS AND OBSERVATIONS WITH RECOMMENDATIONS

The results of the analysis are shown in the FMECA wcrksheets in
Appendix B. Worksheets number 50-1 through 50-65 address the STS.
Worksheets number 70-1 through 70-41 address the CSS. Two hundred
sixty-one postulated failures (failure mudes) were analyzed for the STS
and 171 postulated failures were analyzed for the CSS. A summary of
the number of postulated failures that fall into the various categories
of "failure severity”, "relative probability", and "failure class" is
shown in Table 2 (Section 3.0).

The majority of postulated failures are of minor severity and have a
low probability of failure. Although the consequences of the majority
of these failures may not be significant, they have the potential for
decreasing system availability. Therefore, all postulated failures and
their effects, which are identified in Appendix B, should be thoroughly
reviewed in an attempt to reduce the possibility of these failures or
mitigate their effect.

Section 7.1 discusses postulated failure modes which are considered to
be significant erough to be discussed in further detail. Where
appropriate, recommendations are provided.

In addition to the discussions of selected failure modes, a number of
observations regarding safety and reliability of the STS and (SS are
made that are significant but are not related to single failures of the
components listed in Appendix A. These are discussed briefly in
Section 7.2,
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EMECA Findings of Greater Significance

7.1.1 SIS
Section 7.1.1.1 is a discussion of the failure modes that resulted

in Class 1 failures (major severity combined with a high relative
probability of failure). Section 7.1.1.2 is a discussion of the
more significant Class 2 failures. All failure modes are
discussed in the worksheets contained in Appendix B. Sections
7.1.1.1 and 7.1.1.2 also contain recommended actions for providing
a safer and more reliable system.

7.1.1.1 Class I Failures
The FMECA completed on the STS has identified three failure modes

that could result in an extended operating outage requiring manned
entry (personnel exposure) to repair the system. A detailed
discussion of these failure modes is presented below with the
50-XXX number referring to the corresponding Appendix B
worksheets.

50-023 Prefilter Back Flushing

The 1 micron sintered metal filter medium is highly susceptible to
plugging. In addition, successful blowback sequence completion
requires careful operator attention and interpretation of system
conditions and the collective reliability of numerous components.
The blowback and system stabilization cycle duration takes
approximately 15 minutes to complete. Additional blowback cycles
must be operator initiated if flow/pressure parameters are not
within operating limits. These conditions add to the difficulty
of maintaining the filters in an acceptable "unplugged" condition.
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Recommendation: Test actual supernatant containing sediments
in a small scale test model. Evaluate the use of larger
media orifice size if possible. Consider purchase of spare
filter elements and provide a verified replacement procedure
prior to hot startup.

50-518 Ion Exchange Column Resin Dump Valve Failure

The reliability of the Zeolite column dump valves is critical to
STS operation. The Tank 8D-1 environment, to which the valves are
exposed, is considered severe. Since the valve is inaccessible
for maintenance or repair, any malfunction has the potential for
serifous system impact.

Recommendation: Review the valve, valve operator and support
hardware to assure maximum service life., Factors to consider
are: 1) optimum operating air pressure, 2) lubricants in the
air, 3) air moisture and foreign debris, 4) valve and valve
operator materials, 5) most desirable failure position,
6) visual access to valve operation. Alternate methods of
resin removal should also be investigated to the extent that
procedures have been developed and verified.

50-892 MHeat Exchange; Pressurization

Because the E-001 heat exchanger has no pressure relief on the
shell side, tuere 15 a potential for overpressurization especially
if the vessel were isolated with cool brine in the shell and

allowed to warn,

Recommendation: Review the "as built" configuration to
verify vessel and tube integrity under all probable operating
conditions. If overstressing potential is found to exist, a
pressure relief modification is recommended. Administrative
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control over operating conditions may suffice if this
modification cannot be made.

7.1.1.2 Qther Failures

50-04] Heat Exchanger Tube Failure

Upon tube failure in E-001, particularly a small leak, brine fluid
could be pumped into the supernatant stream without detection
until the brine pump/pressurizer failed to maintain sufficient
differential pressure (DP) across the tubes. At that point
sigrificant quantities of brine solution would have entered the
supernatant. The loss of DP would alarm but no interlocks would
be effected, i.e. the brine pump would continue to operate while
G-002 would continue to pressurize the tube side.

Recommendation: Consider the addition of Jlevel alarm
capability to the brine expansion tank. It would verify the
intrusion of brine into the process or the loss of brine from
the secondary side. Neither condition is Jirectly detectable
with instrumentation indicated on drawings. Evaluate the
need to provide additional interlocks to shut down G-002 when
this failure occurs.

50-490 Off-line Column Rupture Disc Failure
Loss of a column rupture disc during the refill mode will result
in curtailment of resin replacement and the migration of resin to
80-2. Conversations with WYNS personnel indicated that a rupture
disc failure had occurred during cold tests.

Recommendation: These failures should be reviewed to assure
that their causes are not related to system pressure
transierts, hydraulic shock or improper sizing., All disc
fatlures should be fully evaluated.
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$0-570 Flow Control Valve Failure

FCV-035 is the prime cortrol element in the resin column flow
stream.  Without alternate routings for decontaminated super-
natant, failure of this control element would suspend processing.

Recommendation: Reassess the rel* “’lity of Lihis control
valve and establish a spare replar nt assembly in the valve
isle for use in event of valve failure.

5§0-330, 380, 470 On-line Column Rupture Disc Failure

Loss of the rupture disc for an on-line resin column will result
in the process shut-down and tihe return of supernatant to tank
80-2. Rupture disc reliability and the ability to identify
rupture disc failures are important. Conversations with WVNS
personnel indicate that there was a system disc failure during
cold testing.

Recomnendation: The cold test rupture disc failure should be
reviawed to assure that the cause is not related to system
pressure transients, hydraulic shock or improper sizing. Any
disc failure during cold testing should be fully evaluated.
The design should be reviewed tc verify that all operating
conditions have been considered (including warmup of ion
exchange vessels C-001, 2, 3, and 4).

7.1.2 (S5
Figures 7 and 8 show the major CSS components addressed in the
FMECA. The figures show al! the equipment, valves, instruments
and support systems evaluated. Section 7.1.2.] is a discussion of
the failure modes that resulted in Class | failures (major
severity combined with a high relative probability of failure).
Section 7.1.2.2 is a discussion of the failure modes that resulted
in Class 2 failures. A1l failure modes are discussed in the
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worksheets contained in Appendix B. Sections 7.1.2.1 and 7.1.2.2
also contain recommended actions for providing a safer and more
reliable system.

7.1.2.1 Class | Failures
The FMECA completed on the CSS has identified four failure modes

that could result in an extended operating outage requiring manned
entry (personnel exposure) to repair the system, A detailed
discussion of these failure modes is presented below with the 70-
XXX number referring tn the corresponding Appendix B worksheets.

70-053 WOV Discharge Line Plugging

Since the Waste Dispensing Vessel will be neeced to process both
1iquid (concentrates 50-15A) and solids (spent resin and zeolite),
flushing of the main process lines using pressurized water is
necessary to prevent plugging with solids. The sectien of piping
between the WOV and the WOV pump has no pressurized flushing
capability. Since this line has a high potential for plugging
with solids, the capability to flush this 1ine is mandatory.

Recommendation: Add capability to flush this section of line
from the WOV pump back to the WDV.

70-361, 70-371 Mixer Discharge Valves. FV-§ and FV-10 Failure

FY-5 and FV-10 operate on air préssure with pressure required to
close tha valve., At times, failed closed is appropriate and at
other times failed open is appropriate. Based on the control
system operation of the air supply solenoid valves, a solenuid
valve failure prevents the depressurization of FV-5 and FV-10
causing the valves to fail closed. Valve failure in the closed
position would prevent mixer discharge while valve failure in the
open position could potentially cause a mixer to discharge without
a drum in position.
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Recommendation: The system should remain as designed,
however, an emergency method to manually depressurize these

valves should be provided to allow opening the valves.
Appropriate controls should be established to insure correct
use of the method established.

70-646 Failure of the HSCSS/DAS Control System

SOP-70-11 provides a means of operating the C(SS with the
Programmable Logic Controller (PLC) inoperative. Operation of the
entire system can be performed in this manual mode. With the PLC
inoperative, the 15 system alarms and the 8 DAS alarms are not
functional, Therefore, manual operation of the system in this
condition is not recommended. Operation of the system in manual
with the PLC inoperative should only allow dumping a mixer after
cement addition has been started to place the system in a safe
shutdown condition. Al)l other operations should be precluded.

Recommendation: With the HSCSS/DAS system providing all the
control operations of the CSS, sufficient redundancy of the
HSCSS/DAS control system should be provided to assure
continued operation of the system. SOP-70-11 should be
revised to allow oniy mixer dumping in manual mode without
PLC being operational. Readily available spare components
for PLC and DAS should be provided.

7.1.2.2 Qther Failures

10-002 High Cement Feed
If too much cement 1is added, potential exists that a low
water/cement ratio covld cause cement setup in mixer,

Recommendation: Modify the HSCSS/DAS tn limit the amount
of time that the cement feeder may operate to ensure that
excessive amounts of cement cannot be added.
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10-027 Johnson Screen Plugging (WOV)

During handling of solids, the Johnson screen could plug,
preventing further dewatering. Backflush of Johnson screens may
then be required.

Recommendation: A procedure should be identified for
backflushing of the screens.

70-079, 70-104 Mixer 1 and 2 Drainage
Detection of an accumulation of cement in the discharge line from
mixers to drum, or within a mixer cannot be made.

Recommendation: Use the DAS to monitor changes in the tare
weight of mixer and if this weight varies by more than 10-
20%, flushing should be initiated and/or praparations made
to replace the mixer,

- . i - .

The open or partially open failure of the FV-5 and FV-10 pinch
valves causes the CSS process to be unable to continue. The
likelihood of a pinch valve failing due to clogging appears to
have a high probability in the projected two-year operation of the
€SS. The valves being located horizontally have the potential to
allow cement to remain in the valves. The downtime to fix, flush,
or replace the valve should not be extensive if the parts are
readily available., However, if the failure occurs during a batch
cycle, the waste may empty to the drum before the addition of
cement. If the valve failed during mixing, this would result in a
premature mixture dump of cement into the drum.

Recommendation: Adequate spare parts or spare valves should
be available.
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10-393, 70-394 Cement Diverter Valve

If the cement diverter valve is stuck partially open to one mixer
or closed to both mixers, the program cannot continue. If
waste/cement is in one mixer, then that mix cycle can be finished,
but significant downtime may occur to fix or replice the cement
diverter valve before the entire process can continue. This valve
was projected to have u high failure probability because it has
two cylinders, four limit switches, and interconnecting linkages
associated with its operation.

Recommendation: Have available spares or spare valve to
install as required.

70-541, 70-551 Mixer Overfill Level Switches
The high level switch in each mixer is projected to fail
indicating an overflow condition if the probe should become
severely crusted with mixer residue. This will cause some
downtime and is likely to happen in the two-year operation of the
system. Failure of the switches will shut off the WOV pump and
prevent the pump from running until the switches are repaired.

Recommendation: Some method of frequent cleaning of the
lavel probe should be devised.

General Observations

7.2.1 SIS

Ubservation | - Overflow Capacity

Many of the new vessels utilized in STS have no liquid overflows.
The only overflow route from these vessels is through the Waste
Tank Farm Vent System (WTFVS).

Recommendation: The flow rates and related volumes of both
planned and unplanned fluid fintrusions (liquid, steam, air)
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into a vessel should be ccapared with the ability of the
vessel and the downstream WTFVS to safely handle them. With
respect to the WTFVS, simultaneous intrusions and balance-of-
plant demand should be considered when assessiig handling
capability.

Observation 2 - Control Valve Failures

There are a limited number of key control valves that regulate the
process flow through the ion exchange columns to 80-3 and the feed
from 8D-2 through the prefilter to D-001.

Recommendation: Spare jumper assemblies that include a valve
should be available in the valve aisle. The following valves

are recommended as a minimum complement of valve isle spares:
HCV-004, FCV-015, FCV-035, HCV-059, and FV-064.

Qbservation 3 - Rupture Disc Integrity Verification

Much of the pressure relief on STS vessels is achieved through the
use of rupture discs which typically vent and gravity drain
through a common header to 8D-2. Though all the discs are
accessible from the valve aisle, there appears to be no off-line
intentions to verify disc integrity while off-line, On-line
methods of verification appear to be somewhat involved and
possibly inconclusive.

Recommendation: Review the operating philosophy associated
with rupture discs particularly assessing methods of
verification which can quickly and assuredly identify failed
discs.

Qbservation 4 - Verification Of Valve Position

The STS control system and operating procedures are closely tied
0 the validity of valve position indication through limit
switches. Though the reliability of such indication is considered
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adequate, critica: operations should include validation of valve
operation through other and/or redundant process indicators.

Recommendation: Review key Standard Operating Procedures
(SOP) to assure that there is not sole dependence on valve
Timit switch indication or, where dependence does exist, the
consequences are understood and determined to be acceptable.

Observation 5 - STS Tank Leak Indication

The existing tanks used as part of STS have leak pan and sump
overflow indicators and alarms which readout in other facilities.
Jet pumps associated with these sumps and pans are 21so operated
from locations other than STS.

Recommendation: Consideration should be given to the
operating benefit of placing these capabilities within STS.

Where transfers originating within STS can potentially leak/
overflow in other plant areas it may be prudent to have some
indication, control or response capability located at STS.
For G-007, in addition to tha tank 5D-3 low level interlock,
add a tank 35104 high level interlock to stop G-007.

Qbservation 6 - Stagnant lon Exchange Column Flow

There are numerous failure scenarios which can lead to stagnant
supernatant flow within resin columns, filters, etc. all of which
require operator response. Recoynition of ‘he exact cause of loss
of flow (or very low flow) will be difficult,

Recommendation: If it does not already exist, develop a
rigorous troubleshooting procedure.

Observation 7 - lon Exchange Column Failures
There are numerous scenarios which can lead to column railure,
e.9., leaky vessels, valves, screens, etc. There is no way to




ATTACHMENT 1
Page 31

discover these failures other than through a loss of column
efficiency or mass flow balance. The time required to deduce
the r cause from these effects could be quite extensive.

Recommendation: If it does not already exist, develop a
rigorous troubleshooting procedure.

Qbservation 8 - Vessel Overpressyrization

Pressure relief/vent/overflow lines are smaller than the ircoming
feed T1ir2s.  This is acceptable when all the vessels, columns, and
piping are designed for the maximum pressure in the feed lines.
Altlough a few are higher, 100 ,si is the normal maximum., (A
complete evaluation of this issue is beyond the scope of this
study.)

Recommendation: If any system components are not designed
for 100 psi pressure, a detailed "fault tree" type analysis

of the tank vant system is recommended to demonstrate
excessiva pressurization is not possible.

Observation 9 - lon Exchange Cclumn Distributor Backflush

There are a number of operating errors, in aldition to single
component failures, which can transfer zeolite resin %o the inside
of the inlet distributors 0. the ion exchange columns. The small
holes and fine screen openings of the inlet distributors may make
it very difficult tc back flush these screens. [f the screens can
not be cleaned, the ion »xchange columns may have to be replaced.
With several million curies of cesium in Tank 80-1, column
replacement would be very dififcult and could extrnsively delay
the operation.

Recommendation: A “cold" demonstration of the ability to
back flush a dist~ibutor and screen should be done before
"hot" operation.
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Observation 10 - Sluice Water Screen

The screen on pump G-004 is a critica’ component. Failure of this
screen to prevent particles of resin larger than 0.007 inches from
entering pump G-004 could cause plugging of column screens. The
water from tank 8D-1 is pumped via G-004 to tanks D-001 and D-004
and from there to the inside of the screens on the ion exchange
columns,

Recomrendation: The design of this screen should be ~eviewed
to insure: mesh size at least as fine as the Johnson s~ ‘eens
on the columns, high integrity constructicrn was us and a
provision for flushing is available.

Observation 11 - Tank Pressurization Consequences

The use of positive tank pressure in tank D-001 and D-004 to
provide the required Net Positive Suction Head (NPSH) for pumps
G-002 and G-003 (Engineering Change Notice 2024) was not evaluated
as this was added during the FMECA review. Positive pressure
tanks for radioactive solution storage and transfer have been
involved in major contamination incidents. Great care should be
exercised when using this approach. Of special concern is the
instrumentation system for level and density. Back flow of
so'ution in the transmitter lines will result in contamination in
an operating area. Unless positive back flow prevention is
provided in these lines they will operate as a single barrier to
contamination release (WVNS-DC-013 sect. 5.1).

Recommendation: An analysis of the effects of positive tank
pressure should be mude before hot operation.

Observation 12 - Data Logging
The operating data for STS is only manually recorded. Evaluation
of process upsets will be difficult becavse of the lack of
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detailed and accurate records. Several low cost data logging
systems .re available which are directly compatible with an IBM-PC
and spread sheet software.

Recommendation: The cost/benefit for an automatic data
logging system should be investigated.

Observation 13 - Resin Routing Verification

The "Control Wiring Diagram Supernatant Treatment System ([STS]
Valve Box Interlocks" drawing, 973B-317-637A, shows inputs into
the PLC from the zeolite hose. These inputs are not used in the

program.

Recommend-tion: Ensure thut the resin is directed to the
right column with unused PLC inputs from the zeolite hose.

Observation 14 - G-002 Interlock
The low differential pressure alarm, PCAL-093, between the super-
natant side and the brine side of the supernatant cooler (E-001)
does not stop pump G-002. Opera.ion r€ this pump with « low
differential pressure could possibly contaminate the brine.

Qecommendation: An interlock of pump G-002 with PDAL-093
should be provided.

Qbservation 15 - Supplemental Sequence Alarm

For those valve sequencers used to ‘dentify and alarm if an
improper sequence is attempted, an alarm both at the control panel
and in the valve operating gallery would minimize the time a valve
is in the incorrect position.

Recommendation: A secord alarm, in the valve operating
gallery, should be provided.
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Observation 16 - Program Valve Verification

In the program for the PLC used in the STS, Rung 351 needs to be
changed. The counter’s pre et value should be 25 rather than 24,
The reason for this change is the next rung in the ladder. Waen
the counter is finished, Rung 352 returns it to 1. As written,
the program will get out of sequence on the transition from step
23 to step 24, Counter 46U is used to point to the "as is"
condition and counter 461 points to the "to be" position. On the
transition from step 23 to 24, Rung 351 causes counter 460 to
chan¢: to value 24 which also sets bit 460/15. Rung 352 then sets
counter 460 to 1. The situation the next time through the ladder
is that the "as is" step is 24, the counter 460 "as is" is 1 and
counter 461's "to be" step is 2. A delay of longer than 20
seconds on the transition from step 24 to step 1 will cause the
alarm,

Recommendation: The PLC, Rung 351 should be checked to
insure the correct preset value has been used.

Qbservation 17 - PLC for Resin Replacement

Use of a PLC sequencer (see Observation 16) is a good one. A
similar seguence: could be made for the column resin change out.
luch of the basic work was done in trying to do this task
automatically. If the automatic approach is dropped, use the PLC
to monitor the operation and identify improper valve sequencing.
Regarding the automatic sequencer, the program data table has a
bad value, Word 01000 is given as "ffff"H (hexidecimal). In the
sequencer 447, attempting to input word 01000 through output table
word 702, results in step | opening valves SV-XP4a, -X04b, -X05,-
X06, -X08, and -X18, Word 01000 should be "000" to have these
valves closed at the start. Additional time would be needed to
further evaluate the operation of this sequencer.
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Recommendation: A valve sequencer for resin change out
should be investigated.

Observation 18 - Tank 80-3 Interlocks
In azcordance with the updated interlock table description, an
interlock is needed batween the high level alarm on tank 80D-3,
LAH-023, and either the diverter valve FV-064 or pump G-002 to
stop filling the tank when the high level alarm occurs.

Recommendation: An interlock of valvs F' -064 and pump G-002
with LAH-023 should be provided.

7.2.2 (SS

Observation 1 - Limit Switch Failure Modes Related to Automatic
sequencing

o Fails to Close:

This failure mode is detected by no light being illuminated on the
CSS graphics panel and can be caused by corrosion on the switch
contacts. 1€ a limit seitch contact fails to close when expected
during automatic sequencing, the program will detect the failure
by annunciating "Program on Hold" and/or "Sequence not Verified".
in all cases of the CSS control system examined auring the FMECA,
the failure to close is detected witli a timer verifying arrival at
the expected state after a command was issued. This failure mode
is detected by the system and no system changes are nacessary.

o Fails to Open:

This failure mode is noted by the limit switch contacts remaining
closed when mechanicaliy the contacts should be open. This could
occur due to a temporary short to ground or due to aged contacts
driving inductive loads. In the case of the (SS control system,
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this problem would be interpreted by the program as having already
completed a step when in fact the step was never completed. In
this mode the actual device the limit switches are indicating is
at some other position. [f additional actions are required, the
program will initiate them and system failure could result. The
only way this failure mode is detected is when the device moves
from the failed limit switch to the other limit switch. Both
extreme limit switches would be contacting. No annunciator or
alarm would sound indicating a failure until the next sequence was
detected as not being complete.

Tis fatlure mode is extremely important in evaluating all
autimatic sequencing operations of the CSS, including FV-
00.,FV-014, FV-160, FV-161, the Cement Diverter Valve, FV-§,
FV-10, the 1id handler/flipper and fill head assembly.

Recommendation: An evaluation of the entire ladder diagram
should be performed with this specific failure mode in mind.
A possible solution to the program is to perform a status
check during the PLC scan cycle of all limit switch positions
to ensure that only one limit position is indicated for
each device (valve, cylinder, etc.). If not, the program
should annunciate the failure on the CSS alarm panel.

Observation 2 - Automatic versus manual operation of (SS

Review of the control system logic has shown that automatic
operation of the CSS is an extremely safe operation. However,
because of the number of control elements in the system, thare
exists high probability thai frequent manual corrections are
necessary to continue the process. Sufficient provisions for
manual corrections have been provided. However, *his also
increases the potential for human errors during manual operations.
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Recommendation: A reliability analysis of the CSS oparation
in manusl mode should be performed to assure that appropr 'ate
hardwire interlocks are provided so that an operator error
could aot 12ad to an unsafe or unrecoverable operation.

8.0 REFERENCES

1. Letter, S.A. Spohr (WHC) to S. Marchetti (WVNS), "Request for
Services - Proposal No. MA-069", dated November 5, .9287.

2. MIL-STD 1629A, November 24, 1980, Military Standara - Procedures
for Performing a Failure Mode, Effects and Criticality Analysis,
Including Notice 1 and Notice 2.
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FMECA_COMPONENT LIST
Summary

TABLE 1 - STS TOTALS
MECHANICAL EQUIPMENT 14
VALVES 4]
INSTRUMENTS 26
SUPPORT SYSTEMS 8
8y

TABLE 2 - (SS TOTALS
MECHNICAL EQUIPMENT ?
VALVES 19
INSTRUMENTS 1€
SUPPORT SYSTEMS 15
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MECHNICAL EQUIPMENT
80-2 HIGH LEVEL WASTE STORAGE TANK
G-001 PUMP (IN 80-2)
F-001 SUPERNATANT PRE-FILTER
D-001 SUPERNATANT FEED TANK
£-001 HEAT EXCHANGER
€-001 CESIUM [ON EXCHANGE COLUMN "A"
C-002 CESIUM ION EXCHANGE COLUMN "B"
C-003 CESIUM ION EXCHANGE COLUMN "C"
C-004 CESTUM [ON EXCHANGE COLUMN "D"
80-1 SUPERNATANT TANK
80-3 SUPERNATANT COLLECTION TANK
G-007 PUMP (IN 8D-3)
F-002 SAND FILTER
6-002 CENTRIFUGAL PUMP (IN D-001)
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VALVES
Fv-077
HCV-004
FCv-015
Fv-006
SC-011
Fv-118
Fv-1048
FV-104A
Fv-105
Fv-108
FV-106
PSE-115
Fv-2048
Fv-218

SUPERNATANT TREATMENT SYSTEM (STS)
TCONTINVED)

fVv-204A
Fv-206
PSE-215
Fv-205
Fv-208
FV-306
Fv-3ns
Fv-308
FV-3C4A
FV-3048
Fv-s18
PSI-318
FV-406
PSE-415

Fv-405
Fv-408
Fv-418
FV-4048
FV-404A
Fv-042
Fv-031
FCV-035
PSE-715
Fv-064
Fv-067
Fv-068
SC-014
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FMECA COMPONENT LIS)
SUPERNATANT TREATMENT SYSTEM (STS)
(CONTINVED)
INSTRUMENTS

AE-008 Turbidity LE-219
FE-015 Magmeter LE-119
TE-099 AE-019 pH
TE-010 CE-058
FE-035 LE-017
RE-037 LT-016
RE-413 8-LT
RE-313 LE-602
RE-213 LE-60]
RE-113 POY-005
RE-034
B-LT-10
PT-033
PT-028
LE-41)
LE 319
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SUPPORT SYSTEMS

Instrument Air - Prefilter B)owdown
Demin. H20 to D-001 dilution
NaOH / HNO3 Addition to D-001

reat Exchanger (E-001) Secondary Side
leolite (Supply) for £-004

Instrument Air for C-004

Sluice Hp0 for C-004

Saud Slurry (F-002)
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FMECA COMPONENT LIST
CEMENT SOLIDIFICATION SYSTEM (CSS)
MECHANILCAL EQUIPMENT
70-V-010-N Cemént Day Bin
70-D-001-N Waste Dispensing Vessel
70-G-001-N Waste Dispensing Vessel Pump
70-K-002-N High Shear Mixer and Motor #]
70-K-004-N High Shear Mixer 2nd Mutor #2
70-V-002-N Filling Cap Assembly/Lid Handler
70-G-106-N Dewatering Pump
YALVES
FV-004 FV-005
Fv 006 Fv-10
Fv-007 CHECK VALVE-UW
Fv-088 070-v-001 - CEMENT DIVERTER VALVE
FV-046 CHECK VALVE-Uw
Fv-047 CHECK VALVE-AIR
Fv-098 CHECK VALVE-UW
Fv-099 FV-160

Fv-002 Fv-161
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INSTRUMENTS
WE-2071 (WT Mixer #2)
WE-2072 (WT Mixer #1)
WE-2073 (WT Drum)
LT-2001
WE-2011 (Cement WT)
FE 001 (Process Flow)
LS-2046 (Mixer Overflow)
LS-2048 (Mixer Overflow)
F$-2002 (Inlet Feed Flow)
FS-2004 (Inlet Feed Flow)
FS$-2003 (Inlet Feed Flow)
FE-2080 (Main Inlet Flow)
FS-2042 (Recir Flow Indicator)
FS-2035 (Mixer Feed Flow Indicator)
F$-2038 (Dewatering Pump Flow)
LS-2053 (Level Switch WDV)
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CEMENT SOLIDIFICATION SYSTEM (CSS)

SUPPORT SYSTEMS
Feed from 35104

Resin and Zeolite Feed
Concentrate 50-15A Feed
070-VE-053 (Vessel Vent)
070-UN-068 (W20 to D-091)
070-UN-090 (Hz0 to Mixer #2)
070-UN-094 (Hp0 to Mixer #1)
Cement Silo

Hydraulic Fluid to Cylinders
070-UN-005 (M0 to Return Line)
070-UN-067 (H0 to Supply Header)
070-UN-011 (Hp0 to Supply to Mixer)
070-DR-2-092

070-PL-014 (Return Line to LWTS)
HSCSS Control System
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EAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS WORKSHEETS
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SUPLARATANT PROCESSING  STEADY STATE

RELIABILITY ANALYSIS

| SEVERITY | RELATIVE | FAILURE

| CATEGORY |PROBABILITY |

FALLURE
EFFECT

COMPONENT ICENTIFICATION

EFFECTIVENESS OF ZEOUITE mAY BE
THE EFFECTIVE LIFE OF THE ZEOLITE.

SAND FILTER, UL IMATELY VENTING THROUGH 803
| VENT SrsrEm.
REDUCED TO AN UMACCEPTABLE LEVEL BECAUSE THE

| RESIDENCE TIME 1S DECREASED, THERESY SHORTENING |

| LIGUID MAY BE DISPLACED I ALL COLUMNS WO ThE |

FIC O35 (IMDICATIONS WAy
BECOME CRRATIC) AND RE
SIC-035 AND OTHER PRESSURE
INDICATORS witl GIVE LEAKAGE
| IMOICATION IF LEAKAGE IS LARGE

VALVE LEAKS THTOUCH DuRiNG
PROUCESS mODE
BURST DISC MUPTURES DURING PROCESS mODE

PSE-275, 1O Ix Co902

L1-022 INDICATES INCREASE 18 80 1| SUPERNATANT AND RESIN COULD ACCUMULATE Iw 80-1.

Y205, JEOLITE SUPPLY
Y205, IEOLITE SuPPLY

"
ite

REQUIRE REPROCESSING OF 8D-) LIQUID.
| VALVE BOX COLLECTS SADIOACTIVE LIQUID SUSSTANCE

NO ALARM iw SIS
RADIOACTIVITY
N VALVE BOx

B . . e e . ———————

LEAKS THROUGHE DURING PROCESS mODE
VALVE LEAKS EXTERMALLY DURING
PROCESS mODE

3 &
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FAILURE DETECTION WETROD(%)
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REQUIRE REPROCESSING O 801 LIGUIL .
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LEAKAGE OF SUPERNATANT INTO 801 may

B0 LIGUID LEVEL.
WO ALARN (N 5TS
L

L1022 IMDICATES INCREASE Iw

JEAKS THROUGK 1M SROCESS MODE
LEAKS THROLGH (% PROCESS mODE

308, MUICE waTER O DY
PV B0AA, SLUICE waER SueiLY
1O BOTTOW SCREEN

; E

PSE 315, 1O Ix C-003

3

+ s ‘
[ S AR SRR R AR G R AR SRR MR AR R R R R e —

o~

- ————————————

g

| IMODICATION IF LEAKAGE IS LARGE

WO SIGMIFICANT EFFECT

'
'
'
3 . ' .
—— e  ———————————————————
' ' v
.

PLATE WILL READ THE SamE

PRESSURE AS CNE INSTRUMENT
ALR SWUPPLY PRESSURE

FVOAUS, INSTRUNENT ALR SUPRLY

2

. ' 4+ x
——— Y e e e e e . ————————— —
' [ '

IS In THE STANDSY mODE

10 In-C-004

-

———————




———————————————————————— i ——————————— —
* . *

. ——— e e ———————————————————————

RELATIvE
{PRUBABILITY |
.

C
<
€

TR —— e ————————————————————————————

8 siie : : :
7 x5 :

- P
% e $2-4-72

vate 04
- -
cu% oare/27% 87 wevicues o
AL
eFrect
| THE WGANAL 260LTTE REFILL CYCLE CARMJT PROCEED.
THE ZEOLIT REFILL CYCLE CAMKO! PRICEED
ot
ot

W ———— . —————————— W ——— e ——————

LEAKAGE )

LR Y
CTIWET SGITOw, F1-026

oWt s

FALLURE DETECTION WETROD(S)
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FAlLume
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WALVE FALLS TO OPEN DuRiING
AlR PumGe CvCie
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AlR PumGE CYOLe
WALVE LEALT TRROUSH DURING RINSE Croce
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WELIAR L ITY A TRIS
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wbilalomies o i

'uu |2-.q'-f7

| SEVERITY | RELATIVE | FAILURE

Faiiume

FAlLume

Cuass

| CATEGORY |PROSABILITY |

Errect

FAILURE QETECTION mETmoD(s) |

ComPOmen? 1DENTIFICATION

WALVE LEAKS ExTERWALLY RADIGACTIVITY IN VALVE BOx | VALWE SOX COLLECTS RADIOACTIVE LIQUID SUBSTANCE

FVAES, JEOLITE SUPRLY vALVE

-

-

s )

DUR NG RINSE WODE

| VALVE LEAKS THROUGH DURING SACKWAS. MODE

VA0S, IRORLITE SPPLY wALVE

- ——— i —

| VALVE 80X COLLECTS RADIOACTIVE LIGUID SUBSTANCE

RADIOACTIVITY In VALVE BOX

VALVE LEAKS EXTERNALLY DURinG

Fv A0%, ZEOUITE SUPPLY wALVE

VALVE LEAKS THROUGH DURING

VA0S, ZEGLITE SUPPLY wALvE
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