
R . *b 

WSRC-TR-95-0113 

APET Methodology for Defense  Waste P r o c e s s i n g  Facility: 
Mode C Operation 

by 
R. P. Taylor, Jr 
Westinghouse Savannah River Company 
Savannah River Site 
Aiken, South Carolina 29808 

DOE Contract No. DE-AC09-89SR18035 

This paper was prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By.acceptance of this paper, the publisher and/or recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 



t 

DISCLAIMER 

This report was prepaml as an account of work sponsored by an agency of the United States 
Government. Neithm the United.States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility frr the accuracy, completeness, or usefulness of any informaton, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recomznendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

. 

This report has been reproduced directly from the best available copy. 

A.vailable to DOE and DOE contractors fiom the office of Scientific and Technical Infomtion, 
P.O. Box 62, Oak Ridge, TN 37831; prices available from (615) 576-8401. 

Available to the public h m  the National Technical Information Service, U.S. Department of 
Commerce,- 5285 Port Royal Road, Springfield, VA 22161. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



WSRC-TR-95-0113 
SAFETY ENGINEERING DEPARTMENT 

KEWORDS: DWPF 
Progression 

Accident Analyses 
Probabilistic 

APET GETHODOLOGY FOR DEFENSE WASTE PROCESSING FACILITY: 
MODE C OPERATION 

R. P. Taylor, Jr 
William M. Massey 

Issued: April 1995 

Approvals: 

6t?P& /-/ 
R. P. Tayloc Jr. wthor 
Risk Analysis' Group 

W. M. M a s s e V A u t m  
DBA/Phenom&a Analysis Group . 

D. R. Bradley, Technical R e e w e r  
Integrated Safety Assessment Division, SAIC 

4 

D@d& 
D. A. Sham, Manager 
Risk Analisis Group 

L'. A. Wooten, Manager 
DBA/Phenomena Analysis Group 

/ I 

I *Ts  Hit/chler, Manager 

Westinghouse Savannah River Company 
Engineering and Construction Services Division 
Aiken, SC 29808 

4 . /  2 4/9s- 
Date 

3 - a e - 9 s  
Date 

Date 

. _  



-I_- 

The Savailnah River Site [SRS] Defense Waste Processing Facility [PWPFJ is a facility 
designd' to convert the waste currently stored in tanks at the 2WArea tank farm into a form 
that is suitable for long term storage in engineered surface facilities and ultimately geologic 
isolation. The DWPF is currently undergoing cold chemical runs and some lixhited 
construction preparatory to hot startup in 1995. A Safety Analysis Report [SARI has been 
prepqed for the facility which describes postulated accidents and consequences of 
operation.[1] The usual practice in preparation of Safety Analysis Reports is to include a 
conservative analysis of certain 'design basis accidents'. 

The methodology used to determine the risk of operation of the DWPF borrows heavily from 
methods applied to the Probabilistic Safety Assessment of SRS reactors and to some 
commercial reactors.[2] Risk of operation is associated with the breach of confinement 
barriers. The primary barrier to the release of fission products is the vessel or piping 
containing the waste that is being processed. The remaining barrier to the release of fission 
products is the confinement system which includes the buildings housing the process and the 
filter/ventilation systems. The potential consequences of an accident in the DWPF is 
determined by the systematic tracking of the progression of the accident in terms of the extent 
of damage to the confinement barriers. Accident progression analysis involves the application 
of Iogic models, supplemented by mechanistic evaluations, to track possible accident sequences 
from the initiating event, through damage to the primary confinement barrier and to the final 
state of the confinement system. Theprincipal'goal of the analysis is to evaluate the success of 
the confinement system in mitigating the release of fission products to the environment. 

The Accident Progression Event Tree or MET, provides a probabilistic representation of 
potential sequences along which an accident may progress. The fundamental objective of the 
MET is to evaluate the success of the confinement system in mitigating releases. The MET 
consists of questions that are phenomenologically oriented and address important aspects of. 
accident progression as well as questions that address the integrity and performance of the 
confinement system. Each question in the APET is analogous to a top event in a classical 
event tree. The possible answers to the questions are specified in terms of two or more discrete 
outcomes represented as branches. The probability that a particular branch is-taken is evaluated 
based on the answers to previous questions [Le., accident progression is sequence dependent] 
and on mechanistic analysis of accident progression and confinement response. 
Use-of the EVNTRE/APET for modeling of accidents in the DWPF involves .a significant 
departure from the methodology.deve1oped for reactor analysis as described in Reference 2. 
The APET does describe the sequence of events that may occur following an accident initiating 
failure as in conventional EVNTRE/APET methodology. However, it also determines the 
frequency of certain internally initiated energetic events. This determination is made by 
ayalysk of the cut sets for fault trees of systems in which failure can cause energetic events, 
using the capability of EVNTRE to interchange information with an external FORTRAN 
program. 
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1. INTRODUCTION -. 

Safe operation of SRS facilities continues to be the highest priority of the Savannah River Site 
[SRS].' One of these facilities, the Defense Waste Processing Facility or DWPF, is currently 
undergoing cold chemical runs to verify the design and construction preparatory to hot startup 
in 1995. The DMPF is a facility designed to convert the waste currently stored in tanks at the 
200-Area tank farm into a form that is suitable for long term storage in engineered surface 
facilities and, ultimately, geologic isolation. As a part of the program to ensure safe operation 
of theDWPF the Safety Analysis Engineering Section of E&CSD has completed a Probabilistic 
Safety Assessment of the DWPF. The results of this analysis are incorporated into the Safety 
Analysis Report [SARI for DWPF.[1] The usual practice in preparation of Safety Analysis 
Reports is to include only a conservative analysis of certain 'design basis accidents'. 
A major part of a Probabilistic Safety Assessment is the development and quantification of an 
Accident Progression Event Tree or MET. The APET provides a probabilistic representation 
of potential sequences along which an accident may progress. The methodology used to 
determine the risk of operation of the DWPF borrows heavily from methods applied to the 
Probabilistic Safety Assessment of SRS reactors and to some commercial reactors.[2] This 
report describes the Accident Progression Event Tree developed for the Probabilistic Safety 
Assessment of the DWPF. 

2. SUMMARY 

In the Defense Waste Processing Facility [DWPFJ there are three barriers to the release of 
fission products to the environment: the process vessels and piping [the primary banier], the 
DWPF buildings, and the ventilation/iilter system. These last two barriers are equivalent to the 
Confinement System of an SRS reactor and are so designated in this report. In the unlikely 
event of an accident that breaches the primary barrier, radionuclides will be released into the 
process cells and building. The main actidents of concern at DWPF are energetic events due to 
deflagration or detonation of the hydrogen and benzene vapors produced in the process vessels 
at DWPF during waste processing operations. In order to determine the consequences of an 
accident, systematic tracking is required of the progression of the accident from the time of the 
event or events leading to the breach of the primary barrier until the plant is in a stable state. 
The pMcipal goals of the accident progression analysis are: 

[ 11 to evaluate the performance of the Confinement System in mitigating the release of 
fission pmducts to the environment and- 

[2] to provide sufficient information such that the magnitude of any release to the 
environment can be estimated as well as the timing and energy associated with that 
release. 

The logic model used to describe the progression of the accident and determine the success [or 
failure] of the confinement system in mitigating the consequences of an accident is called an 
Accident Progression Event Tree or APET. The APET described in this document is based on 
Salt Processing Cell (SPC) Mode C. This is the full radioactive mode processing. 
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2.1 

The N E T  that was developed for DWPF contains 193 events [or questions] that detail the 
possible progression of postulated accidents. In general, the APET incorporates sufficient 
detail so that the answers to questions leading up to any point in the accident progression 
supply information adequate to [ 13 provide a reasonable estimate of the outcome of the next 
event considered or 121 establish bounding conditions fur the use of mechanistic calculations to 
provide the answer. - 

The Accident Progression Event Tree 
C .  

. 

In the development of the N E T  a series of events [questions] was postulated that could occur 
during progression of the accident. Ih general these events pertain to 

[I] the cause of the accident [Le., initiating event], 
[2] the status of the plant at the time of the accident, 
[3] the energetics of the accident, 
[4] the impact of the accident on adjacent equipment/pcesses, and 
[SI the response of the Confinement System to the challenge posed by the energetics 

accompanying the accident and/or the radionuclides that breach the primary barrier. 

A probability of Occurrence [branch point probability] is associated d t h  each outcome of each 
event or question in the MET. The sequence of outcomes then determines the course of the 
accident with an associated probability of occurrence and is referred to as an accident 
progression sequence: An accident progression sequence is a specific set of events associated 
with the accident and the subsequent performance of the Confinement System in mitigating the 
consequences of the accident. 

, . 

2.2 Quantification of the APET 

Determination of the probability of each outcome @ranch point probability] is the major effort 
in the quantEcation of the MET. The probability that a particular branch is taken is evaluated 
based on 

[l] known information related to the condition of the facility or the accident under 
consideration, 

[2] fault tree analysis of active systems within the facility, 
[3], the answers to previous questions [i.e., accident progression issequence dependent], 

and/or 
[4] mechanistic analysis of accident phenomena and confinement response. 

Once the branch probabilities for all questions are determined, solution of the APET is 
performed using the EVNTRE program [2]. 

The result of quantifying the APET is an estimate of the relative frequency of the various 
accident progression sequences. A potential radionuclide release to the environment, or source 
term, can be associated with each accident progression sequence defined by the MET. The 
magnitude and content of the source term will depend on the course of the accident and 
performance of the confinement system However, the tens of thousands of source terms that 
can result from a Single quantification of the MET are still too many for further analysis of 
consequence. Therefore, the accident sequences that have similar characteristics, in terms of 
the radionuclide source to the envirqnment are grouped or "binned". Nineteen characteristics 
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[analogous to top events in the APEV are used in the source term binner. These source term 
bins are used in quantifying the risk of operation of DWPFc31. 

3 0 SUMMARY DESCRIPTION. OF THE DEFENSE WASTE PROCESSING 
FACILITIES 

This section provides a summary description of the DWPF to aid in understanding the logic 
model for the progression of severe accidents. ' The following paragraphs present a brief 
description of the DWPF at SRS. The descriptive information for the DWPF, which i's 
extracted from the DWPF SAR [l], is brief and is intended only to orient the reader with the 
process. 

3 .1  The Confinement System 

The primary barrier to the release of radionuclides fkom.the DWPF is the process vessels and 
associated piping that contain the radioactive waste. The secondary barrier to release of 
radionuclides is designated "the Confinement System". The Confinement System for the 
DWPF [equivalent to the Zone 1 ventilation system as described in the SARI operates on a 
principle similar to that used for the SRS reactors: an enclosed confinement volume, a once 
through.ventilation system that maintains the pressure in the confinement volume lower than 
atmospheric, arid a filter system to remove radionuclides that rnay be in the exhausted air. The 
confinement volume is mainly at and above grade and enclosed by a steel reidorced concrete 
structure. The exhaust fans are located downstream of the sand filters, both at grade level. 
The exhaust air is discharged through an -150-ft. stack. 

3.2 The Salt Process Cell 

Radioactive waste from the production of nuclear materials at the Savannah River Site is 
currently stored in large underground tanks. This waste consists of two parts, an insoluble 
sludge and a supernatant liquid containing soluble salts. The most abundant radioactive 
element in the supernate is cesium-137, although some strontium-90 and plutonium are also 
present. The cesium-137 is removed from the supernate by adding sodium tetraphenylborate to 
precipitate the Cs-137. Sodium titanate is added to @e supernate to adsorb the.Sr-90 and Pu. 
The resulting solution is filtered, producing a decontaminated liquid which is converted to 
saltstone and interred in large engineered disposal buildings located in %Area The remaining 
precipitate slurry, which has been concentrated, is the feed material to the precipitate hydrolysis 
process. The precipitate is primarily an organic m a t d  

The precipitate hydrolysis process is conducted in the Salt Process Cell [SPC] in the 
Vitrification Building or Canyon of the DWPF. Precipitate hydrolysis decomposes the 

, precipitate sluny into two components: an organic stream low in radioactivity and an aqueous 
stream that contains most of the radioactive material ICs-137, Sr-90, and Pu]. The organic 
stream is primarily benzene which is transfened to the Organic Waste Storage Tank [OWSTI. 
The aqueous stream is transfened to the Chemical Process Cell for further treatment before 
eventual transfer to the glass melter. 

The principal hazard of concern in the SPC and its associated vessels is deflagration or 
detonation of the benzene vapors that are produced during the precipitate hydrolysis process. 
The approach used to prevent these events is to exclude oxygen from the vap r  space in each 
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vessel in the SPC by use of carbon dioxide or nitrogen purges. Each vessel is provided with a 
primary and backup c a h n  dioxide purge and a backup nitrogen purge. . 

3.3 The Chemical Process Cell 

The precipitate slurry from the 200-Area tank farm is separated into two streams by the 
precipitate hydrolysis process in the&& Process Cell: an organic stream low in radioactivity 
and an aqueous stream that contains the bulk of the radioactive material. The organic stream is 
primarily benzene which is eventually transferred to the Organic Waste Storage Tank [OWSY. 
The aqueous stream [called Precipitate Hydrolysis Aqueous or PHA] is transferred to the 
Precipitate Reactor Bottoms Tank [PRBTI in the Chemical Process Cell for storage and 
subsequent transfer to the Sludge Receipt Adjustment Tank. 

. . The Sludge Receipt Adjustment Tank [SRAV receives washed sludge slurry from the 200- 
Area tank farm via the Low Point Pump Pit. Formic acid is added to the sludge slurry in the 
SRAT to Teduce mercury to the elemental state for recovery and minimize gas evolution in the 
glass melter. After the sludge has been properly adjusted by addition of formic acid the 
aqueous solution from the Salt Process Cell [PHA] is added in controlled amounts from the 
PRBT. The quantity of PHA added is determined by the solids content and by the required 
ratio of precipitate solids to sludge solids. The adjusted sludge-precipitate slurry is transferred 
from the SRAT to the Slurry Mix Evaporator [SME]. 

In the SME the remaining operations necessary to prepare a batch of precipitate-sludge slurry 
for the glass melter are completed. Glass'frit is added to the SME to achieve a slurry 
containing 28 wt% waste solids and 72 wt% glass frit. Excess liquid is evaporated to achieve a 
total solids content of 50 wt% in the concentrated slurry. After cool down the concentrated 
slurry is transferred to the Melter Feed Tank. 

, The principal'hazard of concern in the CPC vessels is deflagration or detonation of the benzene 
and/or hydrogen vapors that are present in the vessels. The approach used to prevent these 
events is to provide sufficient purge flow to prevent the buildup of flammable concentrations of 
these vapors in the vessel vapor spaces. Each vessel is provided with a primary compressed 
air purge and a backup nitrogen purge. The flammability problems associated with each CPC 
vessel are slightly different and are discussed in more detail below. 

The PRBT has continual evolution of hydrogen due to radiolysis of the water in the vessel. 
Some benzene is also sent to the tank from the PR. The purge flow provided to the vessel 
from the primary or backup purge systems is sufficient to prevent a flammable mixture from 
these sources. However, operator emrs involving transfer of high benzene content material. 
from the PR to the PRBT could cause benzene vapor generation rates large enough to reach 
LFL even with the purge systems functioning. The fault tree for the PRBT explosion models 
all of these mechanisms. 

The SRAT has a radiolysis source of hydrogen generation also. Normal amounts of benzene 
transferred from the PRBT are boiled off with steam during the transfer process from the 
PRBT. The purge flow prcivided to the vessel from the primary or backup purge systems is 
sufficient to prevent a -ble mixture from these sources. In addition, improper additions 
of material from the PRBT, or excess formic or nitric acid additions can cause hydrogen 
generation rates large enough to reach LFL even with the purge systems functioning. 
Propagation of benzene transfer errors from the PR or-incorrect boilup of benzene during 
transfer from the PRBT to the SRAT could also result in benzene vapor generation rates large 



ApriI7,1995 WSRC-TR-954113 

enough to reach LFX even with the purge systems functioning. The fault tree for the SRAT 
explosion diixlels all of these mechanisms. 

The SME has a radiolysis source of hyhgen generation also. The purge flow provided to the 
vessel from the primary or backup purge systems is sufficient to prevent a flammable mixture 
from this source. In addition, excess addition of formic acid can cause hydrogen generation 
rates large enough to reach LFL even with the purge systems functioning. The fault tree for the 
SME explosion models all of these mechanisms. 

The MFT has a radiolysis source of hydrogen generation only. The purge flow provided to the 
vessel from the primary or backup purge systems is sufficient to prevent a flammable mixture 
from these sources. The fault tree for the MFT explosion models t h i s  mechanism. 

c 

3.4 The Melter Cell 

The sludge-fiit slurry is transferred from the Melter Feed Tank FZFT] located in the Chemical 
Process Cell to the Melter in the Melter Cell. h, the Melter the principal vitrification processes 
of drying, oxidation, and melting take place. 

The Melter is operated continuously with a cold cap [crust]’composed of waste calcine and frit 
that covers most of the melt surface. The sludge-fit slurry is introduced into the melter on top 
of the cold cap which may be as thick as 6 inches. Water from the slurry is evaporated and 
drawn off into the offgas system. The glass melt beneath the cold cap is at a temperature of - 
1050-1 15OoC. The cold cap melts at the melt-cold cap interface and forms the borosilicate 
glass waste. The extent to which the cold cap covers the melt is determined by the rate of feed 
of the sludge-frit slurry. The rate of feed is adjusted so that the cold cap covers about 90% of 
the surface, allowing gases to escape through the cold cap to the vapor space above. 

ThermaI convection and continuous flow of argon gas through a dip tube into the melt promote 
mixing of the molten glass. After an average residence time of about 65 hours in the Melter the 
molten borosilicate-waste glass is poured into a stainless steel canister using differential 
pressure pouring [Le., the pressure in the canister is reduced relative to that in the melter vapor 
space]. 

The’canister is transferred into the Melt Cell from the cold storage area through a transfer tunnel 
and placed under the Melter pour spout for filling. The level of glass in the canister and the 
canister weight are monitored during the filling operation. After filling an inner closure plug is 
placed in the thtoat of the mister and it is transferred out of the Melter CelI. 
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3.5 Organic Waste Storage - 

Waste organ& material, primarily benzene, which is a by-product of the vitrification process is 
transferred through an above ground pipe from the process cells to a large double walled tank 
outside the Vitrification Building. The Organic Waste Storage Tank or OWST stores the 
organics for further disposition. , 

3.6 The Low Point Pump.Pit 
This section includes those questions defining events that could OCCUT in the Low Point Pump 
Pit. Two interarea transfer pipes are provided to transfer the radioactive sludge and the 
precipitate slurry from the Tank Farm to the DWPF. A third pipe is used to transfer waste 
h m  the DWPF that must be recycled through the tank f m .  A fourth pipe serves as a spare. 
All interam transfers are batch transfers. 

Radioactive sludge is transferred h m  the H-Area tank farm to the Sludge Tank in the Pump 
Pit approximately twice each week. The tank is monitored during transfer to avoid overfilling. 
The sludgeis transferred h m  the Low Point Pump Pit to the Sludge Receipt Adjustment Tank 
as needed. 

Precipitate slurry is transferred from the H-Area tank farm to the Precipitate Tank in the Pump 
Pit approximately four times each week. As for the transfer of sludge the Precipitate Tank is 
monitored duripg transfer to avoid overfilling. The precipitate slurry is transferred to the 
Precipitate Reactor Feed Tank in the Salt Process Cell as needed. 

During the Vitrification process wistes accumulate that must be recycled through the tank farm. 
These wastes are collected in the Recycle Collection Tank in the Chemical Process Cell and 
transfmed to the tank farm via the Recycle Tank in the Low Point Pump Pit. 

. .  
j 

4.  

This section presents the logic model, called the Accident Progression Event T w  [APETI, for 
the analysis of postulated accidents in the DWPF. As previously discussed, each question in 
the APET is analogous to a top event in a conventional event tree. The outcome of each 
question or event may be dependent on events that have happened previously. Thmfore, each 
question is generally accompanied by logic [called case structure] that [l] separates 
circumstances for which the outcome probabilities for- a question may differ and [2] 
distinguishes regimes of behavior for the phenomena that may be involved. 

THE ACCIDENT PROGRESSION EVENT TREE 

4.1 Outcome Probabilities 

As previously discussed the EVNTRE[2] program was used to solve the MET. A special user 
function 0 was Written specifically for the DWPF analysis to solve the accident fault 
tree cut sets [ 121. It is therefore necessary that the structure of the MET be compatible with 
EVNTRE. This structure is seen in the listing of the APET in Appendix A. Also shown in the 
MET listing is the best estimate value of the outcome probabilities for each question. Where 
questions have multiple cases the outcome probabilities are shown for each case. The 
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determinadQn of oukome probabilities is a major task in quantification of the MET. The 
outcome probabilities may be determined by solution to fault tree cut sets which are accessed 
from the UmJN subroutine in EVNTRE. Outcome probabilities may simply be determined 
from answers of previous questions and finally they may be input directly based on 
mechanistic modeling of accident phenomena or expert engineering judgment. In this solution 
of the D W F  MET, a significant number of the outcome probabilities that an event will occur 
are set to 1.0. This is done not because of the known certainty that the outcome must occur but 
becaw the probability in question is expected to be close to 1.0, it is conservative, and the 
technical effort required to determine the actual outcome probability is not justified. 

Many of the outcome probabilities used in the EVNTRE solution of the MET were distributed 
variables. Outcome probabilities that were treated this way are denoted in the text of the 
document with a **SAMPLED VARIABLE** label. For those outcome probabilities the 
values discussed in the text are best estimate values used for illustration purposes only: These 
outcome probabilities were determined based on analysis where possible and on engineering 
judgment where analysis was not available 171. During the actual MET quantification, a 
probability distribution was used [4] to represent these outcome probabilities and values from 
the distribution were sampled and supplied to the MET by running the EVNTRE program in 
sampling mode. Although not labeled **SAMPLED VARIABLE** in the text, it should be 
understood that the outcome probabilities calculated from the cut set solutions have also had 
important basic events sampled. 

One important feature of the EVNTRE program is the way the outcome probabilities are 
, selected for those questions with multiple cases. As previously discussed the case structure 

developed for each question separates circumstances for which the outcome probabilities for a 
question may differ based on the occlirrence of prior events in the accident progression d e l ,  
viz.,. the answers to prior questions. When the EVNTRE program is examining the cases for a 
part~cular question the first case for which the Boolean expression representing each case is 
'true' [that is the sequence of events listed in the case structure has occurred] is used as the 
basis for determining the outcome probabilities for the question. EVNTRE then progresses to 
the next question. In the event the Boolean expression for none of the sequences in the case 
structure is 'true' mas occmed] then EVNTRE wi l l  default to the last case, which is typically 
referred to as the 'otherwise' case. In general the approach taken in developing the case 
structure was to identify, insofar as possible, a l l  sequences having bearing on the question, 
avoiding use of the default case. 

Of particular significance in development of the MET structure is the 'type number' assigned 
each question. The following information is extracted from Reference 2 to describe question 
types. 

There are eight types of questions that can be processed hy ,5"TRE. These are pennwationS 
of the following: 

[ I ]  whether the answer to the question depends upon the path through the tree, 

[2] whether the branch split fractions are supplied directly or must be calculated from 
previowly supplied reference parameters, together with comparison parqmeters, and 

[3] whether parameters are to be supplied for later use by other questions to calculate 
branch splitfractions. 
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Question types-2,4,6, and 8 depend upon the path through the tree: question types 5,6,7, 
and 8 use calculated probabilities rather than supplied probabilities; and question types 3,4,7, 
and 8 supply parameters for use by subsequent ope 5,6,7, and 8 questions. 

The following lists describe each q k t i o n  type, along with its attributes: 

Question Type = I:  

Question T p e  = 2; 

The branch point probabilities. are independent of previous 
branches and are input by the user, 

The branch point probabilities are dependent &on. previous 
branches arui are . I  input by the user, 

Question Type = 3; The branch point probabilities are independent of previous 
branches? the user inprits the branch pointprobdbilities, and inputs 
parameters used in a later question for internal calculation of 
branch point probhbilities [Question Trpes SY6, 7, or 8].la1 

Question Type.= 4; The branch point probabilities are dependent upon previous 
branches? the user inputs the branch pointprobabilitiesy and inputs 
parameters used in a later question for internal calculation of 
branchpoint probabilities [Question Tvpes S,6,7, or 81. 

The branch point probabilities are independent of previous . 
branches and are calculated internally based on mer supplied data. 

. 
I 

Question Trpe = 5; 
, 

Question Trpe = 6; 

, Question Type = 7; 

The branch point probabilities are dependent upon previous 
branches aui are calcuhted internally based on user supplied data. 
The branch point probabilities are independent of ,previous 
branches and are calculated internally based on mer supplied data. 
AaXtionally, parameters used in later questions are read. 

Question T p e  = 8; The branch point probabilities are dependent upon previous 
branches and are calculated internally based on user supplied data. 
additiodly, parameters wed in later questions are read. 

All questions in the APET for the D W F  were Question types 2,3,4,6, or 8; Question types 
1,5, and 7 were not used. 

The following Table 1 presents an index of the questions in the MET. 

la] The value of the parameter used is selected on the basis of the outcome probabilities. 
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, Q# Question Text I Page 
1 What is the accident class? I 33 
2 If the accident class is 'external' what is the initiating event? . 33 
3 Is failure of a common [ie.,support] system the initiating event? 38 
4 If the accident class is an 'internal' event classified leak' what is the 39 = 

\ 

- -  
'accident enabler'? I 

31 
32 
33 
- .  
35 

* 36 
37 

Is failure of the CPC Nitrogen System an 'accident enabler'? 
Is failure of the LPPP Backup Nitrogen System an 'accident enabler'? 

66 
67 
68 

I 69 
70 
71 
73 

Is failure of the SPC N2 System an 'accident enabler'? 
Is the failure of the SPC Seismic trigger System an 'accident enabler'? 
Is the failure of the SPC Isolation valve UPS an 'accident enabler'? 
Is there arandomly initiated explosion in a process tank or cell? 
Do the cell covers over the Salt Process Cell dislodge and fall because of 

- -  

38 

Table 1: Accident Progression Event Tree For DWPF 

- 
a seismic event? 
Does a cell coyer fall while being moved by the crane? 73 

muency of the event? 
If the accident class is an 'internal' event classified 'Misc' what is the 5 40 

26 
27 
28 
29 

. 3 0  

Is failure of the Nitrogen Storage Tank System an-'ZddEit enabler'? 60 
62 
63 
64 

Is failure of the Chilled Water System an 'accident enabler'? 
Is the failure of the backup C 02 System an 'accident enabler'? 
Is failure of the Bulk Nitrogen System an 'accident enabler'? 

I Is the failure of the CPC backup liquidN2 Storage Tank System an . 65 , 
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I --- 
Thle 1: Accident Progression Event Tree For DWPF 

57 
58 

59 

60 

61- 
62 

63 

64 

65 
66 

- 
following a Seismic event? 
Do the cell covers that fall in a seismic event strike the PRBT? 
Does a Seismic event or cover crane fall ruptqe and spill the contents of 
the Precipitate Reactor Bottom Tank in the Chemical Process Cell? ' 

Does an emlosive concentration accumulate in the PreciDitate Reactor 

occur? 
Do the cell covers that fall in a seismic event or crane accident strike the 
PRFT? ' 

Does a Seismic event or cover crane fall rupture and spill the contents of 
the Precipitate Reactor Feed Tank in the Salt h e s s  Cell? 
Does an explosive concentration accumulate in Precipitate Reactor Feed 
Tank? 
Does a detonatio4deflagration occur in the Precipitate Reactor Feed 
Tank? 
Do the cell covers for the Chemical Process Cell dislodge and fall 

84 ' 

85 

86 

87 

87 

88 
89 

89 
'Bottoms T& IpRB?1? ' 
Does a detonatiorddeflagration occur in the Precipitate Reactor Bottoms 

* 

90 - - 
TankPRBTJ? 

Does a Seismic event or cover crane fall rupture and spill the contents of 
the Slurry Mix Evaporator Tank in the Chemical Process Cell? 
Does an emlosive concentration accumulate in the Sluny Mix Evaporator 

Do the cell covers that fall due Bo a seismic event saike the SME? B 91 
92 

92 
Tank [SM]? 
Does a detonatioddefladon occur in the Slum Mix Evauorator Tank 

- 
93 

Y - * 

ESMEI? 
Do the cell covers that fall in a seismic event strike the SRAT? 
Does a Seismic event or cover crane fall rupture and spill the contents of 
the Sludge Receipt and Adjustment Tank' in the Chemical Process Cell? 

94 
95 
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84 

..- 

CondensaG Tank? 
Does a detonatiorVdeflagration of the Organic Evaporator Condensate tank 110 

Table 1; Accident Progression Event Tree For DWPF 

85 

86 

c 

occur? 
Does an explosive concentration accumulate in Precipitate Reactor Feed 
Tank? 
Does a detonation/defliigmtion occur in the Precipitate Reactor Feed 

11 1 

112 
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. Q# Question Text 
93 Does an explosive concentration accumulate in the Melter Feed Tank 

' m? 

- -  
Table 1: Accident Progression Event Tree For DWPF 

Page 
119 

96 

97 

98 

94 
95 

i Does a detonatioddeflagration occur in the Melter Feed Tank [MFTJ? I 120 
I 121 I Roes a damaging explosion occur in the Salt Process Cell Vent 

System[SPcVj?- 
Does a damaging explosion occur in the Chemical Process Cell Vent 
System[cpcvJ? 
Does an energetic event in the SPC fail the removable wall between the 
SPC and the CPC? 
Do the cell covers for the Chemical M e s s  Cell dislodge and fall 

122 

123 

123 . 

99 

- 
following an energetic event? 
Does splashing [spillage] of the Precipitate Reactor Bottoms Tank 124 
contents occur? 
Does splashing [spillage] of the Slurry Mix Evaporator Tank contents 
Occur? 
Does splashing [spillage] of the Sludge Receipt and Adjustment Tank 
contents. occur? I 

Does splashing [spillage] of the Recycle Collection-Tank contents occur? 
Does splashing [spillage] of the Melter Feed Tank contents occur? 
Does an energetic event in the CPC fail the removable wall between the 

100 

101 

,102 
103 
104 

125 

127 

128 
129 
130 

SPC and the-@C? 
Do the cell covers for the Salt Process Cell dislodge and fall following an ' 130 . l o5  

113 
following a seiiinic event? 
What is the condition of the Zone 1 Exhaust Fan System? 138 

overpressurization deflagration? 

Does splashing [spillage] of the contents of the Organic Evaporator tank 
occur? 

. 117 Does splashing [spillage] of the Precipitate Reactor contents occur? 142 
143 118 

114 I Does a deflagratable concentration occur in the SPC due to Vessel 

119 Does splashing [spillage] of the contents of the Organic Evaporator 
Condensate tank occur? 

143 

140 

I 

115 

116 

Overpressuriiation? 
Does a vessel overpressurization in the Salt Process Cell result in a 
deflagration in the Salt Process Cell? 

141 

Do the cell covers for the Salt Process Cell dislodge after the q142 
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1 Table 1: Accident Progression Event Tree For DWPF - -  
5 

contents occur 
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Question Text Page 
Does splashing [spillage] of the Melter Feed Tank contents occur? 112 
Does a deflamition in the SPC lead to a deflamtion in the RPC that I 173 - 

148 

. 

- 
149 
150 
- 

Y 

seismic event? 
Do the cell covers that fall in a seismic event strike the Melter? 
Does a Seismic event rupture and spill the contents of the Melter in the 

- 
151 
152 
153 
154 

- - - 

175 
175 

- 
155 
i3r 

MelterCell? ’ 

Does a Seismic event rupture the Melter Offgas System in the Melter Cell? 

Does a damaging detonation occur in the Melter Offgas System? 
Does a damaging steam explosion occur due to a salt/water reaction in the 

Does an explosive concentration exist in the Melter Offgas System? . 
. ~ 

- 
157 

158 
- 

176 

177 
178 

176 

- 
159 

- -  * 

Melter? 
Does a damaging reaction occur in the Melter? 
Do the cell covers for the Melter Cell dislodge and fall following an 
energetic event? 
Does splashing [spillage] of the Melter contents occur as the result of 

- 
160 

161 

179 
180 

181 
, .  

- 
17 1 

-- 
energefic events-& the-Melter Cell? 
Does a Seismic event or a tornado rupture and spill the contents of the 
Organic Waste SmgeTank? 
Does an explosive concentration accumulate in the Organic Waste Storage 
Tank? 
Does a damaging deflagration occur in the Organic Waste Storage Tank 

182 

183 

189 

Y 

damages the-building? e .  i 
Do the cell covers over the Melter Cell dislodge and fall because of a I 174 I 

following an energetic event? - 
Does splashing [spillage] of the Pump Pit Precipitate Tank contents 192 
occur? I I 
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- _  
4.2 

The following outline summarizes the major sections of the Mode C DWPF MET 

1. 

Summary Outline of DWPF APET 

Questions 1-7: Selection of accident class, data input and initiating event frequencies. 

2. Questions 8-35: Support systems status \ 

% 3. 

4. Questions 37-78: 

Question 36: Probability. of random explosion 
t 

I 

- Rupture question for each tank in SPC and CPC for seismic or crane drop 
- First series of explosion questions for each tank for seismic or internal energetic events 
- Explosion question for vent headers 

Questions 79- 96 These questions are the second series of tank explosions as a result of 
an initial explosion and propagation through vent headers. 

Questions 97-109: Failed walls, fallen covers and splashed tank questions for SPC and 
CpC (hm first and second series of explosion questions). 

Questions 110-112 Building condition as aresult of seismic event 

Questions 113: Condition of zone 1 exhaust fan system. 

5.  

. 6. 

7. 

8. 

9. Questions 114-115: Salt cell deflagration #1 (due to vessel over pressurization). 

10. Questions 116 - 120: SPC covers falling and tank splashing a result of cell deflagration 
#I. 

11. Questions 121-122 Salt cell deflagration #2 and/or fire as a result of benzene in cell from 
splashed tanks, leaks or overflows. 

12. Questions 123-129: Third series of explosion progression questions and covers falling as 
a result of SPC deflagration #2. 

13. Questions 130-135: Explosion progressions in CPC and wall failure as a result of SPC 
deflagration #2 (third round). 

14. Questions 136-139: Tank splashing in SPC as a result of covers falling or wall failure 
( h m  third round). 

15. Questions 140: SPC wall failure from third round of explosiok 

16. Question 141: CPC covers fall (from third round). 

17. Questions 142-146: Tank splashing in CPC’as a result of covers falling or wall failure 
( h m  third round). 

18. Question 147: RPC deflagration. 
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19. Quetions 148 - 157: Melter and melter offgas accidents 

20. duestions 158-161: OWST accidents 

21. Questions 162-163:LPPP cover displacement as aresult of seismic event. 

22. Questions 164-171: Seismic or explosion damage in PPPC or PPPT. 

23. Questions 172-179: Seismic or explosion damage in PPSC or PPST. 
24. Questions 180-181: Seismic damage to PPRT. - 

25. Questions 182-193: MisceLIaneous events. 

The APET treats five different accident classes. These are: 1) Internal-Energetic events, 2) 
External events (seismic initiator only), 3) Crane load drop accidents, 4) Leaks and spills and 
5 )  miscellaneous accident. The accident class to be considered is specified in question one. 
The attached flow charts illustrate the logical structure and sequence of questions for each 
accident class in the APET. 

During operation, 'the DWPF is subject to equipment failures that may result in the release of 
radionuclides to the environment. These equipment failms may be the result of some event 
external to the DWPF or they may be the result of random failure or personnel mor. The first - 
36 questions in the APET define the events or failures that initiate the accident and the state of 
the plant at the time of the accident The chart in Figure 1 shows the first portion of the MET 
which sets up the problem to be solved by inputting specific infoxmation required for solution 
and then establishes the status of the various support systems. For seismic events, data input 
includes seismic fragilities and 96 hr. mission time failure rates also called random failure rates. 
These are used by the APET in selected questions from 8 to 36 to calculate the unavailability of 
a system after the seismic event. The APET uses th is  calculation later to determine explosion 
frequencies. The individual fragilities are also used where the APET..specificaly inquires about 
the probability of the failure of a individual component (e.& a tank). For the intemal energetic 
and other accidents, accident initiator frequencies (Le. system failure rates) are input in 
questions 3-6. Support system status is also calculated for these accidents in questions 8 - 36. 
System fai les  are classified as either initiators or enablers. An initiatcr is an event that must 
be included in the set of postulated failures and enm which combine in the analysis to produce 
the accident of concern In a way they-can be thought of as events that could start the sequence 
of events ending in an accident, although fault tree analysis per se does not deal with time 
sequences. ,A component initiator failure may directly result in a facility accident if a redundant 
or supporting component is offline at the same time. The offline component is said to have 
failed as an enabIer because its lack of availability allows the accident to .occur if an initiator has 
failed. Failure of an enabler alone is not sufficient to cause an accident.. It is possible for a 
system be fail as both an initiator or an enabler on dif€erent paths through the APEX Backup I 

systems can only fail as enablers since the failure of the primary system is also required to lose 
the function provided by the two systems. For example, normal electrical power can fail as an 
initiator or an enabler.. Backup power can only fail as an enabler. Failure of backup power by 
itself cannot lead to an accident because normal power would still be. available. Initiating 
failure frequencies are input directly to the NET. The status of the various systems as 
enablers is therefore important and is determined using either logical dependencies or, given 
data for the failure frequencies and repair times, the - UAVAIL subroutine of EVNTRE 
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calculates the frequency of failure as enabler [ 111. Once the setup portion of the APET is 
complete, the APET begins the necessary logical questions required to determine the 
progression- sauences that may follow an initiating accident. 

Figure 2 illustrates the sequence of queshons used by the M E T  for the various internal 
energetic events. Each box represents a series of questions regarding the outcome of possible 
events. These are in the order that the APET treats them. Explosions, which can be 
detonations or deflagrations, may occur randomly or as a result of a common system failure 
whose failure frequency is input in question 3. The UFUN subroutine [12] i.s used to obtain 
fault tree calculations giving the frequency of explosive concentrations. Explosive 
concentrations of,both hydrogen and benzene are-considered depending on the vessel [5]. 
UFUN determines the frequency of an explosive concentration with an ignition source and the 
conditional probability of an explosive concentration without an ignition source. The 
possibility of explosions is considered in the Salt Process Cell (from benzene vapor clouds), 
and the tanks of the Salt, Chemical, Melter cells, the Low Point Pump Pit and the OWST. 

Figures 3 through 5 subdivide the flow .chart in Figure 2 to more easily illustrate the possible 
internal energetic progressions in the APET. Figure 3 shows the progressions in the SPC and 
the CPC. The initiator and enabler information is input and then a 1st round or series of 
questions is initiated to determine the frequencies of tank explosions. Both detonations and 
deflagrations are considered probable with deflagrations considered far more likely. The order 
of the questions is not important as there is no dependency among the tanks. Any individual or 
multiple tank explosions results in a flame fiont propagata into the cell vent headers and the 
process vent headers. This means that an ignition source is instantaneously available to other 
tanks in either cell and additional progression is possible. This propagation becomes the 
ignition source for additional explosions.if conditions in other tanks are favorable for ignition 
but had not exploded initially because there we no ignition source present. This is a second 
round of explosions. Again the order of the secondary explosion is not important as the 
propagation of the flame front through the headers is considered instantaneous. For accidents 
initiated by tank explosions, it is assumed that all possibilities for explosions have been 
exhausted as aresult of the initial event because there are no more ignition sources. The results 
of SPC/CPC explosions are: 1) tank detonations rupture a tank and possibly adjacent tanks, 
and/or 2) f a k g  cell covers, a collapsing wall or flying shrapnel that rupture tanks resulting in 
releases. As a result of benzene spills and subsequent vapor cloud formation possible in the 
SPC fiom the OEV and/or the O E a ,  there may be a deflagration within the cell. The cell 
deflagration may cause a SPC fire. There is no propagation into the CPC because at this time 
the vent headers have already been destroyed by the fallen salt process cell covers. The 
progressions may ultimately lead to a deflagration in the RPC if there had not been a fire 
because the initial cell deflagration pushes a cloud of benzene into the RPC. The RPC 
deflagration is assumed to result in significant damage to the building and to release the 
contents of all vessels. 

Figure 4 shows theprogression for the melter cell, the low point pump pit and OWST which 
are separate from the SPC and CPC. Progressions from the SPC/CPC to these areas are not 
considered feasible. In the melter cell, releases may occur from the melter vessel or the melter 
offgas system, either one of which may explode. The melter offgas system may accumulate an 
explosive concentration that may detonate in the presence of an ignition soprce. In the melter 
tank, a salt and water reaction may cause an explosion. An explosion in the melter will cause 
the melter cell covers to fall resulting in possible releases. Source term releases are possible 
from the melter offgas system and the melter. In the LPPP only the precipitate and sludge 
tanks can explode. A detonation or falling cell covers can release the tank contents. The 
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OWST is d d e  the vitrification building and releases its contents as a result of a deflagration 
done. 

Another progression that can occur is illustrated in Figure 5. In this case, if the SPC is isolated 
and the nitrogen system overpressurises the tanks forcing benzene vapor into the ceU, a 
simultaneous failure of the ventilation system allows a buildup of benzene vapor in the cell. If 
an explosive concentration develops and an ignition source is available, an explosion in the cell 
can result. This can be further propagated if tanks containing benzene are splashed leading to a 
second cell deflagration, SPC tank explosions and then ultimately 10 a possible RPC 
deflagration. 

Figure 6 shows the modeled progressions for a seismic event Again the MET establishes the 
support system status before beginning the accident progression questions. The seismic event 
may have several immediate outcomes: 1) cell covers fall and rupture tanks, 2) tanks are 
ruptured by the seismic event, 3) support system.damage leads to explosions, 4) zone 1 
ventilation system failure and 5)  major damage to the building. Figure 6 is subdivided in 
Figures 7 through 10 to illustrate the various progressions possible. In Figure 7, several 
progressions or combinations can occur. Tanks can be ruptured as a result of dislodged cell 
covers or the direct effect of the seismic event. If the OEV and/or the OECI' are splashed the 
benzene released can lead to cell deflagrations. The more likely sequence is a tank explosion in 
the SPC or CPC that basically results in the same series of progressions as shown in Figure 3. 
All progressions may result in an RPC deflagration. In Figure 8, tanks in the melter cell, the 
LPPP and the OWST are subject to releases because of ruptures or explosions. Finally in 
Figure 9, the progression is shown where loss of zone 1 fans causes a SPC overpressure 
deflagration and possibly an FWC deflagration. 

Figure 10 shows the progression of events considered in the accident where a heavy object 
1 (cell cover) is dropped while beiig moved by a crane. Operations are proceduxallysuspended 

during maintenance requiring crane operations with heavy objects but tanks are not necessarily 
empty. Before overhead operations with the crane are allowed to commence, the benzene tanks 
are de-inventoried such that the total release of these contents will not overflow the SPC sump. 
If a tank is struck, it is assumed that it is ruptured and the contents are released.. If the SPC 
ventilation has failed at the same time a potential exists for a cell deflagration and/or a fire. No 
additional propagation is assumed beyond the cell deflagration. 

Figure 11 shows the progression of events considered if a tank leak occurs. If the release and 
a zone 1 fan failure occur simultaneously then the possibility a SPC deflagration and/or fire 
exists. 

Miscellaneous events include an uncontrolled reaction in a chemical process cell vessel, an 
uncontrolledreaction in the precipitate reactor in the salt process cell and unintentional injection 
of water into the melter. Figure 12 shows that the miscellaneous categories do not lead to 
additional progressions. 

I 
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Figure 5. Zone 1 Ventilation Failure Progression 
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Figure 7. Seismic Progression in SPC and CPC 
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4.3 APETMethod ' 

The APET can be visualized as a very large event tree with 193 questions (top events). 
Questions are permitted to have more than 2 responses (branches). Boolean expressions 
utilizing the answers to previous questions in the MET can be constructed so that the path 
through the tree can be dependent on answers to previous questions. 

Information about the frequency of explosions of the DWPF tanks and systems that have been 
modeled are provided to the M E T  from the cut sets that resulted from quantification of the 
internal and seismic fault trees for these systems. The DWPF User Function (UFUN) is a 
FORTRAN subroutine designed to be used during quantification of the DWPF APET by the 
EVNTRE computer code. The UFUN provides an interface between the N E T  and the 
processed individual accident fault tree solution files that are provided as input. Given the 
status of the various DWPF support systems, it selects and solves the appropriate cut sets from 
the fault tree solutions. The UFUN also has the capability to read information from the Latin 
Hypercube Sample (LHS) file so that events in the cut sets can be sampled as part of an 
uncertainty analysis. 

I 

The determination of outcome probabilities is a major task in quantification of the APET. As 
described above the outcome probabilities may be determined by solution of fault tree cut sets 

. which are accessed fiom the UFUN subroutine in,EVNTRE. Outcome probabilities may 
simply be determined from answers of previous questions and finally they may be input. 
directly based on mechanistic modeling of accident phenomena or expert engineering judgment. 

Each path (accident progression sequence) through the tree is followed until either it reaches the 
end of the tree or until the sequence frequency drops below a truncation value (1.OE-12 per 

. hour was used for the DWPF quantifications). Quantification of the MET can result in several 
hundred thousand to more than a million accident progression sequences depending on the 
particular accident class being modeled. The many sequences that result indicate far more detail 
about accident progression than can be assessed. Consequently, sequences from the APET are 
grouped or binned based on similar characteristics or attributes in the accident progression. 
The result of the sequence binning process can be visualized as a much smaller event tree 
whose sequences are each an accident progression bin. The cut set that corresponds to each 
sequence is then a listing of the bin attributes. Although the number of 'accident progression 
bins may still be extensive [tens of thousands], they represent a substantial reduction from the 
total number of accident progression sequences developed by solution of the NET. 

4 
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4.4 EFplanation of the APET Questions 

The f&owing sections describe the questions and associated case structbre for the MET. 
Reference should be made to the EVNTRE input file presented in Appendix A for additional 
information on the case smcttue. 

Question 1: What is the accident class? 

In the development of the N E T  it was beneficial to categorize the postulated accidents into 
different classes depending on the initiating event and the expected system response to the 
initiating event [e.g., potential for release of energy and for progression of the accident]. There 
are five defined outcomes as follows: 

External: 

LtdMisc: 

This accident class includes all initiating events that are external to the 
DWPF [e.g., seismic, wind, flood, aircraft crashes]. 

This accident class includes all initiating events that are caused by failure 
of systems internal to the DWPF and that are expected to result in a 
significant release of energy. 

This accident class includes all initiating events that result in a leak of 
process material in the D W F  whose consequences are expected to be 
limited. 

This accident class includes a number of initiating events that are not 
process material leaks whose consequences are expected to be limited. 

LtdCD: This accident class includes events whose initiator is a drop of a load from 
an overhead crane in the DWPF facility. In this analysis, the load is 
assumed to be a cell cover that has been removed in the facility. 

I 

This is a Type 3 question and the outcome probabilities are input. An outcome probability of 
1.0 is specified for the particular class of accidents to be analyzed. All other outcome 
probabilities are specilied as 0.0. The answer to this question is used in the logic to determine 
the outcome probabilities in questions throughout the event tree. This question is also used to 
specify a control parameter used in solution of the APET as follows: 

LHS, control parameter that indicates the Latin Hypercube sample being 
used. 

The above parameter is used in determining the outcome of Questions 42,46,50,54,59,63, 
67,73,77,79, 81, 83, 85, 87, 89,91,93, 114, 152, 154, 159, 165, 168, 173, and 176. 

Question 2: If the accident class is 'external' what is the initiating event? 

The answer to this question defines the type of external initiating event. There are eight 
outcomes defined for this question as follows: 
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liExtrnl: . This outcome is sdected if the initiating event is not an external event, - - i.e.y the outcome of Question 1 is other than Branch 1. 

El-Seis: - 

E2-Wind- 

E5-Hek 

&Plane: 

This outcome is selected if the external initiating event is a seismic event. ’ 

This outcome is selected if the external initiating event is a high wind 

This outcome is selected if the extemal initiating event is a flood. 

This outcome is selected if the external initiating event is an undefined 
external event. 

This outcome is selected if the external initiating event is the crash of a 
helicopter into the facility. 

This outcome is selected if the external initiating event is the crash of an 
airplane into the facility. 

E7-Vhcle: This outcome is selected if the external initiating event is the crash of a 
ground vehicle into the facility. - 

[For the Mode C stzfet-r analysis for the DWPF only the seismic event was considered as an 
initiating event- The rest of the branches are included only as place holders.] 

The answers to this question depend upon the outcome of previous Question 1 and are used in 
the logic to determine the outcome probabilities in questions throughout the event tree. Three 
cases are used to develop the outcome probabilities on the basis of the outcome of Question 1 
as follows: 

I 

Case -1 

Case 3 

This case’includes those sequences in which the accident class is either an 
internal-energetic event, a limited leak, limited miscellankous event or 
crane load drop accident from Question 1. The outcome probability is 1.0 
in Branch 1. 

This case includes the sequences in which the accident class is an external 
. event. The outcome probability is 1.0 in Branch 2. 

The default outcome probability is 1.0 in Branch 1. 
I 

This is a Type 4 question and is also used to define sixty three [63] parameters, primarily 
external event frasilities, used in the quantification of the APET. These parameters, whose 
value will depend on the question outcomes, are defined as follows (The source of fragility 
values shown in the APET in Appendix A are s lzed in Reference 4.): \ .  

111: MsTmEx, a constant used in calculating the failure of support systems for 
96 hours &r the external event. In the Mode C analysis this parameter is 
always set equal to 1.0 because the support system fault trees were solved 
with a 96 hour mission time rather then on a per hour basis. 

NPwrFr, the external event fragility of the normal electrical power 
system. , I  
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Arg 191: 

Arg  [lo]: 

Arg 1111: 

Arg [12]: 

Arg [13]: 

Arg 1141: 

A r g  [GI: 

Arg [16]: 
Arg c17-J: 

Arg [18]: 

Arg  [19]: 

EPwrFr, the external event fragility of the emergency electrical power 
system. 

PStmFr, the external event fragility of the process steam system. 

PCWFr, the external event fragility of the pmess cooling water system. 

CO2Fr, the external event fragility of the SPC primary COi purge 
system. ~ I 

AirFr, theexternal event fragility of the CPC primary air purge system. 

N2TkFr, the external event fragility of the bulk liquid nitrogen storage 
tank system. ' 

ChWFr, the external event fragility of the chilled water system. 

CoTFr, the extemal event ffagility of the cooling tower pumping system. 

BC02Fr, the external event fragility of the SPC backup C02 purge 
system. 

CanyClps, the external event fragility for collapse of the canyon. 

TrigFr, the external event fragility fbr the SPC seismic trigger. 

Filr.Fr, the external event fi-agility of the sand filter system. 

DuctFr, the external event fragility of the exhaust duct system. 

FanFr, the external event frasility of the exhaust fan system. 
P P ~ ,  the external &vent fi.agilty of the p ~ m p  Pit precipitate T& 

PPSTFr, the external event fragility of the Pump Pit Sludge Tank. 

PPRTFr, the external event fragility of the Pump Pit Recycle Tank. 

Arg 1201: 

Arg [21]: 

Arg  [22]: 

PRx-Fr, the external event fragility of the Precipitate Reactor. 

OEV-Fr, the external event fragility of the Organic Evaporator Tank. 

OECTFr, the external event fragility of the Organic Evaporator 
Condensate Tank. 

, Arg[23]: PRFI'Fr, the external event fragility of the Precipitate Reactor Feed Tank. 

PRBTFr, the external event fragility of the Precipitate Reactor Bottoms 
Tank. 

Arg 1241: 

Arg  [25]: SME-FT, the external event fragility of the Slurry Mix Evaporator Tank. 

http://Filr.Fr
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&g [26]: - 

Arg [27]:-'. 
. 

Arg [2S]: 

.Arg pg]: 

Arg [30]: . 

Arg [31]: 

Arg [32]: 

Arg 031: 

[341: 

Arg [72]: 

Arg [73]: 

Arg [74]: 

Arg [75]: 

Arg [7qi 

Arg [77]: 

Arg [78]: 

Arg [SO]: 

Arg [81]: 

Arg [82]: 

Arg [83]: 

SPCUPSFr, the exteinal event fragility of the uninteruptible power supply 
for the SPC vent header isolation valves. 

SUTFr, the external event fragility of the Sludge Receipt and Adjustment 
Tank. 

RCTFr, the extemal event fragility of the Recycle Collection Tank 

MFI'Fr, the external event fragility of the Melter Feed Tank. 

MeltFr, the external event hgility of the melter. 

OWSTFr, the external event fragility of the Organic Waste Stmge Tank. 

PPCovFr, the external event fragility of the Pumg 3 Covers. 

CCovFr, the externalA event fragility of the i .ers for the Salt and 
Chemical Process Cells. 

IAirFr, the external event fragility of the Instrument Air System. 

BlkN2Fr, the external event fragility of the bulk N2 system. 

CPCN2Fr, the external event fragidty of the CPC nitrogen purge system 
(backup CPC purge). , 

NpwrRn, nornial power system random failure probability for the 96 
hour mission time assumed after a seismic event. 

EPwrRn, emergency power system random fail- probability for the 96 
hour mission time assumed after a seismic event. 

PStmRn, process steam system random failure probability for the 96 hour 
mission time assumed after a seismic event. 

PCWRn, process cooling water system'random failure probability for the 
96 hour mission time assumed after a seismic event. 

C02Rn, SPC primary Co;! purge system random failure probability for 
the 96 hoin mission h e  assumed afkr a'seismic event. 

AirRn, CPC primary air purge system random failure probability for the 
96 hour mission time assumed after a seismic event. 

, .  

N2TkRn, bulk N2 storage tank system random.failure probability for the 
96 hour mission time assumed after a seismic event. 

ChWRn, chilled water system random failure Probability for the 96 hour 
mission time assumed after a seismic event. 

CoTRn, cooling tower pumping system random failure probability for the 
96 hour mission time assumed after a seismic event. 
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Arg 1841: - 

Arg [85]: 

. BC02Eb, SPC backup C02 purge system random failure probability for 
the 96 hour mission time assumed after a seismic event. 

IAirRn, instrument air system random failure probability for the 96 hour 
mission time ai~umed after a seismic event. 

BlkN2Rn, bulk N2 purge system random failure probability for the 96 
hour mission time assumed after a seismic event. 

Arg 1871: . CPCN2Rn, CPC backup N2 purge system random failure probability for 
the 96 hour mission time assumed afeer a seismic event. 

Arg [96]: 

Arg 1971: 

Arg [loll: 

Arg [102]: 

Arg [ 1063: 

FanRnl, Zone 1 ventilation system random failure. probability for the 96 
hour mission time assumed after a seismic event under the conditions 
where normal power has failed but diesel power and instrument air are 
available. 

CTCmFr, the external event fragility of the cooling tower common 
system. 

CTCmRn, cooling tower common system random failure probability for 
the 96 hour mission time assumed after a seismic event, 

DWelEr, the external event fragility of the deep well cooling system. 

DWelRn, deep well cooling system random failure probability for the 96 
hour mission time assumed after a seismic event. 

Arg [107]: CPcTkFr, the external event itagility of theliquid nitrogen tank’for the 
CPC backup purge system. 

Arg [ 1 111: CPCTkRn, CPC backup purge system liquid nitrogen tank random failure 
probability for the 96 hour mission time assumed after a seismic event, 

Arg [112]: 

Arg [116]: 

Arg [ 1171: 

Arg [121]: 

Arg [122]: 

PPN2Fr, the external event Ggility of the Pump Pit nitrogen purge 
system. 

PPN2Rn, Pump Pit nitrogen purge system random failure probability for 
the 96 hour mission time assumed after a seismic event. 

SPCNEr, the external event fragility of the SPC nitrogen purge system. 

SP&2Rn, SPC nitrogen purge system random failure probability for the 
96 hour mission time assumed after a seismic event. 
FanRn2, Zone 1 ventilation system random failure probability for the 96 
hour mission time assumed after a seismic event under the conditions 
where normal power and instrument air have failed but diesel power is 
still available. 
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1 
Arg [ 1231: FanRn3, Zone 1 ventilation system random failure probability for the 96 

, -. hour mission time assumed after a seismic event under the conditions . where normal power, diesel power, and instrument air are all available. 

Arg [129]: MOGFr, the external event fmgility of the Melter offgas System. 

event? 4 

Question 3: Is failure of a common [Le., support] system the initiating 

The initiating event that results in damage to the DWPF may I.& caused by a failure of a 
'support' system within the DWPF that is common to more than one process system in the 
DWPF. The defined outcomes are as follows (The initiating frequencies are sampled variables, 
Reference 8. The ones shown in App A. are placeholders.): **SAMPIED VARIABLE** 

nCoSyIn: 
NPowInit: 

PSimlilit . 

IAirInit: , 

c0-t 
Airhit 

N 2 W t :  

, c h w t :  

CQmt 

I BkN2Init 

CrCmTnit 

I 

The initiating event is other than failure of a common 'support' system. 
, Failure of the n o d  electrical power system is the initiating event. 

Failure of the process steam system is the initiating event 

Failure of the instrument air system is the initiating event. 
\ 

Fail- of the SPC primary C02 purge systkm is the initiating event 

Failure of the CPC primary air purge system is the initiating event. 

Failure of the bulk nitrogen storage tank system is the initiating event. 

Failure of the chilled water system G the initiating event. I 

Failure of the cooling tower pumping system is the initiating event. 

b Failue of the bulk nitrogen purge system is the initiating event. 

Failure of the cooling tower corhon system is the initiating event. 

The answers to this question depends upon the outcome.of previous Question'l and are used in 
the logic to determine the outcome probabiiities in Questions 8,9, 10, 12, 16, 18, 19, 21 
through 29,31,32, 36,59,63,67,73,77, 87, 89,91,93, 113, 152, and 193. 

Three cases are used to develop the outcome probabilities on the basis of prior events or 
questions as follows: 

Case 1 This case includes those sequences in which the accident class is either an 
external event, a limited leak, or other limited event from Question 1. The 
outcome probability is 1.0 in Branch 1. 

This case includes the sequences in which the accident class is an internal- 
energetic event. The outcome probability for Branches 2 through 11 are 
the hourly failure rates determined by failure analysis of the system. The 
outcome probability for Branch 1 is 1.0 less the sum of all the frequencies 
in Branches 2 through 11. 

Case 2 . 
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The default outcome probability is 1.0 in Branch 1. - -  caie 3 . 
This is-a Type 4 question and defines a parameter used in the quantification of the NET. This 
parameter, whose value will depend on the question outcomes, is defined as follows: 

Arg [35]: MsTmInt, the time in hours required to restore the failed support system 
to an operational state.. 

NOTE: This parameter is rwt used in the Mode C analysis. 

Question 4: If the accident class is. an 'internal' event classified 'leak' 
what is the frequency of the event? 

If the initiating event is a leak of radioactive material from a process vessel or pipe in the 
DWPF whose consequences are expected to be limited, this question defines the frequency of 
the event. Eleven outcomes have been defined as follows (The initiating frequencies shown in 
the APET in Appendix A are derived from Reference 10): 

nIntLeak: 

M l t r - M  

CPC-mow: 

PP-oflow: 

CPC-Leak: 

SPC-Leak: 

PP-Leak: 

The initiating event is not a leak in DWPF. 

The initiating event is a spill of the contents of the melter. (not used) 

The initiating event is an overflow of a vessel k the Chemical Process 
Cell. 

The initiating event is an overflow of a vessel in the Pump Pit. 

The initiating event is a leak from a vessel in the Chemical Process Cell. 

The initiating event is a leak from the PR or PRFT in the Salt Process 
cell. 

The initiating event is a leak in the Pump Pit 

I Can-Rup: 

BZ-O~~OW: 

BZLeak: 

Waste canister rupture from dropped cell cover, with assumed 1E-03 
conditional prob that drop occurs during cannister handling and is struck. 
The initiating event is an overflow from the OEV or the OECX in the Salt 
Process Cell. 

The initiating event is a leak from the OEV or OECT in the Salt Process 
Cell. 

SPC-mow: The initiating event is an overflow from the PR or PRFT in the Salt 
Process Cell. 

I 

This is a Type 2 question. The outcome probabilities for this question depend on the answer to 
Question 1 and are used in the logic to determine the outcome probabilities in Questions 8,9, 
113, 121, 122, 157, and 184 through 192. Two cases are used to develop the outcome 
probabilities on the basis of prior events as follows: 

~ 
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Case 1 This case includes those sequences in which the accident class is a limited 
leak, Branch 3, Question 1. The branch probabilities for Branches 2 
through 11 are the hourly frequencies of occurrence of the respective 
leaks, based on experience in the 200-Area. The outcome probability for 
Branch 1 is 1.0 less the sum of all the frequencies in Branches 2 through 
11. 

- - 
. 

Case 2 The default outcome probability is 1.0 in Branch 1. 

Question 5: If the accident class is an 'internal' 
what is the frequency of the event? 

This question defines the frequency of those events whose consequences are expected to be 
limited that are other than leaks. Four outcomes have been defined as follows: 

event classified 'Misc.' . 
I 

nIntMiSc: The initiating event is not a one that is classified as Misc. 

CPC-UcR The initiating event is an uncontrolled reaction in Chemical Process Cell 
vessel. ' 

116H20Mk The initiating event is addition of water to the melter. _ -  
PR-UCR The initiating event is an uncontrolled reaction in the PR in the Salt 

lProcess Cell. 

This is a Type 2 question. The outcome probabilities for this question depend on the answer to 
Question 1 and are used in the logic to determine the outcome probabilities in Questions 157, 
182, and 183. Two cases are used to develop the outcome probabilities on the basis of prior 
events as follows (The initiating frequencies shown in the MET in Appendix A are derived 
from Reference 10. The 'water to the melter' event was included in an earlier version of the 
DWPF APET but is now known to be an insignificant event and is retained only as a 
placeholder): 

Case 1 This case includes those sequences in which the accident class is a limited 
miscellaneous event, Branch 4, Question 1. The branch probabilities for 
Branches 2 through 4 are the hourly frequencies of Occurrence of the 
respective events, based on experience in the 200-Area. The outcome 
probability for Branch 1 is, 1.0 less the sum of all the frequencies in 
Brimches 2 through 4. 

Case 2 The default outcome probability is 1.0 in'Branch 1. 

Question 6: If the accident class is crane drop what is the frequency of the 
event? 

This question defines the frequency of accidents caused by crane load drops. Two outcomes 
have been defined as follows: 

nCraDrop: The initiating event is not a crane load drop. 
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CraneDrop: The initiating event is a crane load drop. For the pu$oses of this 
analysis, the crane load is assumed to be a cell cover. - *  

This is a Type 2 question. The outcome probabdities for this question depend on the answer to 
Question 1 and are used in the logic to determine the outcome probabilities in Question 38. 
Two cases are used to develop the outcome probabilities on the basis of prim events as follows 
(The initiating frequencies shown in the MET in Appendix A are derived from Reference 6): 

case 1 

case2 

This case includes those sequences in which the accident class is a limited ' 
cranedrop, Branch 5, Question 1. The outcome probability for Branch 2 
is the hourly frequency of occurrence of a crane load drop, based on SRS 
experience. The outcome probability for Branch 1 is 1.0 less the sum of 
Branch 2. 

The default outcome probability is 1.0 in Branch 1. 

Question 7: What are the support system failure frequencies and repair 
times? 

This is a Type 4 question and is used to define forty eight parameters for use in quantification 
of the NET. The values assigned the parameters are dependent on the outcome of Question 1. 
Three cases are used to define the condition for assigning values to the parameters on the basis 
of prior events as follows (The failure frequencies (h) and the repair times (2) shown in the 
MET in Appendix A are derived from Reference 5): 

Case 1 

Case 2 

This case includes those sequences in which the accident class is an 
intemal-energetic event. 

This case includes those sequences in which the accident class is an 
external event. 

Case 3 This case includes all remaining sequences. 

The parameters are as follows: 

NpwrLmda, the hourly failure frequency of the normal electrical power 
system. 

EPwrLmda, the hourly failure frequency of the emergency electrical power 
system. 

PSt~&mda, the hourly failure frequency of the process steam system. 

PCwLmda, the hourly failure frequency of the process cooling water system. 

* C02Lmda, the hourly failure frequency of the SPC primary C02 purge 
system. 

AirLmda, the hourly failure fkquency of the Bc Primary air purge system. 

i 
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Arg ~421 - .  . N2TkLmda, the hourly failure frequency of the bulk N2 storage tank system. 

ChWLmda, the hourly failure frequency of the chilled water system. 

FanLmdal, the hourly failure frequency of the Zone 1 ventilation exhaust fans 
with normal power failed, diesel power available, and instrument air 
available. 

IAirLmda, the hourly failure frequency of the instrument air system. 

CoTLmda, the hourly fail& frequency of the cooling tower pumping system. 

BC02Lmda, the hourly failure frequency of the SPC backup C02 purge 
system. 

NPwrTau, the repair time, in hours, of the normal electrical power system. 

'EPwrTau, the repair time, in hours, of the emergency electrical power 
system. 
PStmTau, the repair time, in hours, of the process steam system. 

PCWTau, the repair time, in hours, of the process cooling water system. 

CO2Tau, the repair time, in hours, of the SPC primary C@ purge system. 

AirTau, the repair time, in hours, of the CPC primary air purge system. 

N2TkTau, the repair time, in' hours, of the bulk N2 storage tank system. 

. 

ChWTau, the repair time, in hours, of the chilled water system. 

FanTaul, the repair time, in hours, of the Zone 1 ventilation exhaust fans 
with normal power failed, diesel power available, and instrument air 
available. 

IAirTau, the repair time, in hours, of the instrument air system. 

~ Co'ITau, the repair time, in hours, of the cooling tower pumping system. 

k g  1591 

Arg 1791 

BC02Tau, the repair time in hours of the-SPC backup CQ purge system. 

Dummy; a logical parameter used to force specific outcomes in certain cases 
in some N E T  questions. 

BlkN2Lmda, the hourly failure frequency of the bulk N2 purge system. 

BlkN2Tau, the repair time in hours of the bulk N2 purge system. 

CPCN2Lmda, the hourly failurq frequency of the CPC backup N2 purge 
system. 
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CPCN2Tau, the repair time in hours of the CPC backup N2 purge system. 

CTCmLmda, the hourly failure frequency of the cooling tower common 
system. 

CTCmTau, the repair time in hours of the cooling tower common system. 

DWeLmda, the hourly failure frequency of the deep well cooling system. 

DWelTau, the repair time in hours of the deep well cooling system. 

CPCTkLmda, the hourly failure frequency of the CPC backup purge liquid 
nitrogen storage tank system. 

CPCI'kTau, the repair time in hours of the B C  backup purge liquid nitrogen 
storage tank system. 

PPN2Lmda, the hourly failure frequency of the Pump Pit nitrogen purge 
system. 

PPN2Tau, the repair time in hours of the Pump Pit nitrogen purge system. 

SPCN2Lmda, the hourly failure frequency of the SPC backup nitrogen purge 
system. 

SPCN2Tau, the repair time in hours of the SPC backup nitrogen purge 
system. 

FanLmda2, the hourly failure frequency of the Zone 1 ventilation exhaust fans 
with normal power failed, diesel power available, and instrument air failed. 

FanTau2, the repair time, in hours, of the Zone 1 ventilation exhaust fans 
with normal power failed, diesel power available, and instnunent air failed. 

FanLmda3, the hourly failure frequency of the Zone 1 ventilation exhaust fans 
with normal power available, diesel power available, and instrument air 

I available. 

FanTau3, the repair t h e ,  in hours, of the Zone 1 ventilation exhaust fans 
With normal power available, diese€ power available, and instrument air ' 

available. 

. 

TrigLmda, the hourly failure frequency of the SPC seismic trigger. 

TrigTau, the repair time, in hours, of the SPC seismic trigger- 

SUPSLmda, the hourly failure frequency of the SPC isolation valve 
uninteruptible power supply. 

SUPSTau, the repair time, in hours, of the SPC isolation valve unintemptible 
power supply. 
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- -  
Zero, a logical parameter used to force specific outcomes in certah cases in 
some APET questions. 

ArgC1341 . 

As previously indicated the APET for the DWPF is different from the usual accident 
progression tree using EVNTRE methodology. The APET is used not only to describe 
accident progression but the event tree and its associated FORTRAN function subroutines 
includes and solves fault trees for failures leading to accidents in various DWF systems. Also 
the APET is organized to present a consistent approach to the analysis of accidents that may 

' occur at the DWPF. This is accomplished in-part by treating common system events explicitly, 
i.e., they are defined in Questions 8 through 35. These events are necessary to represent 
dependencies, and consequently, dependent failures among the DWPF system fault trees. 
Question 8: Is the failure of the norsal electrical power system an 

'accident enabler'? 

Failure of the normal electric power system can contribute to tlie events leading to an accident, 
either as the initiating event [Question 31 or as one of a series of events that causes the accident 
[an 'enabler']. The normal power system has no dependancies on any other DWPF support 
systems. There ak two defined outcomes as follows: 

L 

NPowEn: 

WowEn: 

The normal electric power,system fails but does not initiate the accident. 

The normal electric power system does not fail [or its failure has 
previously been identified in Question 3 as the failure that initiates the 
accident]. . 

This is a Type 8 question and defines a parameter that is also used in calculations to determine 
the outcome probabilities of later Questions 42,46, 50,54, 59,63,67,73, 77,79, 81, 83, 
85, 87,89,91,93, 114, 159, 168, 173, and 176. The parameter is as follows: 

FailNPwr, a logical variable that indicates the state of the normal power 
system. The parameter is assigned a value of {-l.O) if the system has 
failed as the 'initiator', {+LO} if the system is failed but not as the 
'initiator', and { 0.0) if the system is available. 

The outcome probabiliues for this question depend primarily on the accident class and the 
reliability of the normal electric power system. They are used in the logic to determine the . 
outcome probabilities in Questions 9,18,21,22,23,24, 25,27,113,152, and 193 and are 
used to determine the value assigned the above parameter. Four cases are used to develop the 
outcome probabilities on the basis of prior events as follows: 

Case 1 ' 

Case 2 

This case includes those sequences in which the accident class is an 
.internal-energetic event [Question 1, Branch 21 and failure of the n o d  
electric power is an initiating event [Question 31. The outcome probabiliv 
assigned is 1.0 for Branch 2. The parameter, FailN'Pwr, is assigned a 
value of {-l.O} when Branch 2 is selected as the outcome. 

This case includes those sequences in which the accident class is an 
internal-energetic event, a limited leak, a limited miscellaneous event, or a 
crane drop and failure of the normal electric power is not an initiating 
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-. event [Question 31. The outcome probability for Branch 1 is calculated as 
a function of Nl?wrLmda and -Tau. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FaUPwr, is assigned a value of {+LO) when Brabch 1 is selected as the 
outcome and a value of { 0.0) when Branch 2 is selected as the outcome. 

Case 3 This case includes those sequences in which the accident class is an 
external event [Question 1, Branch I]. The outcome probability for 
Branch 1 is calculated as a function of NPwrLmda and NPwrTau, 
NPwrFr, and NPwrRn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1, The parameter, 
FailNPwr, is assigned a value of (+1.0} when Branch 1 is selected as the 
outcome and a value of { 0.0) when Branch 2 is selected as the outcome. 

case4 The default case includes all other sequences. The outcome probabgity 
assigned is 1.0 in Branch 2, failure of the normal electric power is not an 
enabler. The parameter, FailNPwr, is assigned a value of { 0.0) when 
branch 2 is selected. 

Question 9: Is the failure of the emergency [diesel] electrical power system 
an 'accident enabler'? 

Failure of the emergency electric power system can contribute to an accident as one of a series 
of events. Failure of the emergency electric power system can not initiate an accident because it 
is a backup system and not on-line. The emergency power system has no dependancies on any 

e other DWPF support systems. There are two defined outcomes as follows: 

EPowEn: The emergency electric power fails. 

nEPowEn: The emergency electric power does not fail. 

This is a Type 8 question and defines a parameter that is also used in calculations to determine 
the outcome probabilities of later Questions 63,67,77,89,91,159,168,173, and 176. The 
parameter is as follows: 

k g  C611 FailEPwr, a logical variable that indicates the state of the emergency 
power system. The parameter is assigned a value of {+LO} if the system 
is failed and { 0.0) if the system is available. 

The outcome probabilities for this question depend primarily on the accident class and the 
, reliability of the emergency electric power system. They are used in the logic to determine the 

outcome probabilities in Questions 18,23,27,113, and 193 and are used to determine the 
value assigned the above parameter. Four cases are used to'develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and normal electric power 
has failed, either as an 'initiator' or an 'enabler'. The outcome probability 
for Branch 1 is calculated as a function of IPwrLmda and EPwrTau. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailEPwr, is assigned a value of {+1.0) when 
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Case2' .- 

' ' Branch 1 is selected as the outcome and a value of (0.0) when Branch 2 
is selected as the outcome. - - 

Case 3 

Case 4 

This case includes sequences in which the accident class is a limited leak, 
limited crane drop, or limited miscellaneous and the normal power system 
has failed as an enabler. The-outcome probability for Branch 1 is 
calculated as a function of EPwrLrnF and EPwrTau. The outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
The parameter, FailEpwr, is assigned a value of { +1.0} when Branch 1 is 
selected as the outcome and a value of { 0.0) when Branch 2 is selected as 
the outcome. 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated in subroutine UAVAlL as a function of EPwrLmda 
and EPwrTau, EPwrFr, and E P w r b  and MsTmEx. The outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
The parameter, FailEPwr, is assigned a value of (+1.0} when Branch 1 is 
selected as the outconhe and a value of { 0.0) when Branch 2 is selected as 
the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the emergency electric power is not 
an accident 'enabler'. The parameter, FailEPwr, is assigned a value of 
{ 0.0) when branch 2 is selected. 

Question 10: Does the-Instrument Air system fail due to random events? 

Failure of the instrument air system to function can contribute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a series of events that causes the 
accident [an 'enablerl. There are two defined outcomes as follows: 

IAirW The instrument air system fails due to random events but does not initiate 
the accident. 

IlIAirRf: The instrument air system does not fail due to random events. 

. This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the reliability of the system and are used in the logic to determine the outcome 
probabilities in Questions 18, 19, and 21. Two cases are used to develop the outcome 
proba6ilities on the baiis of prior events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the 
instrunient air system is not the initiating event [Question 31. The outcoqe 
probability for Branch 1 is calculated as a function of IAirLmda and 
IAirTau. The outcome probability for Branch 2 is 1.0 less the probability 
assigned Branch 1. 
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Case 2 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the instrument ai r  system does not 
occur due to random events. 

Question 11: 

Failure of the instrument air system to function after an external event can contribute to the 
even6 leading to an accident as one of a sefies of events that causes the ac-cident [an 'enabler'l. 
There are two defined outcomes as follows: 

Does the Instrument Air system fail due to a seismic event? 

IAirSe: 

nIAirSe: 

The instrument air system fails due to an external event. 

The instrument air system does not I fail due to an external event. 

This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the fragility pf the system to the external event, and are used in the logic to determine 
the outcome probabilities in Questions 18,19,21. Two cases are used to develop the outcome 
probabilities on the basis of prior events: 

Case 1 

Case 2 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome,probability for 
Branch 1 is calculated as a function of IAirLmda and IAirTau, IAirFr, and 
IAirRn and MsTmEx. The outcome probabfity for Branch 2 is 1.0 less 
the probability assigned Branch 1. 
The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the instrument air system does not 
occur due to an external event. 

Question 12: Does the Cooling Tower Common system fail due to random 
events? 

Failure of the cooling tower common system to function can contribute to the events leading to 
an accident, either as the initiating event [Question 33 or as one of a series of events that causes 
the accident [an 'enabled. There are two defined outcomes as follows: 

CTC* The cooling tower common system fails due to random events but does 
not initiate the accident. 

The cooling tower common system d&s not fail due to random events. nCTCmRf : 

This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the reliability of the system and are used in the logic to determine the outcome 
probabilities in Questions 18 and 21. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the cooling 
tower common system is not the hitiating event [Question 31. The 
outcome probability for Branch 1 is calculated as a function of CTCmLmda 

' 
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and CTCmTau. The outcome probability for Branch 2 is 1.0 less the 
-‘- probability assigned Branch 1; - . 

Case2 - -  The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the cooling tower common system 
does not occur due to random events. 

Question 13: Does the Cooling Tower’ Common system fail due to a seismic 
event? 

Failure of the cooling tower common system to function after an external event.can contribute 
to the events leading to an accident as one of a series of events that causes the accident [an 
‘enabler’]; There are two defined outcomes as follows: 

I 

CTCmSe: The cooling tower common system fails due to an external event. 

nCJCmSe: The cooling tower common system does not fail due to an external event. 

?his is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the hgility of the system to the external event, and are used in the logic to determine 
the outcome probabilities in Questions 18 and 21. Two cases are used to develop the outcome 
probabilities on the basis of prior events as follows: 

’ 

Case1 This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of CTCmLmda and CTCmTau, 
CTCmFr, and CTCmRn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

W e  2 The’default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the cooling tower common system 
does not occur due to an external event. 

Question 14: 

Failure of the deep well cooling system to function can contribute to the events leading to an 
accident as one of a series of events that causes the accident [an ‘enabler’]. There are two 
defined outcomes as follows: 

Does the Deep Well system fail due to random events? ’ 

DWelRf: . 

nDWeRf: 

The deep well mling system fails due to random events. 

The deep well cooling system does not fail due to random events. 

This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the reliability of the system and are used in the logic to determine the outcome 
probabilities in Questions 18 and 20. Two cases are used to develop the outcome probabilities 
on the basis of prior events aS follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21. The outcome probability 

i 
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for Branch 1 is calculated as a function of DWelLmda and DWelTau. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

, 

Case 2 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the deep well cooling system does 
not occur due to random events. 

Question 15: Does the Deep We11 system fail due to seismic events? 

Failure of the deep well cooling system to function after an external event can contribute to the 
events leading to an accident as one of a series of events that causes the accident [an 'enabler']. 
There are two defined outcomes as follows: 

DWelSe: 

nDWelSe: 

The deep well cooling system fails due to an external event. 

The deep well cooling system does not fail due to an external event. 

This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and the fragility of the system to the external event and are used in the logic to determine 
the outcome probabilities in Questions 18 and 20. Two cases a ~ !  used to develop the outcome 
probabilities on the basis of prior events as follows: 

This case includes those sequences in which the accident class is an ' 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of DWelLmda and DWelTau, DWelFr, 
and DWeRn and MsTmEx. The outcome probability for Branch 2 is 1.0 
less the probability assigned Branch 1. 

Case 1 

Case 2 

Question 16: 

The default case includes all other sequences. ,The outcome probability 
assigned is 1.0 in Branch 2, failure of the deep well cooling system does 
not occur due to an external event. 

Does the Cooling Tower system fail due to random events? 

Failure of the cooling tower pumping system to function can contribute to the events leading to 
an accident, either as the initiating event [Question 31 or as one of a series of events that causes 
the accident [an 'enabler?. There are two defined outcomes as follows: 

corn 

nCoTRf : 

The cooling tower pumping system fails due to random events but does . .  not initiate the accident. 

The'cooling tower pumping system does not fail due to random events. 

This is a Type 6 question. The outcome probabilities .for this question depend on the accident 
class ,and the reliability of the system and are used in the logic to determine the outcome 
probabilities in Questions 18 and 21. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 
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Case 1 

case2 __ 

Question 17: 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the cooling 
tower pumping system is not'the initiating event [Question 31. The 
outcome probability for Branch 1 is calculated as a function of CoTLmda 
and CoITau. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 
The default case includes all other sequences. .The outcome probability 
assigned is 1.0 in Branch 2, failure of the cooling tower pumping system 
does not occur due to random events. 

Does the Cooling Tower system fail due to a seismic event? 

Failure of the cooling tower pumping system to function after an external event can contribute 
to the events leading to an accident as one of a series of events that causes the accident [an 

. 'enabler']. There are two defined outcomes as follows: 

CoTSe: , 

nCoTSe: 

The cooling tower pumping system fails due to an external event. 

The m l h g  tower pumping system does not fail due to an extemal event. 

This is a Type 6 question. The outcome probabilities for this question depend on the accident 
class and &e fkagility of the system to the external event and are used in the logic to determine 
the oucorne probabilities in Questions 18 and 21. Two cases are used to develop the outcome 
Probabilities on the basis of prior events as follows: 

. .  
'Case 2 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of CoTLmda and ColTau, CoTFr, and 
CoTRn and MsTmEx. The outcome probability for Branch 2 is 1;O less 
the probability assigned Branch 1. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the cooling tower pumping system 

I does not occur due to an external event.' 

Question 18: 

Failure of the instrument air system to function can conwibute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a series of events that causes the 
accident [an 'enabler). The instrument air system is dependant on the following DWPF 
support systems: normal and emergency electrical power, and the cooling tower. Total failure 
of power or failure of the cooling tower system causes failure of the instrument air system. 
There are two defined outcomes as follows: 

Is failure of the Instrument Air system an 'accident enabler'? 

The instrument air system does not function but does not initiate ,the 
accident. - 
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nIAirEn: The instrument air system continues to function [or its failure to function 
has previously been identified in Question 3 as the failure that initiates the 

- accident]. . 
This is a'Type 8 question and defines a parameter that is used in calculations to detexmine the 
outcome probabilities of later Questions 63,67,77, 89,91, and 152. The parameter is as 
follows: 

FaiIIAir, a logical variable that indicates the state of the instrument air 
system. The paiameter is assigned a value of {-LO} if the loss of 
function of the instrument air system is the 'initiatoi', (+LO} if the 
instrument air system is not functioning but is not the 'initiator', and 
{ 0.0) if the instrument air system is functioning. 

h g  1931 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Questions 22,23, 
27, and 113 and to determine the value assigned the above parameter. Six cases are used to 
develop the outcome probabilities on the basis of prior events as follows: 

. Case1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the 
instrument air system is the initiating event [Question 31. The outcome 
probability assigned is 1.0 for Branch 2. The parameter, FailIAir, is 
assigned a value of { -l.O} when Branch 2 is selected as the outcome. 

Case 2 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 2) and failure of the cooling ' 

tower common system is the initiating event [Question 3). The outcome 
probability assigned is 1.0 for Branch 1. The parameter, FaiIIAir, is 
assigned a value of { 1.0) when Branch 1 is- selected as the outcome. 

Case 3 This case includes those sequences in which the normal and emergency 
electric power systems are failed. The instrument air system cannot fulfill 
its function in the event the normal and emergency electric power systems 
fail. Therefore, an outcome probability of 1.0 is assigned to Branch 1. 
The parameter, FailIAir, is assigned a value of {+1.0} when Branch 1 is 
selected as the outcome. 

This case includes those sequences in which the accident class is an 
intemal-energetic event [Question 1, Branch 23 and either the cooling water 
system has failed due to any of its three modeled subsystems (cooling 
tower common, cooling tower pumping, deep well) or the instrument air 
system has failed randomly. An outcome probability of 1.0 is assigned to 
Branch 1. The parameter, FailIAir, is assigned a value of {+1.0} when 
Branch 1 is selected as the outcome. 

Case 4 

Case 5 This case includes those sequences in which the accident class is an.  
external event [Question 1, Branch 11 and either the cooling water system 
has failed due to any of its three modeled subsystems being failed by the 
external event (cooling tower common, cooling tower pumping, deep well) 
or the instrument air system has failed due to the external event. An 
outcome probability of 1.0 is assigned to Branch 1. The.parameter, 
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k FaiW, is assigned a value of {+LO) when Branch' 1 is selected as the 
outcome. - -  

Case 6 * The default case includes all other sequences. The outcome probability 
assigned is l.O,in Branch 2, failure of the instrument air system is not an . 
accident 'enabler'. The parameter, FailIAir, is assigned a value of { 0.0) 
when branch 2 is selected. 

e. 

Question 19: Is the failure of the Cooling Tower Common system an 
'accident enabler'? 

F a h e  of the woling tower common system to function can cqntribute to the events leading to 
an accident, either as the initiating event [Question 31 or as one of a series of events that causes 
the accident [an 'enabler). The cooling tower common system is dependant on the instrument 
air system. Failure of the instrument air system causes the cooling tower common system to 
fail. There are two defined outcomes ai follows: 

CKmEn: The cooling tower common system does not function but does not initiate 
the accident. 

nCTCmEn: The cooling tower common system continues to function [or its failure to 
function has previously been identified in Questiqn 3 as the failure that 
initiates the accident]. 

This is a Type 8 question and defmes a parameter that is used in calculations to determine the 
outcome probabilities of later Questions 63, 67,77, 89,91, and 152. The parameter is as 

* 

- follows: 

h g  1981 FailcTcm, a logical variable that indicates the state of the cooling tower 
common system. The parameter is assigned a value of { -1.0) if the loss 
of function of the cooling tower common system is the 'initiator', {+1.0) 
if the cooling'tower common system is not functioning but is not the 
'initiator', and { 0.0) if the cooling tower common system is functioning. 

The outcome Probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome pmbabiities in Questions 23 and 
27 and to deteImine the value assigned the above parameter. Five cases are used to develop the 
outcome probabilities on the basis of prior events as follows: 

Case 2 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the cooling 
tower common system is the initiating event [Question 31. The outcome 
probability assigned is 1.0 for Branch 2. The parameter, FailCI'Cm, is.  
assigned a value of {-LO) when Branch 2 is selected as the outcome. 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, .Branch 23 and failure of the 
instrument air system is the initiating event [Question 31. The cooling 
tower common system cannot perform its function if the instrument air 
system has failed. The outcome probability for Branch 1 is assigned a 
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- 

value of 1.0. 'be parameter, FailcI%m, is assigned a value of {+1.0} 
when Branch 1 is selected as the outcome. - -  

Case3 * 

Case 4 

Case 5 

Question 20: 

This case includes those sequences in which the accident class is an 
internalenergetic event [Question 1, Branch 23 and failure of the cooling 
tower common system or the instrument air system due to random*events 
occurs. The outcome probability assigned is 1.0 for Branch 1. The 
parameter, FailCTCm, is assigned a value of { 1.0) when Branch 1 is 
selected as the outcome. 

This case includes those sequences in which the ac&dent class is an 
external event [Question 1, Branch 13 and the cooling tower common 
system or the instrument air system have failed due to the external event. 
The outcome probability for Branch 1 is assigned a value of 1.0. The 
parameter, FailCTCm, is assigned a value of (+1.0) when Branch 1 is 
selected as the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the cooling tower common system is 
not an accident 'enabler'. The parameter, FailCTCm, is assigned a value 
of { 0.0) when branch 2 is selected. 

Is the failure of the Deep Well system an 'accident enabler'? 

Failure of the deep well system to function can contribute to the events leading to an accident as 
one of a series of events that causes the accident [an 'enablerl. The deep well system has no 
dependancies on any other DWPF support systems. There are two defined outcomes as 
follows: , 

DWelEn: 

nDWelEn: 

The deep well system does not function. 

The deep well system continues to function. 

This is a Type 8 question and defines a parameter that is used in calculations to.detexmine the 
outcome probabilities of later Questions 63,67,77,89,91, and 152. The parameter is as 
follows: 

FailDWel, a logical variable that indicates the state of the deep well 
system. The parameter is assigned a value of {+1.0} if the deep well 
system is not functioning and (0.0) if the deep well system is 
functioning. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Questions 23 and 
27 and to determine the value assigned the above parameter. Three cases are used to develop 
the outcome probabFties on the basis of prior events as follows: 

I Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and the deep well system 
has failed randomly. An outcome probability of 1.0 is assigned to Branch 
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1. The parameter,'FailDWel, is assigned a value of { +1.0} when Branch 
1 is selected as the outcome. - _  

Case2 . This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11 and the deep well system has failed 
due to the external event. An outcome probability of 1.0 is assigned to 
Branch 1. The parameter, FailDWel, is assigned a value of { +1.0} when 
Branch 1 is selected as the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the deep well system is not an 
accident 'enabler'. The parameter, FailDWel, is assigned a value of { 0.0) 
when branch 2 is selected. 

Is failure of the Cooling Tower an 'accident enabler'? 

Case3 

. Question 21: 

Failure of the cooling tower system to function can contribute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a sexies of events that causes the 
accident [an 'enabler']. The cooling tower system is dependant on the following DWPF 
support systems:, normal electrical power, and instrument air. Failure of normal power or 
failure of the instrument air system causes failure of the cooling tower system. There &re two 
defined outcomes as follows: 

& E n :  The cooling tower common system d&s not function but does not initiate 
the accident. 

The cooling tower common system continues to function [or iti failure to 
function has previously been identified in Question 3 as the failure that 
initiates the accident]. 

This is a Type 8 question and defines a parameter that is used in calculations to determine the 
outcome probabilities of.later,Questions 63, 67, 77, 89, 91, and 152. The parameter is as 
follows: 

h g  1621 FailCoT, a logical variable that indicates the state of the cooling tower 
system. The.parameter is assigned a value of {-l.O} if the loss of 
function of the cooling tower is the 'initiator', {+LO} if the cooling tower 

is functioning. 
- is not functioning but is not the 'initiator', and { 0.0) if the cooling tower 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Questions 23 and 
27 and to determine the value assigned the above parameter. Seven cases are used to develop 
the outcome probabilities on the basis of prior events as follows: 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and failure of the cooling 
tower is. the initiating event [Question 3). The outcome probability 
assigned is 1.0 for Branch 2. The parameter, FailCoT, is assigned a value 
of {-l.O} when Branch 2 is selected as the outcome. 

v 
Case 1 

. 

\ 
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Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Case 7 

This case bcludes hose sequences in which the cooling tower common 
system is failed, The cooling tower cannot fulfill its function .in the event 
the cooling tower common system fails. Therefore, an outcome 
probability of 1.0 is assigned to Branch 1. The parameter, FailCoT, is 
assigned a value of ~( +1.0} when Branch 1 is selected as the outcome. 

This case includes those sequences in which the n o d  electric power 
system is failed. The cooling tower cannot fulfill its function in the event 
the normal electric power system fails. Therefore, an outcome probability 
of 1.0 is assigned to Branch 1. The parameter, FailCpT, is assigned a 
value of {+1.0} when Branch 1 is selected as the outcome. 

This case includes those sequences in which the instrument air system is 
failed. The cooling tower cannot fillill its function in the event the 
instrument air system fails. Therefore, an outcome probability of 1.0 is 
assigned to Branch 1. The parameter, FailCoT, is assigned a value of 
(+1.0) when Branch 1 is selected as the outcome. 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and failure of the cooling 
tower is not the initiating event [Question 31 but does fail randomly. The 
outcome probability for Branch 1 is assigned a value of 1.0. The 
parameter, FaifCoT, is assigned a value of {+LO] when Branch 1 is 
selected as the outcome. 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11 and the cooling tower system, the 
cooling tower common system, or the instrument air system have failid 
due to the external event; The outcome probability for Branch 1 is 
assigned a value of 1.0. The parameter, FailCoT, is assigned a value of 
{ +1 .O} when Branch 1 is selected as the outcome. 

The default case includes all other sequences. The outcome probability 
issigned is 1.0 in Branch 2, failure of the cooling tower function is not an 
accident 'enabler'. The parameter, FailCoT, is assigned a value of (0.0) 
when branch 2 is selected. 

Question 22: Is the failure of the process steam system an 'accident 

Failure of the process steam system to functioq can contribute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a series of events that causes the 
accident [an 'enabIer'J. The process steam system is dependant on the following DWPF 
support systems: normal electrical power and instrument air. Failure of normal power or the 
instrument air system causes failure of the process steam system. There are two defined 
outcomes as follows: 

enabler'? 

PStmEn: The process steam system fails but does not initiate the accident. 
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nPStmEn: The process steam system continues to function [or its failure to function 
- -  has previously been identified in Question 3 as the failure that initiates the 

accident]. . 
This is a Type 8 question and defines a parameter that is used in calculations to determine the 
outcome probabilities of later Questions 67,77 and91. The parameter is as follows: 

FailPStm, a logical variable that indicate; the state of the process steam 
system. The parameter is assigned a value of {-l.O} if the loss of 
function of the process-steam system is the 'initiator', {+1.0} if the 
process steam system is not functioning but is not the 'initiator', and 
{ 0.0) if the process steam system is functioning. 

k g  [631 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the above parameter. Six  cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 

Case 2 

Case 3 

I 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the process 
steam is the initiating event [Question 31. The outcome probability 
assigned is 1.0 for Branch 2. The parameter, FailPStm, is assigned a 
value of {-1.0) when Branch 2 is selected as the outcome. 

This case includes those sequences in which the instnunent air system is 
failed. The process steam system is inoperative if the instrument air 
system fails. . Therefore, an outcome probability of 1.0 is assigned to 
Branch 1. The parameter, FailPStm, is assigned a value of {+1.0} when 
Branch 1 is selected as the outcome. 

This case includes those sequences in which the normal electric power 
system is failed. The process steam system is inoperative if the normal 
electric power system fails. Therefore, an outcome probability of 1.0 is 
assigned to Branch 1. The parameter, FailPStm, is assigned a value of 
-{+1.0) when Branch 1 is selected as the outcome. 

Case 4 - This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the process 
steam is not the initiating event [Question 31. The outcome probability 
for Bianch 1 is calculated as a function of PStmLmda and PStmTau. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
.Branch 1. The parameter, FailPStm, is assigned a value of (+1.0) when 
Branch 1 is selected as the outcome and a .value of { 0.0) when Branch 2 
is selected as the outcome. 

Case 5 . This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of PStmLmda and PStmTau, PStmFr, 
and PStmRn and MsTmEx. The outcome probability for Branch 2 is 1.0 
less the probability assigned Branch 1. The parameter, FailPStm, is 
assigned a value of { +1.0} when Branch 1 is selected as the outcome and 
a value of { 0.0) when Branch 2 is selected as the outcome. - 



WSRC-TR-954113 Auril7.1995 

Case 6 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the process steam is not an accident 
'enabler'. The parameter, FailPStm, is assigned a vahe of (0.0) when 
branch 2 is selected. 

-. 
. 

Question 23: Is the failure of the process cooling water system an 'accident 
enabler'? 

Failure 'of the process cooling water system to function can contribute to the events leading to 
an accident as one of a series of events that causes the accident [an 'enab1a'J. The process 
cooling water system is depenckht on the following DWPF support systems: normal and 
emergency electrical power, and the cooling tower. Total failure of power or failure of the 
cooling tower system causes failure of the process cooling water system. There are two 
defined outcomes as follows: 

' 

PcwEn: me process cooling water system fails. I 

npcwEn: The process cooling water system continues to function. 

This is a Type 8 question and defines a parameter that is used in calculations to determine the 
outcome probabilities of later Questions 63,67,77,89, and 91. The parameter is as follows: 

FailPCW, a logical variable that indicates the state of the process cooling 
water system. The parameter is assigned a value of { +1.0} if the process 
cooling water system is not functioning and { 0.0) if the process cooling 
water system is functioning. 

k g  1641 
- 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the above parameter. Five cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes those sequences in which both the normal electric 
power system and the emergency electrical power system are friiled. 
Because the process cooling water system fails in the event of loss of 
electric power, an outcome probability of 1.0 is assigned to Branch 1. 
The parameter, FailPCW, is assigned a value of {+LO} when Branch 1 is 
selected as the outcome. 

Case 2 This case includes those sequences in which the cooling tower common 
system, the instrument air system, or the cooling tower pumping/deep well 
systems are failed. The process cooling water system cannot fulfill its 
function in the event the cooling tower system fails. Therefore, an 
outcome probability of 1.0 is assigned to Branch 1. The parameter, 
FailPCW, is assigned a value of {+1.0} when Branch 1 is selected as the 
outcome. 

Case 3 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23. The outcome probability 
for Branch 1 is calculated as a function of PCWLmda and PCWTau. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 

' Branch 1. The parameter, FailPcW,.is assigned a value of { +1.0} when 
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Branch 1 is selected as the outcome and value of { 0.0) when Branch 2 
is selected as the outcome. -. 

Case 4 .' This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of PcwLmda and PCWTau, PCWFr, 
and PCWRn and MsTmEx. The outcome probability for Branch 2 is 1.0 
less the probability assigned Branch 1. The parameter, FailPCW, is 
assigned a value of { +1.0) when Branch 1 is selected as the outcome and 
a value of { 0.0) when Branch 2 is selected as the outcome. . 

Case 5 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the process cooling water function ' 
is not an accident 'enabler'. The parameter, FailPCW, is assigned a value 
of { 0.0) when branch 2 is selected. 

Question 24: Is the failure of the Carbon,Dioxide Purge System an 'accident 
enabler'? 

Failure of the SPC primary carbon dioxide purge system.to function can contribute to the 
events leading to an accident, either as the initiating event [Question 31 or as one of a series of 
events that causes the accident [an 'enablerq. The primary carbon dioxide purge system is 
dependant on the following DWPF support systems: normal electrical power. Failure of 
normal power causes failure of the primary carbon dioxide purge system. There are two ' 

defined outcomes as follows: 

corn 

nCQ2En: 

The SPC primary C02 purge system fails but does not initiate the 
accident. 

The SPC primary C02 purge system continues to function [or its failure 
to function has previously been identified in Question 3 as the failure that 
initiates the accident]. 

-. 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 42, 46, 50, 54, 79, 81, 83, and 85. The parameter is as 
follows: , 

h g  1651 FailC02, a lo'gical variable that indicates the state of the C02 purge 
system. The parameter is assigned a value of {-l.O} if the loss of 
function of the Co;! purge system is the 'initiator', {+1.0} if the C02 
purge system is not functioning but is not the 'initiator', and (0.0) if the 
Co;! purge system is functioning. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Question 28 and 
to determine the value assigned the,above parameter. Five cases are used to develop the 
outcome probabilities on the basis of prior events as follows: I 

Case 1 This case includes those sequences-in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure ofthe C02 
purge system is the initiating event [Question 31. The outcome probability 
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Case2 

Case 3 

Case 4 

Case 5 

Question 25: 

assibed is 1.0 for Branch 2. The parameter, FailC02, is assigned a 
value of {-l.O} when Branch 2 is selected as the outcome. 

This case includes those sequences in which the normal electric power 
system is in a failed state. Because 'the C02 purge-system fails in the 
event of loss of electric power an outcome probability of 1.0 is assigned 
to Branch 1. The parameter, FailC02, is assigned a value of (+1.0} 
when Branch 1 is selected as the outcome. 

This case includes those sequences in which the ad-dent class is an 
internal-energetic event [Question 1, Branch 21 and failure of the C02 
purge system is not the initiating event [Question 31. The outcome 
probability for Branch 1 is calculated as a function of C02Lmda and 
CO2Tau. The outcome probability for Branch 2 is 1.0 less the probability 
assigned Branch 1. The parameter, FailCOZ, is assigned a value of 
(+1.0} when Branch 1 is selected as the outcome and a value of (0.0) 
when Branch 2 is selected as the outcome. 

This case includes those sequences $ which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of CO2Lmda and CO2Tau, CO2Fr, 
and C02Rn and MsTmEx. Q e  outcome probability for Branch 2 is 1.0 
less the probability assigned Branch 1. The parameter, FailCO2, is 
assigned a value of {+1.0} when Branch 1 is selected as the outcome and 
a value of { 0.0) when Branch 2 is selected as the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the C02 purge system is not an 
accident 'enabler'. The parameter, FailC02, is assigned a value of { 0.0) 
when branch 2 is selected. 

Is failure of the Air Purge System an 'accident enabler'? 

Failure of the CPC primary air purge system to function can contribute to the events leading to 
an accident, either as the initiating event [Question 31 or as one of a series of events that causes 
the accident [an 'enabler']. The primary air purge system is dependant on the following DWPF 
support system: normal electrical power. Failure of normal power causes failure of the 
primary air purge system. There are two defined outcomes as follows: 

AirEn: 

nAirm 

The CPC primary air purge system fails but does not initiate the accident. 

The CPC primary air purge system continues to function [or its failure to 
function has previously been identified in Question 3 as the failure that 
initiates the accident]. 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 59, 63, 67,73,77, 87, 89,91, and 93. The parameter is as 
follows: 

FailAir, a logical variable thatlindicates the state of the air purge system. 
The parameter is assigned a value of { -1.0) if the loss of function of the 

[661 
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air purge system is the 'initiator', {+LO) if the air purge system is not 
- -  fuhctioning but is not the 'initiator', and*{0.0) if the air purge system is . functioning. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the above parameter. Five cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 2 

Case 3 

This case includes those sequences in which the accident class is an 
intemal-energetic event [Question 1 , Branch 21 and failure of .the air purge 
system is the initiathg event [Question 31. The outcome probability 
assigned is 1.0 for Branch 2. The parameter, FailAir, is assigned a value 
of {-l.O} when Branch 2 is selected as the outcome. 

This case includes those sequences in which the normal electric power 
system is in a failed state. Because the air purge system fails in the event 
of loss of electric power an outcome probability of 1.0 is assigned to 
Branch 1. The parameter, FailAir, is assigned a value of {+1.0) when 
Branch 1 is selecd as the outcome. 

This case includes those sequences in which the accident class isan 
internal-energetic event [Question 1 , Branch 23 and failure of the air purge 
system is not the initiating event [Question 33. The outcome probability 
for Branch 1 is calculated as a function of AirLmda and AirTau. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailAir, is assigned a value of {+1.0) when 
Branch 1 is selected as the outcome and a value of { 0.0) when Branch 2 
is selected as the outcome. 

\ 

. I 

Case 4 

Case 5 

Question 26: 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probahility for 
Branch 1 is calculated as a function of AirLmda and AirTau, AirFr, and 
AirRn and MsTmEiX. The outcome probability for Branch 2 is 1.0 less 
the probability assigned Branch 1. The parameter, F W ,  is assigned a 
value of {+1.0} when Branch 1 is selected as the outcome and a value of 
{ 0.0) when Branch 2 is selected as the outcome. 

The default case'includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the air purge system is not an 
accident 'enabler'. The parameter, FaiIAir, is assigned a value of { 0.0) 
when branch 2 is selected. 

Is failure of the Nitrogen Storage Tank . System an 'accident 
enabler'? \ 

The nitrogen storage tank system (also known as bulk nitrogen storage) supplies nitrogen to 
the bulk N2 system and is one of the supplies to the CPC Gackup N2 system. Failure of the 
nitrogen storage tank system to function can contribute to the events leading to an accident, 
either as the initiating event [Question 31 or as one of a series of events that causes the accident 
[an 'enabler']. The nitrogen storage tank system is not dependant on any other DWPF support 
systems. 'There are two defined outcomes as follows: 

* 
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N2TkEn: - _  

nN2TkEn: 

The N2 storage tank system fails but does not initiate the accident. 

The N2 storage tank system continues to function [or its failure to 
function has previously been identified in Question 3 as the failure that 
initiates the accident]; I 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 59, 63,67,73,77, 87, 89,91,93, 159, 165, 168, 173, and 
176. The parameter is as follows: 

FailN2Tk, a logical variable that indicates the state of the N2 storage tank . 
system. The parameter is assigned a value of {-l.O} if the loss of 
function of the N2 storage tank system is the 'hitiator', {+LO} if the N2 ' 
storage tank system is not functioning but is not the 'initiator', and { O.O} 
if the N2 storage tank system is functioning. 

Arg 1671 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Questions 29,31, 
and 33 and to determine the value assigned the above parameter. Four cases are used to 
develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and failure of the N2 
storage tank system is the initiating event [Question 31. The outcome 
probability assigned is 1.0 for Branch 2. The parameter, FailN2Tk, is 
assigned a value of {-l.O} when Branch 2 is selected as the outcome. 

. 

Case 2 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and failure of the N2 
storage tank system is not the initiating event [Question 31. The outcome 
probability for Branch 1 is calculated as a function of N2TkLmda and 
N2TkTau. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. The parameter, FailN2Tk, is assigned a 
value of {+LO} when Branch 1 is selected as the outcome and a value of 
{ O.O} when Branch 2 is selected as the outcome. 

Case 3 This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of N2TkLmda and N2TkTau, 
N2Wr ,  and N2TkRn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailN2Tk, is assigned a value of {+LO) when Branch 1 is selected as the 
outcome and a value of (0.0) when Branch 2 is selected as the outcome. 

Case 4 
I .  

The default c&e includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the N2 storage tank system is not 
an accident 'enabler'. The parameter, FailN2Tk, is assigned a value of 
{ 0.0) when branch 2 is selected. 
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Question 27: - -  Is faiIure of the Chilled Water System an 'accident enabler'? 

Failure of the-chilled water system to function can contribute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a series of events that causes the 
accident [an 'enabler]. The chilled water system i s  dependant on the following DWPF support 
systems: normal and emergency electrical power and the cooling tower. Total failure of power 
or failure of the cooling tower system causes failure of the chilled water system. There are two 
defined outcomes as follows: , - 

I I 

Ch'WEn: 

nChWEn: 

The chilled water system fails but does not initiate the accident 

The chilled water system continues to function [or its failure to function 
has previously been identified in Question 3 as the failure that initiates the 
accident]. d 

This is a Type 8 question and defines a parameter th+t is used in determining outcome 
probabilities of later Question 77. The parameter is as follows: 

k g  C681 FailChWy a logical variable that indicates the state of the chilled water 
system. The parameter is assigned a value of {-l.O} if the loss of 
function of the chilled water system is the 'initiator', { +1.0} if the chilled 
water system is not functioning but is not the '%tiator', and (0.0) if the 
chilled water system is functioning. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the above parameter. Six cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1. This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and failure of the chilled 
water is the initia&g event [Question 31. The outcome probability 
assigned is 1.0 for Branch 2. The parameter, FailChW, is assigned a 
value of {-l.O} when Branch 2 is selected as the outcome. 

. Case2 This case includes those sequences in which the normal electric power 
system and the emergency electrical power systems are failed. Because 
the chilled water system fails in the event of loss of electric power, an 
outcome probability of 1.0 is assigned to Branch 1. The parameter, 
FailChWy is assigned a value of {+1.0} when Branch 1 is selected as tKe 
outcome. 

case3 This case includes those sequences in whkh the cooling tower common 
system, the instnunenc air systeh, or the cooling tower pumping/deep well 
systems are failed. "lie chilled water system cannot fulfill its function in 
the event the cooling tower system fails. Therefore, an outcome 
probability of 1.0 is assigned to Branch 1. The parameter, FailChW, is 
assigned a value of {+1.0} when Branch 1 is selected as the outcome. 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and failure of the chilled 
water system is not the initiating event'[Question 31. The outcome 

, 

Case4 . 
' 
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- -  

Case 5 

Case 6 

probability for Branch 1 is calculated as a function of ChWLmda and 
ChWTau. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1.. The parameter, FailChW, is assigned a 
value of { +1.0} when Branch 1 is selected as the outcome and a value of 
(0.01 when Branch 2 is selected as the outcome. 
This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of ChWLmda and ChWTau, ChWFr, 
and ChWRn and MsTmEx. The outcome probability for Branch 2 is 1.0 
less the probability assigned Branch 1. The parameter, FailChW, is 
assigned a value of {+1.0} when Branch 1 is selected as the outcome and 
a value of { 0.0) when Branch 2 is selected as the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the chilled is not an accident 
'enabler'. The parameter, FailChW, is assigned a value of { 0.0) when 
branch 2 is selected. 

Question 28: 

Failure of the SPC backup carbon dioxide purge system to function can contribute to the events 
leading to an accident as one of a series of events that causes the accident [an 'enablerq. The 
backup carbon dioxide system is not dependant on any of the other DWPF support systems. 
There are two defined outcomes as follows: 

Is the failure of the backup C02 System an 'accident enabler'? 

BC02En: The SPC backup C02 pGge system fails. 
nBCO2En: The SPC backup C02 purge system continues to function. 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 42, 46, 50, 54, 79, 81, 83, and 85. The parameter is as 
follows : 

FailBC02, a logic4 variable that indicates the state of the backup C02 
purge system. The parameter is assigned a value of {+LO} if the backup 
C02 purge system is failed and { 0.0) if the backup C02 purge system is 
available. 

The outcome probabilities for this question depend on the accident class and the hiability of 
the system and are used to determine the value assigned the above parameter. Three cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23 and the-SPC primary C02 
purge system fails either as an initiator or an enabler. The outcome 
probability for Branch 1 -is calculated as a function of BC02Lmda and 
BC02Tau. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. The parameter, FailBC02, is assigned a 
value of { +1.0} when Branch 1 is selected as the outcome and a value of 
{ 0.0) when Branch 2 is selected as the outcome. , 
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Case 2 

Case3 8 

- _  This case includes ,those sequences in which the accident class is an 
external event [Question 1, Branch 13 and the SPC primary C02 purge 
system fails as an enabler. The outcome probabili& for Branch 1 is 
calculated as a function of BC02Lmda and BC02Tau, BC02Fr, and 
BC02Rn and MsTmEx The outcome probability for Branch 2 is 1.0 less 
the probability assigned Branch 1. The parameter, FailBC02, is assigned 
a value of {+1.0) when Branch 1 is selected as the outcome and a value 
of { 0.0) when Branch 2 is selected as the outcome. 

; 

The default case includes. all other sequences. The outcome probability 
-assigned is 1.0 in Branch 2, failure of the backup CO2 purge system is 
not an accident 'enabler'. The parameter, FailBC02, is assigned a value 
of { 0.0) when either branch is selected. 

Question 29: 

Failure of the bulk nitrogen system to function can contribute to the events leading to an 
accident, either as the initiating event [Question 31 or as one of a series of events that causes the 
accident [an 'enabler). The bulk nitrogen system is dependant on the following DWPF support 
systems: nitrogen storage tank. Failure of the nitrogen storage tank system causes failure of 

Is failure of the Bulk Nitrogen System an 'accident enabler'? 
I 

the bulk nitrogen system. There are two defined outcomes as follows: -_  
BlkN2En: 

nBlkN2En: 

The bulk N2 system fails but does not initiate the accident. 

The bulk N2 system continues to function [or its failure to function has 
previously been identified in Question 3 as the failure that initiates the 
accident]. 

This is a Type 8 question and defines a parameter that'is used in determining outcome 
probabilities of later Questions 159,165,168,173, and 176. The parameter is as follows: 

FailBllcN2, a logical variable that indicates the state of the bulk N2 
system. The parameter is assigned a value of {-l.O} if the loss of 
function of the bulk N2 system is the 'initiator', {+1.0} if the bulk N2 
system. is not functioning but is not the 'initiator', and (0.0) if the bulk 
N2 system& functioning. 

The outcome probabilities for &s question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Question 32 and 
to determine the value assigned the above parameter. Five cases are used to develop the 
outcome probabilities on the basis of prim events as follows: 

Case 1 This case includes those sequences in which the accident class is an 
intemal-energetic event [Question 1, Branch 21 and failure of the bulk N2 
system is the- initiating event [Question 31. The outcome probability 
assigned is 1.0 for Branch 2. The parameter, FailBlkN2, is assigned a 
value of { -1.0) when Branch 2 is selected as the outcome. 

. 

This case includes those sequences in which the accident class 'is an 
intemal-energetic event [Question 1, Branch 21 and the N2 storage tank 

Case 2 
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Case 3 

system has failed as initiator or enabler. 1 The bulk N2 system cannot 
function without a supply of nitrogen. The outcome probability for 
Branch 1 is assigned to be 1.0. The parameter, FailBlkN2, is assigned a 
value of {+LO} when Branch 1 is selected as the outcome. 

-. 
. 

Case 4 

Case 5 

This case includes those sequences in which the accident class is 'an 
internal-energetic event [Question 1, Branch 21 and the bulk N2 system 
did not fail as the initiator. The outcome probability for Branch 1 is 
calculated as a function of BlkN2Lmda and BW2Tau. The outcome . 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
The parameter, FailBWZ, is assigned a value of (+LO) when Brqnch 1 
is selected as the outcome anda value of IO.0) when Branch 2 is selected 
as the outcome. 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of BllcN2Lmda and BlkN2Tau, 
BlkN2Fr, and BlkN2Rn and MsTmEX. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailBIkNZ, is assigned a value of {+1.0} when Branch 1 is selected as 
the outcome arid a value of (0.0) when Branch 2 is selected as the 
outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the bulk N2 system is not an 
accident 'enabler'. The parameter, FailBlkN2, is assigned a value of 
{ 0.0) when branch 2 is selected. 

Question 30: Is the failure of the CPC backup Iiquid N2 Storage Tank 
System an 'accident enabler'? 

Failure of the CPC backup N2 storage tank system to function can contribute to the events 
leading to an accident as one of a series of events that causes the accident [an 'enabler'$ The 
backup liquid nitrogen storage tank system is not dependant on any other DWPF support 
systems. There are two defined outcomes as follows: 

CPCIlcEn: 

nCPCTkEn: 

The CPC backup N2 storage tank system fails. 

The CPC backup N2 storage tank system continues to function. I 

This is a Type 8 question and defines a parameter that is used in determiningoutcome 
probabilities of later Questions 59,63,67,73,77,87, 89,91, and 93. The parameter is as * 

' follows: 

k g  c 1081 FailCPCTk, a logical variable that indicates the state of the CPC backup 
N2 storage tank system. The parameter is assigned a value of (tl.0) if 
the CPC backup N2 storage rank system is not functioning and { 0.0) if 
the CPC backup N2 storage tank system is functioning. 

' 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in the logic to determine the outcome probabilities in Question 31 and 
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to determine the value assigned the above parameter. Three cases are used to develop the 
outcome probabilities on the basis of prior events as follows: - _  

Case 1 

Case 2 

; This case includes those sequences in which the accident class is an 
. . internal-energetic event [Question 1, Branch 21. The outcome probability 
for Branch 1 is calculated as a function of CPCTkLmda and CPCTkTau. 
The outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailCPCTk, is assigned a value of {+1.0) 

. when Branch 1 is selected as the outcome and a value of (0.0) when 
Bianch.2 is selected as the outcome. 

* 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of CPCilLmda and CPCTkTau, 
CPCTkFr, and CPCTkRn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailCPCTk, is assigned a value of {+1.0) when Branch 1 is selected as 
the outcome and a value of (0.0) when Bmch  2 is selected as the 
outcome. 

' Case3 . The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the CPC backup N2 storage tank 
system is not an accident 'enabler'. The parameter, FailCPCTk, is 
assigned a value of { 0.0) when branch 2 is selected. 

Is failure of the CPC Nitrogen System an 'accident enabler'? Question 31: 

Failure of the CPC N2 backup purge system to function can contribute to the events leading to 
an accident as one of a series of events that causes the accident [an 'enabler']. The CPC 
nitrogen backup purge system is dependant on the following DWPF support systems: the CPC 
backup liquid nitrogen storage tank and bulk liquid nitrogen storage tank. Failure of both of 
the nitrogen storage tank systems causes failure of the CPC nitrogen'backup purge system. 
There are two defied outcomes as follows: 

' CPCN2En: The CPC N2 backup purge rystem fails. 

nCPCN2En: The CPC N2 backup purge system continues to function. 

This is a Type 8 question and defines a p,arameter that is used in determining outcome 
probabilities of later Questions 59, 63, 67,73,77, 87, 89,91, and 93. The parameter is as 
follows: - 1  

FailCPCN2, a logical variable that indicates the state of the CPC N2 
backup purge system. The parameter is assigned a value of { +1.0} if the 
CPC N2 backup purge system is not functioning and (0.0) if the CPC 
N2 backup purge system is functioning. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used in 'the logic to determine the value assigned the above parameter. Four 
cases are used to develop the outcome probabilities on the basis of prior events as follows: 
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Case1 1. This case includes those sequences in which the accident class is .an 
internal-energetic event [Question 1, Branch 21 and the CPC N2 storage 
tank system and the bulk nitrogen storage tank system have failed. The 
CPC N2 backup purge system cannot function without a supply of 
nitrogen. The outcome probability for Branch 1 is assigned to be 1.0. 
The parameter, FailCPCN2, is assigned a vaIue of {+1.0} when Branch 1 
is selected as the outcome. 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 21 and the CPC primary air 
purge system has failed. The outcome probability for Branch 1 is 
calculated as a function of CPCN2Lmda and CPCN2Tau. The outcome 

.. probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
The parameter, FailCPCN2, is assigned a value of {+1.0} when Branch 
1 is selected as the outcome and a value of (0.0) when Branch 2 is 
selected as the outcome. 

case2 , 

Case 3 

Case 4 

Question 32: 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of CPCN2Lmda and CPCN2Tau, 
CPCN2Fr, and CPCN2Rn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailCPCN2, is assigned a value of (+l.O}.when Branch 1 is selected as. 
the outcome and a value of (0.0) when Branch 2 is selected as the 
outcome. 

- 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the CPC N2 backup purge system 
is not an accident 'enabler'. The parameter, FailCPCN2, is assigned a 
value of (0.0) when branch 2 is selected. 

Is failure of the LPPP ,Backup Nitrogen System an 'accident 
enabler'? 

. 

Failure of the LPPP backup nitrogen pyrge system to function can contribute to the events 
leading to an accident as one of a series of events that causes the accident [an 'enabler). The 
LPPP backup nitrogen system is not dependant on any other DWPF support systems. There 
are two defined outcomes as follows: 

PPN2En: The LPPP backup nitrogen purge system fails. 

. nPPN2En: The LPPP backup nitrogen purge system continues to function. ' 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 165 and 173. The parameter is as follows: 

FailPPN2, a logical variable that indicates the state of the LPPP backup 
nitrogen purge system. The parameter is assigned a value of { +1.0} if the 
LPPP backup nitrogen purge system is failed and (0.0) if the LPPP 
backup nitrogen purge system is available. 

m ~1131 
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The outcome probabilities for this question depend on the accident class and the reliability of 
the system and used to determiue the value assigned the above parameter. Three cases are 
used to develop the outcome pbabilities on the basis of prior events as follox 

Case 2 

Case 1 This case includes those sequences in which'the accident class is an 
htemal-energetic event [Question 1, Branch 21 and the bulk nitrogen 
system fails either as an initiator or an enabler. The outcome probability 
for Branch 1 is calculated as a function of PPN2Lmda and PPN2Tau. 
The outcome probability for Branch 2 is 1.0 less the probamty assigned 
Branch 1. The parameter, FailPPN2, is assigned a value of { +1.0) when 
Branch 1 is selected as the outcome and a value of { 0.0) when Branch 2 
is selected as the outcome. 

Case 3 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is, calculated as a function of PPN2Lmda and PPN2Tau, 
PPN2Fr, and PPN2Rn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailPPN2,fis assigned a value of { +1.0} when Branch 1 is selected as the 
outcome and a value of { 0.0) when Branch 2 is selected as the outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the LPPP backup nitrogen purge 
system is not an accident 'enabler'. The parameter, FailPPN2, is 
assigned a value of (0.0) when branch 2 is selected. I 

' 

Question 33: 

Failure of the SPC N2 purge system to function can contribute to the events'leading to an 
accident as one of a series of eventsthat causes the accident [an 'enabler?. The SPC nitrogen 
system is dependant on the following DWPF support systems: bulk nitrogen storage system. 
Failure of the bulk nitrogen storage system causes failure of the SPC N2 purge system. There 
are two de+ed outcomes as follows: 

Is failure of the SP.C N2 System an 'accident enabler'? 

SPCN2En: 

nSPCN2En: 

Tie SPC N2 purge system fails. 
r .  

The SPC N2 purge system continues to function. 

This is a Type 8 .question and defines a parameter that is used in determining outcome 
probabilities of later Questions 42, 46, 50, 54, 79, 81, 83j and 85. The parameter is as 
follows: .% 

Arg W81 FailSPCN2, a logical variable that indicates the state of the SPC N2 purge 
. system. The parameter is assigned a value of {+1.0} if the SPC N2 

purge system is failed and { 0.0) if the SPC N2 purge system is available. 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value-assigned the above parameter. Four cases are \ 

used to'develop the outcome probabilities on the basis of prior events as follows: 
\ 
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This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1; Branch 21 and the N2 storage tank 
system has failed. The SPC N2 purge system cannot function without a 
supply of nitrogen. The outcome probability for Branch 1 is assigned to 
be.l.0. The parameter, FailSPCN2, is assigned a value of (+1.0} when 
Branch 1 is selected as the outcome. 

Case 1 
-. 

Case 2 

Case 3 

Case 4 

This case includes those sequences in which the accident class is an 
internal-energetic event [Question 1, Branch 23. The outcome probability 
for Branch 1 is calculated as a function of SPCN2Lmda.and SPCN2Tau. 
The outcome pmbability'for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailSPCN2, is assigned a value of {+1.0} 
when Branch 1 is selected as the outcome and a value of { 0.0) when 
Branch 2 is selected as the outcome. 

This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 11. The outcome probability for 
Branch 1 is calculated as a function of SPCN2Lmda and SPCN2Tau, 
SPCN2Fr, and SPCN2Rn and MsTmEx. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. The parameter, 
FailSPCN2, is assigned a value of {+1.0) when Branch 1 is selected as 
the outcome and a value of (0.0) when Branch 2 is selected as the 
outcome. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the SPC N2 purge system is not an 
accident 'enabler'. The parameter, FailSPCN2, is assigned a value of 
{ 0.0) when branch 2 is selected. 

I 

Question 34: Is the failure of the SPC Seismic trigger System an 'accident 
enabler'? 

Failure of the SPC seismicpigger system to function can contribute to the events leading to an 
accident as one of a series of events that causes the accident [an 'enabler']. The SPC seismic 
trigger is not dependant on any other DWPF support systems. There are two defined outcomes 
as follows: . _  

STrigEn: The SPC seismic trigger system fails. ' 

nSTrigEn: The SPC seismic trigger system continues to function. 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 42, 46, 50, 54, 77,79, 81, 83, and 85. The parameter is as 
follows: 

FailTrig, a logical variable that indicates the state of the SPC seismic 
trigger system. The parameter is assigned a value of (+LO} if the SPC 
seismic trigger system is failed and (0.0) if the SPC seismic trigger 
system is available. 
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The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the abovc mameter. Two cases are 
used to develop s e  outcome probabilities on the basis of prior eve: as follows: - 

Case 1 This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. The outcome probability for 
Branch 1 is calculated as a function of TrigLmda and TrigTau, TrigFr, 
and Zero and MsTmEx. The outcome probability for Branch 2 is 1.0 less 
the probability assigned Branch 1. The parameter, FailTrig, is assigned a 
value of {+1.0} when Branch 1 is selected as the outcome apd a value of 
{ 0.0) when Branch 2 is selected as the outcome. 

- .  

Case 2 The default case includes all othq sequences. The outcome Probability 
assigned is 1.0 in Branch 2, failure of the SPC seismic trigger system is 
not an accident 'enabler'. The parameter, FailTrig, is assigned a value of 
{ 0.0) when branch 2 is selected. 

i .  

Question 35: Is the failure 'of . ,  the SPC Isolation valve UPS an 'accident 
enabler'? 

F a m e  of the SPC Isolation valve U P S  system to function can conmbute to the events leading 
to an accident as one of a series of events that causes the accident [an 'enabler?. The SPC 
isolation valve U P S  system is not dependant on any other DWPF support systems. There are 
'two defined outcomes as follows: 

SUPSEn: The SPC Isolation valve U P S  system fails. 

nSUPSEn: The SPC Isolation valve U P S  system continues to function. 

This is a Type 8 question and defines a parameter that is used in determining outcome 
probabilities of later Questions 42,46, 50,54,77,-79, 81, 83, and 85. The parameter is as 
follows: 

FailUPS, a logical variable that indicates the state of the SPC Isolation 
valve UPS system. The p w e t e r  is assigned a value of { +1.0} if the 
SPC Isolation valve U P S  system is failed and (0.0) if the SPC Isolation 
valve U P S  system is available. . 

The outcome probabilities for this question depend on the accident class and the reliability of 
the system and are used to determine the value assigned the above parameter. Two cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case. 1 This case includes those sequences in which the accident class is an 
external event [Question 1, Branch 13. _The outcome probability for 
Branch 1 is calculated as a function of SUPSLmda and SUPSTau, 
SPCUPSFr, and Zero and MsTmEx. The outcome probability for Branch , 
2 is 1.0 less the probability assigned Branch 1. The p m e t e r ,  FailUPS, 
is assigned a value of {+1.0} when Branch 1 is selected as the outcome 
and a value of { 0.0) when Branch 2 is selected as the outcome. 
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Case 2 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, failure of the SPCIsolation valve UPS 
system is not an accident 'enabler'. The parameter, FailUPS, is assigned 
a value of { 0.0) when branch 2 is selected. 

- -  

Question 36: Is there a randomly initiated explosion in 8 process tank or 
cell? 

As discussed above, the common system events are handled in Questions. 8-35. Each of the 
fault trees developed may include hundreds of other independent events that can cause failure in 
addition to the common system events. Therefore, it is necessary to treat properly the portions 
of the accident fault trees which do not involve common system events as initiating events and 
in fact may be completely independent of the state of the common systems. That is the purpose 
of this question. There are sixteen possible outcomes to this question as follows: 

nRndExp: There has been no random explosion. 

EX-SRAT A random explosion [ie., not caused by failure of a common system] has 
occurred in the Sludge Receipt and Adjustment Tank [SRATJ. 

EX-SME: 

EX-PVVH: 

EX-PRBT: 

EX-= 

EX-OWST: 

EX-PR 

EX-MOG: 

EX-OEV 

EX-OECI' 

EX-PRFI' 

EX-PPST 

EX-PPPT 

A random explosion has occurred in the Slurry Mix Evaporator [SME]. 

A random explosion has occurred in the Process Vessel Vent Header 
P W .  
A random explosion has occurred in the Precipitate Reactor Bottoms Tank 
IPRBTl. 
A random explosion has occurred in the Melter Feed Tank m. 
A random explosion has occurred in the Organic Waste Storage Tank 
[OWSTJ. 

A random explosion has occurred in the Precipitate Reactor [PRJ. 

A random explosion has o c c d  in the Melter Offgas System WOG]. 

, A random explosion has occurred in the Organic Evaporator [OEW. 

A random explosion has occurred in the Organic Evaporator Condensate 
Tank [OECT]. 

A random explosion has occurred in the Precipitate Reactor Feed Tank 
[PRFTI. 

A random explosion has occurred in the Low Point Pump Pit Sludge Tank 
[PPST]. 

A random explosion has occurred in the Low Point hunp Pit Precipitate 
Tank [PPW. 
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Ex-SMEL A random steam ex@osion has occmed in the Melter. 
- _  EX-SPC A random explosion due to overpressurization has occurred in the Salt - Process Cell [SPC]. 

3 s  is a Type 4 question and defines parameters used in calculations to determine the outcome 
probabilities in later Questions 42,46,50,54,59,63,67,73,77,79,81,83,85,87,89,92, 
93,114,152,154,159,165,168,173, and 176. The parameters are as follows: 

r 

Arg DO]< . MissTime, the repair time ofthi: affected system. NO&: this parameter is a 
place holder and is not used in the Mode C analy&. 

nCommI, a parameter whose value indicates whether or not a random 
explosion [Le., not caused by failure of a common system] has v e d .  
If the value of the parameter is 0.0 a random explosion has not occurred. 
If the value of the parameter is > 1.0 then a random explosion has 
OCCUR&, the value of the parameter defines the location of the explosion. 

The answer to this question, and the values assigned the parameta- depends upon the 
outcome of previous Questions 1 and 3. Two cases are used to ?: -dop the outcome 
probabilities on the basis of prim events as follows: . ,  

Case 1 

Case 2 

This case bcludes those sequences in which ,the accident class is an 
internal initiating event and failure of a common system is not an initiating 
event. The outcome probability assigned to Branch 1 is 0.0, i.e., no 
explosion wascaused by failure of a common system. Each of the 
re-g branches are .assign'ed the same outcome probability of 1/15. 
Although the outcome probabilities assigned are arbitrary the frequency of 
random explosions in the various tanks and systems will be renormalized 
to eliminate the arbitrary nature of these assigned probabilities. The 
UFUN performs this re-normalization by multiplying the calculated 
results by 15 during a UFUN call that canle when the MET was on one 
of the branches of this question other then branch 1. 

The parameters MissTime and nCommI are assigned values of 0.0 for 
Branch 1. When Branches 2 through 16 are selected the parameter 
MissTime is assigned a value of 0.0; the parameter nc0mmI is assigned a 
.value of the branch number minus 1.0. 

The default case includes all other sequences and assumes that failure of a 
common system is designated as the initiating event or that the initiating 
event is a seismic event. The outcome probability assigned is 1.0 in 
Branch 1. The parameter MissTime is assigned values of 0.0, and the 
parameter nCommI is assigned dummy values that are the same as the 
values assigned in Case 1 except for branch 1 which is assigned the value 
of -10. The -10 value is a control parameter used to tell the UFUN how 
to calculate the seismic accident probabilities. 
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Question 37: Do the cell covers over the Salt Process Cell dislodge and fall 
because of a seismic event? 

The process cells within the main canyon of the DWPF are 'roofed' by removable steel covers. 
These covers provide limited isolation of the cell in the event of an in-cell release, assist in 
maintaining proper ventilation flow, and protect the equipment within the cell from falling 
objects. However, if the cell covers are dislodged and fall into the cell, either through a 
seismic,event or an energetic event within the cell, they may damage the equipment in the cell. 
This question examines the impact of a seismic event on the covers for the.Salt Process Cell. 
There are two possible outcomes as follows: 

. 

fSCvSeis: 

nfSCvSei: 

The Salt Cell Covers are dislodged by the Seismic event and falls on the 
equipment [tanks, piping, etc.] in the cell. 

The Salt Cell Covers remain in place following the Seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2 and the value specified for the parameter CCovFr, the seismic fragility of the covers 
for the Salt and Chemical Process Cells. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 40,41,44,45,48,49,52,53,75,95,105, 
127 and 128. 

Two cases are used to develop the outcome probabilities on the basis of prior events: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event. The seismic fragility of the covers for the Salt and 
Chemical Process Cells [the probability the cell covers will fall] is placed 
in Branch 1. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 

Case 2 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers' 
do not fall. 

Question 38: 

Another possible way to drop a cell cover into a cell is for it to fall while suspended from an 
overhead crane. The process cell covers may be dropped during maintenance operations while 
being moved using the overhead crane. Crane load drops are a documented Occurrence at SRS 
(Reference 6 )  and therefore are to be considered in the DWPF. Again, the falling covers may 
strike a tank causing it to be ruptured and spilling the contents into the cell. There are two 
defmed outcomes as follows: 

Does a cell cover fall while being moved by the crane? 

CDCvSPC A cell cover is dropped by the overhead crane into a cell. 

nCDCVSPC A cell cover is not dropped by the overhead crane a cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 6 and are used in the logic to determine the outcome of Question 39. 
Two cases are used to develop the outcome probabilities as follows: 
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This case includes all events defined by Question 1, Branch 5 [accident 
class - Ltd-CD] and Question 6, Branch 2 [Crane Drop]. An outcome 
probability of 1.0 is assigned Branch 1. 

- -  Case 1 
- 

Case 2 The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. , 

Question'39: Do the cell covers that'fall in .a crane accident strike a tank? , .  
There are fourteen defined outcomes for a crane load drop: 

I 

No-Hit: A cell cover is dropped by the overhead crane but does not strike any 
process tank. 

CD-h: A cell cover is dropped by the overhead crane into the Salt Process Cell 
and strikes the PR. 

CD-OeK A cell cover is dropped by the ,overhead crane into the Salt Process Cell ~ 

-and strikes the OEV. 

CD-OECr: .. A cell cover is droppkd by the overhead crane into the Salt Process Cell 
and strikes the OECT. 

C D - P m  A cell cover is dropped by the overhead 'crane into the Salt Process Cell 
and strikes the PRFC 

CD-PRBT: . A cell cover is dropped by the overheab crane into'the Chemical Process 
Cell and strikes the PRBT. 

CD-SME: A cell cover is dropped by the overhead crane into the Chemical Process 
Cell and strikes the SME. . 

CD-SRAT A cell cover is dropped by the overhead crane into the Chemical Process 
Cell and strikes the SRAT. 

CD-RCF 

m-m 

A cell cover is dropped by the overhead crane into the Chemical Process 
Cell and strikes the R n .  

A cell cover is dropped by, the overhead crane into the Chemical Process 
Cell and strikes the MFT. 

, 

Q>-m A cell cover is dropped by the overhead crane into the Melter Cell and 
strikes the Melter. 

CD-PPPT: A cell cover is dropped by the overhead crane into the Low Point Pump 
Pit Precipitate Cell and strikes the PPPT. 

\ 

CD-PPST A cell cover is dropped by the overhead crane into the Low Point Pump 
, Pit Sludge Cell and SttikeS the PPST. 
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.CD-PPRT 
-. 

A cell cover is’dropped by the overhead crane into the Low Point Pump 
Pit Recycle Cell and strikes the PPRT. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Question 38 and are used in the logic to determine the outcome of Questions 41,45, 
49, 53, 58, 62, 66, 70, 72, 157, 171, 179, and 181. Two cases are used to develop the 
outcome probabilities as follows: 

Casei 

Case 2 

Question 40: 

This case includes all events defined by Question 38, Branch 1 [a cell. 
cover has been dropped by a crane]. The selection of the outcome 
probabilities for each branch are based on the number of cell covers 
available in the facility that may be dropped and the probability of striking 
and damaging a individual tank. The calculational details are discussed in 
Reference 7. Branch 1 is assigned a probability of 1.0 minus the sum of 
the other branch probabilities. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 1. 

Do the cell covers that fall in a seismic event strike the PR? 

Falling cell covers during a seismic event can rupture and spill the contents of the Precipitate 
Reactor. There are two possible outcomes as follows: 

SCV-PR: The Salt Cell Covers are dislodged by ithe Seismic event and fall on the 
Precipitate Reactor. 

nSCV-PR: The Salt Cell Covers are dislodged by the Seismic event and do not fall on 
the Precipitate Reactor. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 37. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 41. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: , .  

Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Salt Process Cell covers fell due to the seismic 
event. The outcome probability for-Branch 1 is 0.01 [7], the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
**SAMPLED VARIABLE**. 

Case 2 The default case includes. all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 
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Question 41: Does a Seismic event or cover crane fall rupture and spill the 
contents of the Precipitate Reactor in the Salt Process Cell? 

Falling cell covers during a seismic event or from a crane drop accident can rupture and spill 
the contents of the Precipitate Reactor. Shaking and overturning of the tank during a seismic * 
event can also cause spillage of the contents. There are two defined outcomes to this question 
as follows: 

- -  

Rpt-PRxT . 

nRpt-PRX: 

The Precipitate Reactor is ruptured ind the contents spilled as a result of a 
seismic event oi a crane drop accident. 

The Precipitate Reactor is intact following a seismic event ur crane drop 
accident. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Questions gY 37, 39, and 40 and the value specified for the parameter PRx-Fry the seismic 
fragility of the Precipitate Reactor. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 43,80,106,123, and 136. Three cases are 
used to develop the outcome pmbabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Salt Process Cell to fall and 
strike the PR. The falling cell covers are assumedto rupture and spill the 
contents of the Precipitate Reactor, i.e., an outcome probability of 1.0 is 
assigned Branch 1. 

Case 2 % This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall or the cell covers fall but do not sttike the PR. ' The seismic fragility of the Precipitate Reactor [@e probability that a 
seismic event will cause a structural failure of the precipitate Reactor] is 
placed in Branch 1. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 

Case 3 The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2 and the Precipitate Reactor is 
undamaged. 

Questions 42 to 78 contain the first round of explosion questions for tanks in the SPC and the 
CPC. The questions consider the possibility of an explosive concentration being present in a 
,tank along with the probability of an ignition source being present. Reference 5 is the common 
source for the fault tree calculations to determine the frequency of explosions. 

Question 42: Does an explosive concentration accumulate in Precipitate 

. A fault tree was constructed to calculate the frequency of explosions in the PR for all credible 
initiators. The solution of this fault tree (cut sets) is used to determine the frequency (or 
probability) of an explosive concentration in the Precipitate Reactor. The two outcomes I 

defined for this question are as follows: 

Reactor? 

, 

Con-PRX: An explosive concentration accumulates in the Precipitate Reactor. 
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nCon-PRx: - An explosive concenqtion does not accumulate in the Precpitate Reactor. 

This is a. T b e  6 question and uses previously quantified parameters [60,65,69,70,71,90, 
118,135, anti 1361 and a user defmed function to determine the probability that an explosive 
concentration will occur in the Precipitate Reactor. The user function includes information 
from solution of the fault tree for the Precipitate Reactor Explosion. The function used to 
calculate the answer depends on the answer to previous Question 1 (i.e., different fault trees 
are used for internal-energetic events and seismic events). The answers to this question are. - 
used in the logic to.de-e the outcome probabilities in Question 43. . 
The case structure is simplified by not cons idkg  the possibility of prior rupture of the 
Precipitate Reactor [Question 411 which is assumed to prevent the buildup of an explosive 
concentration in the Precipitate Reactor. The possibility of prior rupture of the Precipitate 
Reactor is included in Question 43. Four cases are used to develop the outcome probabilities 
as follows: 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 

I outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

Case 2 This case includes all sequences in which the class of accidents is intemal- 
energetic Pranch 2, Question 13. The outcome probability is calculated, 
using FUN-PR and assigned to Branch 1. The outcome probability for ' 
Branch 2 is 1.0 less the probability assigned Branch 1 

Case 3 This case includes all sequences in which the class of accidents is external 
@ranch 1, Question 11. The outcome probzbility is calculated using 
FUN-PRS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 

Case 4 The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

. 

Question 43: Does a damaging deflagration/detonation occur in the 
'Precipitate Reactor? 

If an explosive concentration occurs in the Precipitate Reactor and an ignition source is . 
available it is assumed that a damaging detonation or deflagration will follow. The fault tree for 
the Precipitate Reactor Explosion includes the probability of an ignition source. Therefore, if 
Question 42 indicates that an explosive concentration is available then a detonatioddeflagration 
will follow. A detonation/deflagration in the Precipitate Reactor can spill the contents of the 
vessel to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There are 
three defined outcomes as follows: 

PRx-Det: 

PRX-Def: 

A damaging detonation occurs in the Precipitate Reactor. 

A damaging deflagration occurs in the Precipitate Reactor. 
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nPRx-Exp: No damaging explosion occufs in the Precipitate Reactor. 

T@s is a Type 2 question. The answer is dependent on the outcome of previous Questions 41 
and 42.. The-answers to this question are used in the logic to determine the outcome 
probabilities in Questions 75,78,80,105,106,107, and 123. Four cases are used to develop 
the outcome probabilities as follows: 

- _  

. -  

Case 1 This case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Precipitate Reactor precluding the accumulation of an explosive 
concentration. The outcome probability assigned is 1.0 in Branch 3, there 
is no explosion. 

Case 2 

Case 3 This case includes the sequences in which a prior event has not ruptured 
the Precipitate Reactor and an explosive concentration has accumulated in 
the vessel. The outcome probability assigned is 0.001 in Branch 1, there 
is a damaging detonation and 0.999 in Brach 2, there is a damaging 
deflagration [a. **SAMPLED VAEUABLE** 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Do the cell covers that fall in a seismic event strike the OEV? 

Case 4 

Question 44: 

Falling cell covers during a seismic event can rupture and spill the contents of the Organic 
Evaporator. There are two possible outcomes as follows: 

1 

SCv-OEV 

nSCV-OEV: 

The Salt Cell Covers are dislodged by the Seismic event and fall on the 
OrganicEvaporator. . 

The Salt Cell Covers sire dislodged by the Seismic event and do not fall on 
the Organic Evaporator. 

This is a Type 2 question. The answer to this question depends uponthe outcome of previous 
Questions 2 and 37. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 45. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

.Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Salt Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 173, the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. **sAha?m vAFm.BLE**. 



April 7,1995 WSRC-TR-954113 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

Does a Seismic event or cover crane fall rupture and spill the- 
contents of the Organic Evaporator in the Salt Process Cell? 

Case 2 
- -  

Question 45: 

Falling cell covers during a seismic event or from a crane drop accident can rupture and spill 
the conients of the Organic Evaporator. Shaking and overturning of the tank during a seismic 
event can also cause spillage of the contents. There are two defined outcomes to this question 
as follows: 

Rpt-OEV: The Organic Evaporator is ruptured and the contents spilled as a result of a 
seismic event or a crane drop accident. 

apt-OEV: The Organic Evaporator is intact following a seismic event or crane drop 
accident. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Questions 2, 37, 39, arid 44 and the value specified for the parameter OEV-Fr, the seismic 
fragility of the Organic Evaporator. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 47,82,107,124, and 137. Three cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sGuences in which a seismic event or Crane drop 
accident has causlxi the cell covers over the Salt Process Cell to fall and 
strike the OEV. The falling cell covers are assumed to rupture and spill 
the contents of the Organic Evaporator, i.e., an outcome probability of 1.0 
is assigned Branch 1. 

Case 2 This case includes all'sequences in which a seismic event has occurred but 
the cell covers do not fall or the cell covers fall but do not strike the OEV. 
The seismic fragility of the Organic Evaporator [the probability that a 
seismic event will cause a structural failure of the Organic Evaporator] is 
Dlaced in Branch 1. The outcome probability for Branch 2 is 1.0 less the 
Probability assigned Branch 1. 

The default case includes all- remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2 and the Organic Evaporator is 

Case 3 

' undamaged. 

Question 46: Does an explosive concentration accumulate in the Organic 
Evaporator Tank? 

A fault tree was constructed to calculate the frequency of explosions in the OEV for all credible 
initiators. The solution of this fault tree (cut sets) is used to determine the frequency (or 
probability) of an explosive concentration in the Organic Evaporator. The two outcomes 
defined for this question are as follows: 

Con-OEV An explosive concentration accumulates in the Organic Evaporator. 
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nCon-OEV - - A n  explosive concentration does got accumulate in the Organic . Evaporator. 

This is a Type 6-question and uses previously quantified parameters [a, 65,69,70,71,90, 
118,135, and 136J and a user defined function to determine the probability that an explosive 
concentration will, occur in the Organic Evaporator. The user hc t ion  includes information 
from solution of the fault tree for the Organic Evaporator Explosion. The function used to 
calculate the answer depends on the answer to previous Questlon 1. The answers to this 
question are used in the logic to determine the outcome probabilities in Question.47. 

The case structure is simpWied by not considering the possibility of prior rupture of the 
Organic Evaporator [Question 451 which is assumed to prevent the buildup of an explosive 
concentration in the Organic Evaporator. The possibility of prior rupture of the Organic 
Evaporator is included in Question 47. Four cases are used to develop the outcome 
probabilities as follows: 

* 

, 

Case 2 

Case 3 

Case 4 

Quest;'. 47: 

This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there \is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is intemal- ' 

energetic [Branch 2, Question 13. The outcome probability is calculated 
using FUN-OEV and assigned to Branch 1. The outcome Probability for 
Branch2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
Branch 1, Question 13. The outcome probability is calculated using 
FUN-OEVS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

Does. a detonatioddeflagration of the Organic Evaporator tank 
occur? 

If an explosive concentration. occurs in the Organic Evaporator and an ignition source is 
available it is assumed that a damaging detonation or deflagration will follow. The fault tree for 
the Organic Evaporator Explosion includes the probability of an ignition some. Therefore, if 
Question 46 indicates that an explosive concentration is available then a detonatioddeflagration 
will follow. A detonatioddeflagration in the Organic Evaporator can spill the contents of the 
vessel to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There are 
three defined outcomes as follows: 

~ 

I .  

OEV-Det . A damaging detonation occurs in the Organic Evaporator. 

3EV-D& A damaging deflagration occurs in the Organic Evap to r .  , 
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nOEV-Exp: No damaging explosion occurs in the Organic Evaporator. 

This is a Type2 question. The answer is dependent on the outcome of previous Questions 45 
and 46. The answers to this question are used in-the logic to determine the outcome 
probabilities in Questions 75,78,82, 105,106, 107,108, and 124. Four cases are used to 
develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

Questiop 48: 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Organic Evaporator. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the- 
Organic Evaporator precluding the accumulation of an explosive 
concentration. The outcome probability assigned is 1.0 in Branch 3, there . 
is no explosion. 

This case includes the sequences in which a prior event has not ruptured 
the Organic Evaporator and an explosive concentration has accumulated in 
the vessel. The outcome probability assigned is 0.001 in Branch 1, there 
is a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. **SAMPLED VARIABLE** 

The default case includes any re-g sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

, 

Do the cell covers that fall in a seismic event strike the OECT? 

Falling cell covers during a seismic event-can rupture and spill the contents of the Organic 
Evaporator Condensate Tank. There are two possible outcomes as-follows: 

Sa-OECT. 

' nSCV-OECT: 

The Salt Cell Covers are dislodged by the Seismic event and fall on the 
Organic Evaporator Condensate Tank. 

The Salt Cell Covers are dislodged by the Seismic event and do not fall on 
the Organic Evaporator Condensate Tank. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 37. The .answers to this question are used in the logic to determine the 
outcome probabilities in Question 49. Two cases are used to develop the outcome probabiiities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Salt Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 171, the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
* * S A M . P W  VARIABLE**. 
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Cas-e 2 

. 
Question 49: 

The default case hcludes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

Does a Seismic event or cover crane fall rupture and spill the 
contents of. the Organic Evaporator Condensate Tank in the 
Salt Process Cell? 

Falling celf covers during a seismic event or from a crane drop accident can rupture and spill 
the contents of the Organic Evaporator Condensate Tank. Shaking and 0vertum.n gofthetank 
dirring a seismic event can also cause spillage of the contents. There are two defined outcomes 
to this question as follows: 

RptOECE 

. nRptOECP 

The Organic Evaporator Condensate Tank is ruptured and the contents 
spilled as a result of a seismic event ur'a crane drop accident. 

The Organic Evaporator Condensate Tank is intact following a seismic 
event or crane drop accident. . 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Questions 2,37,39, and 48 and the value specified for the parameter OECTFr, the seismic 
fragility of the Organic Evaporator Condensate Tank. The answers to this question are used in 
the logic to determine the outcome probabfities in Questions 51,84,108,125, and 138. !Three 
cases are used to develop the outcome probabilities on the basis of prior events as follows: 

. 

Case 1 

Case 2 

Case 3 

This case inchdes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Salt Process Cell to fall and 
strike the OECT. The falling cell covers are assumed to rupture and spill 
the contents of the Organic Evaporatur Condensate Tank, i.e., q outcome 
probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which a seismic event has'occurred but 
the cell covers do not fall or the cell covers fall but do not strike the 
OECT. The seismic fragility of the Organic Evaporator Condensate Tank 
[the probability that 8 seismic event will cause a structural failure of the 
Organic Evaporator Condensate Tank] is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2. and the Organic Evaporator 
Condensate Tank is undamaged. 

Question 50: Does an explosive concentration accumulate in Organic 

A fault tree was constructed to calculate the frequency of explosions in the OECT for all 
credible initiators. The solution of this fault tree (cut sets) is used to determine the frequency 
(or probability) of an explosive concentration in the Organic Evaporator Condensate Tank. The 
two outcomes defined for this question are as follows: 

Evaporator Condensate Tank? 
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Con-OECT: An explosive concentration accumulates in the Organic Evaporator 
Condensate Tank. . 

nCon-OECT. An explosive concentration does not accumulate in the Organic Evaporator 
Condensate Tank. 

This is a Type 6 question and uses previously quantified parameters [a, 65,69,70,71,90, 
118,125, and 1361 and a user defined function to determine the probability that an explosive. 
concentration will occur in the Organic Evaporator Condensate Tank. .The user function 
includes information from solution of the fault tree for the Organic Evaporator Condensate 
Tank Explosion. The function used to calculate the answer depends on the answer to previous 
Question 1. The answers to this question are used in the logic to determine the outcome 
probabilities in Question 51. 

. 

The case structure is simplified by not considering the possibility of prior rupture of the 
Organic Evaporator Condensate Tank [Question 491 which is assumed to prevent the buildup 
of an explosive concentration in the Organic Evaporator Condensate Tank. The possibility of 
prior rupture of the Organic Evaporator Condensate Tank is included in Question 51. Four 
cases are used to develop the outcome probabilities as follows: 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

, I 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 1 ]. The outcome probability is calculated 
using FUN-OECT and assigned to Branch 1. The outcome probability 
for Branch 2 is 1 .O less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated'using 
FUN-OECTS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 51: Does I a detonation/deflagration - of the Organic Evaporator 
Condensate tank occur? 

If an explosive concentration occurs in the Organic Evaporator Condensate Tank and an 
ignition source is available it is assumed that a damaging detonation or deflagration will follow. 
The fault tree for the Organic Evaporator Condensate Tank Explosion includes the probability 
of an ignition source. Therefore, if Question 50 indicates that an explosive concentration is 

, ayailable then a detonation/deflagration will follow. A detonatioxddeflagration in the Organic 
Evaporator Condensate Tank can spill the contents of the vessel to the Salt Process Cell, blow 
the cell covers, and damage adjacent vessels. There are three defined outcomes as follows: 

. 
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0ECI'-D& 

nOECT-Exp : 

A damaging detonation occurs in the Organic Evaporator Condensate 
Tank. 

A damaging deflagration occurs in the Organic Evaporator Condensate 
Tank. 

No damaging explosion occurs in the Orgaiic Evaporator Condensate 
Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 49 
and 50. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 75,78, 84, 105, 107, 108,109, and 125. Four cases are used to 
develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in which an explosive concenmtion does 
not accumulate in the Organic Evaporator Condensate Tank The outcome 
probability assigned is 1.0 in Branch.3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Organic Evaporator Condensate Tank precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has not ruptured 
the Organic Evaporator Condensate Tank and an explosive concentration 
has accumulated in the vessel. The outcome probability assigned is 0.001 
in Branch 1, there is a damaging detonation and 0.999 in Branch 2, there 
is a damaging deflagration [7]. **SAMPLED VARIABLE** 

The default case includes any remaining sequences. It is assumed that a l l  
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

, 

Case 2 

- I  

Case 3 

Case4. 

Question 52: Do the cel1 covers that fall in a seismic event or crane accident 
strike the PRFT? 

Falling cell covers during a seismic event can rupture and spill the contents of the Precipitate 
Reactor Feed Tank. There are two possible outcomes as follows: 

SCv-PRFT: 

nSCV-PRFT: 

The Salt Cell Covers are dislodged by the Seismic event and fall on the 
Precipitate Reactor Feed Tank. 
The Salt Cell Covers are dislodged by the Seismic event and do not fall on 
the precipitate Reactor Feed Tank. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 37. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 53. 



WSRC-TR-95-Ol13 April 7,1995 
Page 85 

Two cases are used to develop the outcome probabilities on the basis of prior events as 
follows: _ _  4 

Case 1, This case includes those sequences in which the initiating event is a 
seismic event and the Salt Process Cell covers fell due to the seismic 
event. The outcome probability for B k c h  1 is 0.01 [7], the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
**sAMpL;ED VARIABLE**. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

~ a s e ~ 2  

Question 53: Does a Seismic event or cover crane fall rupture and spill the 
contents of the Precipitate Reactor Feed Tank in the Salt 
Process Cell? 

Falling cell covers during a seismic event or from a crane drbp accident can rupture and spill 
the contents of the Precipitate Reactor Feed Tank. Shaking and overturning of the tank during 
a seismic event can also cause spillage of the contents. There ate two defined outcomes to this 
question as follows: 

RptPRFI': 

nRptpRFT: 

The Precipitate Reactor Feed Tank is ruptured and the contents spilled as a 
result of a seismic event or a crane drop accident. 

The Precipitate Reactor Feed Tank is intact following a seismic event or 
crane drop accident. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Questions 2,37, 39, and 52 and the value specified for the parameter PRFI'Fr, the seismic 
fragility of the Precipitate Reactor Feed Tank. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 55,86, 109, 126, and 139. Three . 
cases are used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Salt Process Cell to fall and 
strike the PRFT. The falling cell covers are assumed to rupture and spill 
the contents of the Precipitate Reactor Feed Tank, i.e., an outcome 
probability of 1.0 is assigned Branch 1. 

Case 2 This case includes all sequences in which a seismic event has occurzed but 
the cell covers do not fall or the cell covers fall but do not strike the 
PRFT. The seismic fragility of the Precipitate Reactor Feed Tank [the 
probability that a seismic event will cause a structural failure of the 
Precipitate Reactor Feed Tank] is placed in Branch 1. The outcome 

' probability for Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 3 The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2 and the Precipitate Reactor Feed 
Tank is undamaged. 
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Question 54: - 
. 

Does an explosive concentration accumulate in Precipitate 
Reactor Feed Tank? 

A fault tree'was constructed to calculate the frequency of explosions in the PRFT for all 
credible initiators. The solution of this fault tree (cut sets) is used to determine the frequency 
(or probability) of an explosive concentration in the Precipitate Reactor Feed Tank. The two 
outcomes defined for this question are as follows: 

Con-Pm: . An explosive concentration accumulates in the Precipitate Reactor Feed 
Tank. 

nCon-PRFT: An explosive concentration does not accumulate in the Precipitate Reactor 
FeedTank. 

This is a Type 6 question and uses previously quantified parameters [60,65,69,70,71,90, 
118,135, and 1361 and a user defined fhlnction to determine the probability that an explosive 
concentration will occur in the Precipitate Reactor Feed Tank. The user function includes 
information from solution of the fault tree for the Precipitate Reactor Feed Tank Explosion. 
The function used to calculate the answer depends on the answer to previous Question 1. The 
answers to this question are used in the logic to determine the outcome probabilities in Question 
55. 

The case structure is simplified by not considering the possibility of prior rupture of the 
Precipitate Reactor Feed [Question 531 which is assumed to prevent the buildup of an explosive 
concentration in the Precipitate Reactor Feed Tank. The possibility of prior rupture of the 
Precipitate Reactor Feed Tank is included in Question 55. Four cases are used to develop the 
outcome probabilities as follows: I 

Case 1 

Case 2 

Case 3 

Case 4 

This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 13. The outcome probability is calculated 
using FUN-PRFT and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 

l k s  case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using 
FUN-PmS and assigned to Branch 1. .The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

' _  
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Question 55: Does a detonatioddeflagration occur in the Precipitate Reactor 

If explosive concentmtion occurs in the Precipitate Reactor Feed Tank and an ignition source 
is available it is assumed that a damaging detonation or deflagration will follow.. The fault tree 
for the Precipitate Reactor Feed Tank Explosion includes the probability of an ignition source. 
Therefore, if Question 54 indicates that an explosive concentration is available then a 
detonatioddeflagration will follow. A detonatioddeflagration in the Precipitate Reactor Feed 
Tank can spill the contents of the vessel to the Salt Process Cell, blow the cell covers, and 
damage adjacent vessels. There are three defmed outcomes as follows: 

. Feed tank? 

PRFT-Det 

PRFI-Defi 

IIPRFT-ExP: 

A damaghg detonation occurs in the Precipitate Reactor Feed Tank. 

A damaging deflagration occurs in the Precipitate Reactor Feed Tank. 

No damaging explosion occurs in the Precipitate Reactor Feed Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 53 
and 54. The answers to, this question are used in the logic to determine the outcome 
probabilities in Questions 7578, 86,97, 105, 108,109, and 126. Four cases are used to 
develop the outcome probabilities as follows: 

I -. 
Case 1 This case includes all sequences in which an explosive concentration does 

not accumulate in the Precipitate Reactor Feed Tank. The outcome 
probability assigned is 1.0 in Branch 3, there is no explosion. 

Case 2 

Case 3 

Case 4 

This case includes the sequences in which a prior event has ruptured the 
Precipitate Reactor Feed Tank precluding the accumulation of an explosive 
concentration. The outcome probability assigned is 1.0 in Branch 3, there 
is no explosion. 

This case includes the sequences in which a prior event has not ruptured 
the Precipitate Reactor Feed Tank and an explosive concentration has 
accumulated in the vessel. The outcome probability assigned is 0.001 in 
Branch 1, there is a damaging detonation and 0.999 in Branch 2, there is a 
damaging deflagration [7]. **SAMPLED VARTABLE** 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3,. there is no 
explosion. 

Question 56: Do the cell covers for the Chemical Process Cell dislodge and 
fall following a seismic event? 

The process cells-within the main canyon of the DWPFare &fed' by removable steel covers. 
These covers provide limited isolation of the cell in the event of an in-cell release, assist in 
maintaining proper ventilation flow, and protect the equipment within the cell from falling 
objects. However, if the cell covers are dislodged and fall into the cell, either through a 
seismic event or an energetic event within the cell, they may damage the equipment in the cell. 
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This question examines the impact of a seisxiic event on the covers for the Chemical Process 
Cell. There are two - -  possible outcomes as follows: 

fCCvSeis: - The Chemical Cell Covers are dislodged by the Seismic event and fall on 
the equipment [tanks, piping, etc.] in the cell. . -  

nfCCvSei: The’Chemid Cell Covers remain in place foFowing the Seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 29nd the value specified for the parameter CCovFr, the seismic fragility of the covers 
for the Salt and Chemical Process Cells. The answers to this-question are used in the logic to 
determine the outcome probabilities in Questions 57,58,61,62,65,66,69,70,71,72,76, 

.78,96,98, 129, and 141. Two cases are used to develop the outcome probabilities on the 
basis of prior events as follows: 

Case 1 

Case 2 

This case includes those sequences in which the initiating event is a 
seismic event. The seismic fragility of the covers for the Salt and 
Chemical Process Ceqs [the probability the cell covers will fall] is placed 
in Brc:.ch 1. The outcome probability for Branch 2, is 1.0 less the 
pmbasiity assigned Branch 1. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

Question 57: Do the cell covers that fall in a seismic event strike the PRBT? 

Falling cell covers during a seismic event can rupture and spill the contents of the Precipitate 
Reactor Bottoms Tank. There are two possible outcomes as follows: 

ccv-PRBT: The Chemical Cell Covers are dislodged by the Seismic event and fall on 
the Precipitate-Reactor Bottoms Tank . 

nCCV-PRBT Tie Chemical Cell Covers are dislodged by the Seismic event and do not 
fz3 on the Precipitate Reac!or Bottoms Tank. 

This is a Type 2 c ion. The answer to this question depends upon the outcome of previous 
Questions 2 and - The answers to this question are used in the logic to determine the 
outcome probabilitie., in Question 58. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Chemical Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 [7], the outcome 
probability for Brbch 2 is 1.0 less the probability assigned Branch 1. 
**SAMPLED VARIABLE**. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

\ 
Case 2 
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Question 58: Does a Seismic event or cover crane fall rupture and spill the 
-contents of the Precipitate Reactor Bottoms Tank in the 
Chemical Process Cell? 

Falling cell covers during a seismic event or a crane load drop can rupture and.@ill the contents 
of the Precipitate Reactor Bottoms Tank /?RBTJ. Shaking and overturning of the tank during 
a seismic-event can also cause spillage of the contents. There are two defined outcomes to this 
question as follows: 

RptPRBT The Precipitate Reactor Bottoms Tank is ruptured and the contents spilled 
as a result of the seismic event or a crane drop accident. 

nRptPRBT: The Precipitate Reactor Bottoms Tank is intact. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 39,56, and 57 and the value specified for the parameter PRBTFr, the seismic 
fragility of the Precipitate Reactor Bottoms Tank. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 60, 88,99, 130, and 142: Three 
cases are used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 

Case 2 

Case 3 

This case includes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Chemical Process Cell to fall 
and strike the PRBT. The falling cell covers are assumed to ?up- and 
spill the contents of the PRBT, i.e., an outcome probability of 1.0 is 
assigned Branch 1, RptPRl3T. 

This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall; The seismic fragility of the PRBT [the 
probability that a seismic event will cause astructural failure of the PRBTJ 
is placed in Branch 1. The outcome probability for Branch 2, nRptPRBT, 
is 1.0 less the probability assigned Branch 1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2, there is no seismic event and the 
PRBT is undamaged. 

Question 59: Does an explosive concentration accumulate in the Precipitate 
Reactor Bottoms Tank [PRBT]? 

A fault tree was constructed to calculate the frequency- of explosions in the PRBT for all 
credible initiators. The solution of this fault tree (cut sets) is used to determine the frequency 
(or probability) of an explosive concentration in the Precipitate Reactor Bottoms Tank. The 
two outcomes defmed for this question are as follows: 

ConPRBT 

nConPRBT 

An explosive concentration accumulates in the PRBT. 

An explosive concentration does not accumulate in the PRBT. 

This is a Type 6 question and uses previously quantified parameters [a, 66,67,70,71,90, 
95, and 1081 and a user defined function to determine the probability that an explosive 

/ 



April 7,1995 , I  WSRC-TR-95-0113 

concentration &ill occm in the PRBT.. The user function includes information from solution of 
the fault tree for-ae PRBT explosion. The function used to calculate the answer depends on 
.the answer to previous Question 1. The outcome probabilities are used in the logic to. 
dete-e the -. o\ltmme probabilities in Question 60. 

The following case Structure is simpIified by not considering the possibility of prior rupture of . 
the PRBT [Question 581. Rupture of the PRBT would prevent the buildup of an explosive 
concentration in the PRBT. The possibility of prior rupture of the PRBT is included in 
Question 60. Five cases are used to develop the outcome probabilities as follows: 

Case 2 

Case 3 

Case 4 

This case is used to exclude those sequences in the classes of accidents 
The 

outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case is used to exclude those sequences where the bulk N2 tank fails 
as an initiator. The bulk N2 tank supplies nitrogen to the CPC backup 
nitrogen system. Since the system is a backup, its failure cannot initiate 
accidents in the CPC. The outcome probability assigned is 1.0 in Branch 
2, there is no explosive concentration. 

This case includes all sequences in which the class ofaccidents is internal- 
energetic Branch 2, Question 13. The outcome probability is calculated 
using FUN-PRBT and assigned to Branch 1. The outcome probability 
for Branch 2 is 1 .O less the probability assigned Branch 1. 

+ [Question 11 which are neither external nor internal-energetic. 
Case1 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using I 

FUN-PRBTS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. , 

Case5 . The default case assumes that all sequences in which an explosive , 

concentration can occur are included in Cases 3 and 4. An-outcome 
probability of 1.0 is assigned Branch 2. 

Question 60: Does a detonation/deflagration occur in the Precipitate Reactor 
Bottoms Tank [PRBT]? 

If an explosive concentration occurs in the Precipitate Reactor Bottoms Tank and an ignition 
source is available it is assumed that a damaging detonation or deflagration wil l  follow. The 
fault tree for the explosion includes the probability of an-ignition source. Therefore, if 
Question 59 indicates that an explosive.concentration is available then a detonatioddeflagtation 
will follow. A detonation or deflagration in the Precipitate Reactor Bottoms Tank can spill the 
contents of the vessel to the Chemical Process Cell, blow the cell covers, and damage adjacent 
vessels. There are three defined outcomes as follows: 

PRBT-Det: A damaging detonation occurs in the Precipitate Reactor Bottoms Tank. 

PRBT-Def: 

nPRBT-Ex: 

'A damaging deflagration dccurs in.the Precipitate Reactor Bottoms Tank. 

No d m & g  explosion occurs in the Precipitate Reactor Bottoms Tank. 
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This is a Type 2 question. The answei is dependent on the outcome of previous Questions 58 
and 59. The answers to this question are used in the logic to determine the outcome 
probabiliEes in Questions 76,78, 88,98,99, 100, 104, and 130. Four cases are used to 
develop-the outcome probabilities as follows: 

Case 1 This case includes all sequences in which an explosive concentration does 
not accumulate in the PRBT. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

Case 2 This case includes the sequences in which a prior event has ruptured the 
PRBT precluding the accumulation of an explosive concentration. The 
outcome probability assigned is 1.0 in Branch 3, there is no explosion. 

Case 3 This case includes the sequences in which a prior event has not ruptured 
the Precipitate Reactor Bottoms Tank and an explosive concentration has 
accumulated in the vessel. The outcome probability assigned is 0.001 in 

' Branch 1, there is a damaging detonation and 0.999 in Branch 2, there is a 
damaging deflagration [7]. **SAMPLED VARIABLE** 

The default case includes any remaining sequences. It is assumed that all 
sequences resdtipg in a damaging explosion are included in previous 
cases. The outcome probability assigned is, 1 .O in Branch 3, there is no 
explosion. 

Case 4 

Question 61: .Do the cell covers that fall due to a seismic event strike the 
SME? 

Falling cell covers during a seismic event can rupture and spill the contents of the Slurry Mix 
Evaporator. There are two possible outcomes as'follows: 

CCv-SME: 

nCCV-SME: 

The Chemical Cell Covers are dislodged by the Seismic event and fall on 
the Slurry Mix Evaporator. 

The Chemical Cell Covers are dislodged by the Seismic event and do not 
I fall on the Slurry Mix Evaporator. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 56. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 62. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Chemical Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 173, the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
**SAMPLED VARIABLE**. 

Case 2 The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
donotfall. ' 

- 
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- -  
Question 62: Does a Seismic event or cover crane fall rupture and spill the 

contents of the Slurry Mix Evaporator Tank in the Chemical 
. \  . Process Cell? 

Falling cell covers during a seismic event or a crane load drop can rupture and spill the contents 
of the S l q  Mix Evaporator. Shaking and overtuming of the tank during a seismic event can 
also cause gillage of the contents. There are two defined outcomes to this question as follows: 

RptSME: The Slurry Mix Evaporator is ruptured and the contents spilied Bs a result 
of the seismic event or a crane drop acddent. 

- . nRptSME: The Slurry Mix Evaporator is intact. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 39,56, and 61 and the value specified for the parameter SME-Fr, the seismic 
hgi l i ty  of the Slurry Mix Evaporator. The answers to this question are used in the logic to 
detemine the outcome probabilities in Questions 64,90,100,131, and 143. Three cases are 
used to develop the outcome probabilities on the basis of prior events as follows: ~ 

Case l .  This case includes all sequences in which a seismic event or cfane drop 
accident has caused the cell covers over the Chemical Process Cell to fall 
and strike the SME. The falling cell covers are assumed to rupture and 

. spill the contents of -the SME, i.e., an outcome probability of 1.0 is 
assigned Branch 1. 

Case 2 . This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall. . The seismic fragility of the SME [the 
probability that a seismic event-will cause a structural failure of the SME] 
is placed in Branch 1. The outcome probability for Branch 2, nRptSME, 
is 1 .O.less the probability assigned Branch 1. 

Case 3 The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2, there is no seismic event and the 
SME is undamaged. 

Question 63: Does an explosive concentration accumulate in the Slurry Mix 
Evaporator Tank [SME]? 

A fault tree was constructed to calculate the frequency of explosions .in the SME for all credible 
initiators. The solution of this fault tree (cut sets) is used to determine the frequency (or 
probability) of an explosive concentration in the Slurry Mix Evaporitor. The two outcomes 
defined for this question afe as follows: 

ConSME: An explosive concentration accumulates in the SME. 

nConSME: An explosive concentration does not accumulate in the SME. 

This is a Type 6 question and uses previsusly quantified parameters [a, 61,62,64,66,67, 
70,71,90,93,95,98,103, and 1081 and a user defined function to determine the probability 
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that an explosive concentration will occur in the SME. The user function includes information 
from solution of the fault tree for the SME explosion. The function used to calculate the 
answer depeiids on the answer to previous Question 1. The outcome probabilities are used in 
the logic todetermine the outcome probabilities .in Question 64. 
The following case structure is simplified by not considering the possibility of prick rupture of 
the SME [Question 621. Rupture of the SME would prevent the buildup of an explosive 
concentration in the SME. The possibility of prior rupture of the SME is included in Question 
64. Five cases are used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

This case is used to exclude those sequences in the c&ses of accidents 
[Question 11 which are neither external nor internal-cnergetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case is used to exclude those sequences where the bulk N2 tank fails I 

as an initiator. The bulk N2 tank supplies nitrogen to the B C  backup 
nitrogen system. Since the system is a backup, its failure cannot initiate 
accidents in the CPC. The outcome probability assigned is 1.0 in Branch 
2, there is no explosive Concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question I]. The outcome probability is calculated 
using FUN-SME and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-SMES and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

3 

Case 5 The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 64: ’ Does a detonatioddeflagration occur in the Slurry Mix 
Evaporator Tank [SME]? 

If an explosive concentration occurs in the Slurry Mix Evaporator and an ignition source is 
available it is assumed that a damaging detonation or deflagration will follow. The fault txe for 
the explosion includes the probability of an ignition source. Therefore, if Question 63 indicates 
that an explosive concentration is available then a detonatiorddeflagration will follow. A 
detonation or deflagration in the Slurry’Mix Evaporator can spill the contents of the vessel to 
the Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There are three 
defmed outcomes as follows: 

SME-Det A damaging detonation occurs in the Slurry Mix Evaporator. 

SME-Def: 
nSME-Ex: 

A damaging deflagration occurs in the Slurry Mix Evaporator. 
No damaging explosion occurs in the Slurry Mix Evaporator. 
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This is a Type 2 question. The answer is dependent on the outcome of previous Questions 62 
and 63. The h-swers to this question are used in the logic to determine the outcome 
probabilities in Questions 76,78,90,98,99, 100, and 131. Four cases are used to develop 
the outcomeprobabilities as follows: 

Case2 * 

Case 3 

I 

This case includes all sequences in which an explosive concentration does 
not adcumulate in the SME. The outcome Probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has' ruptured the 
SME precluding the accumulation of an explosive concentration. The 
outcome probability assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has not ruptured, 
the Sluny Mix Evaporator and an explosive concentration has 

, accumulated in the vessel. -The outcome probability assigned is 0.001 in 
Branch 1, thm is a damaging detonation and 0.999 in Branch 2, there is a 
damaging deflagration [7], **SAMPLED VARIABLE** 

, Case4 The default case includes any remaining sequences. It is assumed that all  
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 

' explosion. 

I 

.Question 65: Do the cell covers that fall in a seismic event strike the SRAT? ' , 

Falling cell covers during a seismic event can rupture and spill the contents of the Sludge 
Receipt Adjustment Tank. There are two possible outcomes as follows: 

Ccv-SRAT 

nCCV-SRAT: 

The Chemical Cell Covers are dislodged by the seismic event and fall on 
the Sludge Receipt Adjustment Tank. 

The Chemical Cell Covers are dislodged by the seismic event and do not 
fall on the Sludge Receipt Adjustment Tank. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 56. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 66. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 
- .  

Case 2 

. This case includes those sequences in which the initiating event is a '  
seismic event and the Chemical Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 [7], the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
**SAMPLED VARIABLE**. 

The default-case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 
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Question 66: Does a Seismic event or cover crane fall rupture and spill the 
contents of the Sludge Receipt And Adjustment Tank in the 
Chemical Process Cell? , 

Falling cell covers during a seismic event or a crane load drop can nrpane and spill the contents 
of the Sludge Receipt Adjustment Tank. Shaking and overturnkg of the tank during a seismic 
event can also cause spillage of the contents.- There are two defined outcomes to this question 
as follows: 

RptSRAT 

nRptSRAT 

TheSludge Receipt Adjustment Tank is ruptured and the contents spilled 
as a result of the seismic event or a crane drop accident. 

The Sludge Recept Adjustment Tank is intact 
This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 39, 56, and 65 and the value specified for the parameter SMTFr, the seismic 
fragility of the Sludge Receipt Adjustment Tank. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 68,92,101,132, and 144. Three 
cases are used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Chemical Process Cell to fall 
and strike the SRAT. The falling cell covers are assumed,to rupture and 
spill the contents of the SRAT, Le., an outcome probability of 1.0 is 
assigned Branch 1. 

Case 2 

Case 3 

Question 67: 

This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall. The seismic fragility of the SRAT [the 
probability that a seismic event will cause a structural failure of the SRAg 
is placed in Branch 1. The outcome probability for Branch 2, nRptSRAT, 
is 1.0 less the probability assign@ B r c h  1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2, there is no seismic event and the 
SRAT is undamaged. 

Does an explosive concentration accumulate in the Sludge 
Receipt And Adjustment Tank [SRAT]? 

A fault tree was constructed to calculate the frequency-of explosions h the SRAT for all 
credible initiators. The solution of this fault tree (cut sets) is used to determine the frequency 
(or probability) of an explosive concentration in the Sludge Receipt Adjustment Tank. The two 
outcomes defined for this question are as follows: 

ConSRAT An explosive concentration accumulates in the SRAT. 

nConSRAT An explosive concentration does not accumulate in the SRAT. 

This is a Type 6 question and uses previously quantified parameters [a, 61,62,63,64,66, 
67, 70, 71, 90, 93, 95, 98, 103, and 1081 and a user defined function to determine the 
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probability that an explosive concentridon will occur in the SRAT. The user function includes 
’ inforkation from solution of the fault tree for the SRAT explosion. The function used to 
calculate the answer depends on the answer to previous Question 1. The outcome probabilities 
are used in the logic to determine the outcome probabilities in Question 68. 

The following case structure is simplified by not considering the possibility of prior rupture of 
the SWT [Question 661. Rupture of the SRAT would prevent the buildup of an explosive 
concentration in the SRAT. The possibility of prior rupture of the SRAT is included in , 
Question 68. Five cases are used to develop the outcome probabilities as follows: 

. case1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case is used to exclude those sequences where the bulk N2 tank fails 
as an initiator. The bulk N2 tank supplies nitrogen to the CPC backup 
nitrogen system. Since the system is a backup, its failure cannot initiate 
accidents in the CPC. The outcome probability assigned is 1.0 in Branch 
2, thexe is no explosive concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 13. The outcome probability is calculated 
using FUN-SRAT and assigned to Branch 1. The outcome probability 
fur Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using 
FUN-SRATS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 
The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. 

Case 2 

Case 3 

Case 4 
, 

Case 5 

Question 68:. Does a detonatioddeflagration occur in the Sludge Receipt 
, Adjustment Tank [SRAT]? 

If an explosive concentration occurs in the Sludge Receipt Adjustment Tank and ari ignition 
source is available it is assumed that a damaging detonation or deflagration wil l  follow. The 
fault tree for the explosion includes the probability of an-ignition-source. Therefore, if 
Question 67 indicates that an explosive concentration is available then a detonatioddeflaption 
will follow. A detonation or deflagration in the Sludge Receipt Adjustment Tank can spill the 
contents of the vessel to the Chemical Process Cell, blow the cell covers, and damage adjacent 
vessels. There are three defined outcomes as follows: 

SRAT-Det: 

SRAT-Defi 

nSRAT-Ex: 

A damaging detonation occurs in the Sludge Receipt Adjustment Tank. 

A damaging deflagration occurs in the Sludge Receipt Adjustment Tank. 

No damaging explosion occurs in the Sludge Receipt Adjustment Tank. 
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This is a Type 2 question. The answer is dependent on the outcome of previous Questions 66 
and 67. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 76,78,92,98,101,102, and 132. Four cases are used to develop 
the outcdme probabilities as follows: I 

Case 1 This case includes all sequences in which an explosive concentration does 
not accumulate in the SRAT. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes the sequences in which a prior eventhas ruptured the 
SRAT precluding the accumulation of an explosive concentration. The 
outcome probability assigned is 1.0 in Branch 3, there is no explosion. 

case2 

Case 3 

Case 4 

This case includes the sequences in which a prior event has not ruptured 
the Sludge Receipt Adjustment Tank and an explosive concentration has 
accumulated in the vessel. The outcome probability assigned is 0.001 in 
Branch 1, there is a damaging detonation and 0.999 in Branch 2, there is a 
damaging deflagration [7]. **SAMPLED VARIABz;E** 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there. is no 
explosion. 

Question 69: 

Falling cell covers during a seismic event can rupture and spill the contents of the Recycle 
Collection Tank There are two possible outcomes as follows: 

Do the cell covers that fall in a seismic event strike the RCT? 

CCv-RCT: 

nCCV-RCT: 

The Chemical Cell Covers are dislodged by the seismic event and fall on 
the Recycle Collection Tank. 

The Chemical Cell Covers are dislodged by the seismic event and do not 
fall on the Recycle Collection Tank. 

- 

This is a Type 2 question. The answer to, this question depends upon the outcome of previous 
Questions 2 and 56. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 70. Two cases are used to develop the outcome probabilities 
on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event and the Chemical Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 [7], the outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
**SAMPLED v m u * * .  

Case 2. The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic .event and the cell covers 
do not fall. 



April 7,1995 WSRC-TR-95-0113 

Question 70: - _  Does a Seismic event or cover crane fall rupture and spill the 
' contents of the Recycle Collection Tank in the 'Chemical 

Falling cell covers during a seismic event or a crane load drop can rupm and spill the contents 
of the Recycle Collection Tank, Shaking and overturning of the tank during a seismic event 
can also cause spillage of the contents. There are two defined outcomes to this question as 
follows: 

Process Cell? 

Rpt-RCE The Recycle Collection Tank is ruptured and @e contents' spilled as a 
result of the seismic event or a crane drop accident. ' 

apt-RCT: . The Recycle Collection Tank is intact. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 39, 56, and 69 and the value specified for the parameter RCTFr, the seismic 
h@ty  of the Recycle Collection Tank. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 102 and 145. Three cases are used to develop 
the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event or crane drop 
. accident has caused the cell covers over the Chemical Process Cell to fall 

and strike the Ra. The falling cell covers are assumed to rupture and 
spill the contents of the RCT, Le., an outcome probability of 1.0 is 
assignedBranch 1. 

This case inclades all sequences in which a seismic event has occurred but 
the cell covers do not fall. The seismic fragility of the RCT [the 
, probability that a seismic event will cause a structural failure of the RCTJ 
is placed in Branch 1. The outcome probability for Branch 2, nRptRCT, 
is 1.0 less the probability assigned Branch 1. 

Case2 

Case 3 - The default case.includes all remaining sequences. The outcome 
probability 'assigned is 1.0 in Branch 2, there is no seismic event and the 
RCI' is undamaged. 

Question 71: Do the cell covers that fall in a seismic event strike the MFT? 

Falling cell covers during a seismic event can rupture and spill the contents of the Melter-Feed 
Tank. There are two possible outcomes as follows: 

CCv-MF'E The Chemical Cell Covers are dislodged by the seismic event and fall on 
the Melter Feed Tank. 

nCCv-MFF 
~ 

The Chemical Cell Covers are dislodged by the seismic event and do not 
fall on the Melter Feed Tank 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 56. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 72. 

~ 
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Two cases -qe used to develop the outcome probabilities on the basis of prior events' as 
follows: 

Case 2 

Case I ' This case includes those sequences in which the initiating event is.a 
seismic event and the Chemical Process Cell covers fell due to the seismic 
event. The outcome probability for Branch 1 is 0.01 [7], the outcome 
probability for Branch 2 is 1.0 less the probability.assigned Branch 1. 
**SAMPLED vARTABLE**. 

The default case includes al l  other sequences. The outkme probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers * 

do not fall. 

Question 72:, Does a Seismic event or cover crane fall rupture and spill the 
contents of the Melter FeedTank in the Chemical Process Cell? 

Falling cell covers during a seismic event or a crane load drop can rupture and spill the contents 
of the Melter Feed Tank. Shaking and overturning of the tank during a seismic event can also 
cause spillage of the contents. There are two defined outcomes to this question as follows: 

Rpt-MFT: 

apt-MFT: 

The Melter Feed Tank is ruptured and the contents spilled as a result of the 
seismic event or a crane drop accident. 

The Melter Feed Tank is intact. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 39, 56, and 71 and the value specified for the parameter MFI'Fr, the seismic 
fragility of the Melter Feed Tank. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 74,94,103,133, and 146. Three cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event or crane drop 
accident has caused the cell covers over the Chemical Process Cell to fall 
and strike the MFT, The falling cell covers are assumed to rupture and 
spill the contents of the MFT, Le., 'an outcome probability of 1.0 is 
assigned Branch 1. 

This case includes al l  sequences in which a seismic event has occurred but 
the cell covers do not fall. The seismic fragility of the MFT [the 
probability that a seismic event will cause a structural failure of the MFI'J 
is placed in Branch 1. The outcome probability for Branch 2, nRpt-MFT, 
is 1.0 less the probability assigned Branch 1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2, there is no seismic event and the 
MFT is undamaged. 

Case 2 

Case 3 
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Question 73: Does an explosive concentration accumulate in the Melter Feed 
Tank m]? . .  

- -  
A fault tree was constructed to calculate the frequency of explosions in the MFT for al l  credible 
initiators. The solution of this fault tree (cut sets) is used to determine the frequency (or 
probability) of an explosive concentration in the Melter Feed Tank. The two outcomes defined 
for this question are as follows: 

An explosive concentration accumulates in the MFT. 

An explosive concentmion ddes not apxm~&~ in the MFI'.' 

This is a Type 6 question Bnd uses previously quantified parameters [60,66,67,70,71,90, 
and 1081 and a user defined function to determine the probability that an explosive 
concentration will occur in the MFT. The user function includes information from solution of 
the fault tree for the MFT explosion. The function used to calculate the answer depends on the 
answer to previous Question 1. The outcome probabilities are used in the logic to determine 
the outcome probabiities in Question 74. 

The following case structure is simplified by not considering the possibility of prior r u p m  of 
the MFT [Question 721. Rupture of the MFT would prevent the buildup of an explosive 
concentration in the MFT. The possibility of prior rupture of the MFI' is included in Question 
74. Five cases are used to develop the outcome probabilities as follows: . 

Case 1 

Case 2 

Case 4 

Case 5 

This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 .in' Branch 2, there is no explosive 
concentration. 
This case is used to exclude those sequences where the bulk N2 tank fails 
as an initiator. The bulk N2 tank supplies nitrogen to the CPC backup 
nitrogen system. Since the system is a backup, its failure cannot initiate 
accidents in the CPC. The outcome probability assigned is 1.0 in Branch 
2, there is no explosive concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question 11. The outcome probability is calculated 
using FUN-MFI' and assigned to Branch 1. The outcome, Probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
Pranch 1, Question 11. The outcome probability is calculated using 
FUN-MFTS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is.assigned Branch 2. , 
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Question- 74: Does a detonatioddeflagration occur in the Melter Feed Tank 
[MFT]? . 

If an eiplosive concentration occurs in the Melter Feed Tank and an ignition source is available 
it is assumed that a damaging detonation or deflagration will follow. The fault tree for the 
explosion includes the probability of an ignition source. Therefore, if Question 73 indicates 
that an explosive concentration is available then a detonatioddeflagration will follow. A 
detonation or deflagration in the Melter Feed Tank can spill the contents of the vessel to the 
Che&cal Process Cell, blow the cell covers, and damage adjacent vessds. There are three 
defined outcomes as follows: 

MFr-Det A damaging detonation occurs &I the Melter Feed Tank. 

MFT-Def: . A damaging deflagration occurs in the Melter Feed Tank. 

--EX: Nodamaging explosion occurs in the Melter Feed Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 72 
and 73. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 76,78,94,98, 102, 103, and 133. Four cases are used to develop 
the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which an explosive con&ntration does 
not accumulate in the MFT. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
MFI' precluding the accumulation .of an explosive concentration. The 
outcome probability assigned is 1.0 in Branch 3, there is no explosion. ' 

This case includes the sequences in which a prior event has not ruptured 
the Melter Feed Tank and an explosive concentration has accumulated in 
the vessel. The outcome probability assigned is 0.001 in Branch 1, there 
is a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. **SAMPLED VARIABLE** 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases.' The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 75: Does a damaging explosion occur in the Salt Process Cell Vent 
System [SPCV]? 

Conditions in the Salt Process Cell Vent System [SPCV] are expected to be the same as the 
tanks exhausting into the header. Therefore an explosion in any of the SPC tanks will 
propagate into the header causing the header to also explode. Because of the size of the SPCV, 
it is expected to detonate (not deflagrate) which would produce shrapnel that could cause 
venting of cell tanks. There &-e two possible outcomes as follows: 

SPCV-EX~: A damaging explosion occurs in the Salt Process Cell Vent System. 
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- _  

nSPCV-Ex; A damaging explosion does not occw in the Salt Process Cell Vent 
. System. . 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 37, 
43, 47, 51, and 55. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 78 and 95. Four cases are used to develop the outcome 
probabilities as follows: 

Case 1 This case includes all sequences in which the SPC cell covers have fallen 
due to a seismic event. If the cell covers fall, the SPCV piping is assumed 
to be damged to the point that no accumulation of explosive mixtures is 
possible. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which one of the SPC vessels has 
detonated. A detonation in any SPC vessel is assumed to cause the SPCV 
to explode. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which one of the SPC vessels has 
deflagrated. A deflagration in any SPC vessel is assumed to cause the 
SPCV to explode. An outcome probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that there 
is no other mechanism for an explosion in the SPCV. An outcome - 
probability of 1.0 is assigned Bmch  2. 

' 

Case 2 

Case 3 - 

- -  
Case 4 

. 

\ 

Question 76: Does a damaging explosion occur in the Chemical Process Cell 
Vent System [CPCV]? 

Conditions in the Chemical Process Cell Vent System [CPCVJ are expected to be the same as 
the tanks exhausting into the header. Therefore an explosion in any of the CPC tanks will 
propagate into the header causing the header to-also explode. Because of the size of the CPCV, 
it is expected to detonate (not deflagrate) which would produce shrapnel that could cause 
venting of cell tanks: There'are two possible outcomes as follows: 

CPCV-Exp: 
nCPCV-Ex: 

A damaging explosion occurs in the Chemical Process Cell Vent System. 
-No damaging explosion occurs in the Chemical Process Cell Vent 
System. 

. 

This is a Type 2 question. The answer is dependent on the outcome of previous Question 56, 
60, 64, 68, and 74. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 78 and 96. Four cases are used to develop the outcome 
probabilities as follows: \ I  

Case 1 This case includes a l l  sequences in which the CPC cell covers have fallen 
due to a seismic event. If the cell covers fall, the CPCV piping is 
assumed to be damged to the point that no accumulation of explosive 
mixtures is possible. An outcome probability of 1.0 is assigned to Branch 
2. 
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Case2 _ _  This case includes all sequences in which one of the CPC vessels has 
detonated. A detonation in any CPC vessel is assumed to cause the 
CPCV to explode. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which one of the CPC vessels has 
deflagrated. A deflagration in any CPC vessel is assumed to cause the 
CPCV to explode. An outcome probability of 1.0 is assigned Branch 1. 

. 
Case 3 

I 

case 4 The default case includes all sequences remaining andassumes that there 
is no other mechanism for an explosion in the CPCV. An outcome 
probability of 1 .O is assigned Branch 2. 

Question 77: Does an explosive concentration accumulate in the Process 
Vessel Vent Header [PVVH]? 

The Process Vepsel Vent Header I p W ]  consists of all piping from the base load air inlet to 
the PVVH blowers, including inlet HEPA filter, flow control valve, PVVH filter, preheater, 
and blower suction dampers. Potential sources of explosive gases to the PVVH are benzene 
from the vessels in the Salt Process Cell and hydrogen and benzene from the process vessels in 
the Chemical Process Cell. There are two defined outcomes as follows: 

. 

ConpvvH: An explosive concentration accumulates in the Process Vessel Vent 
Header. - 

An explosive concentration does not accumulate in the Process Vessel . 
Vent Header. 

This is a Type 6 question and uses previously quantified parameters [60,61,62,63,64,66, 
67, 68, 70, 71, 90, 93, 95, 98, 103, 108, 135, and 1361 and a user defined function to 
determine the probability that an explosive concentration will occur in the PVVH. The user 
function includes information from solution of the fault tree for a PVVH explosion. The 
function used to calculate the answer depends on the answer to previous Question 1. The 
outcome probabilities are used in the logic to determine the outcome probabilities in Question 
78. Five cases are used to develop the outcome probabilities as follows: 

n C o n P W  
I 

I 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case is used to exclude those sequences where the bulk N2 tank fails 
as an initiator. The bulk N2 tank supplies nitrogen to the CPC backup 
nitrogen system. Since the system is a backup, its failure cannot initiate 
accidents in the CPC. The outcome probability assigned is 1.0 in Branch 
2, the= is no explosive concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question 13. The outcome probability is calculated 
using FUN-PVVH and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

- .  
case2 

Case 3 
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&e 4 - -  This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-PVVHS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

Case5 The default case assumes that all sequences in which an explosive' 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 78: Does a damaging detonation occur in the Process Vessel Vent 
Header [PVVH]? 

If an explosive concentration occurs in the Process Vessel Vent Header [PVVH] and an 
ignition source i s  available it is, assumed that a damaging detonation will follow. The fault tree 
for the PVVH detonation includes the probability of an ignition source. Therefore, if Question 
77 indicates that an explosive concentration is available then a detonation will follow. Also, 
conditions in the IpVVHJ are expected to be the same as the tanks exhausting into the header. 
Therefore an explosion in any of the SPC or CPC tanks will propagate into the header causing 
the header to also explode. A detonation in the PVVH can cause cell covers in the Chemical 
Process Cell to fall. There are two defined outcomes: 

PVVH-Det: A damaging detonation occurs in the Process Vessel Vent Header. 

IIPVVH-EX: No damaging explosion occurs in the Process Vessel Vent Header. 

This is a Type 2 question. ' h e  answer is dependent on the oupome of previous Questions 43, 
47,51,55,56,60,64,68,74,75,76, and 77.. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 80,82,84,86, 88,90,92,94, and 
98. Six cases are used to develop the outcome probabilities as follows: 

. Case1 This case includes all sequences in which the CPC cell covers have fallen 
due to a seismic event. If the cell covers fall, the PVVH piping is' 
-assumed to be damged to the point that no accumulation of explosive 
mixtures is possible. An outcome probability of 1.0 is assigned to Branch 

. - 
Case 2 

Case 3 

Case 4 

L. 

This case includes all sequences in which a damaging detonation or 
deflagration has occuried in the SPC. The outcome probability Bssigned 
is 1.0 in Branch 1. If there is an explosion in one of the process.tanks the 
explosion is assumed to propagate to the P W .  

This case includes all sequences in which:a damaging detonation or 
deflagration has occurred in' the CPC. The outcome probability assigned 
is 1.0 in Branch 1. If there is an explosion in one of the process tanks the 
explosion is assumed to propagate to the PVVH. 

. 

This case includes the'sequences in which an explosive concentration has 
not accumulated in the PVVH. The outcome probability assigned is 1.0 in 
Branch 2, there is not a damaging explosion. 
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This case includes the sequences in which an explosive concentration has 
accumulated in the PVW. The outcome probability assigned is 1.0 in 
Branch 1, there is a damaging explosion. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 2, there is no 
explosion. 

-. * Cases 

Case 6 

\ 

Question 78 is the last question in.the first round of possible energetic events considered in the 
MET. Questions 79-96 consider the possibility that another vessel has an explosive 
concentration built up (but no ignition source) at the same time another vessel deflagrates or 
detonates. This begins the second round of explosion questions. Since the process vessels are 
all cross-connected via the cell ventilation systems (SPCV, CPCV, PVVH), the vessel that 
deflagrates or detonates provides an ignition source to any other vessel that has an explosive 
concentration. 

Question 79: , Does an explosive concentration accumulate in Precipitate 
Reactor? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
probability of an explosive concentration i n  the PR without the presence of an ignition source. . 
The two outcomes defined for this question are as follows: 

Con-PRx2: An explosive concentration accumulates in the Precipitate Reactor. 

nCon-PRx: An explosive concentration does not accumulate in the Precipitate Reactor. 

This is a Type 6 question and uses previously quantified parameters [a, 65, 69,70,71,90, 
118,135, and 1361 and a user defined function to determine the probability that an explosive 
concentration will occur in the Precipitate Reactor. The function used to calculate the answer 
depends on the answer to previous Question 1. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 80 and 123. 

The case structure is simplified by not consideripg the possibility of any prior events with the 
Precipitate Reactor which would prevent the buildup of an explosive concentration in the 
Precipitate Reactor. The possibility of prior events with the Precipitate Reactor is included in 
Question 80. Four cases are used to develop the outcome probabilities as follows: 

. 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

Case 2 This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question 11. The outcome probability is calculated 
using FUN-PRIIII and assigned to Branch 1. The outcome probability 
for Branch’2 is 1.0 less the probability assigned Branch 1. 
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This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-PRSI rind assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

- -  Case 3 

. 
- .  . 

Case 4 .The default case assumes that all sequences in which an explosive ' 

concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1;O is assigned Branch 2. . 

Question 80: Does a deflagrationldetonation occur in the Precipitate 

If an explosive concentration occurs in the Precipitate Reactor and an ignition source is 
available it is assumed that a damaging detonation or deflagration will follow.' A 
detonatioddeflagration in &e Precipitate Reactor can spill the contents of the vessel to the Salt 
Process Cell, blow the cell covers, and damage adjacent vessels. There are three defined 
outcomes as follows: 

Reactor? 

I 

PRx@2Det A damaging detonation occurs in the Precipitate Reactor following a 
detonation or deflagration in another process vessel that provides. an 
ignition source. 

PRx@2Def: A damaging deflagration occurs in the Precipitate Reactor following a . 
detonation or deflagration in another process vessel that provides an 
ignition source. ! 

1 

nPRx-Exp: No damaging explosion occurs in the Precipitate Reactor. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 41, 
43,78, and 79. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 95, 105, 106, 107 and 123. Six cases are used to develop the 
outcome probabilities as follows: 

, 

Case 1 This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reactor. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion: 

This case includes a l l  sequences in which a previous deflagration occurred 
in the Precipitate Reactor. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

case2 

Case 3 

, ' case4 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event'has ruptured the 
Precipitate Reactor precluding the accumulation of an explosive 
concentration. The outco'me probability assigned is 1.0 in Branch 3, there 
is no explosion. 
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Case5 _ _  

Caw 6 

This case includes the sequences in which a prior event has not occurred 
in the Precipitate Reactor and an explosive concentration has accumulated 
in the vessel with a detonation in the PVVH (provides the ignition 
source). The outcome probability assigned is 0.001 in Branch 1, there is 
a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome, probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 81: Does an explosive concentration accumulate in Organic 
Evaporator Tank? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
probability of an explosive concentration in the OEV without the presence of an ignition 
source. The two outcomes defined for this question are as follows: 

Con-OEV2 

nCon-OEV 

An explosive concentration accumulates in the Organic Evaporator. 

An explosive concentration does not accumulate in the Organic' 
Evaporator. 

This is a Type 6 question and uses previously quantified parameters [60,65, 69,70,71,90, 
118,135, and 1361 and a user defined function to determine the probability that an explosive 
concentration will occur in the Organic Evaporator. The function used to calculate the answer 
depends on the answer to previous Question 1. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 82 and 124. 

The case structure is simplified by not considering the possibility of any prior events with the 
Organic Evaporator which would prevent the buildup of an explosive concentration in the 
Organic Evaporator. The possibility of prior events with the Organic Evaporator is included in 
Question 82. Four cases are used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic pranch 2, Question 11. The outcome probability is calculated 
using FUN-OEVIII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
pranch 1, Question 11. The outcome probability is calculated using 
FUN-OEVSI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

. .  
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Case4 _ _ ’  The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. , 

Question 82: Does a deflagration/detonation of the Organic’ Evaporator tank 
occur? 

.If an explosive concentration occurs in the Organic EvaEorator and an ignition source is 
available it is assumed that a damaging detonation or deflagration v> 3 follow. A 
detonation/deflagration in the Organic Evaporator can spill the contents of the vessel to the Salt 
Process Cell, blow the cell covers, and damage adjacent vessels. There are three defined 
outcomes as follows: 

OEv@2Det A damaging detonation occurs in the Organic Evaporator following a 
detonation or deflagration in  another process vessel that provides an 
ignition source. 

OEV@2DeE A damaging deflagration occurs in the Organic Evaporator following a 
detonation or deflagration in another process vessel that provides an 
ignition source. 

\ 

nOEV-Exp: No damaging explosion occurs in the Organic Evaporator. 
. This is a Type 2 question. The answer is dependent on the outcome of previous Questions 45, 

47,78, and 81. ,me answers to this-question are used in the logic to determine the outcome 
probabilities in Questions 95,105,106,107,108, and 124. Six cases are used to develop the 
outcome probabilities as follows: ’ 

: 
. , 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

This case includes all sequences in which a previous detonation occurred 
in the Organic Evaporator. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes all sequences in which a previous deflagration occurred 
in the Organic Evaporator. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Organic Evaporator. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes. the sequences in which a prior event has ruptured the 
Organic Evaporator precluding the accumulation of an explosive 
concentration. The outcome probabiity assigned is 1.0 in Branch 3, there 
is no explosion. 

This case includes the sequences in which a prior event has not occurred 
in the Organic Evaporator and an explosive concentration has accumulated 
in the vessel ,with a detonation in the P W  (provides the ignition 
source). The outcome probability assigned is 0.001 in Branch 1, there is 
a, damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 
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Case 6 The default case includes b y  remaining sequences. It is assumed that all 

sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 ih Branch 3, there is no 
explosion. 

Question 83: Does an explosive concentration accumulate in Organic 
Evaporator Condensate Tank? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
* , probability of an explosive concentration in the OECT withdut the presence of an ignition 

source. The two outcomes defined'for this question are as follows: 

ConOEcIz: An explosive concentration accumulates in the Organic Evaporator 
Condensate Tank. 

nCon-OECT: An explosive concentration does not accumulate in the Organic Evaporator 
Condensate Tank. 

This is a Type 6 question and uses previously quantified parameters [60,65,69,70,71,90, 
118,135, and 1361 and a user defined function to determine the probability that an explosive 
concentration will occur in the Organic Evaporator Condensate Tank. The function used to 
calculate the answer depends on the answer to previous Question 1. The answers to th is  
question are used in the logic to determine the outcome probabilities in Questions 84 and 125. 

The case struchke is simplified by not considering the possibility of any prior events with the 
Organic Evaporator Condensate Tank which would prevent the buildup of an explosive 
concentration iq the Organic Evaporator Condensate Tank. The possibility of prior events with 
the Organic Evaporator Condensate Tank is included in Question 84. Four cases are used to 
develop the outcome probabilities as follows: 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

Case 2 . This case includes all sequences in which the class of accidents is internal- 
energetic pranch 2, Question 11. The outcome probability is calculated 
using FUN-OECTII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 3 

Case 4 

This case includes all sequences in which the class of accidents is external 
pranch 1,' Question 11. The outcome probability is calculated using 
FUN-OECTSI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

, 
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Question 84; - Does a deflagratioddetonation of the Organic Evaporator 

If an explosive concentration occurs in the Organic Evaporator Condensate Tank and an 
ignition source is available it is assumed that a damaging detonation or deflagration will follow. 
A detonatioddeflagration in the Organic Evaporator Condensate Tank can spill the contents of 
the vessel to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There 
are threedefined outcomes as follows: 

Condensate tank occur? . 

OECI'@2Det A damaging detonation occurs in the Organic Evaporator Condensate 
' Tank following a detonation or-ideflagration in another process vessel that 

'provides an ignition source. 

OECT@2Def: A damaging deflagration occurs in the Organic Evaporator Condensate 
Tank following a detonation or deflagration in another process vessel that 
provides an ignition source. 

nOECT-Ex: No damaging explosion occurs in the Organic Evaporator Condensate 
Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 49, 
51,78, .and 83: The answers to this question are used in the logic to determine the outcome 
probabilities hi Questions 95, 105,. 107,108,109, and 125. Six cases are used to develop the 
outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

' Case4 

Case5 

Case 6 

This case includes all sequences in which a previous detonation occurred 
in the Organic Evaporator Condensate Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which a previous deflagration o c c d  
in the Organic Evaporator Condensate Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Organic Evaporator Condensate Tank. The 
outcome probability assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Organic Evaporator Condensate Tank precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has not occurred 
in the Organic Evaporator Condensate Tank and an explosive 
concentration has accumulated in the vessel with a detonation in the 
PVVH (provides the ignition source). The outcome probability assigned 
is 0.001 in Branch 1, there is a damaging detonation and 0.999 in Branch 
2, there is a damaging deflagration [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
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- -  cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 85: Does an explosive concentration accumulate in Precipkate 
Reactor Feed Tank? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
probability of an explosive concentration in the PRFT without the presence of an ignition 
source. The two outcomes defined for this question are as follows: 

ConPRlTZ: An explosive concentration accumulates in the Precipitate Reactor Feed 
Tank. 
An explosive concentration does-not accumulate in the Precipitate Reactor 
Feed Tank. 

nConPRFT: 

This is a Type 6 question and uses previously quantified parameters [60,65, 69,70,71,90, 
118,135, and 1361 and a user defined function to determine the probability that an explosive 
concentration will occur in the Precipitate Reactor Feed Tank. The function used to calculate the 
answer depends on the answer to previous Question 1. The answers to this question are used 
in the logic to determine the outcome probabilities in Questions86 and 126. 

The case structure is simplified by not considering the possibility of any prior events with the 
Precipitate Reactor Feed Tank which would prevent the buildup of an explosive concentratioxi 
in the Precipitate Reactor Feed Tank. The possibility of prior events with the Precipitate 
Reactor Feed Tank is included in Question 86. Four cases are used to develop the outcome 
probabilities as follows: 

' 

I 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

I Case 2 This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 11. The outcome probability is calculated 
using FUN-PRFIII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes a l l  sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using 
FUN-PRFTSI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 lessthe probability assigned Branch 1. 

The default case assumes that all  sequences in which an explosive 
. concentration can occur are included in Cases 2 and 3. An outcome 

probability of 1.0 is assigned Branch 2. 

Case 3 

. 

Case 4 
L 
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Question 86: - Does a deflagratioddetonation occur in the Precipitate Reactor 

If an explosive concentration occurs in the Precipitate Reactor Feed Tank and an ignition source 
is available it is assumed that a damaging detonation or deflagration will follow. A 
detonationldeflagration in the Precipitate Reactor Feed Tank can spill the contents of the vessel 
to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There are three 
defined outcomes as follows: 

- Feed Tank? - 

PRFI'@2Det: A damaging detonation &curs in the Precipitate Reactor Feed Tank 
following a detonation or deflagration in another prdcess vessel that 
provides an ignition source. . 

Pm@2Def: A damaging deflagration occurs in the Precipitate Reactor Feed Tank 
following a detonation or deflagration in another process vessel that 
provides an ignition source. 

No damaging explosion occurs in the Precipitate Reactor Feed Tank. nPRFI'-Exp: . 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 53, 
55,78, and 85. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 95,97,105,-108,109, and 126. Six cases are used to develop the 
outcome probabilities as follows: 

Case 1 

Case 2 
, ,  

Case 3 

case4 

case5 

Case 6 

This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reaaor Feed Tank. The outcome probability assigned is 
1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which a previous deflagration occurred 
in the Precipitate Reactor Feed Tank. The outcome probability assigned is 
1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor Feed Tank. The outcome 
probability assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Precipitate Reactor Feed Tank precluding the accumulation of an explosive 
concentra-tion. The outcome probability assigned is 1.0 in Branch 3, there 
is no explosion. 

This case includes the sequences in which a prior event has not occurred 
in *e Precipitate Reactor Feed Tank and an explosive concentration has 
accumulated in the vessel with a detonation in the PVVH (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1, 
there is a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no . 
explosion. 

1 
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- -  
Question 87: ' Does an explosive concentration . accumulate in the Precipitate 

Reactor Bottoms Tank? 

The cut sets solved by the UFUN in @is question have been modified to calculate the 
probability of an explosive concentration in the PRBT without the presence of an ignition 
souye. The two outcomes defined for this question are as follows: 

ConPRBT2 An explosive concentration accumulates in the precipimte Reactor Bottoms 
Tank. 

nConPRBT An explosive concentration does not accumulate in the Precipitate Reactor 
Bottoms Tank. 

\ 

This is a Type 6 question and uses previously quantified parameters [60,66,67,70,71,90, 
95, and 1081 and a user defined function to determine the probability that an explosive 
concentration will occur in the Precipitate Reactor Bottoms Tank. The function used to calculate 
the answer depends on the answer to previous Question 1. The answers to this question are 
used in the logic to determine the outcome probabilities in Questions 88 and 130. 

The case smcture is simplified by not considering the possibility of any prior events with the 
Precipitate Reactor Bottoms Tank which would prevent the buildup of an explosive 
concentration in the Precipitate Reactor Bottoms Tank. The possibility of prior events with the 
Precipitate Reactor Bottoms Tank is included in Question 88. Five cases are used to develop 
the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

Case-5 

This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is intemal- 
energetic and the bulk nitrogen tank has failed as an initiator. Since the 
CPC nitrogen is a backup system, failure of the system supply as an 
initiator cannot lead to an explosive concentration in the PRBT. The 
outcome probability assigned in 1.0 in Branch 2, there i s  no explosive 
concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic @ranch 2, Question 13. The outcome probability is calculated 
using FUN-PRBTII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
Branch 1,' Question 11. The outcome probability is calculated using 
FUN-PRBTSI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
con'centration can occur are included in Cases 3 and 4. ,An outcome 
probability of 1.0 is assigned Branch 2. 
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Question -88: Does a deflagrationldetonation occur in the Precipitate Reactor 
Bottoms Tank [PRBT]? 

If an explosive concentration occurs in the Precipitate Reactor Bottoms Tank and an ignition 
source is available itis assumed that a damaging detonation or deflagration will follow. A 
detonatiorddeflagration in the Precipitate Reactor Bottoms Tank can spill the contents of the 
vessel to=the Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There 
are three defined outcomes as follows: - 

PRBT@2Det: A damaging detonation occurs in the Precipitate Reactor Bottoms Tank . following a detonation or deflagration in another process vessel that 
provides an ignition source. 

PRBTQ2DeE 
. 

A damaging deflagration occurs in the Precipitate Reactor Bottoms Tank 
following a detonation or deflagration in another process vessel that 
provides an ignition source. 

nPRBT-Ex: No damaging explosion occurs in the Precipitate Reactor Bottoms Tank. 

This is a Type 2 question. The answer is dependent on the outcom-e of previous Questions 58, 
60,723, and 87. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 96,98,99, 100, 104, and 130. Six cases are used to develop the 
outcome probabilities as follows: 

Case 1 This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reactor Bottoms Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which a previous deflagration occurred 
. in the Precipitate Reactor Bottoms Tank. The outcome probability 

assigned is 1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor Bottoins Tank. The outcome 
probability assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Precipitate Reactor Bottoms Tank precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

Case 2 

Case 3 

Case 4 

Case 5 This case includes the sequences in which a prior event has not o c c d  
in the Precipitate Reactor Bottoms Tank and an explosive concentration 
has accumulated in the vessel with a detonation in the PWH (provides the 
ignition source). The outcome probability assigned is 0.01 in Branch 1, 
there is a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous . 

Case 6 
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cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 89: Does an explosive concentration accumulate in the Slurry Mix 
Evaporator Tank [SME]? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
probability of an explosive concentration in the SME without the presence of an ignition 
source. The two outcomes defined for this question. are as follows: 

ConSME2 An explosive concentration accumulates in the Slurry Mix Evaporator. 
Tank. 

nConSME: An explosive concentration does not accumulate in the Slurry Mix 
Evaporator Tank. 

This is a Type 6 question and uses previously quantified parameters [60,61, 62,64,66,67, 
70,71,90,93,95,98,103, and 1081 and a user defined function to determine the probability 
that an explosive concentration wil l  occur in the Slurry Mix Evaporator Tank. The function 
used to calculate the answer depends on the answei to previous Question 1. The answers to 
this question are used in the logic to determine the outcome probabilities in Questions 90 and 
131. 

The case structure is simplified by not considering the possibility of any prior events With the 
Slurry Mix Evaporator Tank which would prevent the buildup of an explosive concentration in 
the Slurry Mix Evaporator Tank. The possibility of prior events with the Slurry M i x  
Evaporator Tank is included-in Question 90. Five cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

c-3 

Case 4 

This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic and the bulk nitrogen tank has failed as an initiator.. Since the 
CPC nitrogen is a backup system, failure of the system supply as an 

outcome probability assigned in 1.0 in Branch 2, there is no explosive 
initiator cannot lead to an explosive concentration in the SME. The 

i 

concentration. 

This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 13. The outcome probability is calculated 
using FUN-SMEIII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using 
FUN-SMESI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 
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. .  

Case 5 - - The default case assumes 'that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. ,. 

Question 90: Does a deflagratioddetonation occur in the Slurry Mix 
Evaporator Tank [SME]? 

If an explosive concentration occurs in the Sluny Mix Evaporator Tank ind an ignition source 
is available it is assumed that a damaging detonation or deflagration will follow. A 
detonatioddeflagration in the Slurry Mik Evaporator Tank can spill the contents of the vessel to 
d e  Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There are three 
defined outcomes as follows: 

SME@2Det: A damaging detonation occurs in the Slurry Mix Evaporator Tank 
following a detonation or deflagration in another process vessel that 
provides an ignition source. 

A damaging deflagration occurs in the Slurry-Mix Evaporator Tank 
following a detonation or deflagration in another process vessel that 
provides an ignition source. 

SME@2Def: 

nSME-Ex: No damaging explosion occurs in the Slurry Mix Evaporator Tank. 

' This is a Tjpe 2 question. The answer is dependent on the outcome of pre~ous  Questions 62, 
64,78, and 89. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 96, 98, 99, 100, and 131. Six cases are used to develop the 
outcome probabilities as follows: 

Case 1 This case includes a l l  sequences in which a previous detonation occurred 
in the Slurry Mix Evaporator Tank. The outcome probability, assigned is 
1.0 in Branch 3, there is no explosion. 

Case 2' 
\ 

This case includes aLl sequences in which a previous deflagration occurred 
in the Slurry Mix Evaporator Tank. The outcome probability assigned is 
1.0 in Branch 3, there is no explosion. 

. .  
Case3 This case includes all sequences in which an explosive concentration does 

not accumulate in the Slurry Mix Evaporator Tank. The outcome 
probability assigned is 1.0'in Branch 3, there is no explosion. 

. .  

Case 5 

case4 . This case includes the sequences in which a prior event has ruptured the 
Slurry Mix Evaporator Tank precluding the accumulation of an explosive 
concentration. The outcome probability assigned is 1.0 in Branch 3, there 

, is no explosion. 

This case includes the sequences in which a prior event has not occurred 
in the Slurry Mix Evaporator Tank and an explosive concentration has 
accumulated in the vessel with a detonation in the PVVH (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1, 
there is a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 
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Case6 - -  The default case includes ahy remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 91: Does an explosive concentration accumulate in the Sludge 
Receipt I and Adjustment Tank [SRAT]? 

The cut sets solved by the d in this question have been modified to calculate the 
probability of an explosive concentration in the SRAT without the presence of an ignition 
source. The two outcomes defined for this question are as follows: 

ConSRAT2: An explosive concentration accumulates in the Sludge Receipt Adjustment 
Tank. 

nConSRAT An explosive concentration does not accumulate in the Sludge Receipt 
Adjustment Tank, 

This is a Type 6 question and uses previously quantified parameters [60,61,62,63,64, 66, 
67, 70, 71, 90, 93, 95, 98, 103, and 1081 and a user defined function to determine the 
probability that an explosive concentration will occur in the Sludge Receipt Adjustment Tank. 
The function used to calculate the answer depends on the answer to previous Question 1. 'The ~ 

answers to this question are used in the logic to determine the outcome probabilities in 
l Questions 92 and 132. 

The case structure is simplked by not considering the possibility of any prior events with the 
Sludge Receipt Adjustment Tank which would prevent the buildup of an explosive 
concentration in the Sludge Receipt Adjustment Tank. The possibility of prior events with the 
Sludge Receipt Adjustment Tank is included in Question 92. Five cases are used to develop 
the outcome probabilities as follows: 

Case 1 

Case. 2 

Case 3 

Case 4 

This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor intemal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is intemal- 
energetic and the bulk nitrogen tank has failed as an initiator. Since the 
CPC nitrogen is a backup system, failure of the system supply as an. 
initiator cannot lead to an explosive concentration in the SRAT. The 
outcome probability assigned in 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is intemal- 
energetic Branch 2, Question 13. The outcome probability is calculated 
using FUN-SRATII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probabilitj assigned Branch 1 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 13. The outcome probability is calculated using 
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FUN-SRATSI and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 
The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. 

- - 
. 

Case5 -. . 

I 

Question 92: Does a deflagratioddetonation occur .in the Sludge Receipt and ' 

Adjustment Tank [SRAT]? 

If an explosive concentration occurs & the Sludge Receipt Adjustment Tank and an ignition 
source is available it is assumed that a damaging detonation or deflagration-will follow. A 
detonation/deflagration in the Sludge Receipt Adjustment Tank can spill the contents of the 
vessel to the Chemical k e s s  Cell; blow the cell covers, and damage adjacent vessels. There 
are three defined outcomes as follows: 

SRAT@2Det: A damaging detonation occurs in the Sludge Receipt Adjustment Tank 
following a detonation or deflagration in another process vessel that 
provides an ignition source. 

A damaging deflagration occurs in the Sludge Receipt Adjustment If.ank 
following-a detonation or deflagration in another process vessel that 
provides an ignition source. 

SRAT@2DeE 

nSRAT-Ex: No damaging explosion occurs in the Sludge Receipt Adjustment Tank. 
This is a Type 2 question. The answer is dependent on the outcome of previous Questions 66, 
68,78, and 91. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 96, 98, 101, 102, and 132. Six cases are used to develop the 
outcome probabilities as follows: 

Case 1 This case includes all sequences in which a previous detonation occurred 
in the Sludge Receipt Adjustment Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which a previous deflagration occurred 
in the Sludge Receipt Adjustment Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Sludge Receipt Adjustment Tank. The outcome 
probability assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Sludge Receipt Adjustment Tank precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

Case 5 * This case includes the sequences in which a prior event has not occurred 
in the Sludge Receipt Adjustment Tank and an explosive concentration has 
accumulated in the vessel with a detonation in the PVVH (provides the 
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Case6 . 

ignition source). 'The outcome probability assigned is 0.001 in Branch 1, 
there is a damaging detonation h d  0.999 in Branch 2, there is a damaging 
deflagration [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 93: Does an explosive concentration accumulate in the Melter Feed 
Tank [MFT]? 

The cut sets solved by the UFUN in this question have been modified to calculate the 
probability of an explosive concentration in the MFT without the presence of an ignition 
source. The two outcomes defined for this question are as follows: 

ConMFT2: 

nConMFT: 

An explosive concentration accumulates in the Melter Feed Tank. 

An explosive Concentration does not accumulate in the Melter Feed Tank. 

This is a Type 6 question and uses previously quantified parameters [60,66, 67,70,71,90, 
95, and 1081 and a user defined function to determine the probability that an explosive 
concentration will occur in the Melter Feed Tank. The function used to calculate the answer 
depends on the answer to previous Question 1. The answers to this question are used in the 
logic to determine the outcome probabilities in Questions 94 and 133. 

The case structure is simplified by not considering the possibility of any prior events with the 
Melter Feed Tank which would prevent the buildup of an explosive concentration in the Melter 
Feed Tank. The possibility of prior events with the Melter Feed Tank is included in Question 
94. Five cases are used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

Ths case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2, there is no explosive 
concentration. 

This case includes all sequences in which the class of accidents is internal- 
' energetic and the bulk nitrogen tank has failed as an initiator. Since the 

CPC nitrogen is a backup system, failure of the system supply as an 
initiator cannot lead to an explosive concentration in the MFT. The 
outcome probability assigned in 1.0 in Branch 2, there is no explosive 
concentration.' 

This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question 13. The outcome probability is calculated 
using FUN-MFTIII and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1 

. I  

This case includes all sequences in which the class of accidents is external 
[Braqch 1, Question 13. The outcome probability is calculated using 
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. 
- _  FUWMFTSI and assigned'to Branch 1. The outcome probability for 

Branch 2 is 1.0. less the gobability assigned Branch 1 

The, default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 94: = Does a deflagratioddetonation occur in the Melter Feed Tank 
[MFT]? 

If an explosive concentration occurs in the Melter Feed Tank and an ignition some is available 
it is assumed that a damaging detonation or deflagration will follow. A detonatioddeflagration 
in the Melter Feed Tank can spill the contents of the vessel to the Chemical Process Cell. blow 
the cell covers, . .  and damage adjacent vessels. There are three defined outcomes as follows: 

MFI'@2Det: A damaging detonation occurs in the Melter Feed Tank following a 
detonation or deflagration in another process vessel that ~ provides an 
ignition source. 

, 

MFT@2DeE A damaging deflagration occurs in the Melter Feed Tank following a 
detonation or deflagration in another process vessel that provides an 
ignition source. 

No damaging explosion occurs in the Melter Feed Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 72, 
74,78, and 93. The answers to this question are used in the logic to determine the ouyome 
probabilities in Questions 96, 98, 102, 103, and 133. Six cases are used to develop the 
outcome probabilities as follows: 

IIMFI'-Ex: . 

Case 1 

Case 2 

Case 3 

Case4. 

Case 5 

This case includes all sequences in which a previous detonation occurred 
in the Melter Feed Tank. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. 

This case includes d.l sequences in which a previous deflagiation occurred 
in the Melter Feed Tank. The outcome probability assigned is 1.0 in 
Branch 3, there is no explosion. , 

This. case includes dl sequences in which an explosive concentration does 
not accumulate in the Melter Feed Tank. The outcome probability 
assigned is 1.0 in Branch 3, there is no explosion. 

This case includes the sequences in which a prior event has ruptured the 
Melter Feed Tank precluding the accumulation of an explosive 
concentration. The outcome probability assigned is 1.0 in Branch 3, there 
is no explosion. 

This case includes the sequences in which a prior event has not occurred 
in the Melter Feed Tank and an explosive concentration has accumulated 
in the vessel with a detonation in the PVVH (provides the ignition 
source). The outcome probabiliky assigned is 0.001 in Branch 1, there is 



Case 2 

Case 1 This case includes all sequences in which the SPC cell covers have fallen 
due to a seismic event, If the cell covers fall, the SPCV piping is assumed 
to be damged to the point that no accumulation of explosive mixtures is 
possible. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in  which the SPCV has previously . 
exploded. A previous explosion is assumed to damage the piping to the 
point that no accumulation of explosive mixtures is possible. An outcome 
probability of 1.0 is assigned to Branch 2. 
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- -  a damaging detonation and 0.999 in Branch 2, there is a damaging 
deflagration [7]. 

Case 6 The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 95: Does a damaging explosion' occur in the Salt Process Cell Vent 
System [SPCV]? 

Conditions in the Salt Process Cell Vent System [SPCVJ are expected to be the same as the 
tanks exhausting into the header. Therefore an explosion in any of the SPC tanks will 
propagate into the header causing the header to also explode. Because of the size of the SPCV, 
it is expected to detonate (not deflagrate) which would produce shrapnel that could cause 
venting of cell tanks. There are two possible outcomes as follows: 

SPCV-Exp2: A damaging explosion occurs in the Salt Process Cell Vent System 
following the second round of potential explosions. 

nSPCV-Ex: A damaging explosion does not occur in the Salt Process Cell Vent 
System following the second round of potential explosions. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions.37, 
75,80,82,84, and 86. The answers to this question are not used in the remaining logic but 
are instead used in some of the output binners to designate that tank venting has occurred thus 
resulting in source term release. 

Five cases are used to develop the outcome probabilities as follows: 

Case 3 

Case 4 

This case includes all sequences which one of the SPC vessels has 
detonated in the second round. A detonation in any SPC vessel is 
assumed to cause the SPCV to'explode. An outcome probability of 1.0 is 
assigned Branch 1. 

This case includes all sequences in which one of the SPC vessels has 
deflagrated in the second round. A deflagration in any SPC vessel is 
assumed to cause the SPCV to explode. An outcome probability of 1.0 is 
assigned Branch 1. 

. .  
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Case 5. - - The default case includes all sequences remaining and assumes that there 
is no other mechanism for an explosion in the SPCV. An outcome 
probability of 1.0 is assigned Branch 2. 

Does a damaging explosion occur in the Chemicai Process Cell 
Vent System [CPCV]? 

. 

Question 96: 
I 

Conditions in the Chemical Process Cell Vent System [CPCVI are expected to be the same as 
the tanks exhausting into the header. Therefore an explosion in any of the CPC tanks will 
propagate into the header causing the header to also explode. Because of the size of the CPCV, 
it is expected to detonate (not deflagrate) which would produce shrapnel that could cause 
venting of cell tanks. TheR are two possible outcomes as follows: 

CPCV-EXp2 A damaging explosion occurs in the Chemical Process Cell Vent System 
following the second round of potential explosions. 

nCPCV-Ex: No damaging explosion occurs in the Chemical Process Cell Vent System 
following the second round of potential explosions. 

This is a Type2 question. The answer is dependent on the outcome of previous Question 56, 
76,88,90,92, , and 94. The answers to this question are not used in the remaining logic but 
are instead used in some of the output Wnners to designate that tank venting has occurred thus 
resulting in release of radioactive material. Five cases are used to develop the outcome 
probabilities as follows: 

Case 1 This case includes all sequences in which the CPC cell covers have fallen 
due to a seismic event. If the cell covers fall, the CPCV piping is 

\ assumed to be damged to the point that no accumulation of explosive 
mixtures is possible. An outcome probability of 1.0 is assigned to Branch 
2. 

Case 2 

Case 3 

Case 4 

Case 5 

This case includes all sequences in which the CPCV has previously 
exploded. A previous explosion is assumed to damage the piping to the 
point that no accumulation of explosive mixtures is possible. An outcome 
probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which one of the CPC vessels has 
detonated. in the second round. A detonation in any CPC vessel is 
assumed to cause the CPeV to explode. An outcome probability of 1.0 is 
assigned Branch 1. 

This case includes all sequences in which one of the CPC vessels has 
deflagrated in the second round. A deflagration in any CPC vessel is 
assumed to cause the CPCV to explode. An outcome probability of 1.0 is 
assigned Branch 1. 

The default case includes all sequences remaining and assumes that there 
is no other mechanism for an explosion in the CPCV. An outcome 
probability of 1.0 is assigned Branch 2. 

< 
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'Question 97: Does an energetic event in the SPC fail the removable wall 
between the SPC and the CPC? 

The Salt Process Cell and the Chemical Process Cell Fe separated by a removable [from 
above] partition. Some events in the SPC are assumed to be sufficiently energetic to displace 
the partition from its supports, possibly causing damage to the tanks, piping, etc. in the CPC. 
There are two defined outcomes as follows: 

The wall separating the Salt Process Cell and the Chemical Process Cell is 
failed. 

- _  

FZiilWall: 

The wall separating the Salt Process Cell and the Chemical Process Cell is 
not failed. 

This is a Type 2 question. The answers to this question are dependent on the outcomes of 
Questions 55 and 86 'and are used in the logic to determine the outcome probabilities for 
Questions 99,100,101,102,103,135, and 140. Two cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

This case includes all sequences in which a detonation has occurred in the 
Precipitate Reactor Feed Tank which is adjacent to the partition. An 
outcome probability of 03 is assigned to Branch 1, Failwall and an 
outcome probability of 0.5 is assigned to Bianch 2, nFailWal 171. 
The default case includes all sequences remaining. It is expected that all . 
sequences in which the wall could be failed are included in previous 
cases. An outcome probability of 1.0 is assigned Branch 2, nFailWal. 

Question 98: Do the cell covers for the Chemical Process Cell dislodge and 
fall following an .energetic event? 

The cell covers in the CPC can be dislodged and fall as a result of an energetic event in the 
CPC. The falling cell covers can damage equipment and piping in the cell. There are two 
defined outcomes as follows: 

CPCovFl: 

nCPCovFk 

The cell covers in the Chemical Process Cell dislodge and fall due to an 
in-cell energetic event. 

The'cell covers in the Chemical Process Cell are in place. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 56, 
60,64,68,74,78,88,90,92, and 94. The answers to this questionae used in the logic to 
determine the outcome probabilities in Questions 99,100,101,102,103,134, and 141. Five 
cases are used to develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in' which no energetic event has occurred 
in the CPC and a seismic event has not dislodged the cell covers. An 
outcome probability of 1.0 is assigned Branch 2, the cell covers are not 
dislodged due to an energetic event. 
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Case 2 
. .  

Case 3 

Case 4 

Case 5 

- - This case includes all sequences in which a seismic event has caused the 
cell covers to be dislodged. An outcome probability of 1.0 is assigned 
Branch 2, the cell covers are not dislodged due to an energetic event. 

This case includes all sequences in which a detonation or deflagration has 
occurred in a CPC vessel or piping during the first round of energetic 
events. An outcome probability of 1.0 is assigned Branch 1, the cell 
covers are dislodged due to an energetic event. 

case includes a l l  sequences in which a detonation or deflagration has 
occurred in a CPC vessel or piping during the second round of energetic 
events. An outcome probability of 1.0 is assigned Branch 1, the cell 
covers are dislodged due to an energetic event. 

... . 

\ 

Question 99: 

The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

i 

Does splashing [spillage] of the Precipitate Reactor Bottoms 
Tank contents occur? 

If the Precipitate Reactor Bottoms Tank IpRBT] is damagd some or all of the contents of the 
tank may be spilled to the floor. Damage to the PRBT can be caused by falling cell covers, by 
shaking during a Seismic event, by a crane load drop accident, by an explosion associated with 
the PRBT, or by damage from a failed SPC/CPC removable wall. The PRBT is also located 
next to the Slurry Mix Evaporator [SME]. A detonation or deflagration in the SME may 
generate shrapnel which can damage the PRBT. Spilling the contents of the PRBT is of 
concern because the contents are radioactive. There are two defined outcomes as follows: 

. PRBT-Spk The contents of the Precipitate Reactor Bottom Tank are spilled into the 
Chemical Process Cell. 

d?RBT-Spl: The contents of the Precipitate Reactor Bottoms Tank are not spilled into 
the Chemical Process Cell. 

T@ is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 58, 60,64, 88,90, and 98 and are used in the logic to determine the 
outcome probabilities in Questions 130 and 142. Eight cases are used to develop the outcome 
probabilities as follows (The outcome probabilities are' from-Reference 7): 

Case 1 

case2 

This case includes all sequences in which an energetic event that could 
cause possible damage to the PRBT has not occurred Spillage of the tank 
contents will not occur. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which the PRBT has been ruptured 
due to a seismic event or a crane load drop accident. Spillage of the tank 
contents will occur. An outcome probability of 1.0 is assigned Branch 1. 
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Case3 _ _  This case includes all sequences in which there is a detonation in the 
Precipitate Reactor Bottoms Tank. Spillage of the tank contents will 
occur. An outcome probability of 1.0 is assigned Branch 1. . 

Case 4 This case includes all sequences in which the removable wall between the 
CPC and the SPC has failed. Spillage of the tank contents is possible. 
An outcome,probability of 0.5 is assigned Branch 1 and Branch 2. 
**SAMPLED VARIABLE** 

Case 5 This case includes aI I  sequences in which the cell covers are displaced and 
fall and there is a detonation of the Slurry Mix Evaporator, which is 
adjacent to the PRBT. The'falling cell covers or shrapnel from the 
detonating SME can penetrate the PRBT causing spillage. An outcome 
probability of 0.5 is assigned Branch 1 and Branch 2. 
**SAMPLED VARIABLE** 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration of the Slurry Mix Evaporator, which is 
adjacent to the PRBT. The falling cell covers or shrapnel from the vent 
piping above the deflagrating SME can penetrate the PRBT causing 
spillage. An outcome probability of 0.2 is assigned Branch 1 and an 
outcome probability of 0.8 is assigned Branch 2. 
**SAMPLED VARIABLE** 

Case 6 . 

Case 7 This case includes alI sequences in which the cell covers are displaced and 
. fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 

probability of 0.9 is assigned Branch 2. * * S M L E D  VARIABLE** 

The default case includes all sequences remaining and assumes that alI 
means by which spillage of the contents of the Precipitate Reactor ' 

Bottoms Tank can occur have been included in the previous cases. An 
outcome probability of 1.0 is assigned Branch 2. 

Case 8 

Question 100: Does splashing [spillage] of the SIurry Mix Evaporator Tank 
contents occur? 

If the Slurry Mix Evaporator [SME] is damaged'some or all of the contents of the tank may be 
spilled to the floor. Damage to the SME can be caused by falling cell covers, by shaking during 
a Seismic event, by a crane load drop accident, by an explosion associated with the SME, or by 
damage from a failed SPC/CPC removable wall. The SME is also located next to the PRBT. 
An energetic event in the PRBT may generate shrapnel and cause damage to the SME. SpiUing 
the contents of the SME is of concern because the contents are radioactive. There are two 
defined outcomes as follows: I 

SME-Spl: The contents of the Slurry Mix Evaporator are spilled into the Chemical 
Process Cell. 

nSME-Spl: The contents of the Slurry Mix Evaporator are not spilled into the 
Chemical Process Cell. 
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This is a Type-2 question. The answers to this question are dependent on the outcome of 
previous Questions 60, 62, 64, 88, 97, and 98 and are used in the logic to determine the 
outcome probabilities in Questions 131 and 143. Eight cases are used to develop the outcome 

.probabilities as follows (The outcome probabilities are from Reference 7): 

. 

Case 1 

Case 2 

Case3 1 

Case 4 

Case 5 

Case 6 

Case 7 

Case 8 

, 

This case includes all sequences in which an energetic event that could 
cause possible damage to the SME has not occurred. Spillage of the tank 
contents will not occur. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which there was a seismic initiated 
rupture of the SME or the SME is ruptured due to a crane load drop 
accident. An outcomeprobability of 1.0 is assigned Branch 1. 

This case includes all  sequences in which there is a detonation of the 
Slurry Mix Evaporator. ‘Spillage of the tank contents will occur. An 

* 

, 
outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall and a detonation occurs in the Precipitate Reactor Bottoms Tank, 
which is adjacent to the Sh@. The falling cell covers or shrapnel from the 
exploding PRBT can penetrate the SME causing spillage. An outcome 
probability of 0.5 is assigned Branch 1 and Branch 2. 
**SAMPLED V r n E * * .  

This case includes all sequences in which the cell covers are displaced and 
fall and a deflagration occurs in the Precipitate Reactor Bottoms Tank, 
which is adjacent to the SME. The falling cell covers or shrapnel from the 
vent piping above the deflagrating PRBT can penetrate the SME causing 
spillage. An outcome probability of 0.2 is assigned Branch 1 and an 
outcome probability of 0.8 is assigned Branch 2. 
**sAMPLEDvrnLE** ~ 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the CPC. The SME is separated from this wall 
by the PRBT. An outcome probability of 0.1 is assigned Branch 1 and an 
outcome probability of 0.9 is assigned Branch 2. 
**sAMl?m VARIABLE** 
This case includes all sequences in which the cell covers are displaced and 
fall. The falling cell covers can damage the SME. An outcome 
probability of 0.1 is ‘assigned Branch 1 &d an outcome probability of 0.9 
is assigned Branch 2. **SAMPLED VARIABLE** 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the Slurry Mix Evaporator can 
oc.cur have been included in the previous cases. An outcome probability 
of 1.0 is assigned Branch 2. 

\ 

1 
I .  
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Question- 101: Does splashing [spillage] of the Sludge Receipt and 
Adjustment Tank contents occur? 

If the Sludge Receipt Adjustment Tank [SRATJ is damaged some or all of the contents of the 
tank may be spilled to the floor. Damage to the SRAT can be caused by faUing cell covers, by 
shaking during a Seismic event, by a crane load drop accident, by an explosion associated with 
the SRAT, or by damage from a failed SPC/CPC removable wall. Spilling the contents of the 
SRAT is of concern because the contents are radioactive. There are two defined outcomes as 
follows: 

SRAT-Spl: 

nSRAT-Spl: 

The contents of the SRAT are spilled into the Chemical Process Cell. 

The contents of the SRAT are not spilled into the Chemical Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 66,68,92,97, and 98 and are used in the logic to determine the outcome 
probabilities in Questions 132 and 144. Six cases are used to develop the outcome 
probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 This case includes all sequences in which an energetic event that could 
cause possible damage to the SRAT has not occurred. Spillage of the tank 
contents will not occur. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which there was a seismic initiated 
rupture of the SRAT or the SRAT is ruptured due to a crane load drop 
accident. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there is a detonation in the 
SRAT. Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 

This case includes a l l  sequences in which the cell covers are displaced and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARTABIE** 

This case includes all sequences in which the wall separathg the SPC and 
the CPC is displaced into the CPC. The SRAT is separated from this wall 
by three other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 
**sAJMPLED vAFuABm** 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the SRAT c q  occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 
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Question 102: Does splashing [spillage] of the Recycle Collection Tank 

If the Recycle Collection Tank @a is damaged some or all of the contents of the tank may be 
spilled to the floor. Damage to the RC" can be caused by falling cell covers, by shaking 
during a Seismic event, by a crane load drop accident and by explosion driven shrapnel from 
adjacent tanks. Spilling the contents of the RCT is of concern because the contents are 
mdioactiye. There are two defined outcomes as follows: 

contents occur? 

Rm-Spl: 

nRC"-Spl: 

The contents of the RCT are spilled into the CheFcal k i s s  cell. 

The contents of the RCT are not spilled into the Chemical Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 68,70,74,92,94,97, and 98 and are used in the logic to determine the 
outcome probabilities in Question 145. ' Seven cases are used to develop the outcome 
probabiities as follows (The outcome pmbabilities are from Reference 7): 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

This case includes all sequences in which an energetic event that could 
cause possible damage to the RCI' has not occurred. Spillage of the tank 
contents will not occur. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which there was a seismic initiated 
rupture of the RCT or the RCT is damaged due to a crane load drop 
accident. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the MFT or the SRAT, which are adjacent 
to the RCT. The falling cell covers or shrapnel from the exploding MFT 
or SRAT can penetrate the RCI' causing spillage. An outcome probabilic- 
of 0.5 is assigned Branch 1 and Branch 2. 

This case includes all sequences in which the cell covers c fsplaced anc 
fall and there is a deflagration in the MFT or the SI;, . i', which are 
adjacent to the RCT. The falling cell covers or shrapnei from the vent 
piping above the deflagrating MFT or SRAT can penetrate the RCT 
causing spillage. An outcome probability of 0.2 is assigned Branch 1 and 
an outcome probability of 0.8 is assigned Branch 2. 
**SAMPLED vmLE** 

This case includes all sequences in which the cell covers are displaced and 
fall. The falling cell covers can damage the R m .  An outcome probability 
of 0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. 
**SAMPLED VARIABLE** 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the CPC. The RCT is separated from this wall 
by four other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 
**SAMPLED VARIABLE** 

/ 

. 
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Case7 - -  The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the RCT can occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 

Question 103: Does splashing [spillage] of the Melter Feed Tank contents 
occur? 

If the Melter Feed Tank FZET] is damaged some or all of the contents of the tank may be 
spilled to the floor. Damage to the MFT can be caused by falling cell covers, by shaking during 
a Seismic event, by a crane load drop accident, by an explosion associated with the MET, or by 
damage from a failed SPC/CPC removable wall. Spilling the contents of the MFT is of 
concern because the contents are radioactive. There are two defined outcomes as follows: 

MFr-spl: 

m - s p l :  

The contents of the MFT are spilled into the Chemical Process Cell. 

The contents of the MFT are not spilled into the Chemical Process Cell. 

This is a Type 2 question. The answers to this question are dependent'on the outcome of 
previous Questions 72,74,94,97, and 98 and are used in the logic to determine the outcome 
probabilities in Questions 133 and 146. Six cases are used to develop the outcome 
probabilities as follows (The outcome probabilities are from Reference 7): . 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

This case includes all sequences in which an energetic event that could 
cause possible damage to the MFT has not occurred. Spillage of the tank 
contents will not occur. An outcome probability of 1.0 is assigned 
Branch 2. 
This case hcludes all sequences in which there was a seismic initiated 
rupture of the MFT or a rupture due to a crane drop accident. An outcome 
probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there is a detonation in the 
MFT. Spillage of the tank contents wil l  occur. An outcome probability of 
1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the CPC. The MFr is separated from this wall 
by five other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 
-**SAMPLED VARIABLE** 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the MFI' can occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 
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- _  
Question 104: Does an energetic event in the CPC fail the removable wall 

between the SPC and the CPC? 

The Salt Process Cell and the Chemical Process Cell are separated by a removable [from 
above] partition. Some events in the CPC are assumed to be sufficiently energetic to displace 

. the partition from its supports, possibly causing damage to the tanks, piping, etc. in the SPC. 
There are-two defined outcomes as follows: 

. FaiIWalk The wall separating the Salt Process Cell ahd thechemical Process Cell is 
failed. ,. 

The wall separating the Salt Process Cell and the Chemical Process Cell is 
not failed. I 

This is a Type 2 question. The answers to this question are dependent on the outcomes of 
Questions 60 and 88 and are used in the logic to determine the outcome probabilities for 
Questions 106,107,108,109,135, and 140. Two cases are used to develop the outcome 
probabilities as follows: 

I 

\ 

Case 1 

Case 2 

This case includes all sequences in which a detonation has occumed in the 
PRBT which is adjacent to the partition. An outcome probability of 0.5 is 
assigned to Branch 1 and an outcome probability of 0.5 is assigned to , 

Branch 2 [7]. 

The default case includes all sequences remaining. It i s  expected that all 
sequences in which the wall could be failed are included in previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 105: Do the cell covers for the Salt Process Cell dislodge and fall 
following an energetic event? 

The cell covers in the SPC can be dislodged and fall as a result of an energetic event in the 
SPC. The falling cell covers can damage equipment and piping in the cell. There are two 
defined outcomes as follows: 

SPCovFl: The cell covers disiodge and fall due to an in-celi energetic event 

nSPCovFk The cell covers do not fall as a result of an energetic event. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 37, 43, 47, 51, 55, 80, 82; 84, and 86 and are used in the logic to 
determine the outcome probabilities in Questions 106, 107, 108, 109, 116, 127, 128, 129, 
131,132,133, and 134. Five cases are used to develop the outcome Probabilities as follows: 

\ 

case 1 This case includes all sequences in which there were no energetic events 
in the SPC and the cell covers were not dislodged previously by a seismic 
event An outcome probability of 1.0 is assigned Branch 2. 
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Case2 _ _  
. 

Case 3 

Cqe 4 

Case 5 

Question 106: 

This case includes all sequences in which the cell covers were dislodged 
previously by a seismic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which there was a detonation in one of 
the SPC vessels. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there was a deflagration in one 
of the SPC vessels. An outcome probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assmes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Does splashing [spillage] of the Precipitate Reactor contents 
occur? 

If the Precipitate Reactor is damaged some or all of the contents of the tank may be spilled to 
the floor. Damage to the PR can be caused by falling cell covers, by shaking during a Seismic 
event, by a crane load drop accident, by an explosion associated with the PRY or by damage 
from a failed SPC/CPC removable wall. The PR is located next to the OEV. An energetic 
event in the OEV may generate shrapnel and cause damage to the PR. Spilling the contents of 
the Precipitate Reactor is of concern because the contents are radioactive. There are two 
defined outcomes as follows: 

. 

' 

PRX-spl: The contents of the Precipitate Reactor are spilled into the Salt Process 
Cell. 

nPRX-Spl: The contents of the Precipitate Reactor are not spilled into the Salt Process 
Cell. 

. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 41,43,47,80,82,104, and 105 and are used in the logic to determine the 
outcome probabilities in Questions 115,117,123, and 136. Eight cases are used to develop 
the outcome probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 This case includes all sequences in which there was no explosion of the 
PR or the OEV, the cell covers were not dislodged previously by an 
energetic event or seismic event; the PR was not damaged by a crane load 
drop accident, and the PR was not ruptured by a seismic event. An 
outcome probability of 1.0 is assigned Branch 2. 

case2 

Case 3 

This case includes all sequences in which- there was a rupture of the 
Precipitate Reactor due to a seismic cell cover strike, seismic damage to 
the PRY or a crane load drop accident. An outcome probability of 1.0 is 
assigned Branch 1. 

This case includes all sequences in which there was a detonation of the 
Precipitate Reactor. An outcome probability of 1.0 is assigned Branch 1. 
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Case 4 - - This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the OEV, which is adjacent to the PR. The 
falling cell covers or shrapnel from the exploding OEV can penetrate the 
PR causing spillage. An outcome probability of 0.5 is assigned Branch 1 
and Branch 2. ** SAMPLED VARIABE** 

. 

Case 5, This case includes all sequences in which the cell covers are displaced and 
fall and there is a.deflagration in the OEV which-is adjacent to the PR. 
The falling cell Covers or shrapnel from the vent piping above the 
deflatzrating: OEV can uenetrate the PR causing: sDilla!ze. An outcome Y I  Y 

probgbility:f 0.2 is assigne-d'Branch 1 and an outcome probability of 0.8 
is assigned Branch 2. 
**SAMPLED VARIABLE** 

Case 6 This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the wall separathg the SPC and 
the CPC is displaced into the SPC. The PR is separated from this wall by 
three other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 
**SAMPLED VARIABLE** 

\ 

Case 7 

Case 8 The default case includes all sequences remaining and assumes that all 
means by which the PR can. be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 107: Does splashing [spillage] of the contents of the Organic 

If the OEV is damaged some or a l l  of the contents of 'the tank may be spilled to the floor. 
Damage to the OEV can be caused by falling cell covers, by shaking during a seismic event, by 
a &e load drop accident, by an explosion associated with the OEV, or by damage from a 
failed SPC/CPC removable wall. The OEV is located between the PR and OECT. An 
energetic event in the PR or OECT may generate shrapnel and cause damage to the OEV. 
Spilling the contents of the Organic Evaporator is of concern primarily because part of the 
spilled benzene will evaporate and may lead to a deflagration in the Salt Process Cell. There are 
two defined outcomes as follows: 

Evaporator tank occur? 

. OEV-Spk The contents of the OEV are spilled into the Salt Process Cell. 

The contents of the OEV &E not spilla~ into the salt Process ceu IIOEV-SP~ . 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 43,45,47,5.1,80,82,104, and 105 and are used in the logic to determine 
the outcome probabilities in Questions 115, 118,121,122,124, .137, and 147. Eight cases 
are used to develop the outcome probabilities as follows (The outcome probabilities are from 
Reference 7): 
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This case includes all sequences in which there was no explosion of the 
PR , OECT, or the OEV, the cell covers were not dislodged previously by 
an energetic event or seismic event, the OEV was not damaged by a crane 

-. Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

I Case 6 

I Case 7 

Case 8 

load drop accident, and the OEV was not ruptured by a seis&c event An 
outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which there was a rupture of the OEV 
due to a seismic cell cover strike, seismic damage to the OEV, or a crane 
load drop accident. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there was a detonation of the 
OEV. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the PR or OECT which are adjacent to the 
OEV. The falling cell covers or shrapnel from the exploding PR or OECT 
can penetrate the OEV causing spillage. An outcome probability of 0 5  is 
assigned Branch 1 and Branch 2. ** SAMPLED VARIABLE** 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration in the PR or OECI' which are adjacent to the 
OEV. The falling cell covers or shrapnel from the vent pip+g above the 
deflagrating PR or OECT can penetrate the OEV causing spillage. An 
outcome probability of '0.2 is assigned Branch 1 and an outcome 
probability of 0.8 is assigned Branch 2. 
**SAMPLED VARIABLE** 

, This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. The OEV is separated from this wall 
by two other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 
**SAMPLED VARIABLE** 

The default case includes all sequences remaining and assumes that all 
means by which the OEV,can be damaged have been included in the 

. previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 108: Does splashing [spillage] of the contents of the Organic 

If the OECT is damaged some or all of the contents of the tank may be spilled to the floor. 
Damage to the OECT can be caused by falling cell covers, by shaking during a seismic event, 
by a crane load drop accident, by an explosion associated with the OEm, or by damage from a 
failed SPC/CPC removable wall. The OECT is located between the PRFI' and OEV. An 
energetic event in the PRFT or OEV may generate shrapnel and cause damage to the OECT. 
Spilling the contents of the OECT is of concern primarily because part of the spilled benzene 

Evaporator Condensate tank occur? 
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will evaporateLad may lead to a deflagration in the Salt Process Cell. There are two defined 
outcomes as follows: . 

OECT-spi: 

nOECT-Spl: 

The contents of the OECI' are spilled into the Salt Process CeU 

' The contents of the OECT are not spilled into the Salt Process Cell. 

This is a,Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 47,49, 51, 55, 82, 84, 86, 104, and 105. and are used in the logic to 
determine the outcome probabilities in Questions 115, 119, 121, 122, 125, 138, and 147. 
Eight cases are used to develop the outcome probabilities as follows (The outcome probabilities 
are h m  Reference 7): 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Case.7 

This case includes all sequences in which there was no explosion of the 
PRFT , OECI: or the OEV, the cell covers were not dislodged previously 
by an energetic event or seismic event, the OECT was not damaged by a 
crane load drop accident, and the OECT was not ruptured by a seismic 
event. An outcome probability of 1.0 is &@ned Branch 2. 

This case includes all sequences in which there was a rupture of the OECT 
due to a seismic cell cover strike, seismic damage to the OECT, or a crane 
load drop accident. An outcome probability\of 1.0 is assigned Branch 1. 

, 
This case includes al l  sequences in which there was a detonation of the 
OECT. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the PRFI' or OEV which are adjacent to the 
OECT. The falling cell covers or shrapnel from the exploding PRFT or 
OEV can penetrate the OECT causing spillage. An outcome probability of 
0.5 is assigned Branch 1 and Branch 2. ** SAMPLED VARIABLE** 

- 

This case includes d sequences in which the cell covers are displaced and 
fall and there is a deflagration in the PRFT or OEV which are adjacent to 
the OECT. The falling cell covers or shrapnel from the vent piping above 
the deflagrating PRFI' or OEV can penetrate the OECT causing spillage. 
An outcome probability of 0.2 is assigned Branch 1 and an outcome 
probability of 0.8 is assigned Branch 2. 
**SAMPLED vARltABm** I 

This case includes all sequences in which the wall separating the SPC and 
the Bc is displaced into the SPC. The OECT is separated from this wall 
by one other tank. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of &9 is assigned Branch 2. 
**SAMPLEDVARIABLE** . 

This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARIABLE** 

, .  
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-. Case 8 The default case includes all sequences remaining and assumes that all 
means by which the OECT cm,be damage& have been included in the 
previous bases. An outcome probability of 1.0 is assigned Branch 2. 

Question 109: Does splashing [spillage] of the contents of the Precipitate 
Reactor Feed Tank occur? 

If thePRFT is damaged some or all of the contents of the tank may be spilled to the floor. 
Damage to the PRFT can be caused by falling cell covers, by shaking d u h g  a seismic event, 
by a crane load drop accident, by an explosion associated with the PRFI', or by damage from a 
failed SPC/CPC removable wall. The PRFT is located adjacent to the OECT. An energetic 
event in the OECT may generate shrapnel and cause damage to the P m .  Spilling the contents 
of the PRFT is of concern because the contents are radioactive. There are two defined 
outcomes as follows: 

PW-spl: The contents of the PRFI' are spilled into the Salt Process Cell. 

nPRFT-Spl: The contents of the PRFT are not spilled into the Salt Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 51,53,55,84,86,104, and 105 and are used in the logic to determine the 
outcome probabilities in Questions 115,120,126, and 139. Eight cases are used to develop - 
the outcome probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 This case includes all sequences in which there was no explosion of the 
PRFT or the OECT, the cell covers were not dislodged previously by an 
energetic event or seismic event, the PRFT was not damaged by a crane 
load drop accident, and the PRFT was not ruptured by a seismic event. 
An outcome probability of 1.0 is assigned Branch 2. 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

This case includes all sequences in which there was a rupture of the PRFI' 
due to a seismic cell cover strike, seismic damage to the PRFT, or a crane 
load drop .accident. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences i'n which there was a detonation of the 
P W .  An outcome probability of LO is assigned Branch 1. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. The PRFT is adjacent to this wall. 
An outcome probability of 0.5 is assigned Branch 1 and Branch 2. 
**SAMPLED VARIABLE** 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the OECT which is adjacent to the P W .  
The falling cell covers or shrapnel from the exploding OECT can penetrate 
the PRFI' causing spillage. _An outcome probability of 0.5 is assigned 
Branch 1 and Branch 2. ** SAMPIED VARIABLE** 

This case includes all sequences in which the cell covers are disp.laced and 
fall and there is a deflagration in the OECI' which is adjacent to the PRFT. 
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The falling cell covers or shrapnel from the vent piping above the 
deflagrating OECT can penetrate the PRFT causing spillage. An outcome 
probability of 0.2 is assigned Branch 1 and an outcome probability of 0.8 
is assigned Branch 2. 
**SAMPLED VARIABLE** 

- _  
1 

: 

Case 7 This case includes a l i  sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. **SAMPLED VARIABIE** 

The default case includes all sequences remaining and assumes that all  
means by which the PRFI' can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

- 
Case 8 . 

Question 110: Does the DWPF Vitrification Building collapse following a 
seismic event? 

The DWPF Vitrification Building houses most of the equipment and process cells required for 
the solidification of the high level waste. Collapse of the Vitrification Building is extremely 
unlikely at the ground acceleration of the design basis earthquake. Such collapse, however, 
will result in complete bypass of the filter system for any released radionuclides and will 
damage equipment and fail processes within the building. There are two defined outcomes as 
follows: 

VB-apse: The Vitrification Building collapses as the result of a seismic event. 

nVB-Clps: The Vitrification Building does not collapse as the result of a seismic 
event. 

This is a Type 6 question. The answers to this question are dependent only on Question 2 and 
are used in the logic to determine the outcome probabilities in Question 112 and 147. 

Two cases are used to develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in which a seismic event is the initiating 
event [external class]. The hgility of the Canyon [Canyclps] is placed in 
Branch 1. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 

I 

.Case2. The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 111: Does the Sand Filter function following a seismic event? 

A Sand Filter, separatk from the Vitrification Building, is providedeto filter the exhaust air and 
offgases from the Canyon. Proper operation of the filter is essential in preventhg the release 
of wonuclides to the environment, particularly in the event of a process upset or accident that 
results in the release of radioactive material from the pmess vessels or piping. Damage to the 
Sand Filter could occur d&g a Seismic event. There are two defined outcomes as follows: 
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nfSndFlt: 

The Sand Filter is failed as the result of a seismic event. 

The Sand Filter is not failed as the result of a seismic event. 

This is a Type 6 question. The answers to’kis question, which are dependent on the outcome 
of Question 2 are not used in the logic to determine the outcome probabilities for other 
questions but are used in the source term binning file. Two cases are used to develop the 
outcome probabilities as follows: 

Case 1 This case includes all sequences in which a seismic event is the initiating 
event [external class]. The fragility of the Sand Filter Film] is placed in 
Branch 1. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 

Case 2 The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. . 

Question 112: Do the Building Exhaust Ducts from Zone 1 to the Sand Filter 
function following a seismic event? 

The Zone 1 exhaust ducts collect offgas and ventilation air from the canyon process areas, 
process vessels and enclosures, and the melter and sects the exhaust to the Sand Filter. 
Collapse of the building during a Seismic event could cause collapse and blockage of the 
exhaust ducts or the ducts could collapse directly during a Seismic event. In either event 
exhaust flow to the Sand Filter is stopped. Any radionuclides released from primary 
confinement will leak from the building. There are two defined outcomes as follows: 

The exhaust ducts are failed as the result of a seismic event. 

The exhaust ducts are not failed as the result of a seismic event. 

This is a Type 6 question. The answers’to this question, which are dependent on the outcomes 
of Questions 2 and 110, are not used in the logic to determine the outcome probabilities for 
other questions but are used in the souice term binning file. Three cases are used to develop 
the outcome-probabilities as follows: 

Case 1 

Case 2 

Case 3 

This case includes all sequences in. which a seismic event is the initiating 
event [external class] and the Canyon has collapsed. If the building has 
collapsed then the exhaust ducts are assumed to collapse. The outcome 
probability for Branch 1 is 1.0. 

This case includes all sequences in which a seismic event is the initiating 
event [external class] and the Canyon has not collapsed. The fragility of 
the exhaust ducts [DuctFr] is placed in Branch 1. The outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 
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Question 113: What is the condition of the Zone 1 Exhaust Fan System? 

The operation of the Zone 1 exhaust fans is essential during normal or off n o d  operation to 
[ 13 maintah a negative pressure within the Canyon and [2] transport any radionuclides released 
from primary confinement to the Sand Filter. Failure of the exhaust fans in conjunction with a 
failure of primary confinement would result in the release of radionuclides to the environment. 
There are two defined outcomes as follows: 

F ~ - F &  

nJ?apFaik 

The Zone 1 exhaust fans are faild 

The Zone 1 exhaust fans are not failed. 

This is a Type 8 question and defines a parameter that is also used in calculations to determine 
the outcome probabilities of later Question 114. The parameter is as follows: 

FailFan, a logical variable that indicates the state of the Zone 1 exhaust fan 
. system. The parameter is assigned a value { +1.0} if the system is failed 

Arg I3281 
l and ( 0.0) if the system is available. 

The outcome probabilities for this question are dependent on the outcomes of Questions 1,3, 
8,9,  and 18 and are used in the logic to determine the outcome probabilities in Questions 121 
and 122 and are used to determine the value assigned the above parameter. Twelve cases are 
used to develop the outcome probabilities on the basis of prior events as follows: 

Case .1 

Case 2 

Case 3 

Case 4 

This case includes all sequences'in which the accident is an internal- 
energetic scenario and both the normal and the emergency power systems 
have failed. The fans will not operate without power and the outcome 
probability specified is 1.0 for Branch 1. The parameter, FailFm, is 
assigned a value of { +1.0} when Branch 1 is selected as the outcome. ' 8 

This case includes all sequences in which the accident is either a limited 
leak, a crane load drop, or a limited miscellaneous scenario and both the 
normal and the emergency power systems have failed. The fans will not 
operate without power and the outcome probability specified is 1.0 for 
Branch 1. The parameter, FailFan, is assigned a value of {+l.O} when 
Branch 1 is selected as the outcome. 

This case includes al l  sequences in which an internal-energetic event has 
occurred, normal electric power has failed, but emergency electrical power 
and the instrument air system are available. The outcome probability for 
Branch 1 is calculated as a function of-FanLmdal and FanTaul. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailFan, is assigned a value of (+1.0) when 
Branch 1 is selected as the outcome and a value of (0.0) when Branch 2 
is selected as the outcome. 

This case includes all sequences in which the accident is either a limited 
leak, a crane load drop, or a limited miscellaneous scenario and the normal 
power system has failed. The emergency power'system and the 
instrument air system are still available. The outcome probability for 
Branch 1 is calculated as a function of FanLmdal and FanTaul. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
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Case 5 

Case 6 

Case 7 

Case 8 

Case 9 

Case 10 

Branch 1. The parameter, FailFan, is assigned a value of {+1.0) when 
Branch 1 is selected as the outcome and a value of EO.0) when Branch 2 
is selected as the outcome. 

This case includes all sequences in which an internal-energetic event bas 
occurred, normal electric power and the instrument air system have failed, 
but emergency electrical power is still available. The outcome probability 
for Branch 1 is calculated as a function of FanLmda2 and FanTau2. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. The parameter, FailFan, is assigned a value of {+1.0} when 
Branch 1 is selected as the outcome and a value of { 0.0) when Branch 2 
is selected as the outcome. 

This case includes all sequences in which the accident is either a limited 
leak, a crane load drop, or a limited miscellaneous scenario and the normal 
power system and the instrument air system have failed. The emergency 
power system is still available. The outcome probability for Branch 1 is 
calculated as a function of FanLmda2 and FanTau2. . The outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 
The parameter, F a a n ,  is assigned a value of (+1.0} when Branch 1 is 
selected as the outcome and a value of (0.0). when Branch 2 is selected as 
the outcome. 

This case includes all sequences in which the accident is either an internal- 
energetic scenario, a limited leak, a crane load drop, or a limited 
miscellaneous scenario and the n o d  power system, the instnunent air  
system, and the emergency power system are all available. The outcome 
probability for Branch 1 is calculated as a function of FanLmda3 and 
FanTau3. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. The parameter, FailFan, is assigned a 
value of { +1.0} when Branch 1 is selected as the outcome and a value of 
{ 0.0) when Branch 2 is selected as the outcome. 

This case includes all sequences in which an external event has occurred 
and both normal and emergency electric power have failed. The fans will 
not operate without power and the outcome probability specified is 1.0 for 
Branch 1. The parameter, FailFan, is assigned a value of {+1.0} when 
Branch 1 is selected as the outcome. 

This case includes all sequences in which an external event has &curred 
and n o d  electric power has failed.- Emergency electrical power and the ' instrument air system are available. The outcome Probability for Branch 1 
is calculated as a function of FanLmdal and FanTaul, FanFr, and 
FanRnl and MsTmEx. The outcome probability for Branch 2 is 1.0 less 
the probability assigned Branch 1. The parameter, FailFaa, is assigned a 
value of {+1.0} when Branch 1 is selected as the outcome and a value of 
{ 0.0) when Branch 2 is selected as the outcome. 

This-case includes all sequences in which an external event has occurred 
and normal electric power and the instrument air system have failed. 
Emergency, electrical power is available. The outcome probability for 
Branch 1 is calculated as a function of FanLmda2 and FanTau2, FanFr, 
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- - and FanRn2 and MsTmEx. The outcome probability for Branch':! is 1.0 
less the probability assigned Branch 1. The parameter, FailFan, is 
assigned a value of {+LO) when Branch 1 is selected as the outcome and 
a value of { 0.0) when Branch 2 is selected as the outcome. 

- -  

Case 11 This case includes ai]. sequences in which an external event has occurred 
and the normal and emergency electrical power systems and the 
instrument air system are avaiable. The outcome probability for Branch 1 
is calculated as a function of FanLmda3 and FanTau3, FanFr, and 
Fad3113 and MsTmEx. The outcome probability for Branch 2 is 1 .O less 
the probability assigned Branch 1. The parameter, FailFan, is assigned a 
value of {+LO) when Branch 1 is selected as the outcome and a value of 
{ 0.0) when Branch 2 is selected as the outcome. 

.. Case 12 The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. The parameter, FaiFan, is 
assigned a value of { 0.0) when branch 2 is selected as the outcome. 

Question 114: Does a deflagratable concentration occur in the SPC due to 
Vessel Over p ressuriza t ion? 

As indicated previously benzene may be present in any or all of the tanks in the Salt Process 
Cell. Overpressurization of these vessels will cause release of benzene vapors into the cell 
which if coupled with a loss of ventilation flow (failure to sweep vapors from the cell) and an 
ignition source could cause a cell deflagration. A cell defiagration will raise the cell covers and 
could lead to damaged process equipment in the cell. A fault tree was constructed to calculate 
the frequency of this SPC overpressuxization deflagration for all credible initiators [SI. The 
solution of this fault tree (cut sets) is used to determine the frequency (or probability) of a 
defl agratable concentration. There are two defied outcomes as follows: 

. 

SPCDefOP: A deflagratable concentration occurs in the SPC due to vessel 
overpressurization. 

nSPCDefOP A deflagratable concentration does not occur in the SPC due to vessel 
overpressurization. 

This is a Type 6 question and uses previously quantified parameters [60,70,71,90, and 1281 
and a user defined function to determine the probability that a deflagratable concentration will 
occur in the SPC. The user function includes information from solution of the fault tree for the 
SPC overpressure deflagration. The function used to calculate the answer depends on the 
answer to previous Question 1. The answers to this question are used in the logic to determine 
the outcome probabilities in Question 115. 

The case structure is simplified by not considering the \possibility of prior rupture of items in 
the SPC that would prevent overpressurization. The possibility of prior rupture of SPC items 
assumed to prevent overpressurization are included in Question 115. Four cases &re used to 
develop the outcome probabilities as follows: , 

Caie 1 This case includes all sequences in which the accident is not an internal- 
energetic or extwal (seismic) scenario. A SPC overpressure deflagration 
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Case" 2 

Caie 3 

Case 4 

. -  

. cannot occur for any other accident type. An outcome probability of 1.0 
is assigned Branch 2. 8 .  

This case includes all sequences in which the class of accidents is internal- 
energetic @ranch 2, Question 13. The outcome probability is calculated 
using FUN-SPC and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-SPCS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1 

The default case includes all sequences remaining. It is expected that all 
sequences in which a deflagratable concentration from vessel 
overpressurization could -occur are included in previous cases. An 
outcome probability of 1.0 is assigned Branch 2. 

Question 115: Does a vessel overpressurization in the Salt Process Cell result 
in a deflagration in the Salt Process Cell? 

If a deflagratable concentration occurs in the SPC and an ignition source is available it is 
assumed that a damaging deflagration will follow. 
overpressurization deflagration includes the probability of an ignition source. Therefore, if 
Question 114 indicates that an explosive concentration is available then a deflagration will 
follow. A deflagration in the SPC can blow the cell covers and damage SPC vessels, There 
are two defined outcomes as follows: 

The fault tree for the SPC. 

SPC-Def 1: A damaging deflagration occurs in the SPC. 

nSPCDefl: No damaging deflagration occm in the SPC. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 
106,107,108,109, and 114. The answers to this question are used in the logic to determine 
the outcome probabilities in Question 116. Three cases are used to develop the outcome 
probabilities as follows: 

. 

I 
case 1 

case2 

Case 3 

This case includes all sequences &I which a vessel in the SPC has been 
previously damaged. An overpressurization deflagration cannot occur 
with any of the SPC vessels damaged. The outcome probability assigned 
is 1.0 in Branch 2. 

This case includes the sequences in which a deflagratable concentration 
has accumulated in the SPC. The outcome probability assigned is 1.0 in 
Branch 1. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging deflagration due to overpressurization 
are includedh prevbus cases. The outcome probability assigned is 1.0 
in Branch 2. 
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Question 116; . Do the cell covers for the 'Salt Process Cell dislodge after the 
. overpressurization deflagration? 

~ The cell covers in the SPC cah be dislodged and fall as a result of an overpressure deflagration 
. event in the SPC. The falling cell covers can damage equipment and piping in the cell. There 
are two defined outcomes as follows: 

SPCvF@?2: The cell covers dislodge and fall due to an overpressure deflagration. 

nSPCovF1: The' cell covers do not fall as a nisult of an overpressure deflagration. 

This is a Type 2 question. The: answers to this question are dependent on the outcome of 
previous Questions 105 and 115 and are used in the logic to determine the outcome 
probabilities in Questions 117, 118, 119, 120, 127, 128,129, 130, 131, 132, 133, and 134. 
Three cases are used to develop the outcome probabilities as follows: 

Case1 

Case 2 

Case 3 

Question 117: 

This case includes all sequences in which the cef: covers were dislodged 
previously. An outcome probability of 1.0 is assigned Branch 2. 
This case includes all sequences in which there was an overpressmization 
deflagration in the SPC. An outcome probability of 1.0 is assigned 
Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

/ ,  

Does splashing [spillage] of the Precipitate Reactor contents 
occur? 

J 

If the Precipitate Reactor is damaged some or all of the contents of the tank may be spilled to 
the floor. This question is concerned only with damage to the PR caused by falling cell covers 
after a SPC overpressurization deflagration. There are two defined outcomes as follows: 

PRX-spl2: 

nPRx-spl2: 

The contents of the Precipitate Reactor are spilled into the Salt Process 
Cell after an overpressurization deflagration. 

The contents of the Precipitate Reactor are not spilled into the Salt Process 
Cell after an overpressurization deflagration. . . -  

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 106 and 116 and are used in the logic to determine the outcome 
probabilities in Questions, 123 and 136. -Three cases are used to develop the outcome 
probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 

Case 2 

This case includes all sequences in which the PR has been previously 
splashed. An outcome probability of 1.0 is assigned Bmch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall as a result of an overpressurization deflagration. The falling cell 
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Case 3 

covers can damage the PR causing spillage. An outcome probability of 
0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. ** SAMPLED VARIABLE** 

The default case includes ali sequences remaining and assumes that all 
means by which the PR can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 118: Does splashing [spillage] of the contents. of the Organic 
Evaporator tank occur? 

If the OEV is damaged some or all of the contents of the tank may be spilled to the floor. This 
question is concerned only with damage to the OEV caused by falling cell covers after a SPC 
overpressurization deflagration, Spilling the contents of the Organic Evaporator is of concern 
primarily because part of the spilled benzene will evaporate and may lead to a deflagration in 
the Salt Process CelI. There are two defined outcomes as follows: 

OEV-Spl2: 

nOEV-Spl2: 

The contents of the OEV are spilled into the Salt Process Cell after an 
overpressurization deflagration. , 

The contents of the OEV are not spilled into the Salt Process Cell after an 
overpressurization deflagration. . 

.This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 107 and 116 and are used in the logic to determine the outcome 
probabilities in Questions 121, 122, 124,137, and 147. Three cases are used to develop the 
outcome probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 

Case 2 

Case 3 

Question 119: 

This case includes all sequences ‘in which the OEV has been previously 
splashed. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall as a result of an overpressurization-deflagration. The falling. cell 
covers can damage the OEV causing spillage. .An outcome probability of 
0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. ** SAMPLED VARIABLE** 

The default case includes all sequences remaining and assumes that all 
means by which the OEV can be damaged have been included h the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Does splashing [spillage] of the contents of the Organic 
Evaporator Condensate tank occur? 

If the OECT is damaged some or all of the contents of the tank may be spilled to the floor. 
This question is concerned only with damage to the OECT caused by falling cell covers after a 
SPC overpressurization deflagration. Spilling the contents of the OECT is of concern primarily 
because part of the spilled benzene wilI evaporate and may lead to a deflagration in the Salt 
Process Cell. There are two defined outcomes as follows: 
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OECT-SPIL The contents of the OECT ire spilled into the Salt Process cell after an . overpressurization deflagration. 

nOECI-Sp12: The contents of the OECT are not spilled into the Salt Process Cell after an 
overpressurization deflagration. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous,Questions 108 and 116 and are, used in the logic to'determine the outcome 
probabilities in 'Questions 121, 122, 125, 138, and 147. Three cases are used to develop the 
outcome probabilities as follows (The outcome probabilities are from Reference 7): 

Case1 This case includes all sequences in which the OECT has been previously 
splashed. An outcome probability of 1.0 is. assigned Branch 2. 

Case 2 This case includes all sequences in which the cell covers are displaced and 
fall as a result of an overpressurization deflagration. The falling cell 
covers can damage the OECT causing spillage. An outcome probability of 
0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. ** SAMPLED VARIABLE** 

Case 3 The default case includes all sequences remaining and assumes that all 
meas  by which the OECT,can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 120: Does' splashing [spillage] of the contents of the Precipitate 
Reactor Feed Tank occur? 

If the PRFI' is damaged some or all of the contents of the tank may be spilled to the floor. This 
question is concerned only with damige to the OECT caused by falling cell covers after a SPC 
overpressurization deflagration. There are two defined outcomes y follows: 

PRFT-Spl2: 

~PRFT-S~I: 

The contents of the PRFT are spilled into the Salt Process Cell after an 
overpressurization deflagration. 

The cbntents of the PRFT are not spilled into the salt Process cell after an 
overpqssurization deflagration. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 109 and 116 and are used in the logic to determine the outcome 
probabilities in Questions 126 and 139. Three cases are used to develop the outcome 
probabilities as follows (The outcome probabilities are from Reference 7): 

Case 1 

Case 2 

This case includes all sequences in which the PRFI' has been previously 
splashed. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the cell covers axe displaced and 
fall as a result of an overpressurization deflagration. The falling cell 
covers can damage the PRET causing spillage. An outcome probability of 
0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. ** SAMPLED VARIABLE** 
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Case 3 - -  

C' 

The default case includes all sequences remaining and assumes that all 
means by which the PRI;T can be damaged have been incIuded in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Case 2 

Case 3 

case4 

Question 121: Does the collateral damage in the Salt Process CeII result in a 
deflagration in the Salt Process Cell? 

Spillage of benzene into the Salt Process Cell from the OEV or OEm could result in a 
deflagration. The PR and PRFI' do not contain enough benzene to be of concern even if their 
entire contents are spilled onto the floor of the SPC. A deflagration occurring in the Salt 
Process Cell wil l  be very energetic, blowing the cell covers. There are two defined outcomes 
as follows: 

SPC-Def2. 

nSPCDefZ: 

A deflagration occurs in the Salt Process Cell. 

No deflabtion occms in the Salt eocess Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcomes of 
Questions 1, 4, 107, 108, 113, 118, and 119 and are used in the logic to determine the 
outcome probabilities for Questions 122,123,124,125,126,128, and 147. Fifteen cases are 
used to develop the outcome probabilities as follows (The outcome probabilities are from 
Reference 7): 

Case 1 This case includes all sequences in which the accident type is external, 
internal-energetic, or a crane load drop accident and there is no spillage 
from the OEV or the OECT. If there is no spillage of benzene there is no 
potential for a deflagration and the outcome probability is specified as 1.0 
for Branch 2. 

This case includes all sequences in which the accident type is external or 
intemal-energetic and spillage of benzene from the OEV or the OECI' after 
the first or second round of energetic events has occurred. The zone 1 
ventilation system has failed. An outcome probability of 1.0 is assigned 
to Branch 1. 

This case includes all sequences in which the accident type is external or 
internal-energetic and spillage of benzene from the OEV or the OECT after 
a SPC overpressure deflagration has occurred. Since the zone 1 
ventilation system must fail for a SPC overpressure deflagration to occur, 
it is not explicitly asked about. An outcome projability of 1.0 is assigned 
to Branch 1. 

This case includes all sequences in which the accident type is external or 
internal-energetic and spillage of benzene from the OEV after the first or 
second round of energetic events has occurred. The zone 1 ventilation 
system has not failed and the OEV contains hot material no more than 
10% of the time. An outcome probability of 0.1 is assigned to Branch 1 
and an outcome probability of 0.9 is assigned to Branch 2. **SMUD 
VARIABLE** 
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Case 5 - - This case includes all sequences in which the accident type is external or 
' internal-energetic and spillage of benzene from the OECT after the first or 

second round of energetic events has occurred The zone 1 ventilation 
system has not failed and the OECT may contain hot material although 
not like the OEV. An outcome probability of 0.01 is assigned to Branch 1 
and an outcome probability of 0.99 is assigned to Branch 2. 
**SAMPLED VARIABLE** 

This case includes all sequences in which the accident type is a limited 
leak from the PR or the PRFI' and the exhaust fans have failed. The PR 
and PRFT do not contain enough benzene to be of concern even if their 
entire contents are spilled onto the floor of the SPC and ventilation has 
failed. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the accident type is a limited 
leak from the PR or the PRFI' and the exhaust fans have not failed. An 
outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the accident type is a limited 
leak due to an overflow from the PR or the PRFT and the exhaust fans 
have failed. The PR and PRFT do not contain enough benzene to be of 
concern ,even if their entire contents are spilled onto the floor of the SPC 
and ventilation has failed. An outcome probability of 1.0 is assigned to 
Branch 2. 

This case includes all sequences in which the accident type is a limited 
leak due to an overflow from the PR or the PRFT and the exhaust fans 
have not failed An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the accident type is a limited 
leak due to an overflow from the OEV or the OECT and the exhaust fans 
have failed. The liklihood of a deflagration is less likely for this case 
because the amount of benzene assumed to be spilled during a overflow 
scenario is less than the entire contents of the tanks. An outcome 
probability of 0.01 is assigned to Branch 1 and an outcome probabiliyt of 
0.99 is assigned to Branch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the accident type is a limited 
leak due to an ovefflow from the OEV or the OECT and the exhaust fans 
have not failed. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the accident type is a crane load 
drop which results in spillage from the OEV or the OECI' and.the exhaust 
fans have failed. An outcome probability of 0.01, is assigned to Branch 1 
and an outcome probability of 0.99 is assigned to Branch 2. 
**SAMPLED vARB[ABLE** 

. 

Case 6 

Case 7 

Case 8 

Case 9 

Case 10 

Case11 ' 

~ase.12 

Case 13 This case includes all sequences in which the accident type is a limited 
leak from the OEV or the OECT and the exhaust fans have failed. The 
liklihood of a deflagration is less likely for this case because the amount of 
benzene assumed to be spilled during a leak scenario is less then the 
amount from either the total spillage or an overlfow. An outcome 
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Case 14 

Case 15 

probability of 0.001 is assigned to Branch 1 and an outcome probability 
of 0.999 is assigned to Branch 2. **SAMPL;ED VARIABLE** 

This case includes all sequences in which the accident type is a limited 
leak from the OEV or the OECI' aqd the exhaust fans have not failed. An 
outcome probability of 1.0 is assigned to Branch 2. 

The default case includes all sequences remaining. It is expected that all 
sequences in which a deflagration in the cell could occur are included in 
previous cases. An outcome probability of 1.0 is aSsigned Branch 2. 

Question 122: Does the collateral damage in the Salt Process Cell result in a 
fire in the Salt Process Cell?' 

As indicated previously benzene may be present in any or aU of the tanks in the Salt Process 
Cell. Spillage of this benzene into the cell could result in a fire. The PR and PRFI' do not 
contain enough benzene to be of concern even if their entire contents are spilled onto the floor 
of the SPC. A fire will increase the transport of released radionuclides from the cell. There are 
two defined outcomes as follows: . , 

SPC-Fire: 

nSPCFire: 

A fire occurs in the Salt Process Cell. 

A fire does not occur in the Salt Process CeU 

This is a Type 2 question. The answers to this question are dependent o n  the outcomes of 
Questions 1,4, 107,108,113,118,119, and 121 and are used in the logic to determine the 
outcome probabilities for Question 147. Ten cases are used to develop the outcome 
probabilities as follows ("he outcome probabilities are from Reference 7): 

Case 1 

Case 2 

case3 

Case 4 

This case includes all sequences in which there is no spillage from the 
OEV or the OECT. If there is no spillage of benzene there is no potential 
for fire and.the outcome probability is s m e d  as 1.0 for Branch 2. 

This case includes all sequences in which the accident type is external or 
internal-energetic, benzene has spilled from either the OEVor the O E a ,  
and a SPC deflagration has occuned. An outcome probability of 0.9 is 
assigned to Branch 1 and an outcome probability of 0.1 is assigned 
Branch 2. 
* * s a -  VARIABLE** 

This case includes all sequences in which the accident type is external or 
internal-energetic, benzene has spilled from either the OEVlor the OECT, 
and a SPC deflagration has not occuned An outcome probability of 0.1 
is assigned to Branch 1 and an' outcome probability of 0.9 is assigned 
Branch 2. 
**SAMPLED VARIABLE** 

* 

This case includes all sequences in which the accident type is a limited 
leak due to overflow from the OEVor the OECT and a SPC deflagration 
has occurred. An outcome probability of 0.9 is assigned to Branch 1 and 
an outcome probability of 0.1 is assigned Branch 2. 
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- - **SAMPLED vApL4BLE** 

Case 6 

case7 

Case 8 

i 

Case 9 

Case 10 

This case @dudes all sequences in which the accident type is a limited 
leak due to overflow from the OEVor the OECT, a SPC deflagration has 
not occurred, and the Zone 1 exhaust fans have not failed (iffans failed, 
and no dflagration occurs in question 121 , it is implicitly assumed there I 

is no ignition source for afire either, iffans have not failed there may be 
no deflaration as is seen in case 11 of question 121 but an ignition source 
may still be present which could ignite afire; this also applies to cases 7 
and 9). An outcome probability of 0.05 is assigned to Branch 1 and an , 

outcome probability of 0.95 is assigned Branch 2. **SAMPLED 

This case includes all sequences in which the accident type is a qane load 
drop, benzene has spilled from either the OEVor the OECT, and a SPC 
deflagration has occurred. An outcome probability of 0.9 is assigned to 
Branch 1 and an outcome probability of 0.1 is assigned Branch 2. 
**SAMPLED VAFuABLE** 

' VARIABLE** 

. 

This case includes all sequences in which the accident type is a crane load 
drop, benzene has spilled from the OEVor the OECT, a SPC deflagration 
has not occurred, and the Zone 1 exhaust fans have not failed. An ' 
outcome probability of 0.05 is assigned to Branch 1 and an outcome 
probability of 0.95 is assigned Branch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the accident type is a limited 
leak fmm the OEVor the OECT and a SPC deflagration has occurred. An 
outcome probability of 0.9 is assigned to Branch 1 and an outcome 
probability of 0.1 is assigned Brdnch 2. **SAMPLED VARIABLE** 

This case includes all sequences in which the accident type is a limited 
leak from the OEVor the OECT, a SPC deflagration has not occurred, and 
the Zone 1 exhaust fans have not failed. Since the amount of benzene 
spilled in a leak is less than the amount from an overflow, the chance of a .  
fire is slightly lower for this case then for an overflow accident. An 
outcome probability of 0.01 is assigned to Branch 1 and an outcome 
probability of 0.99 is assigned Branch 2. 
**SAMPLED VARIABLE** 

r -  

I 

The default case includes all  sequences remaining. It is expected that all 
sequences in which a fire in the cell could occur are included in previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Questions 123-126 consider the possibility that another vessel has an explosive concentration 
built up (but no ignition source) at the same time the SPC deflagration occurs. This is the third 
round of tank explosions. The flame from the SPC deflagration provides the ignition source 
for a tank deflagration in the SPC. Since the process vessels are all cross-connected via the cell 
ventilation systems (SPCV, CPCV, PWH), the vessel that deflagrates or detonates in the SPC 
provides an ignition source to vessels in the CPC that have an explosive concentration provided 
the ventilation headers are still intact. Note, for the internal energetic accidents initiated by a 
tank explosion, all tank explosions .are complete at the end of round 2 because any tank with a 

I 
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explosive concentration will have been exposed to an ignition source at that time. A "3rd 
round" explosion can only occur on a sequence where the SPC overpressurization deflagration 
(question 115) initiates a propagation leading to a second SPC deflagration thus providing an 
ieiticfn source for this round of tank explosions. Propagation into the CPC is not possible 
because the SPC covers will have fallen and opened the SPCV preventing the flame front from 
further propagation. For the seismic event, propagation to the CPC is only possible if the SPC 
covers have not fallen prior to the SPC deflagration. . 

Question 123: Does a detonatioddeflagration occur in' the Precipitate 
Reactor? 

If an explosive concentration occurs in the Precipitate Reactor and an ignition source is 
available (in this case the deflagration in the SPC), it is assumed that a damaging detonation or 
deflagration will follow. A detonatioddeflagration in the Precipitate Reactor can spill the 
contents of the vessel to the Salt Process Cell, blow the cell covers, and.damage adjacent 
vessels. There are three defined outcomes as follows: 

PRx@3Det A damaging detonation occurs in the Prekipitate Reactor following a SPC 
deflagration that provides an ignition source. 

PRx@3Def: A damaging deflagration occurs in the PrgGpitate Reactor following a 
SPC deflagration that provides an ignition source. 

IIPRX-EXP: No dama*ging explosion occurs in the Precipitate Reactor. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 41, 
43,79,80,106,117, and 121. The answers to this question are used in the logic to determine 
the outcome probabilities in Questions 127, 128, 136, and 137. Seven cases are used to 
develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reactor. The outcome probability assigned is 1.0 in 
Branch 3. 

"his case includes all sequences in which a previous deflagration o c c d  
in the Precipitate Reactor. The outcome probability assigned is 1.0 in ~ 

Branch 3. 

This Case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor. The 'outcome probability 
assigned is 1.0 in Branch 3. 
This case includes the sequences in which a seismic event or crane load 
drop accident has ruptured the Precipitate Reactor precluding the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes the sequences in which a prior energetic event has 
ruptured the Precipitate Reactor precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3. 

/ 
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I .  

, Case 6 . l%s case includes the sequences in which a prior event has not occurred 
in the Precipitate Reactor and an explosive concentration has accumulated' 
in the vessel with a deflagration in the SPC (provides the ignition source). 
The outcome probability assigned is 0.001 in Branch 1 and 0.999 in 
Branch 2. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Case 7 -- . 

, 

Question 124: Does a detonatioddeflagration of the Organic Evaporator tank 
occur? 

If an explosive concentration occurs in the Organic Evaporator and an ignition source is 
available it is assumed .that a damaging detonation or deflagration will follow. A 
detonatioddeflagration in the Organic Evaporator can spill the contents of the vessel to the Salt 
Process Cell, blow the cell covers, and damage adjacent vessels. There are three defined 
outcomes as follows: 

OEV@3Det 

OEV@3Def: 

nOEV-Exp: 

A damaging detonation occurs in the Organic Evaporator following a SPC 
deflagration that provides an ignition source. 

A damaging deflagration occurs in the Organic Evaporator following a 
SPC deflagration that provides an ignition source. 

No damaging explosion occurs in the Organic Evaporator. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 45, 
47,81,82,107,118, and 121. The answers to this question are used in the logic to determine 
the outcome probabilities in Questions 127,128,136,137, and 138. Seven cases are used to 
develop the outcome probabiities as follows: 

' 

' 

, 
case 1 This case includes all sequences in which a previous detonation occurred 

in the Organic Evaporator. The outcome probability assigned is 1.0 in 
Branch 3. 

Case 2 . This case inciudes all sequences in which a previous deflagration occurred 
in the Organic .Evaporator. The outcome probability assigned is 1.0 in 
Branch 3. 

Case 3 This case includes all sequences in which an explosive concentration does 
not accumulate in the Orgahic Evaporator. The outcome probability 
assigned is 1.0 in Branch 3. . 

This case includes the sequences in which a seismic event or crane load 
drop accident has ruptured the Organic Evaporator precluding. the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

Case 4 
. 
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Case5 _ _  

Case 6 

Case 7 

This case includes the sequences in which a prior energetic event has 
ruptured the Organic Evaporator precluding the accumulation of an 
explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3. 

This case includes the sequences in which a prior event has not occurred 
in the Organic Evaporator and an explosive concentration has accumulated 
in the vessel with a deflagratiorin the SPC (provides the ignition source). 
The outcome probabaity assigned is 0.001 in Branch 1 and 0.999 in 
Branch 2 c7-3. 

The default case includes any remaining sequences. It is assumed that al l  
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 125: Does a detonatioddeflagration of the Organic Evaporator 

E an explosive concentration occurs in the Organic Evaporator Condensate tank and an ignition . 
source is available it is assumed that a damaging detonation or deflagration will follow. A 
detonation/deflagration in the Organic Evaporator Condensate tank can spill the contents of the 
vessel to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There are 
three defined outcomes as follows: 

Condensate tank occur? 

OEcTa3Det: A damaging detonation occurs in the Organic Evaporator Condensate tank 
following a SPC deflagration that provides an ignition source. 

OECT@3Def: A damaging deflagration occurs in the Organic Evaporator Condensate 
tank following a SPC deflagration that provides an ignition source. 

nOECT-Ex: No damaging explosion occurs in the Organic Evaporator Condensate 
tank. 

This is a Type 2 question. The ,answer is dependent on the outcome of previous Questions 49, 
51,83,84, 108,119, and'l21. The answers to this question are used in the logic to determine 
the outcome probabilities in Questions 127,128,137,138, and 139. Seven cases are used to 
develop the outcome probabilities as follows: 

Case 1 

Case 2' 

, Case3 

This case includes all sequences in which a previous detonation occurred 
in the Organic Evaporator Condensate tank. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes a l I  sequences in which a previous deflagration occurred 
in the Organic Evaporator Condensate tank. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes all sequences in which an explosive concenhition does 
not accumulate in the Organic Evaporator Condensate tank The outcome . 
probability assigned is 1.0 in Branch 3. 
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Case 4 
~ - _  This case includes the sequences in which a seismic event or crane load 

drop accident has ruptured the Organic Evaporator Condensate tank 
2 precluding the accumulation of ai explosive concentration. The outcome 

probability assigned is 1.0 in Branch 3. 

Case 5 This case includes the sequences in which a prior energetic event has 

accumulation of an explosive concentration. .The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes the sequences in which a prior event has not occurred 
in the Organic Evaporator Condensate tank and an explosive concentration 
has accumulated in the vessel with a deflagration in the SPC (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1 
and 0.999 in Branch 2 [7]. 

, . ruptured the Organic Evaporator Condensate tank precluding the 

. 
Case 6 . 

Case 7 The default case includes any remaining sequences. It. is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 126: Does a detonatioddeflagration occur in the Precipitate Reactor 
Feed Tank? 

If an explosive concentration occurs in the Precipitate Reactor Feed Tank and an ignition source 
is available it is assumed that a damaging detonation or deflagration will follow. A 
detonatioddeflagration in the Precipitate Reactor Feed Tank can spill the contents of the vessel 
to the Salt Process Cell, blow the cell covers, and damage adjacent vessels. There are three 
defined outcomes as follows: 

* * 

PRFTa3Det: 

PRFT@3Defi 

nPRJT-Exp: 

A damaging detonation occurs in the Precipitate Reactor Feed Tank 
following a SPC deflagration that provides an ignition source. 

A damaging deflagration occurs in the Precipitate Reactor Feed Tank 
following a SPC deflagration that provides an ignition source. 

No damaging explosion occurs in the Precipitate Reactor Feed Tank. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 53, 
55,85,86,109,120, and 121. The answers to this question are used in the logic to determine 
‘the outcome probabilities in Questions 127,128,138,139,a11d 140. Seven cases are used to 
develop the outcome probabilities as follows: 

Case1 This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reactor Feed Tank. The outcome probability assigned is 
1.0 in Branch 3. 

Thiscase includes all sequences in which a previous deflagration occurred 
in the Precipitate Reactor Feed Tank. The outcome probability assigned is 
1.0 in Branch 3. 

Case 2 
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I Case3 _ _  This case includes a l l  sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor Feed Tank. The outcome 
probability assigned is 1.0 in Branch 3. 

This case includes the sequences in which a seismic event or crane load 
drop accident has ruptured the Precipitate Reactor Feed Tank precluding 
the accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

This'case includes the sequences in which a prior energetic event has 
ruptured the Precipitate Reactor Feed Tank precluding the accumulation of 
an explosive concentration. The outcome probability assigned is 1.0 in 
Branch 3. 

Case 4 

Case 5 

Case 6 This case includes the sequences in which a prior event has not occurred 
in the Precipitate Reactor Feed Tank and an explosive concentration has 
accumulated in the vessel with a deflagration iri the SPC (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1 
and 0.999 in Branch 2 [7]. 

Case 7 The default case includes any r e m e g  sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases., The outcome probability assigned is 1.0 in Branch 3. 

Question 127: Does a damaging explosion occur in the Salt Process Cell Vent 
System [SPCV]? 

Conditions in the Salt Process Cell Vent System [SPCVJ &e expected to be the same as the 
tanks exhausting into the header. Therefore an explosion in any of the SPC tanks will 
propagate into the header causing the header to also explode. Because of the size of the SPCV, 
it is expected to detonate (not deflagrate) which would produce shrapnel that could cause 
venting of cell tanks. There are two possible outcomes as follows: 

SPCV-Exp3: 

nSPCV-Ex: 

A damaging explosion occurs in the Salt Process Cell Vent System 
following the third round of potential explosions. 

A damaging explosion does not occur in the Salt Process Cell Vent 
System following the third round of potential explosions. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 37, 
105,116,123,124,125, and 126. The answers to this question are not used in the remaining 
logic but are instead used in some of the output binners. Five cases are used to develop the 
outcome probabilities as follows: . 

Case 1 This case includes all sequences in which the SPC cell covers have fallen 
due to a seismic event. If the.cell covers fall, the SPCV piping is assumed 
to be damaged to the point that no accumulation of explosive mixtures is 
possible. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the SPC cell covers have fallen 
due to a previous energetic event. If the cell covers fall, the SPCV piping 

Case 2 
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- _  is assumed to be damaged to the point that no accumulation of explosive 
mixtures is possible. An outcome probability of 1.0 is assigned to Branch 

This case includes all sequences in which one of the SPC vessels has 
detonated in the third round. A detonation in any SPC vessel is assumed ' to cause the SPCV to explode. (For internal energetic events, has already 
been destroyed and cannot explode.) An outcome probability of 1.0 is 
assignedBranch 1. 

This case includes all sequences in which one of the SPC vessels has 
deflagrated in the third round. A deflagration in any SPC vessel is 
assumed to cause the SPCV to explode. (For internal energetic events, 
has already been destroyed and cannot explode.) An outcome probability 
of 1.0 is assigned Branch 1. 

. . 2. 

Case 3 
, 

. 

Case 4 

Case 5 The default case includes a l l  sequences remaining and assumes that there 
is no other mechanism for an explosion in the SPCV. An outcome . 
probability of 1.0 is assigned Branch 2. ~ 

Question 128: Do the cell covers for the Salt Process Cell dislodge and fall? 
The cell covers in the SPC can be dislodged and fall as a result of an energetic event in the 
SPC. The falling cell covers can damage equipment and piping in the cell. This will only 
occur for a seismic event where the cell covers have not already fallen. There are two defined 
outcomes as follows: 

. .  

SPcvFI@3: The cell covers dislodge and fall due to an energetic event in the third 
round of explosions. 

nSPCovFk The cell covers do not fall as a result of an energetic event in the third I 

round of explosions. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
8 previous Questions 37, 105,116, 121,123,124,125,126, and 127 and are used in the logic 
to determine the outcome probabilities in Questions 136, 137, 138, and 139. Six cases are 
used to develop the outcome probabilities as follows: , 

Case 1 This case includes al l  sequences in which the cell covers were dislodged 
previously. An outcome probability of 1.0 is assigned Branch 2. 

Case 2 This case includes ail sequences in which there was no explosion in any 
SPC vessel, the SPCV did not explode, the cell covers did not fall due to 
a seismic event, and no SPC deflagration occurred. An outcome 
probability of'1.0 is assigned Branch 2. 

Case 3 This case includes ail sequences in which there was a deflagration in the 
SPC. An outcome probability of 1.0 is assigned Branch 1. 
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Case4 - -  

Case 5 

Case 6 

Question 129: 

This case includes all sequences in which there was a detonation in any 
SPC vessel during the third round of explosions. An outcome probability 
of 1.0 is assigned Branch 1. 

This case includes all sequences in which there was a deflagration in any 
SPC vessel during the third round of expIosions. An outcome probability 
of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Does 'a damaging detonation occur in the Process Vessel Vent 
Header [PVVH]? 

The PVVH is assumed to explode if an explosion occurs in one of the headers that connect to it 
(SPCV or CPCV). Therefore, if Question 127 indicates that an explosion occurred in the 
SPCV then a detonation in the PVVH will follow. A detonation in the PVVH can cause cell 
covers in the Chemical Process Cell to fall. There are two defined outcomes as follows: 

PWH-DTk A damaging detonation occurs in the Process Vessel Vent Header 
following the third round of explosions. 

nPVVH-Ex: No damaging explosion occurs in the Process Vessel Vent Header. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 56, 
105, 116, and 127. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 130, 131, 132, 133, and 141. Four cases are used(to 
develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

This-case includes all sequences in which the CPC cell covers have fallen 
due to a seismic event. If the cell covers fall, the PVVH piping is 
assumed to be damged to the point that no accumulation of explosive 
mixtures is possible. An outcome probability of 1.0 is assigned to Branch 
2. 

This case includes all sequences in which the SPC cell covers were 
dislodged previously. If the SPC cell covers were dislodged previously, 
the SPCV piping is assumed to be damaged to the point that it would be 
unable to transmit an explosion to the PVVH. An outcome probability of 
1.0 is assigned Branch 2. 

This case includes all sequences in'which a damaging detonation has 
occurred in the SPCV after the third round of explosions. The outcome 
probability assigned is LO in Branch 1. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 2. 
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Question 130: Does a detonatiaddeflagration occur in the Precipitate Reactor 
. Bottoms Tank [PRBT]? 

If an explosive concentration occurs in the Precipitate Reactor Bottoms Tank and an ignition 
source is available it is assumed that a damaging detonation or deflagration will follow. A 
detonatioddeflagration in the Precipitate Reactor Bottoms Tank can spill the contents of the 
vessel to&e Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There 
are three defined outcomes as follows: 

PRBT@3Det A damaging detonation occurs in the Precipitate Reactor Bottoms Tank 
following a detonation or deflagration in another process vessel during the 
third round of explosions that provides an ignition source. 

PRBT@3DeE A damaging deflagration occurs in the Precipitate Reactor Bottoms Tank 
following a detonation or deflagration in another process vessel during the 
third round of explosions that provides an ignition source. 

No damaging explosion occurs in the Precipitate Reactor Bottoms Tank. SRBT-Ex: 

This is a Type 2-question. The answer is dependent on the outcome of previous Questions 58, 
60, 87, 88,99, 105, 116, and 129. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 134,135,141,142, and 143. Eight cases are 
used to develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in which a previous detonation occurred 
in the Precipitate Reactor Bottoms Tank. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes all sequences in which a previous deflagration occurred 
in the Precipitate Reactor Bottoms Tank. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes all sequences in which an explosive concentration does 
not accumulate in the Precipitate Reactor Bottoms Tank. The outcome 
probability assigned is 1.0 in Branch 3. 

This case includes the sequences in which a seismic event or crane drop 
accident has ruptured the Precipitate Reactor Bottoms Tank precluding the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

case2 

Case 3 

Case 4 

Case 5 This case includes all sequences in which the PRBT has been splashed as 
a result of a prior energetic event. Splashing of the tank precludes the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

. Case6 This case includes all sequences in which the SPC cell covers have 
previously fallen. If the cell covers have fallen there is no path to conduct 
the ignition source from the SPC to the CPC. As a result, no explosion 
can occur. The outcome probability assigned is 1.0 in Branch 3. 
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.. . 

Case 8 

This case includes the sequences in which a prior event has not occurred 
in the Precipitate Reactor Bottoms Tank and an explosive concentration 
has accumulated in the vessel with a detonation in the PVMI. (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1 . 
and 0.999 in Branch 2 [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch.3, there is no 
explosion. 

I 
I Question 131: Does a detonationldeflagration occur. in the Slurry Mix 

Evaporator Tank [SME]? 
If an explosive concentration occurs in the Slurry Mix Evaporator Tank and an ignition source 
is available it is assumed that a damaging detonation or deflagration will follow. A 
detonation/deflagmtion in the Slurry Mix Evaporator Tank can spill the contents of the vessel to 
the Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There are h e  
defined outcomes as follows: 

SME@3Det: A damaging detonation ,OCCUTS in the Slurry Mix Evaporator Tank 
following a detonation or deflagration in another process vessel during the 
third round of explosions that provides an ignition source. 

SME@3Def: A damaging deflagratidn occurs in the Slurry Mix Evaporator Tank 
following a detonation or deflagration in another process vessel during the 
third round of explosions that provides an ignition source. 

No damaging explosion occurs in the Sluny Mix Evaporator Tank. nSME-Ex: ' 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 62, 
64, 89,90, 100, 105, 116, and 129. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 134,141,142, and 143. Eight cases are used 
to develop the outcome probabiities as follows: 

Case 1 This case includes all sequences in which a previous detonation occurred 
in the SIT' Mix Evaporator Tank. The outcome probability assigned is 
1.0 in Branch 3. 

Case 2 This case includes all sequences in'wMch a previous deflagration o c c d  
in the Slurry Mix Evaporator Tank. The outcome probability assigned is 
1.0 in Branch 3. 

Case 3 This case includes all sequences in which an explosive concentration does 
not accumulate in the Slurry Mix Evaporator Tank. The outcome 
probability assigned is 1.0 in Branch 3. 

Case 4 This case includes the sequences in which a seismic event or crane load 
drop accident has ruptured the Slurry Mix Evaporator Tank precluding the 
accumulation of ,an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 
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Case5 . This case includes all sequences in which the SPC cell covers have 

previously fallen. If the cell covers have fallen there is no path to conduct 
the ignition source from the SPC to the CPC. As a result, no explosion 
can occur. The outcome probability assigned is 1.0 in Branch 3. / 

Case 6 This case includes all sequences in which the SME has been splashed as a 
result of a prior energetic event. Splashing of the tank precludes the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

Case 7 This case includes the sequences in which a prior event has not occurred 
in the Slurry Mix Evaporator Tank and an explosive concentration has 
accumulated in the vessel with a detonation in the PVVH (provides the 
ignition source). The outcome probabfity assigned is 0.001 in Branch 1 
and 0.999 in Branch 2 [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 132: Does a detonation/deflagration occur in the Sludge Receipt and 
Adjustment Tank [SRAT]? 

Case8 

If an explosive concentration occurs in the Sludge Receipt Adjustment Tank and in ignition 
source is available it is assumed that a damaging detonation or deflagration will follow. A 
detonatioddeflagration in the Sludge Receipt Adjustment Tank can spill the contents of the 
vessel to the Chemical Process Cell, blow the cell covers, and damage adjacent vessels. There 
are three defined outcomes as follows: 

SRAT@3Det A damaging detonation occurs in the Sludge Receipt Adjustment Tank 
following a detonation or deflagration in another prcxess vessel during the 
third round of explosions that provides an ignition source. 

SRAT@3DeE A damaging deflagration occurs in the Sludge Receipt Adjustment Tank 
following a detonation or deflagration in another process vessel during the 
third round of explosions that provides an ignition source. 

No damaging explosion occurs in the Sludge Receipt Adjustment Tank. nSRAT-Ex: 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 66, 
68,91,92, 101, 105, 116, and 129. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 134,141,144, and 145. Eight cases are used 
to develop the outcome probabilities as follows: 

Case 1 This case includes dl sequences in which a previous detonation occuned 
in the Sludge Receipt Adjustment Tank. The outcome probability 
assigned is 1.0 in Branch 3. 
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Case2 _. This case includes all sequences in which a previous deflagration occurred 
in the Sludge Receipt Adjustment Tank. The outcome probability 
assigned is 1.0 in Branch 3. 

1 Case3 This case includes all sequences in which an explosive concentration does 
not accumulate in the Sludge Receipt Adjustment Tank. The outcome 
probability assigned is 1.0 in Branch 3. 

cask 4 This case includes the sequences in which a seismic eyent or crane load 
drop accident has ruptured the Sludge Receipt Adjustment Tank 
precluding the accumulation of an explosive concentration. The outcome 
probability assigned is 1.0 in Branch 3. 

This case includes all sequences in which the SRAT has been splashed as 
a result of a prior energetic event. Splashing of the tank precludes the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes all sequences in which the SPC cell covers have 
previously fallen. If the cell covers have fallen there is no path to conduct 
the ignition source from the SPC to the CPC. As a result, no explosion 
can occur. The outcome probability assigned is 1.0 in Branch 3. 

Case 5 

. 

Case 6 

Case 7 This case includes the sequences in: which a prior event has not occurred 
in the Sludge Receipt Adjustment Tank and an explosive concentration has 
accumulated in the vessel with a detonation in the PVVH (provides the 
ignition source). The outcome probability assigned is 0.001 in Branch 1 
and 0.999 in Branch 2 171; 

Case 8 The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 133: Does a detonation/deflagration occur in the Melter Feed Tank 

If an explosive concentration occurs in the Melter Feed Tank and an ignition source is available 
it is assumed that a damaging detonation or deflagration will follow. A detonatioddeflagration 
in the Melter Feed Tank can spill the contents of the vessel to the Chemical Process Cell, blow 
the cell covers, and damage adjacent vessels. There are three defined outcomes as follows: 

, [MFT]? 

~ 

MFT@3Det: A damaging detonation occurs in the Melter Feed Tank following a 
- detonation or deflagration in another process vessel during the third round 
of explosions that provides an ignition source. 

A damaging deflagration occurs in the Melter Feed Tank following a 
. detonation or deflagration in another process vessel during the third round 
of explosions that provides an ignition some. 

MFT@3Defi 

nMFT-Ex: No damaging explosion occurs in the Melter Feed Tank. 
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This is a Type2 question. The answer is dependent on the outcome of previous Questions 72, 
74,93,94, 103, 105, 116, and 129. The answers to this question are used in the logic to 
determine .th& outcome probabilities in Questions 134,141,145, and 146. Eight cases used 
to develop the outcome probabilities as follows: 

Casel ,  

. .  Case2 

Case 3 

Case.4 
I 

Case 5 

Case 6 

Case 7 

Case 8 

Question 134: 

This case ixicludes dl sequences in which a previous detonation occurred 
in the Melter Feed Tank. The outcome pbbability assigned is 1.0 in 
Branch 3. 

This case includes all sequences in which a previow' deflagration occurred 
in the Melter Feed Tank. The outcome probability assigned is 1.0 in 
Branch 3. 

This case includes all sequences in which an explosive conckntration does 
not accumulate in the Melter Feed Tank. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes the sequences in which a seismic event or crane load 
drop accident has ruptured the Melter Feed Tank precluding the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes a l l  sequences in which the MFI' has been splashed as a 
result of a prior energetic event. Splashing of the tank precludes the. 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 3. 

This case includes all sequences in which the SPC cell covers have 
previously fallen. If the cell covers have fallen there is no path to conduct 
the ignition source from the SPC to the CPC. As a result, no explosion 
can occur. The outcome probability assigned is 1.0 in Branch 3. 

This case. includes the sequences in which a prior event has not occurred 
in the MeIter Feed Tank ind an explosive concentration has accumulated 
in the vessel with a detonation in the PVVH (provides the ignition 
source). The outcome probability assigned is 0.001 in Branch 1 and 
0.999 in Branch 2 [7]. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Does a detonation occur in the CPC Vent system? 

An explosion in the CPCV can cause spillage of the contents of some of the tanks in the CPC 
due to lifting of the cell covers. There are two defined outcomes as follows: 

CPCV-Expl: A damaging explosion occurs in the Chemical Process Cell Vent System 
following the third round of potential explosions. 
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nCPCV-Ex: No damaging explosion occurs in the Chemical Process Cell Vent System 
following the third round of potential explosions. 

This is’a Type 2 question. The answer is dependent on the outcome of previous Questions 98, 
105, 116, 130, 131, 132, and 133. The answers to this question are used in the logic to 
determine the outcome probabilities in Question 141. Four cases are used to develop the 
outcome probabilities as follows: 

case 1 This case includes all sequences in which the CPC cell covers have 
previously fallen. If the cell covers fall, the CPCV piping is assumed to 
be damged to the point that no accumulation of explosive mixtures is. 
possible. An outcome probability of 1.0 is assigned to Branch 2. 

This case includes all sequences in which the SPC cell covers have 
previously fden. If the cell covers have fallen there is no path to conduct 
the ignition source from the SPC to the CPC. As a result, no explosion 
can occur. The outcome probability assigned is 1.0 in Branch 2. 

Case 2 

Case 3 This case includes all sequences in which one of the CPC vessels has 
detonated or deflagrated in the third round. A detonation in any CPC 
vessel is assumed to cause the CPCV to explode. An outcome probability 
of 1.0 is assigned Branch 1. -- 

Case 4 The default case includes all sequences remaining and assumes that there 
is no other mechanism for an explosion in the CPCV. An outcome - 
probability of 1.0 is assigned Branch 2. 

Question 135: Does an energetic event in the CPC fail the removable wall 
between the SPC and the CPC? 

The Salt Process Cell and the Chemical Process Cell are separated by a removable [from 
above] partition. Some events in the CPC are assumed to be sufficiently energetic to displace 
the partition from its supports, causing damage to the tanks, piping, etc. in the SPC. There are 
two defined outcomes as follows: , 

FailWalE The wall separating the Salt Process Cell and the Chemical Process Cell is 
failed due to an energetic event in the third round of explosions. 
The wall separating the Salt b e s s  Cell and the Cheinical Process Cell is 
not failed. 

nFailwal: 

This is a Type 2 question. The answers to this question are dependent on the outcomes of 
Questions 97,104, and 130 and are used in the logic to determine the outcome probabilities for 
Questions 136,137,138, and 139. Three cases are used to develop the outcome probabilities. 
as follows: 

Case 1 This case includes all sequences in which the removable wall has been 
failed in a previous energetic event. An outcome probability of 1.0 is 
assigned Branch 2. 
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h e  2 

Case 3 

.- - This case includes all sequences in which a detonation has occurred in the 
PRBT during the third round of explosions. An outcome probability of 
0.5 is &signed to Branch 1 and Branch 2 [7]. 

The default case includes all sequences remaining. It is expected that all 
' sequences in which the wall could be failed are included in previous 
cases.. An outcome probability of 1.0 is assigned Branch 2. 

Question 136: Does splashing [spillage] of the Precipitate Reactor contents 
occur? 

If the Precipitate Reactor is damaged some or all of the contents of the tank may be spilled to 
the floor. This question is concerned only with damage to the PR caused by falling cell covers, 
a detonation in the PR during the third round of explosions, shrapnel from an adjacent tank 
generated during the third round of explosions or failure of the wall between the CPC and 

, SPC. There are two defined outcomes as follows: 

PRX-Spl3: 

nPRX-Spl: 

The contents of the Precipitate Reactor are spilled into the Salt Process 
Cell after an energetic event during the third round of explosions. 

The contents of the Precipitate Reactor are not spilled into the Salt Process 
' ' Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 41, 106,117, 123,124, 128, and 135. The answers to this question are 
used in the source term binner. Nine cases are used to develop the outcome probabilities as 
follows (The outcome probabilities are fiom Reference 7): 

Case 1 This case includes all sequences in which the PR has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2.' 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

This case includes al l  sequences in which the PR has been splashed by a 
previous energetic event. An outcome .probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which no event that could damage the 
PR has occurred. An outcome probability of 1.0 is assigned Branch 2. 

,This case includes dl sequences in which there was a detonation of the 
Precipitate Reactor during the third round of explosions. An outcome 
probability of 1.0 is assigned Branch 1; , 

This case includes all sequences in which the cell covm are displaced and 
fall and there is a detonation in the OEV, which is adjacent to the PRY 
during the third round of explosions. The falling cell covers or shrapnel 
from the exploding OEV can penetrate the PR causing spillage. An 
'outcome probability of 0.5 is. assigned Branch 1 and Branch 2.. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration in the OEV, which is adjacent to the PRY 
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Case 7 

Case 8 

Case 9 

during the third round of explosions. The falling cell covers or shrapnel 
from the vent piping above the deflagrating OEV can penetrate the PR 
causing spillage. An outcome probability of 0.2 is assigned Branch 1 and 
an outcome probability of 0.8 is assigned Branch 2. 

This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. The PR is separated from this wall by 
three other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

. The default case includes all sequences remaining and assumes that all 
, means by which the PR can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

I 

Question 137: Does splashing [spillage] of the contents of the Organic 

If the OEV is damaged some or all of the contents of the &k may be spilled to the floor. This 
question is concerned only with damage to the OEV caused by falling cell covers, a detonation 
in the OEV during the third round of explosions, shrapnel from an adjacent tank generated 
during the third round of explosions or failure of the wall between the CPC and SPC. There 
are two defined outcomes as follows: 

Evaporator tank occur? 

OEV-Spl3: 

nOEV-Spl: 

The contents of the OEV are spilled into the Salt Process Cell after an 
energetic event during thehird round of explosions. 

The contents of the OEV are not spilzed into the Salt Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 45,107,118,123,124,125,128, and 135. The answers to this question 
are used in the source term binner. Nine cases are used to develop the outcome probabilities as 
follows (The outcome probabilities are from Reference 7): 

Case 1 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which the OEV has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch-2. 

This case includes all sequences in which the OEV has been splashed by a 
previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes aIl sequences in which no event that could damage the 
OEV has occurred. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which there was a detonation of the 
OEV during the third round of explosions. Ari outcome probability of 1.0 
is &signed Branch 1. 
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1 Case5 

Case 7 

Case'8 

Case 9 

- -  
This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the PR or OECT which are adjacent to the 
OEV. The falling cell covers or shrapnel from the exploding PR or OECT, 
can penetrate the OEV causing spillage. An outcome probability of 0.5 is 
assigned Branch 1 and Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration in the PR or OECT which rn adjacent to the 
OEV. The falling cell covers or shrapnel from the vent piping above the 
deflagrating PR or OECT can penetrate the OEV causing spillage. An 
outcome probability of 0.2 is assigned Branch 1 and an outcome 
probability of 0.8 is assigned Braqch 2. 

This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

, This c k e  includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. 'The OEV is separated from this wall 
by two other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that all 
means by which the OEV can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

. 

Question 138: Does splashing [spillage] of the contents of the Organic 

If the OECT is damaged some or all of the contents of the tank may be spilled to the floor. 
This question is concerned only with damage to the OECT caused by falling cell covers, a 
detonation in the OECT during the third round of explosions, shrapnel from an adjacent tank 
generated during the third round of explosions or failure of the wall between the CPC and 
SPC. There are two defined outcomes as follows: 

Evaporator Condensate tank occur? 1 

OECT-Spl3: The contents of the OECI' are spilled into the Salt Process Cell after an 
energetic event during the third round of explosions. 

nOEcT-Spl: The contents of the OECT are not spilled-into the Salt Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 49,108,119,124,125,126,128, and 135. The answers to this question 
are used in the source term binner. Nine cases are used to develop the outcome probabilities as 
follows (The outcome probabilities are from Reference 7):, 

Case 1 This case includes all sequences in which the OECT has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2. 
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Case2 _ _  This case includes all sequences in which the OECT has been splashed by 
a previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 5 

Case 3 

Case 4 

Case 5 

Case 6 

Case 7 

Case 8 

Case 9 

This case includes all sequences in which no event that could damage the 
OECT has occuxred. An outcome probabiliry of 1.0 is assigned Branch 2. 

This case includes all sequences in which there was a detonation of the 
OECT during the third round of explosions. An outcome probability of 
1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a detonation in the PRFT or OEV which are adjacent to the 
OEm. The falling cell covers or shrapnel from the exploding PRFI' or 
OEV can penetrate the OECT causing spillage. An outcome probability of 
0.5 is assigned Branch 1 and Branch 2. 

This case includes all sequences in.which the cell covers are displaced and 
fall and there is a deflagration in the PWT or OEV which are adjacent to 
the OECT. The falling cell covers or shrapnel from the vent piping above 
the deflagrating PRFT'or OEV can penetrate the OECT causing spillage. 
An outcome probability of 0.2 is assigxied Branch 1 and an outcome 
probability of 0.8 is assigned Branch 2. 

This case includes all sequences in which the cell covers are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability- of 0.9 is assigned Branch 2. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. The OECT is separated from this wall 
by one other tank. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that all 
means by which the OECT can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 139: Does splashing [spillage] of the contents of the Precipitate 
Reactor Feed Tank occur? 

If the Precipitate Reactor Feed Tank is damaged some or all of the contents of the tank may be 
spilled to the floor. This question is concerned only with damage to the PRFT caused by 
falling cell covers, a detonation in the P W  during the third round of explosions, shqpnel 
from an adjacent tank generated during the third round of explosions or failure of the wall 
between the CPC and SPC. There are two defined outcomes as follows: 

PRlT-Spl3: 
' 

The contents of the PRFT are spilled into the Salt Process Cell after an 
energeti.c event during the third round of explosions. 

nPm-Spl: The contents of the PRFT are not spilled into the Salt Process Cell. 
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This is a Typg-2 question. The answers to this questionare dependent on the outcome of 
previous Questions 53,109,120,125,126, 128, and 135. The answers to this question are 
used in the source term binner. Nine cases are used to develop the outcome probabilities as 
follows (The outcome probabilities are from Reference 7): 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Case 7 

Case8 

Case 9' 

. This case hcludes all sequences in which the PRFI' has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2. 
This case includes all sequences in which the PRFT has been splashed by 
a previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which no event that could damage the 
PRFT has occurred. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in, which there was a detonation of the 
PRFT during the third round of explosions. An outcome probability of 
1.0 is assigned Brnch 1. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the SPC. The PRFT is adjacent to this wall. 
An outcome probability of 0.5 is assigned Branch 1 and Branch 2. 

This case includes all sequences in which the cell covers 'are displaced and 
fall and there is a detonation in the OECT which is adjacent to the PFWI'. 

* The falling cell covers or shrapnel from the exploding OECT can penetrate 
the PRFT causing spillage. An outcome probability of 0.5 is assigned 
Branch 1 and Branch 2. 

This case includes all  sequences in which the cell covers are displaced and 
fall and there is a deflagration in the OECT which is adjacent to the P W .  
The falling cell covers or shrapnel from the vent piping above the 
deflagrating OECT can penetrate the PRFT causing spillage. An outcome 
probability of 0.2 is assigned Branch 1 and an outcome probability of 0.8 
is assigned Branch 2. 1 

This case includes all sequences in which the cell coven are dislodged and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that all 
means by which the PRFT can be damaged have been included in the 
previous cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 140: Does an energetic, event in. the SPC fail the removable wall 
between the SPC and the CPC? 

The Salt Process Cell and the Chemical Process Cell are separated by a removable [from 
above] partition. Some events in the SPC are assUmed to be sufficiently eqergetic to displace 
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the partition-from its supports, causing damage to the tanks, piping, etc. in the CPC. There are 
two defined outcomes as follows: 

c 

Failwalk, The wall separating the Salt Process Cell and the Chemical Process Cell is 
failed due to an energetic event in the third round of explosions. 
The wall separating the Salt Process Cell and the Chemical Process Cell is 
not failed due to an energetic event in the third round of explosions. 

This is a Type 2 question. The answers to this question are dependent on the outcomes of 
Questions 97,104, and 126 and are used in the logic to determine the outcome probabilities for 
Questions 142, 143, 144, 145, and 146. Three cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

Case 3 

Question 141: 

This case includes all sequences in which the removable wall has been 
failed in a previous energetic event. An outcome probability of 1.0 is 
assigned Branch 2. 

This case includes a l l  s4uences in which a detonation has occurred in the 
PRFT during the third round of explosions. An outcome probability of 
0.5 is assigned to Branch 1 and Branch 2 [7]. 

The default case includes all sequences remaining. It is expected that all 
sequences in which the wall could be failed are included in previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

. 
~ 

Do the cell covers for the Chemical Process,Cell dislodge and 
fall following an energetic event? 

The cell covers in the CPC can be dislodged and fall as a result of an energetic event in the 
CPC. The falling cell covers can damage equipment and piping in the cell. There are two 
defmed outcomes as follows: 

*CPCovFl@2’ The cell covers in the Chemical Process Cell dislodge and fall due to an 
energetic event during the third round of explosions. 

nCPCovF1: The cell covers in the Chemical Process Cell do not dislodge and fall due 
to an energetic event during the third round of explosions. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 56, 
98, 129, 130,131,132,133, and 134. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions ’142,‘143,144,145, and 146, Four cases are 
used to develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in which a previous event has caused the 
cell covers to be dislodged. An outcome probability of 1.0 is assigned 
Branch 2. 
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Case 2 - - This case includes all sequences iri which no energetic e v c t  has occurred 
in the CPC and a seisrhic event has not dislodged the cell’covers. An 
outcome probability of 1.0 is assigned Branch 2. . - . 

Case 3 This case includes all sequences in which a detonation or deflagration has 
‘ bccurred in a CPC vessel or piping during the third round of energetic 

even@. An outcome probability of 1.0 is assigned Branch 1. 

Case 4 The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 

‘ . cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 142: Does splashing [spillage] of the Precipitate Reactor Bottoms 
Tank contents occur? 

If the PRBT is damaged some or ah of the contents of the tank may be spilled to the floor. 
This question is concerned only with damage to the PRBT caused by falling cell covers, a 
detonation in the PRBT during the third round of explosions, shrapnel from an adjacent tank 
generated during the third round of explosions or failure of the wall between the CPC and 
SPC. There are two defined outcomes as follows: 

PRBT-Spl2: The contents of the Precipitate Reactor Bottomk Tank are spilled into the 
Chemical Process Cell after an energetic event during the third round of 
explosions. 

- . nPRBT-Spl: The contents of the Precipitate Reactor Bottoms Tank are not spilled into 
the Chemical Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 58,99,130,131,140, and 141. The answers to this question are used in 
the sourcEterm binner. Nine cases are used to develop the outcome probabilities as follows 
(The outcome probabilities are from Refmnce 7): 

Case1 This case includes all sequences in which the PRBT has been previously 
ruptured by a seismic event or crane load drop accident. An, outcome 
probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the PRBT has been splashed by 
a previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which no event that could damage the 
PRBT has occurred.’ An outcome probability of 1.0 is assigned Branch 2. 

Case 2 

Case 3 

me 4 This case includes all sequences in which there is a detonation in the 
Precipitate Reactor Bottoms Tank during the third round of explosions. 
Spillage of the tank contents will occur. An outcome probability of 1.0 is 
assigned Branch 1. 

I , .  
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- _  Case 5 

Case 6 

Case 7 

Case 8 

Case 9 

This case includes all sequences in which the removable wall betweed the 
CPC and the SPC has failed. Spillage of the tank contents is possible. 
An outcome probability of 0.5 is assigned Branch 1 and Branch 2. 

This case incluhes all sequences in wgch the cell covers are displaced and 
fall and there is a detonation of the Slurry Mix Evaporator, which is 
adjacent to the PRBT. The falling cell covers or shrapnel from the 
detonating SME can penetrate the PRBT causing spillage. An outcome 
probability of 0.5 is assigned Branch 1 and Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration of the Slurry Mix Evaporator, which is 
adjacent to the PRBT. The falling cell covers or shrapnel from the vent 
piping above the deflagrating SME can penetrate the PRBT causing 
spillage. An outcome probability of 0.2 is assigned Branch 1 and an 
outcome probability of 0.8 is assigned Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that d 
means by which spillage of the contents of the Precipitate Reactor 
Bottoms Tank can occur have been included in the previous cases. An 
outcome probability of 1.0 is assigned Branch 2. 

Question 143: Does splashing [spillage] of the Slurry Mix Evaporator Tank 
contents occur? 

If the SME is damaged some or all of the contents of the tank may be spilled to the floor. This 
question is concerned only with damage to the SME caused by falling cell covers, a detonation 
in the SME during the third round of explosions, shrapneI from an adjacent tank generated 
during the third round of explosions or failure of the wall between the CPC and SPC. There 
are two defined outcomes as follows: 

SME-SpE The contents of the Slurry Mix Evaporator are spilled into the Chemical 
Process CelI Cell after an energetic event during the third round of 
explosions. 

The contents of the Slurry Mix Evaporator are not spilled into the 
Chemical Process Cell. 

nSME-Spl: 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 62,100,130,131,140, and 141. The answers to this question are used in 
the source term binner. Nine cases are used to develop the outcome probabilities as follows 
(The outcome probabilities are from Reference 7): 

Case 1 
' 

This case includes all sequences in which the SME has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2. 
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,~ Case2 _ _  This case includes all sequences in which the SME has been splashed by a 
previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

Case. 3 

'Case 4- 

t 

Case 5 

Case 6 

This case includes all sequences in which no event that could damage the 
SME has occurred. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which there is a detonation of the 
Slurry Mix Evaporator during the third round of explosiolns. Spillage of 
the tank contents will occur. An outcome probability of 1.0 is assigned 
Branch 1. ' 

This case includes all sequences in which the cell covers are displaced and 
fall and a detonation occurs in the Precipitate Reactor Bottoms Tank, 
which is adjacent to the SME. The falling cell covers or shrapnel from the 
exploding PRBT can penetrate the SME causing spillage. An outcome 
probability of 0.5 is assigned Branch 1 and Brdnch 2. 

This case includes dl sequences in which the cell covers are displaced and 
fall and.a deflagration occurs in the Precipitate Reactor Bottoms Tank, 
which is adjacent to the SME. The falling cell covers or shrapnel h m t h e  . . 
vent piping above the deflagrating PRBT can penetrate the SME causing 
spillage. An outcome probability of 0.2 is assigned Branch 1 and-an , 
outcome probability of 0.8 is .assigned Branch 2. 

I 

Case7. This case includes all sequences in which the cell covers are displaced and 
fall. The falling cell covers can damage the SME. An outcome 
probability of 0.1 is assigned Branch 1 and an outcome probability of 0.9 
is assigned Branch 2. 

Case 8 

Case 9 

This case includes all sequences in which the wall separating the SPC h d  
the CPC is displaced into the CPC. The SME is separated from this wall 
by the PRBT. An outcome probability of 0.1 is assigned Branch 1 and an 
outcome probability of 0.9 is assigned Branch 2. 
The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the Slurry Mix Evaporator can 
occur have been included in the previous cases. An outcome probability 
of 1.0 is assigned Branch 2. 

- >  

J 

Question 144: Does splashing [spillage] of the Sludge Receipt and 

If the SRAT is damaged some or all of the contents of the tank may be spilled to the floor. 
This question is concerned only with damage to the SRAT caused by falling cell covers, a 
detonation in the SRAT during the thbd round of explosions, shrapnel from an adjacent tank 
generated during the third round of explosions or failure of the wall between the CPC and 
SPC. There are two defined outcomes as follows: 

Adjustment Tank contents occur? 

SRAT-SpE The contents of the SRAT are spilled into the Chemical Process Cell after 
an energetic event during the third round of explosions. 

. 
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nSRAT-Spl: The contents of the SRAT are not spilled into the Chemical Process Cell. . 
This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 66,101,132,140, and 141. The answers to this question are used in the 
source term binner. Seven cases are used to develop the outcome probabilities as follows (The 
outcome probabilities are from Reference 7): 

Case 2 

Case 3 

Case 4 

Case 5 

Case 6 

Case 7 

This case includes all sequences in which the SRAT has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Bianch 2. 

This case includes all sequences in which the SRAT has been splashed by 
a previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which no event that could damage the 
SRAT has occurred, An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which there is a detonation in the 
SRAT during the third round' of explosions. Spillage of the tank contents 
will occur. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which the cell covers are displaced and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

This case includes all sequences in which the wall separating the SPC and 
the CPCis displaced into the CPC. The SRAT is separated from this wall 
by three other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the SRAT can occur have been 
included in the previous cases. An outcome probability of 1 .O is assigned 
Branch 2. 

Question 145: Does splashing [spillage] of the Recycle Collection Tank 

I€ the RCT is damaged some or all of the contents of the tank may be spilled to the floor. This 
question is concerned only with damage to the RCT caused by falling cell covers, shrapnel 
from an adjacent tank generated during the third round of explosions or failure of the wall 
between the CPC and SPC.or shrapnel from an adjacent tank generated during the third round 
of explosions. There are two defined outcomes as follows: 

contents occur? 

RCT-SpE The contents of the RCT are spilled into the Chemical Process Cell after 
an energetic event dlning the third round of explosions. 

nRCT-Spl: The contents of the RCI' are not spilled into the Chemical Process Cell. 
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This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 70,102,132,133,140, and 141. The answers to this question are used in 
the source teim binner. Eight cases are used to develop the outcome probabilities as follows 
(The outcome probabilities are from Reference 7): I 

Case1 I 

Case 2 

case 3 

Case 4 

Case 5 

. Case6 

Case 7 

Case S 

This case includes all sequences in which the RCT has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the RCT has been splashed by a 
previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

This case includes all sequences in which no event that could damage the 
R n  has occurred. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the cell covers a- lisplaced and 
fall and there is a detonation in the MFT or the SRAT, wi ,.h are adjacent 
to the RCT. The falling cell covers or shrapnel from the exploding MFI' 
or SRAT can penetrate the RCT causing spillage. An outcome probability 
of 0.5 is assigned Branch 1 and Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall and there is a deflagration in the MFI' or the SRAT, which are 
adjacent to the RCT. The falling cell covers or shrapnel from the vent 
piping above the deflagrating MFT or SRAT can penetrate the RCT 
causing spillage. An outcome probability of 0.2 is assigned Branch 1 and 
an outcome probability of 0.8 is assigned Branch 2. 

This case includes all sequences in which the cell covers are displaced and 
fall. The falling cell covers can damage the RCT. An outcome probability 
of 0.1 is assigned Branch 1 and an outcome probability of 0.9 is assigned 
Branch 2. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the CPC. The RCT is separated from this wall 
by four other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the RCT caq occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 

Question 146: Does splashing [spillage] of the Melter Feed Tank contents 
occur? 

If the MFl: is damaged some or all of the contents of the tank may be spilled to the floor. This 
question is concerned only with damage to the MFI' caused by falling cell covers, a detonation 
in the MFI' during the third round of explosions, shrapnel h m  an adjacent tank generated 
during the third round of explosions or failure of the wall between the CPC and SPC. or 
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shrapnel fb-m an adjacent tank generated during the third round of explosions. There are two 
defined outcomes as follows: 

'MFT-SpE 

nMFT-Spl: 

The contents of the MFT are spilled into the Chemical Process Cell after 
an energetic event during the third round of explosions. 

The contents of the MFI' are not spilled into the CheinicaI.hess Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 72, 103, 133, and 141. The answers to this question are used in the 
source term binner. Seven cases are used to develop the outcome probabilities as follows (The 
outcome probabilities are from Reference 7): 

. 

Case 1 This case includes all sequences in which the MFI' has been previously 
ruptured by a seismic event or crane load drop accident. An outcome 
probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the MFI' has been splashed by a 
previous energetic event. An outcome probability of 1.0 is assigned 
Branch 2. 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which n o  event that could damage the 
MFI' has occurred. An outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which there is a detonation in the MFI' - 
during the third round of explosions. Spillage of the tank contents will 
occur. An outcome probability of 1.0 is assigned Branch 1. 
This case includes all sequences in which the cell covers are displaced and 
fall. An outcome probability of 0.1 is assigned Branch 1 and an outcome 
probability of 0.9 is assigned Branch 2. 

This case includes all sequences in which the wall separating the SPC and 
the CPC is displaced into the CPC. The MFT is separated from this wall 
by five other tanks. An outcome probability of 0.1 is assigned Branch 1 
and an outcome probability of 0.9 is assigned Branch 2. 

Case 5 

Case 6 

Case 7 The default case includes aII sequences remaining and assumes that all 
means by which spillage of the contents of the MFI' can occur have been 
included in the pievious cases. An outcome probability of LO is assigned 
Branch 2. 

. 

* 

Question 147: Does a deflagration in the SPC lead to a deflagration in the 
RPC that damages the building?. 

A deflagration that occurs in the SPC due to spiIIage of large quantities of benzene from the 
OEV or OECT will blow the cell covers that separate the SPC from the Remote Process Cell 
(WC). If the SPC deflagration is not followed by a fxe that consumes the remainder of the 
benzene, it is possible for benzene vapors to migrate from the SPC to the RPC in sufficient 
quantity to reach LFL in'the RPC. If an ignition source subsequently ignites these vapors, the 
resulting deflagration is assumed to cause severe damage to the vitrification building. For 
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source term calculations, as a result of a RPC deflagration and the resultant building damage, 
all of the tanks in the building are assumed to have their contents spilled. There are two 
defined ou&dmes as follows: 

VB-c1I;se2 

nVB-Clps2 

The Vitrification Building is damaged by a FPC deflagration. 

The Vitrification Building is not damaged by a RPC deflagration. 

, T h i s  is aType 2 question. The answers to this question are depindent on.the outcomes of 
Questions 1,107,108,110,118,119,121, and 122. The answers to this question are used in 
the source term binner. Three cases are used to develop the outcome probabilities as follows: 

Case 1 

- Case2 

Case 3 

This case includes all sequences in which the Vitrification Building has 
been collapsed by a seismic event. The outcome probability is specified 
as 1.0 for Branch 2. I 

This case includes all sequences in which the accident type is external or 
intemal-energetic, the OEV or OECT have @en splashed, and a SPC 
deflagration without a fire has o c c d  An outcome probability of 0.9 is 
assigned to Branch 1 and an outcome probability of 0.1 is assigned to 
Branch 2 [?'I. **SAMPLED VARIABB** 

.The default case includes all sequences r e d g .  It i s  expected that a l l  
sequences in which the vitrification building could be brkached are 
included in previous cases. An outcome probability of 1.0 is assigned to 
Branch 2. 

Question 148: Do the cell covers over the Melter Cell dislodge and fall 
because of a seismic event? 

The process cells within the main canyon of the DWPF are 'roofed' by removable steel covers. 
These covers provide limited isolation of the cell in the event of an in-cell release, assist in 
maintaining proper ventilation flow, and protect the equipment within the cell from falling 
objects. However, if the cell covers are dislodged and fall into the cell, either through a 
seismic event or an energetic event within the cell, they may damage the equipment in the cell. 
This question examines the impact of 8 seismic event on the covers for the Melter cell. "here 
are two possible outcomes as follows: 

fMCvSeis: ' 

nfMcvsek 

The Melter Cell covers are dislodged by the Seismic event and fall into the 
cell. 

The Melter Cell w v m  remain in place following the Seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2 and the value specified for the parameter CCovFr, the seismic fragility of the covers 
for the Salt and Chemical Process Cells and the Melter Cells. The answers to this question are 
used in the logic to determine the outcome probabilities in Questions 149 and 156. Two cases 
are used to develop the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a 
seismic event. The seismic fragility bf the covers for the Melter Cell [the 

I 
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case2 

probability the cell covers will fall] is placed in Branch 1. The outcome 
probability for Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2, there is no seismic event and the cell covers 
do not fall. 

Question '149: Do the cell covers that fall in a seismic event strike the 'Melter? 

Falling cell covers during a seismic event can rupture and spill the contents of the Melter. 
There are-two possible outcomes as follows: 

MCv-Melt: 

nMCv-Mel: 

The Melt Cell Covers are dislodged by the Seismic event and fall on the 
Melter. .I 

The Melt Cell Covers do not fall on the Melter. 
This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 148. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 150 and 151. Two cases are used to develop the outcome 
probabilities on&e basis of prior events as follows: 

Case 1 

Case 2 

This case includes those sequences in which the initiating event is a 
seismic event and the Melt Cell covers fell due to the seismic event. The 
outcome probability for Branch 1 is 0.01, the outcome probability for 
Branch 2 is 0.99 [7]. 

. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2. 

Question 150: Does a Seismic event 'rupture and spill the contents of the 
Melter in the Melter Cell? 

Falling cell covers during a seismic event can rupture and spill the contents of the Melter. 
Shaking and overturning of the tank during a seismic event can also cause spillage of the 
contents. There are two defined outcomes to @is question as follows: . 

RptMelt 

nRptMelc 

The Melter is ruptured and the contents spilled as ri result of the seismic 
event. 

The Melter is intact following the seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
, Questions 2, 148, and 149 and the value specified for the parameter MeltFr, the seismic 

fragility of the Melter. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 153, 155, and 157. Three cases are used.to develop the 
outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event has caused the 
cell covers over the Melter Cell to fall and strike the Melter. The falling 
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cell covers are assumed to rupture and spill the contents of the Melter. An - -  0utcome.probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall or if they fall they do not strike the Melter. The * 

seismic fragility of the Melter [the probability that a seismic event will 
cause .a smctural failure of the Melter] is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

case2 - 

v case 3 The default case includes all remaining sequences. The outcome . 
probability assigned is 1.0 in Branch 2. 

Question 151: Does a Seismic event rupture the Melter Offgas System in the 

Falling cell covers during a seismic event can rupture the Melter Offgas system. Shaking 
during a seismic event can also damage the Melter Offgas system. There are two defined 
outcomes to this question as follows: 

Melter Cell? 

\ 

RptMog 
nRptMog: 

The Melter offgas System is ruptured as a result of the seismic event. 

The Melter OEFgas System is intact following the seismic event. 
-- 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Questions 2, 148, and 149 and the value specified for the parameter MOG-Fr, the seismic 
hgil ity of the Melter Offgas System. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 153 and 157. Three cases are used to develop 
the outcome probabilities on the basis of prior events as follows: 

Case1 . This case includes all sequences in which a seismic event has caused the 
cell covers'over the Melter Cell to fall and strike the Melter Offgas 
System. The falling cell covers are assumed to rupture the Melter offgas 
System. An outcome probability of 1.0 is assigned Branch 1. 

case2 This case includes all sequences in which a skismic event has o c c d  but 
the cell covers do not 'fall. The seismic fragility of the Melter Offgas 
System is placed in Branch 1. The outcome probability for Branch 2 is 
1.0 less the probability assigned Branch 1. 

case3 The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2. 

Question 152: Does * an explosive concentration exist in the Melter Offgas 
System? 

Chemical reactions in the Me%r produce combustible gases including hydrogen and carbon 
monoxide. The melter vapor .ze is maintained above 650% by four groups of heaters i]n the 
dome of the Melter. This te;: ;erame assures .that the combustible gases burn as produced , 
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rather than accumulating to an explosive concentration. The two outcomes defined €or this 
question =$-as follows: 

Con-MOG: 

nQnMOG: 

An explosive concentration accumulates in the Melter Offgas System. 

An explosive concentration does not accumulate in the Melter Offgas 
System. 

This fs a Type 6 question and uses previously quantified parameters [62,70,71,90,93, and 
1031 and a user defined function to determine the probability that an explosive concentration 
wiIl occur in the MOG. The user function inclildes information from solution of the fqult tree 
for a MOG explosion. The function used to calculate the answer depends on the answer to 
previous Question 1. The outcome probabilities are used in the logic to detemzine the outcome 
probabilities in Question 153. 

The following case s m h u r e  is simplified by not considering the possibility of prior rupture of 
the Melter or Melter Offgas System during a seismic event. Rupture of the Melter or Melter 
Offgas System would prevent the buildup of an explosive concentration in the MOG. The 
possibility of prior rupture of the Melter or Melter Offgas System is included in Question 153. 
Five cases are used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

This case is used to exclude those sequences in the classes of accidents 
which are neither external nor internal-energetic. The outcome 
probability assigned is 1.0 in Branch 2. 

This case includes all sequences in which the accident class is internal- 
energetic and the normal power system has failed. Failure of normal 
power stops the melter process and precludes the formation of an 
explosive concentration. An outcome probability of 1.0 is assigned 
Branch 2. 
This case includes all sequences in which the class of accidents is intemal- 
energetic @ranch 2, Question 11. The outcome probability is calculated 
using FUN-OGAS and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-OGASS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all-sequences in which an explosive 
concentration can occur are included in Cases 3 and 4. An outcome 
probability of 1 .O is assigned Branch 2. 

Question 153: Does a damaging detonation occur in the Melter Offgas 

If an explosive concentration occurs in the Melter Offgas System and an ignition source is 
available it is assumed that a damaging explosion will follow. The fault tree for the MOG 
explosion includes the probability ofcan ignition source. Therefore, if Question 152 indicates 

S ys tern? 
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that an explodye concentration is available then an explosion will follow. ~n explosion in the 
Melter Offgas System can release the contents of the Melter Offgas into the Melter Cell. There 

two de@d outcomes as follows: 
I I 

MOG-Det 
nMOG-& 

A damaging detonation occurs in the Melter’OEgs System. 

No damaging detonation occurs in the Melter Offgas System. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 
150, 151, and 152. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 156 and 157. Five cases are used to develop the outcome 
probabilities as follows: 

Case 1 This case includes all sequences in which an explosive concentration does 
not accumulate in the MOG. The outcome probability assigned is ‘1.0 in 
Branch 2. 

Case 2 I 

- 
This-case includes the sequences in which a prior event has ruptured the 
Melter, therefore, venting the offgas system and precluding the 
accumulation of an explosive concentration. The outcome probability 
assigned is 1.0 in Branch 2. 

Case 3 This case includes all sequences in which the Melter Offgas System has 
been ruptured, precluding the accumulation of an explosive concentration. 
An outcome Probability of 1.0 is assigned Branch 2. 

This case includes the sequences in which a prior event has not ruptured 
the MOG and an explosive concentration has accumulated in the system. 
The outcome probability assigned is 1.0 in Branch 1. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 2. ( 

Case 4 

Case 5 

Question 154: Does a damaging steam explosion occur due to a .salt/water 
reaction in the Melter? \ 

Conditions that could lead to a steam explosion in the melter requite the presence of both water 
and partially meited excess salt. A fault tree was constructed to calculate &e frequency of 
steam explosions in the Melter due to a salt/water reaction [5]. There are no major support 
systems modeled in the Melter steam explosion fault tree. The events in the tree include only 
human errors and failures of sampling equipment used to verify the salt content of each melter 
batch. The solution of this fault tree (cut sets) is used to determine the frequency of a steam 
explosion in the Melter due to a salt/water reaction. Such an explosion could damage the 
Melter and spill the contents or release melter offgas into the Melter Cell. The two outcomes 
defined for this question are as follows: 

A damaging salt/waterreaction takes place in the Melter. Con-- 

n C o m  A damaging sdt/waterreaction does not take place @ the Melter. 
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This is a Type 6 question and uses previously quantified parameters [70,71,90] and a user 
defined @don to determine the probability that an salt/waterreaction will occur in the Melter. 
The user function includes information from solution of the fault tree fur the Melter salvwater 
reaction. The function used to calculate the answer depends on the answer to previous 
Question 1. The answers to this question are used in the logic to determine the outcome 
probabilities in Question 155. Four cases are used to develop the outcome probabilities on the 
basis of prior events as follows: 

Case 1 This case includes all sequences in which the accident me is not external 
or internal-energetic. A saldwater reaction cannot happen for the other 
accident types. An outcome probability of 1.0 is assigned Branch 2. 

This case includesall sequences in which the class of accidents is intemal- 
energetic pranch 2, Question 11. The outcome probability is calculated 
using FUN-SMEL and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1 

This case includes all sequences in which the class of accidents is external 
Branch 1; Question I]. The outcome probability is calculated using 
FUN-SMELS and assigned to Branch 1. The outcome probability for 

Case 2 

Case 3 

J Branch 2 is 1.0 less the probability assigned Branch 1 
case4 \ The default case includes all remaining sequences. It is expected that all 

sequences that would result in a steam explosion have been identified in 
the previous cases. The outcome probability assigned is 1.0 in Branch 2. 

Question 155: Does a damaging reaction occur in the Melter? 

The fault tree for the M&r Explosion includes all factors necessary for a saldwater reaction to 
occur. Therefore, if Question 154 indicates that an reaction occurs, then a steam explosion will 
follow. A steam explosion in the Melter can spill the contents of the vessel, damage the Melter 
Offgas system, and blow the cell covers. There are two defined outcomes as follows: 

MELExp: . A damaging steam explosion occurs in the Melter. 

nMELEx: No damaging explosion occurs in the Melter. 

, This is a Type 2 question.. The answer is dependent on the outcome of previous Questions 150 
and 154. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 156 and 157. Four cases are used to develop the outcome 
probabilities as follows: 

Case1 This case includes all sequences in which an salt/water reaction does'not 
take place in the Melter, The outcome probability assigned is 1.0 in 
Branch 2. 

This case includes the sequences in which a prior event has ruptured the . 
Melter precluding a steam explosion. The outcome probability assigned is 
1.0 in Branch 2. 

case2 
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Case 3 
- _  

This case includes'the sequences in which a prior event has not ruptured 
the Melter and a saldwater reaction has taken place in the vessel. The . ' outcome probability assigned is 1.0 in Branch 1. 

. 

, Case4 The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 2. 

I 

Question 156: Do the cell covers for 'the Melter Cell dislodge and fall 
. I  following an energetic event? ~ 

The previous Question I '-' determined the impact of a seismic event on the cell covers. If a 
seismic event has not occ XI it is assumed that the cell covers are in place prior to any in-cell 
energetic event. If a seisrr. 2 event has occurred then the cell covers may have been dislodged. 
The assumed effect of disIc<ged cell covers on the tanks and equipment in the cell is essentially 
the same, whether dislodges by a seismic event or an in-cell explosion. F h g  cell covers can 
rupture and spill the contents of the Melter or damage the Melter offgas System. There are two 
defined outcomes as follows: 

MCovFak The cell covers in the Melter Cell dislodge and fall, either the consequence 
of a seismic event or ah in-cell explosion. 

nMCovFal: The cell covers in the Melter Cell are in place. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 2, 
148, 153, and 155. The answers to this question are used in the logic to determine the 
outcome probabilities in Question 157. Five cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which the there is no explosion in the 
Melter Offgas System, no expiasion in the Melter, and no Seismic event. 
An outcome probability of 1.6 is assigned Branch 2. 

This case includes a l l  sequences in which the cell covers were dislodged 
by a seismic event. An outcome probability of 1.0 is assigned Branch 1. 

. 
This case includes all sequences in which there is an explosion in the 
Melter offgas System. The explosions are not sufficiently energetic to 

' dislodge the cell covers [13]. 'An outcome probability of 1.0 is assigned 
Branch 2. 

\ 

. This case includes all sequences in which there is an explosion in the 
Melter. It is assumed that these explosions art: sufficiently energetic to 
dislodge the cell covers. An outcome probability of 1.0 is assigned 
Branch 1. 

Case 5 The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 
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Question 157: Does splashing [spillage) of the Melter contents occur as the 
result of energetic events in the Melter Cell? 

If the Melter or the Melter Offgas System is damaged some or all of the contents of the Melter 
may be spilled to the floor and/or the offgases released to the cell. Damage to the Melter can be 
caused by falling cell covers (including crane drops), by shaking during a Seismic event and by 
an e%plosion associated with the Melter. Spilling the contents of the Melter is of concern 
primarily because the contents are radioactive. 'Failure of the Offgas System may release 
combustible gases and volatized radioactive material to the cell. There are four defined 
outcomes as follows: 

tMspvoG: All of the contents of the Melter and the Melter Offgas System are released 
to the Melter Cell. 

pMSpVoG. Part of the contents of the Melter and the Melter Offgas System are 
released to the Melter Cell. 

Mt-OG: The Melter Offgas System is damaged and its contents released to the 
Melter Cell. 

nMltRlse: There is no release of material from the Melter or the Melter Offgas 
System. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1,2,4,5,39,150,151,153,155, and 156. The answers are not used in 
the logic to determine the outcome probabilities in other questions but are used in the source 
term binning file. Nine cases are used to develop the outcome probabilities as follows (The 
outcome probabilities are from Reference 9): 

Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

This case includes all sequences in which there is a limited leak in the 
Melter. Some spillage of the tank contents will occur. An-outcome 
probability of 0.01 is assigned Branch' 2; an outcome probabfity of 0.99 
is assigned Branch 3. **SAMPLED VARIABLE** 

This case includes all sequences in which there was a seismic initiated 
rupture of the Melter, either from falling cell covers or from shaking. An 
outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there was a seismic initiated 
rupture of the Melter Offgas System, either from falling cell covers or 
from shaking. An outcome probability of 1.0 is assigned Branch 3. 

. 

This case includes all sequences in which the covers of the Melter Cell fall 
from an energetic event in the cell. An outcome probability of 0.01 is 
assigned Branch 2 and an outcome probability of 0.99 is assigned Branch 
3. **SAMPLED vARTABLE** 

This case includes all sequences in which the covers of the Melter Cell fall 
due to a crane load drop accident. An outcome probability of 0.01 is 
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**SAMPLED v m L E * *  

,- - assigned Branch 2 and an outcome probability of 0.99 is assigned Branch 
. 

Case 6 . This case includes aUsequences in which there is a steam explosion in the 
Melter. An outcome probability of 0.01 is assigned Branch 2 and an 
outcome probability of 0.99 is assigned Branch 3. 
**SAMPLED VARLmLE** 

Case 7 

Case 8 

Case 9 

This case includes all sequences in which there is an e&osion in the 
Melter Offgas System. An outcome probability of 1.0 is assigned Brdnch 
3. 

This case includes all sequences in which there is injection of water to the 
Melter. A steam explosion does not occur and water injection continues 
until all the Melter contents are displaced and discharged to the cell floor. 
An outcome probability of 1.0 is assigned Branch 1. 

. I .  

The default case includes all sequences remaining and assumes that all 
me,ans by which spillage of the contents of the Melter and the Melter 
Offgas System can occur have been included in the previous cases. An 
oukome probability of 1.0 is assigned Branch 4. 

1 Question 158: Does a Seismic event or tornado rupture and spill the contents 
of the Organic Waste Storage Tank? 

A Seismic event or a tornado can damage the Organic Waste Storage Tank [OWSTJ causing 
spillage of the stored organic material, primarily benzene. Spillage of the material is of concern 
because benzene is a carcinogen and highly flammable. There are two defined outcomes to this 
question as follows: 

RptOWST: The OWST is ruptured and the contents spilled as a result of the Seismic 
event or tornado. 

nRptowsT: The OWST is intact following the seismic event or tomado. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2 and the value specified for the parameter OWSTFr, the fragility of the OWST to a 
seismic event or tornado. The answers to this question are used in the logic to determine the 
outcome probabilities in Questions 160 and 161. Three cases are used to develop the outcome 
probabilities on the basis of prior events as follows: 

Case 1. This case includes all sequences in which a seismic event has occurred. 
The seismic fragility of the OWST [the probability that a seismic event 
will cause a structural failure of the OWSTJ is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

Case 2 This case includes sequences in which a tornado has impacted the 
OWST [Question 2, Branch 31. The tornado fragdity of the OWST [the 
probability that a tornado will cause a structural failure of the OWSq is 
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- -  placed in Branch 1. The outcome probability for Branch 2 is 1.0 less the 
probability assigned Branch 1. 

The default case includes all remaining sequences. I The outcome 
probability assigned is 1.0 in Branch 2. 

The tornado portion of the above question was included as a 
place holder. Only the seismic portion of this question was 
used for the current analysis. It is recognized that the 
tornado fragility would be different than the seismic 
fragility. 

Case 3 

NOTE: 

Question 159: Does an explosive concentration accumulate in the Organic 
Waste Storage Tank? 

Nitrogen is provided to the inner tank of the OWST to protect against combustion of the 
benzene vapors, An explosion can occm in the inner tanlc if the amount of oxygen in the vapor 
space reaches the minimum required for combustion and the vapor is ignited. An explosion 
can occur in the annulus between the inner and outer tanks if sufficient benzene leaks from the 
inner tank and the benzene vapors are ignited. A fault tree was constructed to calculate the. 
frequency of explosions in the OWST for all credible initiators [5]. The solution of this fault 
tree (cut sets) is used to determine the frequency ( or probabili'q) of an explosive concentration 
in the OWST. The two outcomes defined for.this question are as follows: 

An explosive concentration accumulates in the OWST. 

. 

ConOWST 

nConOWST An explosive concentration does not accumulate in the OWST. , I 

This is a Type 6 question and uses previously quantified parameters [60,61, 67,70,71,90, 
and 941 and a user defined function to determine the probability that an explosive concentration 
will occur in the OWST. The user function includes information from solution of the fault tree 
for an OWST explosion. The function used to calculate the answer depends on the answer to 
previous Question 1. The outcome probabilities are used in the logic to determine the outcome 
probabilities in Question 160. 

The following case structure is simplified by not considering the possibility of prior rupture of 
the OWST during a Seismic event or a tornado [Question 1581. Rupture of the OWST would 
prevent the buildup of an explosive concentration. The possibility of prior rupture of the 
OWST is included in Question 160. Four cases are used to develop the outcome probabilities 
as follows: 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2. 

This case includes all sequences in which the class of accidents is intemal- 
energetic Branch 2, Question 13. The outcome probability is calculated 
using FUN-OWST and assigned to Branch 1. The outcome probability 
for Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 2 
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This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-OWSTS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

- _  Case 3 
- 

Case 4 The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 160: Does . a  damaging deflagration occur in the Organic Waste 
Storage Tank, [OWST]? 

If an explosive concentration occurs in the Organic Waste Storage Tank [OWSTJ and an 
ignition source is available it is assumed that a damaging explosion will follow. The fault tree 
for the OWST deflagration includes the probability .of an ignition source. Therefore, if 
Question 159 indicates that an explosive concentration is available then a deflagration will 
follow. A deflagration in the OWST will rupture the tank spilling the inventory. There are two 
defined outcomes as follows: 

OWST-Dee 

nOWST-Ex: 

A damaging deflagration occurs in the OWST. 

No damaging explosion occurs in the OWST. 
c 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 158 
and 159. The answers to this question are used in the logic to determine the outcome 
probabilities in Question 161. Four cases are used to develop the outcome probabilities as 
follows: 1 

Case 1 This case includes alJ sequences in which an explosive concentration does 
not accumulate in the OWST. The outcome probability assigned is 1.0 in 
Branch 2. I .  

Case 2 This case includes the sequences in which a prior event has ruptured the 
OWST, therefore, spilling the contents and precluding the accumulation of 
an explosive concentration. The outcome probability as‘signed is 1.0 in 
Branch 2. 

This case includes die sequences in which a prior event has not ruptured 
the OWST and an explosive concentration has accumulated in the system. 
The outcome probability assigned is 1.0 in Branch 1. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging deflagration are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 2. 

case3 

Case 4 ’ 
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This case includes the sequences in which a prior event has not ruptured 
the PPPT and an explosive concentration has accumulated in the vessel. 
An outcome probability of 0.001 is assigned Branch 1 and an outcome 
probability of 0.999 is assigned Branch 2 171. **SAMPLED , 
VARIABLE** 

- -  ’ Case3 

Case 4 The default case includes Gy remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3, there is no 
explosion. 

Question 167: Does splashing [spillage] of the Pump Pit Precipitate Tank 
contents occur? 

If the Pump Pit Precipitate Tank [PPPTI is damaged some or all of the contents of the tank may 
be spilled to the floor. Damage to the PPPT can be caused by falling cell covers, by shaking 
during a Seismic event and by an explosion associated with the PPPT. Spilling the contents of 
the PPPT is of concern because the contents are radioactive. There are two defined outcomes 
as follows: 

PPPTSpl: The contents of the PPIT are spilled into the Low Point Pump Pit. 

nPPPTSp1: The contents of the PPPT are not spilled into the Low Point Pump Pit. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 164 and 166 and are used in the logic to determine the outcome 
probabilities in Questions 169 and 171. Four cases are used to develop the outcome 
probabilities as follows: 

i 

Case 1 This case includes all sequences in which there was no explosion of the 
PPPT and there was no seismic initiated rupture of the PPPT. An 
outcome probability of 1.0 is assigned Branch 2. 
This case includes all sequences in which there was a prior rupture of the 
PPPT. Spillage of the tank contents will occur. -An outcome probability 
of 1.0 is assigned Branch 1. 

This case includes all sequences in which there is a detonation of the 
PPPT: Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the PPPT can occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch2. ’ 

Case 2 

Case 3 

Case 4 
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I 

Question 168: Does an explosive concentration accumulate in the Pump Pit . Precipitate Tank Cell? 

This question was included as a place holder during APET development. 
Subsequent analysis indicates that it is not possible to develop an  explosive 
mixture in the PPPC. Since- no cutset file is provided to the APET for this. 
accident during the quantification of the tree, the UFUN returns a value of 0 
for the .probability that an explosive concentration exists. 

The two outcomes deiined for this question are as follows: 

ConPPPC An explosive concentration accumulates in the Pump pit Precipitate Tank 
Cell. 

nConPPPC An'explosive concentration does not accumulate in the Pump Pit 
Precipitate Tank Cell. 

This is a Type 6 question and would use previously quantified parameters and a user defined 
function to determine the probability that an explosive concentration will occur in the PPPC if it 
was possible for one to occur. The function used to calculate the answer depends on the 
answer to previous Question 1. The outcome probabilities are used in the logic to determine 
the outcome probabilities in Question 169. 

The following case structure does not consider leakage from the tank but only extracts 
information fiom the fault tree on loss of veritilation to the cell and an ignition source. Leakage 
from the tank is considered in Question 167. Four cases are used to develop the outcome 
probabilities as follows: 

. 

Case 1 This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 1. 

Case 2 This case includes all sequences in which the class of accidents is internal- 
energetic Branch 2, Question 11: The outcome probability is calculated 
using FUN-PPPC and assigned to Branch 1. The outcome probability for 
Branch.2 is 1.0 less the probability assigned Branch 1. , 

Case 3 This case includes all sequences in which the class of accidents is external 
[Branch 1, Question 11. The outcome probability is calculated using 
FUN-PPPCS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

case4 The default case assumes that all sequences in which an explosive 
.concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. . 

Question 169: Does a damaging explosion occur in the Pump Pit Precipitate 
Tank Cell? 

This question was included as a place holder during APET development. 
Subsequent analysis indicates that it is not possible to develop an explosive 
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mixture in the PPPC. Since no cutset file is provided to the APET for this 
accident during the quantification of the tree, the UFUN returns a value of 0 
for the' probability that an explosive concentration exists. The outcome 
probabilities for each case in this question have been set to 1.0 in Branch 3, 
there is no explosion. 

There are @ee defined outcomes as follows: 

PPPCDet: 

PPPCDef: 

nPPPCExp: 

A damaging detonation occurs in the Pump Pit Precipitate Tank Cell. 

A damaging deflagration occurs in the Pump Pit Precipitate Tank Cell. 

No damaging explosion occurs in the Pump Pit Precipitate Tank Cell. 

\ 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 167 
and 168. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 170 and 193. Three cases are used to develop the outcome 
probabilities as follows: 

Case 1 This case includes all sequences in which an explosive concentration does ' 
not accumulate in the PPPC [i.e., ventilation is not lost, an ignition source 

' is  not available, or no spillage into the cell has occurred]. As stated 

This case includes the sequences in which a prior event has ruptured the 
PPPT and an explosive concentration does not accumulate in the PPPC. 
As stated above, the outcome probability assigned is 1.0 in Branch 3. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. As stated above, the outcome probability assigned is 1.0 in Branch 
3. 

above, the outcome probability assigned is 1.0 in Branch 3. 
I .  

Case 2 

Case 3 

Question 170: Do the cell covers for the Pump Pit Precipitate Cell dislodge 
and fall following an energetic event? 

A previous question determined the @pact of a seismic event on the cell covers. If a seismic 
event has not occurred it is assumed that the cell covers are in place prior to any h c e u  
energetic event. If a seismic event has occurred then the cell covers may have been dislodged. 
The assumed effect of dislodged cell covers on the tanks-and equipment in the cell is essentially 
the same, whether dislodged by a se3mic event or an in-cell explosion. Falling cell covers can 
rupture and spill the contents of the tanks in the Pump Pit Precipitate Cell. There are two 
defined outcomes as follows: 

fPPPC0v: The cell covers dislodge and fall, either the consequence of a seismic 
event of an in-cell explosion. 

nfPPPCov: The cell covers are in place. 

This is a Type 2 question. The answers to this question are dependent on'the outcome of 
previous Questions 162, 166, and 169 and are used in the logic to determine the outcome 
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probabilities -in Questions l7land 193. Five cases are used to develop the outcome 
probabilities gs follows: 

Case 1 This case includes all sequences in which there was no explosion of the 
Pump Pit Precipitate Tank, no explosion in the Pump Pit Precipitate Tank 
Cell, and the cell covers were not dislodged previously by a seismic 
event. An outcome probability of 1.0 is assigned Branch 2.. 
This case includes all sequences in which the cell covers were dislodged 
previously by a seismic event. An outcome probability of 1.0 is assigned 
Branch 1. 

This case includes all sequer -?s in which there was an explosion of the 
Pump Pit Precipitate Tank il. An outcome probability of 1.0 is 
assigned Branch 1. 

This case includes all sequences in which there was an explosion of the 
Pump Pit Precipitate Tank. An outcome probability of 1.0 is assigned 
Branch 1. 

Case 2 

Case 3 

Case 4 

Case 5. The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 171: Does splashing [spillage] of the Pump Pit Precipitate Tank 
contents occur? 

If the Pump Pit Precipitate Tank [PPm is damaged some or all of the contents of the tank may 
be spilled to the floor. Damage to the PPPT can be caused by falling cell covers, by shaking 
during a Seismic event and by an explosion associated w i ~  the PPPT. Spilling the contents of 
the PPPT is of concern because the contents are radioactive. There are two deked  outcomes 
as follows: - 

PPPTSpl@2 The contents of the PPPT are spilled into the Low Point Pump Pit. 

q e  contents of the PPPT are not I;pi~ed into the Low Point PUmp’Pit. I n~Pf lSpk  

*This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 164 and 166 and are used in the logic to determine +e outcome 
probabilities in Question 169 and 171. Four.cases are used to develop the outcome 
probabilities as follows: - b 

Case 1 This case includes all sequences in which there was prior rupture of the 
PPPT. Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 

This case includes all sequences in which the LPPP cell covers have 
fallen: An outcome probability of 0.9 is assigned Branch 1 and an 
outcome probability of 0.1 is assigned Branch 2 [7]. **SAMPIED 
VARTABLE** 

Case 2 
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Case 3 

Case 4 

This caseincludes all sequences in which a crane load drop accident 
occurs. Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 

The default case includes' all sequences remaining and assumes that all 
means by which spillage of the contents of the PPPT can occur have been 
included in the previous cases. An outcome probability of 1 .O is assigned 
Branch 2. 

Question 172: Does a Seismic event rupture and spill the contents of the 
Sludge Tank in the Low Point Pump Pit? 

Falling cell covers during a seis&c event can rupture and spill the contents of the Pump Pit 
Sludge Tank [PPSTJ. Shaking and overturning of the tank during a seismic event can also 
cause spillage of the contents. There are two defined outcomes to this question as follows: 

RptPPST The Pump Pit Sludge Tank is as a result of the seismic event. 

nRptPPST The Pump Pit Sludge Tank is intact following the seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 162, and 163 and the value specified for the parameter PPSTFr, the seismic 
fragility of the Pump Pit Sludge Tank. The .answers to this question are used in the logic to 
determine the outcome probabilities in Questions 174 and 175.' Three cases are used to develop 
the outcome probabilities on the basis of prior events as.follows: 

Case 1 

Case 2 

Case 3 

This case includes all sequences in which a seismic event has caused the 
cell covers over the Low Point Pump Pit to fall ana strike the tank. The 
falling cell covers are assumed to rupture and spill the contents of the 
PPST. An outcome probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall or if they fall they do not strike the tank. The 
seismic fragility of the PPST [the probability that a seismic event will 
cause a structural failure of the PPSq is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2. 

, Question 173: Does an explosive concentration accumulate in Pump Pit 
Sludge Tank? ~ 

A fault tree was constructed to calculate the frequency of explosions in the PPST for a l l  
credible initiators [5]. The solution of this fault tree (cut sets) is used to determine the 
frequency (or probability) of an explosive concentration in the PPST. The two outcomes 
defined for this question are as follows: 

ConPPST An explosive concentration accumulates in the Pump Pit Sludge Tank. 
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nConPPST; An explosive concentration does not accumulate in the Pump Pit Sludge 

Tank. 

This is a Type 6 question and uses previously quantified parameters [60,61, 67,70,71,90, 
94, and 1131 and a user defined function to determine the probability that an explosive 
concentration will occur in the PPST. The user function includes information from solution of ,  
the fault tree for a PPST explosion. The function used to calculate the answer depends on the 
answer to previous Question 1. The outcome probabilities are used in the logic to determine 
the outcome probabilities in Question 174. 

The following case structure is simplified by not considering the possibility of prior rupture of 
the PPST during a seismic event [Question 1721. Rupture of the PPST would prevent the 
buildup of an'explosive concentration in the PPST. The possibility of prior rupture of the 
PPST is included in Question 174. Four cases are used to develop the outcome probabilities as 
follows: 

Case 1 

Case 2 

Case 3 

Case? 

This case is used to exclude those sequences in the classes of accidents 
[Question 13 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2. 

This case includes all sequences in which the class of accidents is internal- 
energetic @ranch 2, Question 13. The outcome probability is calculated 
using FUN-PPST and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

This case includes all sequences in which the class of accidents is external 
@ranch 1, Question 13. The outcome probability is calculated using 
FUN-PPSTS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 174: Does a damaging detonation/deflagration occur in the Pump Pit 
Sludge Tank? 

If an explosive concentration occurs in the Pump Pit Sludge Tank and an ignition source is 
available it is assumed that a damaging explosion will fo€low. The fault tree for the PPST 
explosion.includes the probability of an ignition source. Therefore, if Question 173 indicates 
that an explosive concentration is available then an explosion wi l l  follow. An explosion in 
Pump Pit Sludge Tank will spill the contents of the vessel to the Pump Pit and possibly blow 
the cell covers. There are three defined outcomes as follows: 

A damaging detonation occurs in the'hmp Pit Precipitate Tank 

PPSTDef: 

nPPSTExp: . 

A damaging deflagration occurs in the Pump Pit Precipitate Tank. 

No damaging explosion occurs in the Pump Pit Precipitate Tank. 
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RuptPpT:- 

nRuptPFC 

The Pump Pit Precipitate Tank is ruptured and the contents spilled as a 
result of the seismic event. 

The Pump Pit Precipitate Tank is intact following the seismic event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 162, and 163 and the value specified for the parameter PPPTFr, the seismic 
fiagility of the Pump Pit Precipitate Tank The answers to this question are used in the logic to 
detedne the outcome probabilities in Questions 166 and 167. Three cases are used to develop 
the outcome probabilities on the basis of prior events as follows: 

Case 1 This case includes all sequences in which a seismic event has caused the - cell covers over the'low Point Pump Pit to fall and strike the tank. The 
falling cell covers are assumed to rupture and spill the contents of the 
PPPT. An outcome probability of 1.0 is assigned Branch 1. 

Case 2 

Case 3 

Question 165: 

This case includes all sequences in which a seismic event has o c c d  but 
the cell covers do not fall or if they fall they do not strike the PPPT. The 
seismic fragility of the PPPT [the probability that a seismic event will 
cause a structural failure of the PPPn is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

The default case includes all remaining sequences. The outcome . 
probability assigned is 1.0 in Branch 2. 

Does an explosive concentration accumulate in the Precipitate 
Tank in the Low Point Pump Pit? 

The precipitate slurry transferred from the 200-Area tank farm to the Pump Pit Precipitate Tank 
[PPPT] is composed primarily of cesiuxdpotassium tetraphenylborate. Benzene is 
continuously formed in this slurry by radiolytic decomposition. A fault tree was constructed to 
calculate the frequency of explosions in the PPPT for all ciedible initiators [a. The solution of 
this fault tree (cut sets) is used to determine. the frequency (or probability) of an explosive 
concentration in the PPPT. The two outcomes defined for this question are as follows: 

ConPPP'R 

nConPPm 

An explosive concentration accumulates in the Pump Pit Precipitate Tank. 

An explosive concentration does not accumulate in the Pump Pit 
Precipitate Tank. 

This is a Type 6 question and uses previously quantified parameters [67,70, and 71,90,94, 
and 1131 and a user defined function to determine the probability that an explosive 
concentration will occur in the PPPT. The user function includes information from solution of 
the fault tree for a PPPT explosion. The function used to calculate the answer depends on the 
answer to previous Question 1. The dutcorne probabilities are used in the logic to determine 
the outcome probabilities in Question 166. 

The following case structure is simplified by not considering the possibility of prior rupture of 
the PPPT during a seismic event [Question 1641. Rupture of the PPPT would prevent the I 

buildup of an explosive concentration in the PPPT. The possibility of prior rupture of the 

. .  
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PPPT is included in Question 166. Four cases are used to develop the outcome probabilities as 
follows: 

Case1 - This case is used to exclude those sequences in the classes of accidents. 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2. 

This case includes all sequences in which the class of accidents is internal- 
energetic [Branch 2, Question 11. The outcome probability is calculated 

. using FUN-PPPT and assigned to Branch 1. The outcome Probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 2, 

Case 3 , This case includes'all sequences in which the class of accidents is external 
pranch 1, Question 11. The outcome probability is calculated using 

' FUN-PPPTS and assigned to Branch 1. The outcome probability for 
' Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 4 The default case assumes that all sequences in which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

\ 

-. 
Question 166: Does a damaging detonatioddeflagration occur in the 

Precipitate Tank in the LOW Point Pump Pit? 

If an explosive concentration occurs in the Pump Pit Precipitate Tank and an ignition source is 
available it is assumed that a damaging explosion will follow. The fault tree for the PPPT 
explosion includes the probability of an i@tion source. Therefore, if Question 165 indicates 
that an explosive concentration is available then an explosion will follow. An explosion in 
Pump Pit Precipitate Tank will spill the contents of the vessel to the Pump Pit and possibly 
blow the cell covers. Thereare three defined outcomes as follows: 

PPPTDet: A damaging detonation occurs in the Pump Pit Precipitate Tank 

PPPTDef: 

~ P P P T E ~ :  . 

A damaging deflagration occurs in the Pump Pit Precipitate Tank. 

NO damaging explosion occurs in the pump Pit Precipitate T& ' 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 164 
and 165. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 167, 170, and 193. Four cases-are used to develop the outcome 
probabilities as follows: 

Case1 This case includes all sequences in which an explosive concentration does 
not accumulate in the PPPT. The outcome probability assigned is. 1.0 in 
Branch 3. 

Case 2 This case includes the sequences in which a prior event has ruptured the 
PPPT precluding the accumulation of an explosive concentration. The 
outcome probability assigned is KO in Branch 3. 
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Question- 161: Does splashing [spillage] of the Organic Waste Storage Tank 
[OWST] contents occur? 

If the Organic Waste Storage Tank [OWST] is iuptured some or al l  of the contents-of the 
contents will be spilled. Damage to the OWST can be caused by shaking during a Seismic 
event, by tornadic winds, or by a deflagration associated with the OWST. Spilling the contents 
of the OWST is of concern because benzene is a carcinogen and is highly flammable. There, 
are tyo defined outcomes as foliows: 

. 

, OWST-Spl: The OWST is ruptured and its contents spilled. 
nOWSTSpl: The OWST is not ruptured and no spaage occurs., 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 158 and 160. The answers to this question are used in the source term 
bmner. Four cases are used to develop the outcome probabilities as follows: 

Case 1 This case includes a l l  sequences in which there is no explosion associated 
with the OWST and there was no external event to damage the tank. An 
outcome probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which a prior event has ruptured the 
tank. An outcome probability of 1.0 is assigned Branch 1. - 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which there is a deflagration in the 
OWST. An outcome probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the OWST can occur have 
been included in the previous cases. An outcome probability of 1.0 is 
assigned Branch 2. 

Question 162: Do the cell covers over the Low Point Pump Pit dislodge and 
fall because of a seismic event (Le., covers over all three 
cells)? 

The process cells within the main canyon of the DWPF are 'roofed' by removable steel 
covers. The Pump Pit cells are also 'roofed' by removable covers but constructed of 
reinforced concrete rather than steel and are, therefore, much heavier. These covers provide 
limited isolation of the cell in the event of an in-cell-release, assist in maintaining proper 
ventilation flow, and protect the equipment,within the cell from falling objects. If the cell 
covers are dislodged and fall into the cell, either through a seismic event or an energetic event 
within the cell, they will damage the equipment in the cell. This question examines the impact 
of a seismic event on the covers for'the Low Point Pump Et. There are two possible outcomes 
as follows: 

@&Seis: 

nfPCvSei: 

The Low Point Pump Pit Covers are dislodged by the Seismic event and 
fall on the equipment ~[tanks, piping, etc.] in the cell. 

The Low Point Pump Pit Covers remain in place following the Seismic 
event. 
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This is a Type6 question. The answer to this question depends upon the outcome of previous 
Question 2 bnd the value specified for the parameter PPCovFr, the seismic fragility of the 
covers fofthe Low Point Pump Pit. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 163,170, and 178. Two cases are used to 
develop the outcome probabilities on the basis of prior events as follows: 

.(%el_ This case includes those sequences in which the initiating event is a 
seismic event. The seismic fragility of the covers for the Lpw Point Pump 
Pit [the probability' the cell covers will fall] is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. > 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Branch 2. 

. -  
Case 2 

Question 163: Do the cell covers that fall due to a seismic event strike a 
vessel in the LPPP? 

Falling cell covers during a seismic event can rupture and spill tbe contents of vessels in the 
LPPP. There are two possible outcomes y follows: 

PCv-LPPP: The LPPP Cell Covers are dislodged by the Seismic event and strike 
vessels in the LPPP, 

nPCv-LPPP The LPPP Cell Covers are dislodged by the Seismic event and do not 
strike vessels in the WPP. 

This is a Type 2 question. The answer to this question depends upon the outcome of previous 
Questions 2 and 162. The answers to this question are used in the logic to determine the 
outcome probabilities in Quet*%n 164, 172, and 180. Two cases are used to develop the 
outcome probabilities on the k . of prior events as follows: 

Case 1 This case includes those sequences in which the initiating event is a. 
seismic event and the LPPP cell covers fell due to the seismic event. The 
outcome probability for Branch 1 is 0.9, the outcome probability for 
Branch 2 is 0.1 [7]. 
**SAMPLED VARIABLE**. 

The default case includes all other sequences. The outcome probability 
assigned is 1.0 in Bmch 2. 

Question 164: Does a Seismic event rupture and spill the contents of the 
Precipitate Tank in the Low Point Pump Pit? 

- 

Case2 . 

I 

I 

c 

Falling cell covers during a seismic event can rupture and spill the contentsof the Pump Pit 
Precipitate Tank CpPPTJ. Shaking and overturning of the tank during a seismic event can also 
cause spillage of the contents. There are two defined outcomes to this question as follows: 

- 1  
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.This is a Type 2 question. The answer is dependent on the outcome of previous Questions 172 
and 173. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 175, 178, and 193. Four cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which an explosive concentration does 
not accumulate in the PPST. The outcome probability assigned is 1.0 in 
Branch 3. 

This case includes the sequences in which a prior event has ruptured the 
PPST precluding the accumulation of an explosive concentration. The 
outcome probability assigned is 1.0 in Branch 3.. 

This case includes the sequences in which a prior event has not ruptured 
the PPST and an explosive concentration has accumulated in the vessel. 
An outcome probability of 0.001 is assigned Branch 1 and an outcome 
probability of 0.999 is assigned Branch 2 [7]. **SAMPLED 
VARIABLE** 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 175: Does splashing [spillage] of the Pump Pit Sludge Tank 

If the PPST is damaged some or all of the contents of the tank may be spilled to the floor. 
Damage to the PPST can be caused by falling cell covers, shaking during a Seismic event, or 
from a detonation occurring in the tank. Spilling the contents of the PPST is of concern 
because the contents are radioactive. T h b  are two defined outcomes as follows: 

contents occur? 

PPSTS pl: 

nPPSTSpl: 

The contents of the PPST are spilled into the Low Point Pump Pit. 

The contents of the PPST are not spilled into the Low Point Pump Pit. 

This is a Type 2 question. The.answers to this question are dependent on the outcome of 
previous Question 172 and 174 and the answers to this question are used in the logic to 
determine the outcome probabilities in Questions 177 and 179. Four cases are used to develop 
the outcome probabilities as follows: 

case 1 

Case 2 

case3 

This case includes all sequences in which there was no energetic event in 
the tank and no seismic initiated rupture of the PPST. An outcome 
probability of 1.0 is assigned Branch 2. 
This case includes all sequences in which there was a seismic initiated 
rupture of the PPST. Spillage of the tank contents will occur. An 
outcome probability of 1.0 is assigned Branch I. 

This case includes all sequences in which there is a detonation in the 
PPST. Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 
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Case 4 The default case includes all sequences remaining and assumes that all 

means by which spillage of the contents of the PPST can occur have been 
included in the previous cases. An outcome probability of 1 .O is assigned 
Branch' 2. 

Question 176: Does an explosive . concentration accumulate in Pump Pit 
Sludge Cell? 

This question was included as a place holder during APET development.' 
Subsequent analysis indicates that it is not possible to develop an explosive 
mixture in the PPSC. Since no cutset file is provided to the APET for this 
accident during the quantification of the tree, the UFUN returns a value of 0 
for the probability that an explosive concentration exists. 

The two outcomes defined for this question are as follows: , .  

ConPPSC An explosive concentration accumulates in the Pump Pit Sludge Cell. . 

nCo&PSC: An explosive concentration does not accumulate in the Pump Pit Sludge 
. Cell. 

This is a Type 6 question and would use previously quantified parameters and a user defined 
function to determine the probability that an explosive concentration will occur in the PPSC if it 
was possible for one to occur. .The function used to calculate the answer depends on the 
answer to previous Question 1. The outcome probabilities are used in the logic to determine 
the outcome probabilities in Question 177. Four cases are used to develop the outcome 
probabilities as follows: 

Case 1 
. 

This case is used to exclude those sequences in the classes of accidents 
[Question 11 which are neither external nor internal-energetic. The 
outcome probability assigned is 1.0 in Branch 2. 

I 

Case 2 This case includes all sequences in which the class of accidents is intemal- 
energetic [Branch 2, Question 13. The outcome probability is calculated 
using FUN-PPSC and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. 

Case 3 This case includes a l l  sequences in which the class of accidents is external 
Branch 1, Question 13. The outcome-probability is calculated using 
FUN-PPSCS and assigned to Branch 1. The outcome probability for 
Branch 2 is 1.0 less the probability assigned Branch 1. . 

The default case assumes that. all sequences which an explosive 
concentration can occur are included in Cases 2 and 3. An outcome 
probability of 1.0 is assigned Branch 2. 

Case 4 
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Question 177: Does a damaging detonatioddeflagration occur in the Pump Pit 
Sludge Tank Cell? 

This question was included as a place holder during APET development. 
Subsequent analysis indicates that it is not possible to develop an explosive 
mixture in the PPSC. Since no cutset file is provided to the APET for this 
accident during the quantification of the tree, the UFUN returns a value of 0 
for $he probability that an explosive concentration exists. The outcome 
probabilities for each case in this question have been set to.l.O in Branch 3, 
there is no explosion. 

There are three defined outcomes as follows: 

PPSCDet: 

PPSCDefi 

A damaging detonation occurs in the Pump Pit Sludge Tank Cell. 

A damaging deflagration occurs in the Pump Pit Sludge Tank Cell. 

nPPSCExp: No damaging explosion occurs in the Pump Pit Sludge Tank Cell. 

This is a Type 2 question. The answer is dependent on the outcome of previous Questions 175 
and 176. The answers to this question are used in the logic to determine the outcome 
probabilities in Questions 178 and 193. Three cases are used to develop the outcome 
probabilities as follows: 

Case 1 

Case 2 

Case 3 

This case includes all sequences in which an explosive concentration does 
not accumulate in the PPSC. The outcome probability assigned is 1.0 in 
Branch 3. 

This case includes the sequences in’ which a prior event has ruptured the 
PPST and an explosive concentration does not accumulate in the PPSC. 
The outcome probability assigned is 1.0 in Branch 3. 

The default case includes any remaining sequences. It is assumed that all 
sequences resulting in a damaging explosion are included in previous 
cases. The outcome probability assigned is 1.0 in Branch 3. 

Question 178: Do the cell covers for the Pump Pit Sludge Cell dislodge and 
fall following an energetic event? 

A previous question deteimined the impact of a seismic event on the cell covers. If a seismic 
event has not occurred it is assumed that the cell covers are in place prior to any in-cell 
energetic event. If a seismic event has occurred then the cell covers may have been dislodged. 
The assumed effect of dislodged cell covers on the tanks and equipment in the cell is essentially 
the same, whether dislodged by a seismic event or an in-cell explosion. Falling cell covers can 
rupture and spill the contents of the tanks in the Pump Pit Sludge Cell. There are two defined 
outcomes as follows: 

fPPSC0v: The cell covers dislodge and fall, either the consequence of a seismic 
event or an in-cell explosion. 

The cell covers are in place. nWPS;Cov: 
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This is a Typi-2 question. The answers to this question are dependent on the outcome of 
previous Qukstions 162, 174, and 177 and are used in the logic to determine the outcome 
probabilities in Questions 179 and 193. Five cases are used to develop the outcome 
probabilities as follows: 

Case 1 This case includes all sequences in which there was no explosion of the 
Pump Pit Sludge Tank, no explosion in the Pump Pit Sludge Tank Cell, 
and the cell covee were not dislodged previously by a seismic event. An 
outcome probability of 1.0 is assigned Branch 2. 

This case includes all seauences in which the cell covers were dislodged Case 2 
previously by a seismic event. An outcome probability of 1.0 is assiGed 
Branch 1. 

Case 3 This case includes all sequences in which there was an explosion of the 
. Pump Pit Sludge Tank Cell. An outcome probability of 1.0 is assigned 

Branch 1. 

Case 4 This case includes all,sequences in which there was an explosion of the 
Pump Pit Sludge Tank. An outcome probability of 1.0 is assigned 

. Branch,l. 

Case5. The default case includes all sequences remaining and assumes that all 
means by which the cell covers can fall have been included in the previous 
cases. An outcome probability of 1.0 is assigned Branch 2. 

Question 179: Does splashing [spillage] of the Pump Pit Sludge Tank 
contents occur? . 

If the PPST is damaged some or all of the contents of the tank may be spilled to the floor. 
Damage to the PPST can be caused by falling cell covers, by shaking during a seismic event 
and by an explosion associated with the PPST. Spilling the contents of the PPST is of concern 
because the contents are radioactive. There are two defined outcomes as follows: 

PPSTSpl@2: The contents of the PPST are spilled into the Low Point Pump Pit. 

nPPSTSpl: The contents of the PPST are not spilled into the Low Point Pump Pit. 
I 

This is a Type 2 question. The kswers to this question-are dependent on the outcome of 
previous Questions 39,175, and 178. The answers to this question are used in the source term 
binner. Four cases are used to develop the outcome probabilities as follows: 

case 1 This case includes all sequences in which there was prior rupture of the 
PPST. Spillage of the tank contents will occur. An outcome probability 
of 1.0 is assigned Branch 1. 

This case includes all sequences in which the LPPP cell covers have 
fallen. An outcome probability of 0.9 is assigned Branch 1 and an 
outcome probability of 0.1 is assigned Branch 2 [7]. **SAMPLED 
VARIABLE** 

Case 2 
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Case 3 . 

Case 4 

This case includes all sequences in which a crane load drop accident 
occurs. Spillage of the tank contents wil l  occur. An outcome probability 
of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the PPST can occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 

Question 180: Does a Seismic event rupture and spill the contents of the 
Recycle Tank in the Low Point Pump Pit? 

Falling cell covers during a seismic event can rupture and spill the contents of the Pump Pit 
Recycle Tank [PPRTJ. Shaking and overturning of the tank d h g  a seismic event can also 
cause spillage of the contents. There are two defined outcomes to this question as follows: 

. RptPPRT The Pump Pit Recycle Tank is ruptured and the contents spilled as a result 
of the seismic event. 

nRptPPRT The Pump Pit Recycle Tank is intact following the seis& event. 

This is a Type 6 question. The answer to this question depends upon the outcome of previous 
Question 2, 162, and 163 and the value specified for the parameter PPRTFr, the seismic 
fragility of the Pump Pit Recycle Tank.. The answers to this question are used in the logic to 
determine the outcome probabilities in Questions 181. Three cases are used to develop the 
outcome probabilities on the basis of prior events as follows: 

Case 1 

p Case2 

Case 3 

This case includes all sequences in which a seismic event has caused the 
* cell covers over the LOW Point Pump Pit to fall. The falling cell covers 

are assumed to rupture and Spill the contents of the PPRT. An outcome 
probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which a seismic event has occurred but 
the cell covers do not fall or if they fall they do not strike the tank. The 
seismic fragility of the PPRT [the probability that a seismic event will 
cause a structural failure of the PPRTJ is placed in Branch 1. The 
outcome probability for Branch 2 is 1.0 less the probability assigned 
Branch 1. 

The default case includes all remaining sequences. The outcome 
probability assigned is 1.0 in Branch 2, there is no seismic event and the 
PPRT is undamaged. 

Question 181: Does splashing [spillage] of the Pump Pit Recycle Tank 

If the PPRT is damaged some or all of the contents of the tank may be spilled to the floor. 
Damage to the PPRT can be caused by falling cell covers or by shaking during a seismic event. 

contents occur? 
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Spilling the contents of the PPRT is of concern because the contenh are radioactive and also 
may include some residual benzene. There are two defined outcomes as follows: 

P P R T S ~ ~ I  The contents of the PPRT are spilled into the Low Point Pump Pit, 

nPPRTSpl: The contents of the PPRT are not spilled into the Low Point Pump Pit. 

This is &Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 2,39, ahd 180. The answers to this question are used in the source term 
bmer. Four cases are used to develop the outcome probabilities as follows: 

Case 1 This case includes all sequences in which there was no seismic initiated 
rupture of the PPRT. An outcome probability of 1.0 is assigned Branch 
2. 

Case 2 

Case 3 

Case 4 

This case includes all sequences in which there was a seismic rupture of 
the PPRT. Spillage of the tank contents will occur. An outcome 
probability of 1.0 is assigned Branch 1. 

This case includes all sequences in which there is a crane load drop 
. accident that damates the PPRT. Spillage of the tank contents will occur. 

An outcome probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining and assumes that all 
means by which spillage of the contents of the PPRT can occur have been 
included in the previous cases. An outcome probability of 1.0 is assigned 
Branch 2. 

Question 182: Does an uncontrolled reaction occur in the CPC? 

Uncontrolled reactions are defined as the sudden loss of part of the contents of a vessel 
[e.mctation], foaming, boilover, gassing, or an undesirable high temperature causing material 
decomposition with evolution of hazardous vapors. There are two defined outcomes as 
follows: 

UcRx-CPC An uncontrolled reaction occurs in the CPC. 

nUcRx-CPC No uncontrolIed reaction Occurs in the CPC. 

This'is a Type 2 question'. The answers to this quesdon-are dependent on the outcome of 
previous Questions 1 and 5 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

This case includes all events defined by Question 1, Branch 4 [accident 
class -LtdMisc] and Question 5, Branch 2 [CPC-UcR]. An outcome 
probability of 1.0 is assigned Branch 1. 

The default case includes all. sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 
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Question 183: Does an uncontrolled reaction occur in the SPC? 

Uncontrdled reactions are defined as the sudden loss of part of the contents of a vessel 
. [eructation], foaming, boilover, gassing, or an undesirable high temperature causing material 

decomposition with evolution of'hazardous vapors. There are two defined outcomes as 
follows: 

- -  

UCRX-SPC 'An uncontrolled reaction occurs in the SPC. 

nUcRx-SPC No uncontrolled reaction occurs in the SPC. 

This is a Type 2 question. The answers to his question are dependent on the outcome of 
previous Questions 1 and 5 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

This case includes all events defined by Question 1, Branch 4 [accident 
class -LtdMisc] and Question 5, Branch 4 [PR-UcR]. . An outcome 
probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 184: Does a vessel overflow occur in the CPC? 

Ovefflow occurs when the volumetric capacity of a vessel is exceeded. The result may be the 
loss of process'liquid to the cell floor or sump, the vessel vent header, or another vessel. 
There are two defined outcomes as follows: 

d 

CPCOvfl: A vessel ovefflow occurs in the CPC. 

nCPCOvfl: No vessel overflow occurs in the CPC. 

This is a Type 2 question. The answers to this question are dependent on the outcome of '  
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question 4, Branch 3 [CPC-Oflow]. An outcome 
probability of 1.0 is assigned B-ch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 185: Does a vessel overflow of process material occur in the SPC? 

Overhow occurs when the volumetric capacity of a vessel is exceeded. The result may be the 
loss of process liquid to the cell floor OF sump, the vessel vent header, or another vessel. In 
the SPC, the PR and PRFT contain process material. This question is concerned with a PR or 
PRFI' overflow. There are two defined outcomes as follows: 
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SPcOvfl: _ _  A vessel overflow of process material bccurs in the SPC. 

nSPCovfl:' No vessel overflow of process material occurs in the SPC. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions .1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

c 

Case 1- 

Case 2 

This case includes all events defined by Question 1, Branch 3 [accident 
clks -LtdLeak] and Question 4, Branch 1-1 [SPC-Oflow]. Ah outcome 
probability of 1.0 is assigned Branch 1. . 

The default case includes all sequences remaining. An outcome 
' probability of 1.0 is assigned Branch 2. 

Question 186: Does a vessel overflow of benzene occur in the SPC? 

Overflow occurs when the volumetric capacity of a vessel is exceeded. ' The result may be the 
loss of process liquid to the cell floor or sump, the vessel vent header, or another vessel. In 
the SPC, the OEV and OECT contain process material. This question is concerned with a OEV 
or OECT overflow. There are two defined outcomes as follows: 

. BniOvfl: 

- - 

A vessel overflow of benzene occurs in the SPC. 

No vessel overflow of benzene QCC& in the SPC. nBnzovfl: . 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 

Case 2 

This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question'4, Branch 9 BZ-Oflow]. An outcome 
probability of 1.0 is assigned Branch 1. 

, The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 187: Does a vessel overflow occur in the Low Point Pump Pit? 

Overhow occurs in the Pump Pit when the volumetric capacity of a tank is exceeded. The , 
result may be the loss of process liquid to the cell floor or sump or the vessel vent header. 
There are two defined outcomes as follows: 

LPP-OvFk A vessel overflow occurs in the Low Point Pump Pit. 

nLppovF1: No vessel overflow occurs in the Low Point Pump Pit. , 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 
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Case1 - -  This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question 4, Branch 4 [PP-Oflow]. An outcome 
probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

Question 188: Does a leak occur in the Chemical Process Cell? 

Leaks permit process fluids to penetrate the primary confinement structures such as vessels and 
piping. The consequences are generally small but can range from the loss of a few milliliters of 
solution to all of the material in holdup. Leaks can involve significant amounts of radioactive 
material. There are two defined outcomes as follows: 

. 

Case 2 

CPCLeak: 

nCPCLeak: 

A leak occurs in the Chemical Process. Cell. 

No leak occurs in the Chemical Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question 4, Branch 5 [CPC-Leak]. An outcome 
probability of 1.0 is assigned Branch 1. 

.- 

Case 2 The default case includes all sequences remaining. An outcome 
probability of 1 .O is assigned Branch 2. 

Question 189: 'Does a leak of process material occur in the Salt Process Cell? 

Leaks permit process fluids to penetrate the primary confinement structures such as vessels and 
piping. The consequences hre generally small  but can range from the loss of a few milliliters of 
solution to all of the material in holdup. Leaks can involve significant amounts of radioactive 
material. There are two defined outcomes as follows: 

A leak of process material &curs in the Salt Process Cell. 

No leak of process material occurs in-the Salt Process Cell. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

SPCLeak: 

nSPCLeak: 

Case 1 This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question 4, Branch 6 [SPC-Leak]. An outcome 
probability of 1.0 is assigned Branch 1. 
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Case 2 L. The default case includes all sequences remaining. An outcome . 
. probability of 1.0 is assigned Branch 2. 

I 

Question 190: Does a leak of benzene occur in the Salt Process Cell? 

Leaks permit process fluids to penetrate the primary confinement strucms such as vessels and 
piping. The consequences are generally small  but can range from the loss of a few milliliters of . 

> solution to all of the material in holdup. Leaks can involve significant amounts of radioactive 
material. Leaks of benzene are of particular'concem due to the possibility of subsequent 
deflagrations in the SPC. There-are two defined outcomes as follows: 

A leak of benzene occurs in the Salt Process Cell. 

No leak of benzene OCCUTS in the Salt Process Cell. 

This is a Type 2 question. The answers to this question are dependent 
previous Questions 1 and 4 and are referenced in the source term binning i 
used to develop the outcome-probabilities as follows: 

ihe outcome of 
Two cases are 

Case 1 This case includes all events defined by Question 1, B&ch 3 [accident 
class -LtdLeak] and Question 4, Branch 10 [BZ-Leak]. 'An outcome 
probability of 1 .O is assigned Branch 1. 

Case 2 The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned.Branch 2. 

Question 191: Does an incidental leak occur in the Pump Pits? 

Leaks permit pryess fluids to penetratethe primary confinement structures such as vesselsand 
piping. The consequences are generally small but can range from the loss of a few milliliters of 
solztion to a l l  of the material in holdup. Leaks can involve significant amounts of radioactive 
IIE *rial. There are two defined outcomes as follows: 

LPPLdC A leak occurs in the Low Point Pump Pit. 

No leak occurs in the Low Point Pump Pit. 

This is a Type 2 question. The answers to this question are dependencon the outcome of 
previous Questions 1 and 4 and are refexwced in the source tern binning file.. Two cases are 
used to develop the outcome probabilities as follows: 

- Case1 

L Case 2 

This case includes all events defined by Question 1, Branch 3 [accident 
.class -LtdLeakJ and Question 4, Branch 7 [PP-Leak]. An outcome 
probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0% assigned Branch 2. 
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Question 192: Does the rupture of a filled storage canister occur? -. 
Fully encapsulated canisters are resistant to rupture if dropped or impacted by most objects. 
Tests show that fully encapsulated canisters can be dropped from heights of up to 30 feet 
without rupturing. However, canisters can be breached during processing and prior to 
completion of encapsulation although a breach is unlikely. There are two defined outcomes as 
follows: I 

Carapt: Rupture of a storage canister occurs. 

nCanRpt: No rupture of a storage canister occurs. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 1 and 4 and are referenced in the source term binning file. Two cases are 
used to develop the outcome probabilities as follows: 

Case 1 This case includes all events defined by Question 1, Branch 3 [accident 
class -LtdLeak] and Question 4, Branch 8 [Can-Rpt]. An outcome 
probability of 1.0 is assigned Branch 1. 

The default case includes all sequences remaining. An outcome 
probability of 1.0 is assigned Branch 2. 

. 

Case 2 

Question 193: What is the status of the ventilation for the Low Point Pump 
Pit Building? 

1 There are four defined outcomes as follows: 
I 

l PPnFn/Br: 

PPnF/nBr: 

PPFanDr: 

LPPVent 

The cells in Low-Point Pump Pit Building are breached [cell covers blown 
or ventilation system breached] and the exhaust fans are not operating. 

The cells in Low Point Pump Pit Building are not breached [cell covers 
not blown] and the exhaust fans are not operating. 

The cells in Low Point Pump Pit Building are breached [cell covers 
blown] and the exhaust fans are operating. 

The ventilation system for the Low Point Pump Pit Building is 
functioning 

. 

This is a Type 2 question. The answers to this question are dependent on the outcome of 
previous Questions 2,3,8,9,166,169,170, 174,177, and 178. The outcomes are used in 
the source term binning file. Seven cases are used to develop the outcome probabilities as 
follows: 

Case 1 , This case includes all sequences in which a seismic event or tornadic 
winds has occurred. It is assumed that the building housing the Pump 
Fits has been destroyed, the vent system damaged and the exhaust fans 
damaged. Cell covers may or may not be in place. An outcome 
probability of 1.0 is assigned Branch 1. 
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&e 2 - -  This case includes all sequences in which electrical power failure causes 
failure of the exhaust fans and an explosion in the PPPT or PPPC has 
caused dislodging of the cell covers. An outcome probability of 1.0 is 
*assignedBranch 1. , . 

* 

Case 3 

Case 4 

Case 5 

Case 6 

. Case7 

This case includes all sequences in which electrical power failure causes 
failure of the exhaust fans and an explosion in the PPST or PPSC has 
caused dislodging of the cell covers. An outcome probability of 1.0 is 
assigned Branch 1. 

This case includes all sequences in which electrical power failure causes 
failve of the exhaust fans and the cell covers are in place. An outcome 
probability of 1.0 is assigned Branch 2. 

This case includes all sequences in which the exhaust fans are operating 
and an explosion in the PPPT or PPPC has caused dislodging of the cell 
covers. An outcome probability of 1.0 is assigned Branch 3. 

This case includes all sequences in which the exhaust fans are operating 
and an explosion in the PPST or PPSC has caused dislodging of the cell 
covers. An outcome probability of 1.0 is assigned Branch 3. 

The default case includes all sequences remainirig. It is assumed,that all . 
sequences in which the VentilationSystem for the Pump Pit is not 
functioning norhally are included in the above cases. An outcome 
probability of 1.0 is assigned Branch 4. 

I 
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5. THE SOURCE TERM BINNER 

For this analysis the information of primary concern was the radionuclide source term that 
could result from damage to one or more of the process vessels in the DWF. The primary 
binning of the N E T  sequences, therefore, serves as a source term binner. MET sequences 
are binned into groups that are expected to yield similar radionuclide source terms. Of 
particular interest is the severity of-damage to each of the vessels (e.g:, is a tank destroyed by 
detonation or is it vented by flying shrapnel). This information estabhshes the initial size and 
modemf release. Also, of interest is the condition of the building ventilation ducts and fans 
which may or may not be available to mitigate the release. The binnet is discussed in the 
following paragraphs. 

Nineteen characteristics or dimensions are used in the source term bmer and characterize the 
accident in terms of damage to the various process vessels within the DWPF and the status of 
barriers to release and mitigation systems. For detailed descriptions of each vessel and 
contents see Reference 1. The EVNTRE software ensures that every accident progression 
sequence identified as having significance [Le., above a specified cutoff frequency] is assigned 
to a primary bin. It is the frequencies of these bins that are reported in the SAR. Each 
sequence that is not truncated based on frequency is placed into a bin according to the values 
for each dimension. The bin frequency is the sum of the frequencies for all accident 
progression sequences that had the same end state for each of the 19 dimensions in the bin. 
For every dimension there is an attribute defined that is appropriate for every accident 
progression sequence. If the user fails to define the attributes for each dimension such that this 
is true, the EVNTRE software generates an error condition and flags the accident progression 
sequence that cannot be binned. Any sequence characteristic that is potentially significant to 
understanding the accident progression or determining the source term is included in the list of 
attributes considered in developing the accident progression bins. p e s e  attributes are similar 
to the branch points of a top event or question.] 

The results of the source term binner are used by the DWPF Algorithm for Source Terms 
(DWPFAST) which reads the accident progression bins, and calculates an individual 
radiological source term for each [14]. 

The dimensions used in the DWPF analysis are: 

- _  

I 

OWST STATUS 
LOW POINT PUMP PIT SLUDGE PUMP TANK STATUS 
LOW POINT PUMP PIT PRECIPITATE PUMP TANK STATUS 
LOW POINT PUMP PIT RECYCLE WASTE PUMP TANK STATUS 
PRECIPITATEi REACTOR STATUS 
PRECIPITA'IE REACTORFEED TANKSTATUS 
PRECIPITATE REACTORBOTTOMS TANK STATUS 
SLURRY MIXEVAPORATOR TANK STATUS 
SLUDGE RECEIPT AND ADJUSTMENT TANK STATUS 
MELTERFEED TANK STATUS 
RECYCLE COLLECTIONTANK STATUS 
MELT CELL STATUS 
DEFLAGRATION IN SPC 
FIRE IN SPC 
CPC CELL COVER STATUS 
SPC CELL COVER STATUS 
MELT CEZL COVER STATUS 
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ZONE 1 VENTILATION STATUS 
LPPP WNTILATION STATUS . 

The EXCEL Spreadsheet for the source term binner is shown at the end of the N E T  in 
Appendix A. Each element or dimension of the binner is discussed in the paragraphs that 
follow. 

.l'. OWST 

The first dimension addresses the condition of the OWST. The OWST contains small amounts 
of radionucliedes which could be released if the tank deflagrates and material is spilled to the 
ground. The OWST is considered to have three end states charactektics: 

Deflagration, splash or no release, (these aie listed on the first line of the dimension 
. data for the OWST) . ,  f 

. (The OWST dimension statements then reference the following cases in the APET 

Accident sequences in which the OWST has deflagrated are binned in the 
OWSTDef attribute. Deflagration of the OWST is assigned to the first branch of 
APET question 160. Each sequence has some frequency calculation for this case. 
The sum of the frequencies from all sequences is put here. 

questions to determine the total frequency of the outcome.) 

Accident sequences in which the OWST has splashed are binned in the OWST/Sp 
attribute. Splashing of the QWST is assigned to the first branch of M E T  question 
161. 

z 

The frequency that nothing has happened (i.e., no release) to the OWST is 
determined based on sum of the frequencies calculated by the second branches of 
'questions 160 and 161. 

2. PPST I 

The second dimension addresses the condition of the low point pump pit sludge tank (LPPP 
PPST) and release mechanisms of radioactive materials. The PPST has six possible 
characteristics: 

Detonation, deflagration, splash, leak, ovefflow or no 'release 

Accident sequences in which the PPST has detonated are binned in the PPSDet 
attribute. Detonation of the PPST is assigned to the first branch of APET question 
174. 

Accident sequences in which the PPST has deflagrated are binned in the PPSDef 
attribute. Deflagration of the PPST is assigned to the second branch of MET 
question 174. I 
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Accident sequences in which the PPST has splashed are binned in the PPSSpl 
attribute. Splashing of the PPST is assigned to the first branch of APET question 
179. 

Accident sequences in which the PPST has leaked are binned in the PPSLeak 
attribute. Leaking of the PPST is assigned to the first branch of APET question 
191., 

= Accident sequences in which the PPST has overflowed are biqned in the PPSOvFl 
attribute. Overflowing of the PPST is assigned to the first branch of APET 
question 187. 

The frequency for no release is determined by the outcome frequencies of the 
branches of questions 174,179,187 and 191 on which nothing happens. 

3. PPPT 

The third dimension addresses the condition of the low point pump pit precipitate tank (LPPP 
PPPT) and release mechanisms of radioactive materials. The PPPT has. six possible 
characteristics: 

Detonation, deflagration, splash, leak, overflow or no release 

Accident sequences in which the PPPT has detonated are binned in the PPPDet 
attribute. Detonation of the PPPT is assigned to the first branch of APET question 
166. 

Accident sequences in which the PPPT’has deflagrated are binned in the PPPDef 
attribute. Deflagration of the PPPT is assigned to the second branch of N E T  
question 166. 

Accident sequences in which the PPPT has splashed are binned in the PPPSpl 
attribute. Splashing of the PPPT is assigned to the first branch of M E T  question 
171. 

Accident sequences in which the PPPT has leaked are binned in the PPPLeak 
atmbute. Leaking of the PPPT is assigned to the first branch of APET question 
191. 

Accident sequences in which the PPPT has overflowed are binned in the PPPOvFl 
attribute. Overflowing of the PPPT is assigned to the first branch of APET 
question 187. 

The frequency for no release is determined by the outcome frequencies of the 
branches of questions 166,169,171,’187 and 191 on which nothing happens. 

4. PPRT 

The fourth dimension addresses the condition of the low point pump pit recycle tank (LPPP 
PPRT) and release mechanisms of radioactive materials. The PPRT has four possible 
characteiistics: 
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Splash, leak, overflow or no release 

Accident sequences .in which the PPRT has splashed are binned in the PPRSDl 
'attribute. Sdashing of the PPRT is assigned to' the first branch of APET question 
181. 

- Accident sequences in which the PPRT has leaked are binned in the PPRLeak 
attribute. Leaking of the PPRT is assigned to the first bianch of APET question 
191. ' 

I 

Accident sequences in which the PPRT has overflowed are binned in the PPROvFl 
attribute. Overflowing of the PPRT is assigned to the first branch of APET 
question 187. 

The frequency for no release is determined by the outcome frequencies of the 
branches of questions 181,187 and 191 on which nothing happens. 

5.' PR 

The fifth dimension addresses the condition of the salt process cell precipitate reactor tank 
(SPC PR) and release mechanisms of radioactive materials. The PR has eight possible 
characteristics: . 

Detonation, deflagration, splash, leak, vented, uncontrolled reaction, overflow or no 

Accident sequences in which the PR has detonated are binned in the PRxDet 
attribute. Detonation of the PR is assigned to the first branches of NET questions 
43,80 and 123. On a given sequence, only one case can contribute frequency. For 
a complete MET run, contributions will come from all of the above cases. 

Accident sequences in which the PR has deflagrated are binned in the PRxDef 
attribute. Deflagration of the PR is assigned to the second branches of APET 
questions 43,80 and 123. 

Accident sequences in which the PR has splashed are binned in the PRx-Spl 
attribute. Splashing of the PR is assigned to the first branches of APET questions 
106, 117,136 and 147. An RPC deflagration (Branch 1, question 147) is 
postulated to cause sufficient building damage to crush the tanks. 

Accident sequences in which the PR has leaked are binned in the PRx-Leak 
attribute. Leaking of the PR is assigned to the first branch of NET question 189. 

Accident sequences in which the PR has vent& are binned in the PRx-Vent 
attribute. Venting of the PR is assigned to the first branches of APET questions 75, 
95 and 127. Venting is assumed to occur if the salt process cell vent header 
detonates. 

, 

Accident sequences in which the PR has an uncontrolled reaction are binned in the 
PRx-UcR attribute. Uncontrolled reaction of the PR is assigned to the fipt branch 
of APET question 183. I '  
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Accident sequences in which the PR has overflowed are binned in the PRx-OvFl 
-attribute. Overflow of the PR is assigned to the first branch of MET question 185. . 

0 The frequency for no release is determined by the outcome frequencies of the 
branches of questions 43,75, 80, 106, 117, 123, 127, 136, 147, 185, 183, and 
189 on which nothing happens. 

6. PRFI' 

The sixth dimension addresses the condition of the salt process cell precipitate reactor tank 
(SPC P m  and release mechanisms of radioactive materials. The PRFT has seven possible 
characteristics: ~ 

Detonation, deflagration, splash, leak, vented, overflow or no release 

0 

0 

0 

0 

0 

Accident sequences in which the PRFI' has detonated are binned in the PRFI'Det 
attribute. Detonation of the PRFT is assigned to the first branches of APET 
questions 55, 86 and 126. On a given sequence, only one case can contribute 
frequency. For a complete APET run, contributions will come from all of the 
above cases. 
Accident sequences in which the PRFT has deflagrated are binned in the PRFIl>ef 
attribute. Deflagration of the PRFT is assigned to the second branches of APET 
questions 55,86 and 126. 

Accident sequences in which the PRFT has splashed are binned in the PRFTSpl 
attribute. Splashing of the PRFT is assigned to the f i s t  branches of APET 
questions 109, 120,139 and 147. An RPC deflagration is postulated to cause 
sufficient building damage to crush the tanks. 

Accident sequences in which the PRFT has leaked are binned in the PRFI'Leak 
attribute. Leaking of the PRFT is assigned to the first branch of APET question 
189. 

Accident sequences in which the P W  has vented are binned in the PRFTVent 
attribute. Venting of the PRFT is assigned to the first branches of N E T  questions 
75,95 and 127. Venting is assumed to occur if the salt process cell vent header 
detonates. 

' 
Accident sequences in which the PRFT has overflowed are binned in the 
PRFTOvFl attribute. Overflow of the PRFT is assigned to the first branch of 
MET question 185. 
The frequency for no release is determined by the outcome frequencies of the 
branches of questions 55,75,86,109,120, 126,127,139,147,185, and 189 on 
which nothing happens. 

7. PRBT 

The sixth dimension addresses the condition of the chemical process cell precipitate reactor 
bottoms tank (CPC PRBT) and release mechanisms of radioactive materials. The PRBT has 

. seven possible characteristics: 
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- -  
Detonatiog, deflagration, splash, leak, vented, overflow or no release 

Accident sequences in which the PRBT has detonated are binned in the PRBT-Det 
attribute. Detonation of the PRBT is assigned to the first branches of APET 
questions 60, 88 and 130. On a given sequence, only one case can contribute 
frequency. For a complete M E T  run, contributions will come from all of the 

= abovecases. 

Accident sequences in which the PRBT has deflagrated are bmed the PRBT-Def 
attribute. Deflagration of the PRBT is assigned to the second branches of MET 
questions 60,88 and 130. 

Accident sequences in which the PRBT has splashed are binned in the PRBT-Spl 
attribute. Splashing of the PRBT is assigned to the first branches of MET 
questions 99, 142 and 147. An RPC deflagration is p_ostulated to cause sufficient 

. building damage to crush the tanks. 
Accident sequences in which the PRBT has leaked are binned in the PRBTLeak 
attiibute. Leaking of the PWBT is assigned to the f is t  branch of N E T  question 
188. 

Accident sequences in which the PRBT has ventkd are binned in the PRBTVent 
attribute. Venting of the PRBT is assigned to the first branches of MET questions 
76,96 and 134. Venting is assumed to occur if the chemical process cell vent 
header detonates. 

Accident sequences in which the PRBT has overflowed are binned in the 
PRBTOvFl apibute. Overflow of the PRBT is assigned to the first branch of 

The frequency for no reIease is determined by the outcome frequencies of the 
branches of questions 60,76,88,99,130,134,142,147,184, and 188 on which 
nothing happens. 

I M E T  question 184. 
i 

8. SME I 

The eighth dimension addresses the condition of the chemical process cell slurry mix 
evaporator tank (CPC SME) and release mechanisms of radioactive materials. The SME has 
eight possible charactkristics: 

overflow or no 
r e l a  

Accident sequences in which the SME has detonated are binned in the SME-Det 
attribute. Detonation of the SME is assigned to the first branches of APET 
questions 64, 90 and 131. 0n.a given sequence, only one case can contribute 
frequency. For a complete APET run, contributions will come from all of the 

Detonation, deflagration, splash, leak, vented, uncontrolled reaction, 

'. abovecases. 
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Accident sequences in which the SME has deflagrated are binned in the SMI-Def 
-attribute. Deflagration of the SME is assigned to the second branches of APET 

Accident sequences in which the SME has splashed are binned in the SME-Spl 
attribute. Splashing of the SME is assigned to the first branches of APET questions 
100, 143 and 147. An W C  deflagration is postulated to cause sufficient building 
damage to crush the tanks. 

Accident sequences in which the SME has leaked are binned in the SME-Leak 
attribute. Leaking of the SME is assigned to the first branch of APET question 
188. 

. questions 64,90 and 131. 

Accident sequences in.which the SME has vented are binned in the SME-Vent 
attribute. Venting of the SME is assigned to the first branches of N E T  questions 
76,96 and 134. Venting is assumed to occur if the salt process cell vent header 
detonates. 

Accident sequences in which the SME has an uncontrolled reaction are binned in the 
SME-UcR attribute. Uncontrolled reaction of the SME is assigned to the first 
branch of APET question 182. 

Accident sequences in which the SME has overflowed are binned in the SME-OvFl 
attribute. Overflow of the SME is assigned to the first branch of MET question 
184. 

The frequency for no release is determined by the outcome frequencies of the 
branches of questions 64,76,90, 100, 131, 134,143, 147, 182,184 v d  188 on 
which nothing happens. 

9. SRAT 

The ninth dimension addresses the condition of the chemical process cell sludge receipt and 
adjustment tank (CPC SRAT) and release mechanism of radioactive materials. The SRAT has 
eight possible characteristics: 

Detonation, Deflagration, Splash, leak, vented, uncontrolled reaction, overflow or no 
RleaSe 

Accident sequences in which the SRAT has detonated are binned in the SRATDet 
attribute. Detonation of the SRAT is assigned to the first branches of APET 
questions 68,92 and 132. -On a given sequence, only one case can contribute 
frequency. For acomplete APET run, contributions will come fiom all of the 
above cases. 
Accident sequences in which the SRAT has deflagrated are binned in the SRATDef . 

questions 68,92 and 132. 
' attribute. Deflagration ,of the SRAT is assigned to the second branches of MET 

Accident sequences in which the SRAT has splashed are binned in the SRATSpl 
attribute. Splashing of the SRAT is assigned to the first branches of APET 
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qugstions 101,144 and 147. An RPC deflabtion is postulated to cause sufficient 
building damage to crush the tanks. 

- Accident sequences in which the SRAT has leaked are binned in the SRATLeak 
attribute. Leaking of the SRAT is assigned to the first branch of APET question 
188. 

. 

*_ Accident sequences in which the SRAT has vented are binned in the SRATVent 
attribute. Venting of the SRAT is assigned to the first branches of N E T  questions 
76,96 and 13'4. Venting is assumed to occur if the salt process cell vent header 
detonates. 

. 

Accident sequences in whichthe SRAT has an uncontrolled reaction are binned in 
the SRATUcRx attribute. Uncontrolled reaction of the SRAT isassigned to the 
first branch of MET question 182. 

Accident sequences in which the SRAT has overflowed -are binned in the 
SRATOvFl attribute: Overflow of the SRAT is assigned to the f is t  branch of 
M E T  question 184. 

The frequency for no release is determined' by the outcome frequencies of the 
branches of questions 68,92,132, 101,144, 147,76,'-134, 188, 184 and 182 on 
which nothing happens. I 

10. MFr 

The tenth dimension addresses the condition of the chemical process cell melter feed tank (CPC 
MFT) and release mechanisms of radioactive materials. The MFT has seven possible 
characteristics: 

Detonation, deflagration, splash, leak, vented, overflow or no release 

Accident sequences in which the MFI' has detonated are binned in the MFI'-Det 
attribute. Detonation of the MFI' is assigned to the first branches of APET 
questions 74,94 and 133. On a given sequence, only one case can contribute 
frequency. For a complete APET run, contributions will come from all of the 
above cases. 

Accident sequences in which the MFT has deflagrated are binned in the MFT-Def 
attribute. Deflagration of the MFI' is assigned to the second branches of APET 
questions 74,94 and 133. 

Accident sequences in which the MFT has splashed are binned in the MFT-Spl 
attribute. Splashing of the MFI' is assigned to the first branches of MET questions 
103,146 and 147. An RPC deflagration is postulated to cause sufficient building 
damage to crush the tanks. 

Accident sequences in which the MFT has leaked are binned in the MFT-Leak 
t attribute. Leaking of the IvlFI' is assigned to the first branch of APET question 
188. 

' 

, 
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-Accident sequences in which the MFT has vented are binned in the MFI'-Vent 
attribute. Venting of the MFT is assigned to the fmt branches of MET questions . 76,96 and 134. Venting is assumed to occurif the salt process cell vent header 
' detonates. \ 

Accident sequences in which the MFI' has overflowed are binned in the MIT-OvFl 
attribute. Overflow of the MFT is assigned to the first branch of APET question 
184. 

The frequency for no release is dete-ed by the outcome frequencies of the 
branches of questions 74, 76, 94, 103, 133, 134, 146, 147, 184, and 188 on 
which nothing happens. 

11. RCI'. 

The eleventh dimension addresses the condition of the chemical pmcess cell recycle collection 
tank (CPC RCT) and release mechanisms of radioactive materials. The RCT has six possible 
characteristics: 

Splash, leak, vented, uncontrolled reaction, overflow or no release 

. 

Accident sequences in which the RCT has splashed are binned in the RCI'-Spl 
attribute. Splashing of the RCT is assigned to the first branches of MET questions 
102, 145 and 147. An RPC deflagration is postulated to cause sufficient building 
damage to crush the tanks. 

Accident sequences in which the RCT has leaked are binned in the RCT-Leak 
attribute. Leaking of the RCT is assigned to the first branch of APET question 188. 

Accident sequences in which the RCT has vented are binned in the RCI'-Vent 
attribute. Venting of the RCT is assigned to the first branches of MET questions 
76,96 and 134. Venting is assumed to occur if the salt process cell vent header 
aetonates. 

Accident sequences in which the RCT has an uncontrolled reaction are binned in the 
RCT-UcRx attribute. Uncontrolled reaction of the RCT is assigned to the first 
branch of MET question 182. 

Accident sequences in which the RCI' has overflowed are binned in the RCT-OvFl 
attribute. Overflow of the RCT.is assigned to the first branch of MET question 
184. 

'* The frequency for no release is determined by the outcome frequencies of the 
branches of questions 102,76,134,145,147,182,184 and 188 on which nothing 
happens. 

12. 

The twelfth dimension addresses the condition of the melter cell tank and the melter offgas 
system and release mechanisms of radioactive materials. This dimension has five possible 
characteristics: r 

Melter and Melter Wg& system 
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 TO^ me& release, partial melter release, melter offgas release, glass cannister 'rupture 
or no release. 

Accident sequences in which the melter contents are completely released are binned 
in the TMltRlse attribute. Contents release of the melter is assigned to the first 
branches of APET questions 157, and 147. 

Accident sequences in which the melter contents are partially released are binned in 
the pMltRlse attribute. Partial contents release of the melter is assigned to *the 
second branch of APET question 157. 

Accident sequences in which the melter offgas contents are completely released are 
binned in the MltOGRis attribute. Release of the melter offgas is assigned to the 
third branch of APET question 157. 

Accident sequences in which the cannister contents are completely released are 
binned in the Can-Rupt attribute. Release of the cannister contents is assigned to 
the first branch of MET question 192. 

The frequency for no release is determined by the outcome frequencies of the 
branches of questions 147,192, and 157 on'which nothing happens. 

13. Salt Process Cell Deflagration 
The thirteenth dimension addresses the condition of the salt process cell with respect to damage 
occurred from a deflagration and release mechanisms of radioactive materials. This dimension 
has two possible characteristics: I * ,  

SPC deflagration or no deflagration (i.e.; no release) 

Accident sequences in which a deflagration occurs in the SPC are binned into the 
SPC-Def attribute. Deflagration of the SPC is assigned to the first branch of 
question 121. 

. 
The frequency at which no salt process cell deflagration occurs is determined by the 
outcome frequencies of the second branch of question 121. 

14. Salt Process Cell Fire 

The fourteenth dimension addresses the condition of the salt process cell with respect to 
damage occmed from a fire and release mechanisms of radioactive materials. This dimension 
has two possible characteristics: 

SPC fire or no fire 

Accident sequences in which a fy occurs in the SPC are binned into the SPC-Fire 
attribute. Fire in the SPC is assigned to the first branch of question 122. 

.' The frequency at which no salt process cell f i e  occurs is deterniined by the 
outcome frequency of the second branch of question 122. 

15. Chemical Process Cell Covers 
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The fifteeith dimension addresses the condition of the chemical process cell covers and release 
mechanisrni of radioactive materials. This dimension has two possible characteristics: I 

I' 

CPC covers fall or do not fall 

Accident sequences in which the cell covers in the CPC fall are binned into the 
CPCCvfl attribute. Fallen covers in the CPC is assigned to the fust branches of 
questions 98,141 and 147. 

The frequency at which the chemical process cell covers do notfall is based on the 
sum of the frequencies calculated by the second branches of questions 98,141 or 
147. 

16. Salt Process Cell Covers 

The sixteenth dimension addresses the condition of the salt process cell covers and release 
mechanisms of radioactive materials. This dimension has two possible characteristics: 

SPC covers fall or do not fall 

Accident sequences in which the cell covers in the SPC fall are binned into the 
SPCCvfl attribute. Fallen covers in the SPC is assigned to the first branches of 
questions 105,116 and 128. - . 
The frequency at which the salt process cell covers do not fall is based on @e sum 
of the frequencies calculated by the second branches of questions 105,116 or 128. 

17. MelterCellCovexs , 

The seventeenth dimension addresses the condition of the melter cell covers and release 
mechanisms of radioactive materials. This dimension has two possible characteristics: 

Melter cell covers fall or do not fall 

Accident sequences in which the cell covers in the Melter Cell f a  are binned into 
the MCBlown attribute. Fallen covers in the Melter cell is assigned to the first 
branch of question 156. 

The frequency at which the melter cell covers do not fall is based on the sum of the 
frequencies calculated by the second brdnch of question 156. 1 

18. Zone 1 Ventilation 

The eighteenth dimension addresses the condition of the zone 1 ventilation and possible 
reduced mitigation of the ventilation system. This dimension has five possible characteristics: 

- Vitrification.building collapsed 
- Vitrification building collapsed, fans fail, sand filter failed and ventilation duct failed 
- Vitrification building collapsed, fans okay, sand filter okay and ventilation duct okay 
- Vitrification building okay, fans fail, sand filter failed and ventilation duct failed - no failures 
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Accident sequences in which the vitrification building collapses are binned into the 
Collapse attribute. Building collapse is assigned to the first branches of questions 

. 110 and 147. . 

' 0  Accident sequences in which the vitrification building collapses, the fans fail, the 
sand filter fails and the ventilation duct fails are binned into the nFanBrch attribute. . 
This combination of events is assigned to the first branches of qu-estions 110,113, 
111, and 112. 

Accident sequences in which the vitrification building collapses, the fans do not 
fail, the sand filter does not fail and the ventilation duct does not fail are binned into 
the FrFn/Fit attribute. This combination of events is assigned to the first branch of 
question 110 and the second bhches of questions 113,111, and 112. 

Accident sequences in which the vitrification building does no ->llapse, but the 
fans fail, the sand filter fails and the ventilation duct fails ai. 5nned into the 
nFn/&it attribute. This combination of events is assigned to the second branch of 
question 110 and the first branches of questions 113,111, and 112. 

The frequency of no failure to the zone 1 ventilation system is determined based on 
the sum of the frequencies calculated by 'the second branches of questions 110, 
111,112,113 and 147. 

, 

19. Low point pump pit ventilatiofi 

The nineteenth dimension addresses the condition of the low point pump pit ventilation system 
and possible'reduced mitigation of the ventilation system. This dimension has four possible 
characteristics: 

I - Fans fail and building breached , 

- Fans fail and building okay 
- Fans okay and bdding breached 
- No failures 

0 

Accident sequences in which the fans fail and the building is breached are binned 
into the nFanBrch attribute. This combination of-events is assigned to the first 
branch of question 193. 

Accident sequences in which which the fans fail and the building is not breached is 
binned into the nFdnBrch attribute. This combination of events is assigned to the 
second branch of question 193. 

Accident sequences in which the fans do not fail and the building is breached is 
binned into the Fan/Brch attribute. This combination of events is assigned to the 
third branch of question 193. 

The frequency for no release is determined based on the sum of the frequencies 
calculated by the fourth branch of question 193. 

, 
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APPENDIX A: EXCEL Spreadsheet of the Accident Progression Event Tree 
for Defense Waste Processing Facility: MODE C 
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