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ABSTRACT

The VITPP Upgrade Study is evaluating the feasibility of converting the existing 1
metric ton per day Vitrification Pilot Plant (VITPP) into a long-term production facility in
order to vitrify all of the residues in the K-65 silos. A simulation analysis was performed
on existing configuration of the VITPP the to evaluate its reliability, availability, and
maintainability as a production facility. The analysis modeled the operation of major
systems and components using AT&T ISTEL’s Witness® simulation software. Estimates of
mean time between failure (reliability) and mean time to repair (maintainability) were made
for components that could cause a reduction or suspension of glass production. The
analysis software, using the above estimates and a functional description of the process
systems, determined the total operating efficiency (availability) of the pulot plant on a
monthly and cumulative basis over an eight year period.
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EXECUTIVE SUMMARY

The current baseline for final remediation of the residues stored in Silos 1, 2, and 3 is
vitrification in the Fernald Residues Vitrification Plant (FRVP). The FRVP is scheduled to
begin operation in the year 2000 and complete its mission by the end of 2003. The
estimated capital cost for FRVP is near $100 million and the estimated total life cycle cost
is near $200 million. To gain information specific to vitrifying the silo residues, a 1 metric
ton (1000 kg) per day (MT/d) Vitrification Pilot Plant (VITPP) has been built.

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

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

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

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

1.1 Background

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

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

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

1.2 Purpose

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

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

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

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

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

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

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

The RAM Analysis Report will be published in two parts. This first part evaluates the

VITPP in its 1 MT/d configuration. The second part will evaluate the upgraded plant in its
4.5 to 6 MT/d configuration.
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2.0 RESULTS

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

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

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

plant testing.

G000U7




627

P

o .
. ° e

_h ¢ Fy o o Iy

_ ,R A_,

!

— R LR
! WH o ° L o voc o

. @ ° ° o $

_ SHV3IA . ,
] L 9 . S 2 £ 4
(T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T I T T i T TTTTTTTT
hzmzmo<Jmmm>moho<mmmm.1\\\x\
ALIISVIVAY
JOVHIAY ATHLNOW
ALMIEVIIVAY
IAILYINWND 1///
[ | NEaen | 1113 | ¢ ] an " l-ll-l EEEEs aSusaEl ll.lll\Mllllﬂl ,ll-lyllllql. rerr Y
% w . o .M w !
,_ v © < © o n /
e o 123 ° /
-3 ,

(yued uononpoud e se Bueiado s| ddLIA SBWNSSY)

ALNIGVTIVAY ddlIA
I 3HNOId

0S

09

0L

08

06

001

(lusasad) ALINIGYIIVAY

D
-

G

6o



627

S
ap)
' 2
(%4 14 8 A € 14 000'0L 49]|0J3U0Y HOS 3pONI3|3 L# HOZ
‘ied g
O Yydea 40} Syluow G AJBAS UOIUIASUI BuiINOY 9 0 v 0o 0 z 0t $9p04329|3 J3Y BN <m
*SIN0Y Q0G| AJaAd J0l0J pue 101e)S doe|day Z G Gl 0 0 0 00S'1 dwng paa4 19PN L1-Wd-S
"1010w / dwnd jo aysodwo) gt (44 1744 viv /9 €T 00L'6l dwng paa4 BN L1-WNd-G
SLNINOdJINOD WILSAS HILTEN
"sain|e}
*0SiW 10} yuow 1ad Sjiys g ajewnsy gl - - - - - 0tL sainjie4 waisAg Aunis osin VN
"s1asdn uonesadQ
OSIW 10} WIIUMOP ¥39M Jad 1jiys | 21ewnsy 8 - - - - - 891 walsAS Aun|S aSIN VN
vZ 4 9 8 9 4 000°LY SA|BA P34 91PN 6L1-Nd
‘yoea LYE ‘66T
491N SIY 000’ LY 18 S3AjeA £ Jo alsodwo) 124 [4 9 8 9 [4 L99°'EL SaAleA g juel Aunis ‘T6T-NS
‘yoea 8v€ ‘86¢C
491N SIY 000’ Ly 1e saajea ¢ Jo ausodwo) 1 44 < 9 8 9 4 L99°¢lL S3A|BA V uel Aun|g '96Z-Ad
'sinoy 08Ez A1ana dinba apis Jie aoejday 08€2
"SIN0Y 09| AJ9AD sanjen adejday ¥¢/9¢ [A x4 9/8 8/8 9/9 RAYA 109v1 sdwingd jue) Aunig | 9'viy0-Wd-S
Bundnoo ; xoqseab / Jolow jo 3ysodwo) 9t veiz | sizue | visiy | €i8ie | Tiziz | 006°L2 si01elby suel Aunis | 9'VS0-9V-G
010w / 13pad} jo ausodwo) vZ [4x4 /8 v/8 €/t viv 0006 J9paag4 Aiejoy Jawiog ssejn LL-AY-S
‘002’8 = JALW e pajapow 3ajea 3ysodwod L6Z ‘06T '8Y¥0 ‘LY0O 'v20
31Buig "aneA Yoea 0QO’'LY = JA1W v 4 9 8 9 [4 00Z°‘s SBAIBA [0AUOD J3UDDIY L XXX-Ad
Bundnos / xoqueab / Jolow jo ausodwo) 9¢ L/eiz | 8/ZV8 | vi8lv | €/8/€ | 2/Z/z | 006°L¢C axey Jauaxyolyyt ¢-H1-S
S1ININOJINOD WILSAS NOILYYVd3IHd 334

. sawi| Jieday pue saley ainjie4 Juswdinb3 sisAjeuy VY ddLIA L 2|qel



627

9
)
|
"Jojow / uey jo ausodwo) | z ‘L 81 (414 v/8 viv e/e [AX4 000°ve uej sen-4j0 AouabBiawg 8€-v4-G
"Jojow / uey jo ausodwo) { Z ‘L 8i (414 /8 [4r4 €/9 (44 000'vT ueg isneyxy GZ-vd4-§
=)
‘009°tl = JAlN 040-AD1
ue Yiim pajapow aajea aysodwod ‘'0L0-AD4
3jBuig ‘aAjea yoea 000’ LY = 491N L ve [4 9 8 9 4 009°tl SAABA 01U0D) SED-H0 ‘'0GT-AD4
‘sAep £z AJaaa paoe|das 3q Isnul Jueddisaqg £ 9z 0 v 0 0 Z 89 Jamo] 1uedoisaqg LZ-HA-S
"Jojow / dwind 40 aysodwo) [4 9L T/ v/8 it £/t T/z | ooL'sl dwnd Jjamo Buyoo) 8Z-WNd-S
19Bueyoxy -
[4 9¢ [4 9l 8 8 4 00Z'sel 1e9H 13m0 yduanp LC-3H-S
'S3)zzou Aeids aoe|day € 9l Z g v Z Z 08E'Yy Jamo| youanp 1-9S-G
SLN3INOJIN0I WILSAS SVO-440
‘sainje} sainje4
"OSIW 10} %93Mm Jad 1Jys 3uo alewnsy € 8 - - - - - 891 19)|3N Snoaue|jaosIYy VN
suawisnipe uonesadQ
asiw 0y dwnumop Aep Jad Jnoy | arewnsy £ 1 - - - - - vz 193Ny snoaue(jaosSIN VN
"adueudluiew pauyeid € 8 L G r4 0 0 0L SanjeA JauaAIQg
ue4 Joleipey WaSAS J3lBAA
"Jojow / uey jo aysodwo) l Gl rAYA viv viv £/e (44 g€EL'ee Buijoo) dooq paso|) 13BN VN
*aoe|da) 03 syjuow
Z YlMm sieaA ¢ aq 01 ay) Ai01oe4491 djewnlsy € 09vlL - - - - - 082°'9¢ Ai01oRI)8Y 193N VN
19)j013u0D YIS
€ ¥4 14 8 [4 £ 14 000'0L sia1eaH saquiey) abieyosig
b 8 Z 000'GE sialeay Jaquiey?) afieyosig
i )

. sawi] Jeday pue sajey ainje4 Juswdinb3 sisAjleuy VY ddLIA L 919el




4-‘

L of
¥
“U,
S
-
o
'1S9] pue ‘aoejday ‘daid ‘uiwpy ‘Beiq Jo0 wns ay) ‘-neday 0] awij uesy UllN
Apadoud sajeiado awdinba paoe|das 10 pasedas ayl 1eyl ainsua o3 pasinbais awiy 1591
‘spiemualje dnueajd Buipn|our “yiom ayy wiuoyad 0y pasnbai swi) aoejday
‘sued ajeds Buwielqo pue ‘siauieq uoneuiweluod Buipjing ‘ease ayl BulAdAINS Se yoNs 3i0m 3y} Joj asedasd o) pasinbal awny ‘daig
1Wiagd JIOAN uoneipey pue JapiQ/isanbay 3JOM e se yons yiomisaded palinbas ayl $Saososd 03 pasinbas awng ‘nwpy
w3ajqoid ay) asoubeip 01 pasnbai awiy ‘Beiq
ainjie4 uaamiag awlj ueaw 491N
:puaban
‘SIWI) Y1 LW PuUE 481LWN 21SOTWO0D ILLIBLIP O} POYI3W |BUONERINDIED IO} '€ UDIDIS 33 G
3JBWINSA JOPUIA ‘B
. alewnss Buudauwbuy ‘¢
Alewnsa gAMH YIMm 32uU3N2uU0d 3dueuduieiy ODJWHIH ‘2
G£88-3HSS-DRH3 woig |
:99U3J3}9Y
‘sainjey sainjieq
"OSIW JOJ YIUOW J3d SHIYS Z 3lewinsy € 9i - - - - - 0€L WalIsAg seD-jQ "ISIW VN
‘syasdn uonesadp
€ 8 - - - - -
L SIH) | (SIH) | IS
"Joy 1 | eomdou | desg | uiwpy | Beig
. sawl| Jieday pue saley ainjie4 juswdinby sisAjleuy VY ddlIA L 3|qel



627

‘uofiesado snonuRUOd Loddns 0) AJeSS303U SB JURPUNPII B JIM WIBISAS ay |

WaISAG JusWIRAl] UOpeY MIN

&
SININOJINOD W3LSAS HIL13W
WN

‘ddLIA a4l jo mE.oES_:cS pasy} je10} ayy BuiAjddns jo ajgedes pue

uapuadapui s1 ojis yoe3 ‘uonoNposd uo Joedw) OU aq |Im B3yl 1BYL OS PaziIN uonesado ys yoeq WwoalsAg
pue pasiedas 3q ued sanjey Juawdinba ‘Aep Jad 11ys auo Ajuo S31BI3M0 Ajjewlou WIISAS SIY) FOUIS |eAOwWaY 3NPISaY Z B | SO|IS VN
‘uoonpoud Juejd syoedwn 11 31043q
pade|das aq p|nod JUBWAY3 J3)|1) SIYY 1Yl YINS Aep 1ad JNOY AUO UBY) SS3j Pappe e SIaW.o) sse|o 1914 Yd3IH VN
‘uononpo.d jueld syoeduwi
11 21042q pasiedas 3q piNod J3MOIQ Syl eyl yons Aep Jad JNoy U0 UBY) SS3| Pappe aJe S0 SSE|D) Jamo|g wnnoep 99-18-§
'SaNPISaY £ OIS 10} Pasn AJuo Si dA|BA SIy) BAjBA JBUBAIQ GZ-AS
‘S3aNPISaY € O|IS 10} PISN AUO S| dAjeA Siy] AjeA J3MIBANIQ £L-IN-G
N SPE) It )1 UIPPIIBAD Ajjenuew 3q ued aAajeA siyy SAIBA J3L13AIQ 8L-IA-G
‘uoIONPOoId
lue|d sjoedwi i 310)3q PIIIBVL0D 3q PINOD W3G0I Syl 1eyl YINS AP 130 INOY U0 UBY) SSI) pappe
9Je SJI3UIO0) SSEIH IWANDI 0 303 Syl U WSILeYIIW inpej QP3id Auo ayl st BuBBod TETE ] J19A1329Y/13} |14 BANIPPY 69-2a-§
‘pajoedun s1 uononposd jueid 3i053q
pauieiqo aq pinod ajeds aaneusarje ue jey) Yons Aep Jad JNOY 3UO UBY) SS3} P3PPE 3JE SIWIO SSB|Y ajeag wuojiely 2L-0S-S
"uej SIy} Jo ssoj e 0} anp ‘
u0119Npoid uo Joedwi OU 8Q PINOM 33y °uaxe} aq 0) aAey pINOMm suonnesasd Alajes pappe ybBnoyye
‘Uej SIyl JO asN 3Yl INOYIUM pappe B ued SIBWI0) SSBID uey ISNeYxa ay} st Led Buiaow Auo ay) uonelsg dwnq beg +9-98-5

‘uononpoud jueid
sioedw J) 210)aq payedas aq ued dwnd syl 1eyl yons Aep 1ad JNOY BUO UBY) $SI] POPPe S) 3IN200|4

dwnd sue} dn-ajew uanoasoi4

‘uononpoJd jued syoedw
11 3i0jaq paiedas aq ued soiedbe syl 18yl Yons Aep Jad Jnoy 3u0 uey) SS3| Pappe Si JUBND0|4

lojenfiy jue] dn-axepy 1uaN2204

"8in|iey B JO JUSAI 3y} Ul USPPLIBAD AjlenuBW 3Q UBD SAAJRA 3Say)

SAA|BA \SN|4 131BAN 910A03Y

L6T'LLL9TO -Ad

S1NINOJWOI WILSAS NOILVHVd3Hd Q334




627

-6
A
T
-
&
&
-
‘uoneJsado jueld urejuiew ued JYI0 Ay} S|ie} AUO §| ‘JUBPUNPAI dIe SI3Y|Y ISaY) $19})!4 Vd3H 8/vev-14-G
‘pouiad Jiedas syl Buunp uonesado panunuod 3o aaosdde jm saouabe AiolenBas ayy
1Yl pue ‘}JIys 3uo uiyum pasiedas aq ued walsAs SIyl 1Byl ‘puey uo aq |jim Ssaseds eyl pawnsse Si 1y wialsAg Bundweg Jiy onauIyos) 2SZ-XX
‘pouad 1noabueyd siyy Buunp uonesado panunuod jo aaosdde jim sapuabe AsolenBal wcu eyl pue
‘IHIYS BUO UM pade|das 8q ued J0JUOW SiY) 1Byl ‘puey UO 3Q |IM JOLUOW 3Jeds e leyl pawnsse St 3| Jojluow Roeis 0S2Z-1Vv
‘pouad 1noabueys syl Buunp uoneiado panunuod jo aaosdde jpm sapuabe AsolejnbBas ayl Jeyd
pue ‘IHYs auo ulyliim paoejdas aq ued SJOJUOW 3SAY) 1Byl ‘puey uo aq JpM Saseds eyl pawnsse S}y SI0LUOY uOpeY SS300.d 16l ‘061-1V
‘uononpoid jued
syoedw ) 21049q pasiedas aq ued dwnd siyl 1eyl yons Aep Jad Jnoy auo ueyl SsI| pappe Si ousne) dwnd Buuaiapy onsne) 09-Wd-S

‘uonesado Juejd uliglulew UBD JAYI0 Y S|iey auo §| -uepunpas die sdwnd asay)

sdwnd Bunenonoay 1aqqnidog

Z# pue | g dung

‘uonesado juejd uieluiew UBRD JBYIO 3Y) S[IB} BUO §| “luepunpal ase sdwnd asayl sdwing Jamo] ysuanp a/vVETZ-WNJd-S
‘[ie} 01 sued Buinow opN Noelg isneyxy 0Z-SX-G

‘[ley 03 sued Buiaow oN spag uoqie) a9/V6 L-NY-S

| ey 0) sued Buiaow ON 13qQniog UNJUAA 22-9S-G

W31SAS SVD-340 ¥3LT1IN

‘paoe|das Bulaq s1 JuaWa3 U 3|IYm UONRIAAD PANUIIUOD MO|je 0} SISIXa AJuepunpal JualdNg

sajdnooownay] JayaW VN

‘o

N0 3Qq 0} paau Aew S1asn |e213LO-uOuU 3wos ybBnoyyje ‘pouad wualul ue 104 uononposd ssejd uieuiew
0} 3|qejieae 3ie $10SsaIAdWO0I Jie J|diynyy ‘abeisols Be| wudl LOYS 10} papiAcid aie SIOIBjNWNIIY WaISAS Jiy Jueld St B v-WD-S
‘uonesado juejd uieluieW UBD JBYI0 BY) S|IB) U0 )} ‘luepunpal ase sdwnd asay] sdwng 13|00 Jojeipey S WLS-NJ-G
“Juauodwod Jaep wag Aue 4O aiNjie} 8 J0 JUAAI 3yl ul dnoeq wid) LOoYS e Se 3|qe|ieAe SI YUjoUoW Jaepy way vZ-48-S

. Po|apOIN 10N Juswdinb3 SISAleUY VY dd1IA :Z 8lqeL



627

3.0 MODELING CRITERIA AND ASSUMPTIONS

3.1 General

The model assumes that the VITPP has completed its startup and pilot plant testing
operations and is operating as a production plant at the design capacity of 1.0 MT/d.
During the startup and testing periods all equipment that may not be appropriate for the
service, as a result of either function or materials of construction, have been replaced.

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

availability.

3.2 Mean Time Between Failures

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

MTBF = —
FR

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

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

EG&G, "Generic Component Failure Data Base", Jan. 1993 - This is an update of
EGG-SSRE-8875(1990). EGG-SSRE-8875, in turn superseded NUREG CR-2728
(IREP) and EGG-EA-5887. Contains recent failure data from nuclear power facilities
in the United States. In choosing the recommended composite value, the quality of
the original source was considered.

IEEE-500, “Reliability Data”, 1984 - Expert opinion and data from nuclear power
plants.

Fluor Daniel, “Total Operating Efficiency Evaluation / Simulation Study”, April 1993

- A RAM analysis performed for the Hanford Waste Vitrification Plant Project.

Informal conferences with FERMCO maintenance department - Several meetings

were held with Joe Legge et. al. to obtain input on Fernald operating experience.

10
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3.3 Mean Time To Repair

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

3.4 Combined Equipment

Some equipment, which consists of multiple components, are modeled as single items. For
example, a typical agitator is made up of 8 motor, gearbox, coupling, and blades, each of
which have different MTBFs and MTTRs. The combined MTBF_ and MTTR_ are determined
using the following formulas, where A is the availability, subscript ¢ is the combined value,
and subscript x is the value for the item in question:

S R RO B
MTBF, MTBF, MTBF, MTBF,

MTBF,
MTTR . ——=-MTBF,

A=A A Ay

MTBF,
A -
* MTBF,-MTTR,

3.5 Fit For Duty

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

3.6 Availability of Spares and Personnel

LN
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" The model assumes sufficient storage space is provided near the VITPP for immediate
availability of spare equipment and components. The model also assumes that sufficient
operations and maintenance personnel are readily available to perform the necessary tasks.
3.7 Other Events

Natural Disasters, labor disruptions, sabotage, initial facility startup problems, and any

FEMP site emergencies are excluded from this evaluation. Gross operator error is also
excluded

12
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4.0 SIMULATION MODEL

4.1 General

The basic VITPP residue processing system was modeled to allow calculation of glass
production, and therefore availability. The calculated glass production in a given time
period is divided by the maximum possible production during that time period [(1 MT/d) X
{(number of days)] to determine the availability of the plant.

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

In order to allow all components to reach equilibrium and obtain accurate results from the
model, AT&T ISTEL recommends that the simulation time be run for several times longer

than the maximum MTBF of any component. The longest MTBF in this model is 175,200
hours (20 years) for the Quench Tower Heat Exchanger. A run length of 400,000 hours

(45 years) was chosen. Figure 1 represents the last 8 years of that time period.

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

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

4.2 Thickener
Since the Residue Retrieval System is not modeled, the Thickener is modeled as a tank
containing ten times the actual amount of solids in Silos 1 and 2. Ten times was selected

to ensure that this modeling element would not “run dry” during the 45 year simulation
period. The Thickener provides feed to the Slurry Tanks.

13
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" Failure of the Thickener Rake or any of the five slurry control valves (FV-024 coming out of
the thickener, FV-047 between the Thickener and the Slurry Tanks, FV-048 recycling back
to the Thickener, and FV-290 and FV-291 leading to the two Slurry Tanks) prevents the
thickener from transferring slurry.

4.3 Additive Bin

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

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

4.4  Slurry Tanks

The two Slurry Tanks are modeled as processors and operate sequentially. During each

cycle a Slurry Tank receives 390 gallons of slurry from the Thickener, 35 gallons of glass
formers from the Additive Bin, and 90 gallons of water from “the world”, a modeling term
meaning an infinite source or destination outside the model. After receiving the feed, the
processing time is set to 9.5 hours, which accounts for mixing (0.5 hours), sampling (0.5

hours), analyzing (8 hours), and adjusting (0.5 hours). The Slurry Tank then waits until the .

other Slurry Tank is empty, then begins feeding the Melter at 15.5 gallons per hour. It
takes approximately 33 hours to empty a Slurry Tank. ’

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

4.5 Melter

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

15
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* The electrodes are consumed during operation. Duratek estimates that each pair will need
to be rotated and slightly inserted into the Melter approximately every 5 months. It is
expected to take 6 hours per pair for insertion. The refractory is also consumed during
operation. It has been estimated by FERMCO that the refractory will have to be replaced
approximately every 3 years. FERMCO estimates and GTS Duratek concurs that it will
take approximately 2 months to complete a refractory replacement. This assumes that the
replacement is a planned event, that new refractory ( largely cut to shape) is available in a
staging area, and that an experienced subcontractor will perform the work on a three shift
per day basis.

4.6 Melter Off-Gas System Equipment

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

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