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[' 1. INTRODUCTION
\

A probabilistic evaluation of the impact of environmental and external
hazards on Three Mile Island Unit 1 is presented in this report. This
study was performed as part of the THI-1 probabilistic risk assessment.
By environmental hazards, we mean those equipment failure causes whose
sources are within the plant boundaries and may simultaneously affect
several components. Examples are fire, internal flood, and steam. By
external hazards, we mean those buildings and equipment failure causes
whose sources are outside the plant boundaries. Examples are earthquake,
external flood, and aircraf t crash. One external hazard, loss of river
water (principally due to screen clogging), is included in the Plant
Model Report.

A long list of environmental and external hazards were considered for the
TMI-1 PRA. Most of this list came from a compiled list found in the PRA
Procedures Guide.* Many hazards from that list were judged to be of
little significance or relevance to TMI-1 and, therefore, are not
analyzed further. Table 1-1 gives this list of hazards and summarizes
the reasons for including in or excluding from this analysis.

This report is divided into 8 sections. Each of the following seven
sections is dedicated to one type of environmental hazard, except for
Section 3. Section 3 addresses environmental hazards that may
potentially be generated within the plant. This analysis is called

O "spatial interaction analysis." Examples of this type of hazard are
V fire, tlood from internal sources, steam, and high energy pipe movement.

The analysis of missiles from the main turbine-generator set is treated
separately in Section 6. The title of each section is listed below:

Section
Title

Number

1 Introduction
2 Seismic Analysis
3 Analysis of Spatial Interactions
4 Analysis of Flooding from External Sources
5 Analysis of Extreme Weather Phenomena
6 Turbine Missile Analysis
7 Aircraft Crash Analysis
8 Hazardous Chemicals Analysis

*American Nuclear Society and Institute of Electrical and Electronics
Engineers, "PRA Procedures Guide; A Guide to the Performance of
Probabilistic Risk Assessments for Nuclear Power Plants," sponsored by
the U.S. Nuclear Regulatory Commission and the Electric Power Research

,

Institute, NUREG/CR-2300, April 1983. '

1-1
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TABLE 1-1. ENVIRONMENTAL AND EXTERNAL HAZARDS CONSIDERED FOR TMI-1

Sheet 1 of 4
IncludedSource

I Hazard Type . in this RemarksExists
| Analysis
|
l Aircraft Impact Yes Yes See Section 7.

Avalanche No No nearby. hills or mountains.--

Coastal Erosion Yes No Very slow process; long lead
time to put plant in cold
shutdown.

Drought Yes No Very slow process; long lead
time to put plant in cold
shutdown.

Explosion (internal) Yes Yes See Section 3.

| External Flooding Yes Yes See Section 4.

Extreme Winds and Yes Yes See Section 5.
Tornadoes

Falling Objects Yes Yes See Section 3.

Fire Yes Yes See Section 3.

Fog Yes No Indirect impact of fog, such as
impact on aircraf t crash |
frequency, is addressed as part |
of other hazards. |

|Forest Fire Yes No Plant is on an island on '

Susquehanna river; a fire
involving the vegetation on the i

'

island or on the mainland is
judged to only threaten the
offsite power. This scenario is
included in the loss of offsite
power frequency evaluation.

Frost Yes No Impact of frost on diesel
generator availability is
treated as part of diesel
generator failure data. Impact
of frost on transmission lines
is included in the loss of
offsite power frequency. Inpact
of frost on screen house water

1-2
0225G031087EEHR



. .

'T TABLE 1-1 (continued)
)

Sheet 2 of 4
IncludedSource
in this RemarksHazard Type Exists Analysis,

Frost (continued) availability is included in loss
of river water data analysis
(see Data. Analysis Report).

Hail Yes No Impact of hail on offsite power
is included in the frequency of
loss of offsite power analysis.
Contribution to the overall risk
is judged to be negligible.

High Tide, or High Lake No No --

Level

High River Stage Yes Yes Same as external flooding, see
Section 4.

High Energy Line Break Yes Yes See Section 3.

O' High Summer Temperature Yes No The impact of high temperature
environment on equipment
p 'rformance is included in
equipment failure data.

Hurricane Yes Yes See Section 5.

Ice Cover Yes No See discussion on frost.

Industrial or Military Yes Yes See Section 7.
Facility Accident

Internal Flooding Yes Yes See Section 3.

Jets (water) Yes Yes See Section 3.

Landslide No -- --

Lightning Yes No Plant is equipped with lightning
protection. Contribution to the
overall risk judged to be
negligible. Impact on offsite
power included in loss of
offsite power frequency
evaluation.

{%)
\ Low Lake or River Yes No Included in loss of river water

Water Level frequency evaluation.

0225G031087EEHR
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TABLF 1-1 (continued)

Sheet 3 of 4
Included

Hazard Type in this Remarks
E t Analysis

low winter temperature Yes No Impact on equipment has been
included through compcnent
(independent and common cause)
failure rates.

Meteorite Yes No Likelihood of occurrence is very
small.

Missiles (internal) Yes Yes See Section 3.

Pipeline Accident (gas, Yes Yes See Section 8.
etc.)

Intense Precipitation Yes Yes See Section 4.

Release of Chemicals Yes Yes See Section 8.
in Onsite Storage

River Diversion No No Intake screen blockage is part
of loss of river water frequency
evaluation.

Sandstorm No No --

Seiche No No --

Seismic activity Yes Yes See Section 2.

Snow Yes No Included in external flood
analysis and loss of offsite
power frequency evaluation.

Soil Shrink-Swell Yes No Very slow process.
Consolidation

Smoke Yes Yes See Section 3.

Spray (water) Yes Yes See Section 3.

Steam Yes Yes See Section 3.

Storm Surge Yes Yes See Section 4.

Transportation Accidents Yes Yes See Section 8.

Tsunami No No --

l-4
0225G031087EEHR
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TABLE l-1 (continued)

Sheet 4 of 4
Included ,

Source in this RemarksHazard Type Exists
,

Analysis ,

!

Toxic Gas .Yes Yes See Section 8. |

Turbine-Generated Missile Yes Yes See Section 6.

Volcanic Activity No No No volcanic mountains nearby.

Waves No No Rive" cannot generate tall waves.

O
,

i

i

.

i

O
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/~T 2. SEISMIC EVENTS jV ,

;

This section describes the analysis of potential seismically initiated i

events at the plant site. A seismic risk analysis consists of five main i

steps:

1. Seismicity Analysis. Determination of the frequency of ground !
motions of various sizes at the site. ;

2. Fragility Analysis. Determination of the seismically initiated t

ground acceleration at which plant structures and compor,ents arc
predicted to fail. L

3. Plant Logic Analysis. Development of a logic model that includes the -

seismically induced eveni.s that may cause one or more different
classes of initiating events and one or more failures of components

^

or systems needed to respond to the initiating event as well as the
consideration of nonseisimic failures that can combine with
seismically induct:J failures to produce an accident sequence.

,

4. Initial Assembly. Quantification and assembly of the seismicity,
component fragility, and plant logic to obtain point estimates of the ,

frequencies of core melt and various plant damage states that might
result from seismic initiating events. ,

r] 5. Final Assembly. After comparing point astimates of plant d3 mage
Q state frequencies from other initiators with those for seismically

initiated scenarios that are major frequency contributors,
calculation of the probability distribution of plant damage state
frequencies and combining the results with the probability
distribution of frequencies from other initiating events.

2.1 SEISMIC HAZARD
!

A site seismic hazard study was performed by Risk Engineering, Inc., a i
subcontractor on this project, and is incorporated in Appendix A. A ;
summary of the analysis techniques and results from that study are '

presented here, i

,

Earthquake motions to which structures and equipment might be subjected
can be characterized by a single parameter, the peak ground i
acceleration, a. Structures and equipment require several cycles of
strong acceleration in order to develop damaging motions. Low magnituder

earthquakes often do not contain sufficient energy or duration to
generate several such cycles. Therefore, in order to correlate structure ;

and equipment fragilities with damaging ground accelerations, it is :

necessary to differentiate between instrumental peak acceleration and the
sustained based peak acceleration that encompasses at ic3st several
cycles of motion. The seismic hazard analysis presents the likelihood of
peak ground accelerations in terms of their annual exceedance
frequencies, 4(a); 1.e., the frequency of exceeding various 1

accelerations. Multiple curves reflect the uncertainty in the seismicity ;

j and result from the generation of different seismologic hypotheses as
described below.

|

2-1 i
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The first step in the seismic hazard analysis is to delineate zones of
potential earthquake occurrences using seismicity, geology, and tectonic
evidence. Then, for each zone, data on historical earthquake occurrences
are gathered, earthquake magnitudes are determined from prior measures or
are estimated from earthquake intensities, and the number of earthquakes
per unit of time occurring in specific magnitude intervals is
determined. The third step is to adopt an attenuation function which
estimates peak acceleration as a function of earthquake magnitude and
distance between the source and site. Finally, an integration is made
over all possible earthquake magnitudes and locations to obtain the
annual freauencies that various levels of acceleration will be exceeded.

Seven sets of seismogenic zones were examined in the study, based on
NUREG/CR-3756, with each set representing one hypothesis. Equal weight
was assigned to each set to reflect the likelihood of it being the
correct one for describing the seismic hazard.

For statistical data analysis, earthquakes identified with an epicentral
Modified Mercalli (MM) intensity, Ie, but without a magnitude estimate
were converted to a body-wave magnitude, mb, using the relation

m = 1.75 + 0.5I (2.1)b e

Equation (2.1) was derived for the central United States and is
considered reliable for the eastern region as well .

The annual number, n, of earthquakes equal to or greater than earthquakes
of body wave magnitude, mb, was determined from the expression

l og10 "I*b ) = a - bmb (2.2)

where n(mb) is the annual number of earthquakes of body-wave magnitude
mb and a and b are parameters fit to seismicity data.

The rate of earthquake occurrence was determined for each seismogenic
zone using the historical information in that zone.

The best estimate of maximum possible magnitude, nb max in each zone
was taken to be about one MM intensity, or about 0.6 mag,nitude units,
above the maximum historical value in the zone. Alternative values of
: 0.5 magnitude units from the best estimate were examined to represent
the uncertainty in this value, with the alternative values assigned a |
weight of 0.3 each, and the best estimate assigned 0.4 j

Four hypotheses were used to estimate peak horizontal ground acceleration
at the site as a function of magnitude or moment magnitude, and distance
from the epicenter. These are described in Appendix A. Each of the
three main hypothesis was assigned equal weight and one of these, in

,

turn, divided in half. In each case, a lognormal distribution of I

attenuation about the mean value was assumed. The distribution _ of peak
ground acceleration was truncated to reflect the notion that small or
moderate earthquakes can only cause a limited amount of damage to real

,

structures. ;

1

2-2
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m
Considering the variations described above, 756 seismic hazard curves
were generated (7 sets of seismogenic zones, 4 attenuation functions,
3 activity rates, 3 values of mb max, and 3 b-values). These were
aggregated into 10 representative curves, which are seen in Figure 2-1.
Shown also is the confidence level, or probability, for each curve, where
the weight of each curve is the sum of the weights of the contributing
Curves.

For point estimate computations, mean frequencies were determined from
the weighted seismic hazard curves (Figure 2-1) for peak ground
acceleration intervals corresponding to discrete accelerations up to 0.6g
where the frequency is extremely low and of no practical significance.
Actually, the frequency of each discrete acceleration is determined by
the difference in frequency at accelerations half-way to the next
discrete value and therefore considers the frequency of accelerations
greater than 0.6 . Table %-1 shows the mean values which use will be9
described later.

2.2 FRAGILITY

A seismic fragility or failure vulnerability analysis was conducted by
Structural Mechanics Associates, Inc. (currently NTS Engineering), and is
included in Appendix B. The approach adopted in assigning peak ground
acceleration capacities to safety related structures, equipment, and
other components was to first determine the median factor of safety
against failure and its statistical variability under the safe shutdown

O' earthquake. From this safety factor and variability, the median ground
acceleration capacity and its variability were determined. For nonsafety
systems, capacities were calculated and then keyed back to the SSE for
results presentation. For the TMI site, the SSE ground motion used in
design of the facility was 0.129 free field peak ground acceleration.

In general, the factor of safety against failure of a structure or
component from seismically initiated ground motion can be defined as the
ratio of the ground motion causing failure to the maximum ground motion
used in design to maintain acceptable elastic stress limits in the
component's materials. The overall safety factor was determined by
evaluating the factors for a number of parameters which fell into two
categories: capacity and response. For structures, parameters
influencing the factor on structural capacity are the strength of the
structure compared to the design stress level, and the inelastic energy
absorption capacity (ductility) of a structure to carry load beyond yield
and the earthquake duration to account for the expected duration compared
to that assumed in determining the energy absorption factor. The most

,

significant parameters for response to a given ground acceler ation ;
include:

1. The response spectra required to be used in toe design compared to a
median centered spectra more typical for the site.

2. Energy dissipation (damping). .;
l

3. Methods for combining dynamic response modes.

4. Combination of earthquake components. I
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5. Modeling accuracy.

| 6. Soil-structure interaction effects.

| The overall safety factor for equipment and other plant components is
derived from similar factors for the component. However, their response
also depends on the building in which they are located and their location
within the building. Therefore, the overall safety factor for components
is made up of component strength capacity relative to the floor
acceleration, earthquake duration, component response, and building
response that resulted in the floor spectra used in the component design.

A best estimate of limiting value for each parameter was established as
being the median of a distribution of possible values. The ratio between
that value and the value used in the plant design (by analysis or
qualification test) was determined for each critical plant building,
equipment, or component and represents the safety factor. A combination
of generic and plant specific information was used for these estimates.

The derivation of each factor considered variability. Section 2.2.2
discusses how, in each case, a median safety factor was assigned along
with a variability. When combining these median factors for contributing
parameters, variabilities were also combined to define the variability in
overall safety factor. From this overall safety factor, the median
acceleration capacity, or peak ground acceleration at failure, was
determined by multiplying the safety factor by 0.12 , the SSE ground9
motion.

2.2.1 DEFINITION OF FAILURE

For purposes of this study, seismic Category I structures are considered
to have failed when inelastic deformations of the structure under seismic
load potentially interfere with the operability of equipment attached to
the structure. These limits on inelastic energy absorption capacity
(ductility limits) are estimated to correspond to the onset of
significant structural damage, not necessarily structure collapse.

Piping, electrical, mechanical, and electromechanical equipment vital to
mitigating the effects of earthquakes are considered to fail when they
can no longer perform their designated functions. Also, ruptures of
pressure boundaries are considered failures. In most cases, however, the
equipment will lose its ability to function at lower accelerations before
pressure boundaries fail because these pressure boundaries for equipment
such as pumps and valves are usually very conservatively designed.

2.2.2 FRAGILITY CURVE FORMULATION

Seismic-induced failure data are generally unavailable for specific plant
components or structures. Thus, fragility curves which plot the peak
ground acceleration at which the component is expected to fail must be
developed primarily from analysis and engineering judgment supported by
limited test data. Such fragility curves will contain a good deal of
uncertainty; therefore, great precision in attempting to define the shape
of these curves is impossible to attain.

2-4
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Earthquakes causing the same peak ground acceleration at the plant site
can have different energy contents and durations. These factors vary.
randomly and affect the' fragility of structures and components. So,
while the median acceleration capacity can be determined for structures
and components, even if their strengths and responses are well known, it
is still necessary to assign a random variability to the capacity just
due to differences in earthquake characteristics. In addition, the

strengths and response characteristics of the structures and components
are not exactly known, so our uncertainty about these also needs to be
expressed. The median acceleration capacity, random variability, and
uncertainty can be expressed by 7, cR, and cu, respectively.
Then, the acceleration capacity, a, at designated levels of confidence is-
given by

a = I cRCU (2.3)
l

As discussed in Appendix B, the statistical variations of many material l

properties and seismic response variables are represented as well by i

logarithmic as by other distributions. Therefore, it is assumed that i

both cR and cu are lognormally distributed with logarithmic |
R and 8 , respectively. This ;standard deviations of S 9

representation is believed to be inappropriate near the tails af the '

distributions because experience tells us that there are practical lower i

Iand upper bounds on capacity. (This will be discussed shortly.) The
random variability, cR, about a median acceleration capacity can be
expressed by

cR = exp (f * SR) (2.4) |
|

where f is the standardized Gaussian random variable. 1

I
Then 1

a=ae exp (f . SR) (2.5)

where a is any acceleration capacity on a curve and a is the median on
that curve. This distribution is seen for each of the curves shown in
Figure 2-2. The uncertainty variability, cU, about the median is
expressed by

cu = exp (f' . S ) (2.6)U

and

a = Y . exp (f' . SU) (2.7)

where Y is effectively the median of the distribution on acceleration
capacity. Therefore, Equation (2.3) becomes

a = I exp (f' . S ) * eXP (f * SR) (2.8)U

which for f' = 0 becomes the median curve.

2-5
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The solid curve in Figure 2-2 is the median fragility curve. The 5th and
95th percentile curves are also shown, as indicated by the lef t and right
dashed curves in the figure, respectively, reflecting the uncertainty in
the median curve. These percentiles indicate the level of confidence
that for a given failure fraction, F, of earthquakes, the component will
fail at accelerations greater than indicated by the curve. There
actually exists a family of curves representing designated cumulative
percentiles of confidence. Figure 2-2 therefore can be thought of as
representing a family of fragility curves expressing the fraction of
earthquakes of a given peak ground acceleration at which the component is
expected to fail. Within this family, a mean value at. discrete
accelerations is obtained for point estimate calculations, discussed
later.

As previously stated, the fragility descriptions are based on a
logarithmic distribution because the data fit that as well as other
possible distributions. However, the data do not fit well in the tails

of the distribution below failure fractions of 0.01 to 0.02. At these
levels, the curves are considered to be very conservative (see
Appendix B). For example, conventional components such as piping and
conduits routinely withstand static vertical 0.lg loads without failing.
Small dynamic loads resulting from cranes, forklifts, and other component
handling equipment regularly occur without causing structures to fail.
For low acceleration levels, say below 0.059, it is inconceivable that
well engineered structures will have even a small chance of failure.

It is therefore expected that below some acceleration threshold, there is
virtually no chance of failure due to seismic excitation. Material
strength and damping, for instance, do not have infinitely low and high
values but instead have some lower and upper thresholds. Further,
extensive studies have been conducted to develop response spectra from
available earthquake records and, while dispersion exists about tne
median values, spectra with essentially zero or infinite response do not
occur. For these as well as other variables contributing to the seismic
fragility of a given structure or component, it is apparent that some
lower and upper cutoffs on the tails of the dispersion exist. Since the
overall fragility curves are based on a combination of these variables,
it is expected a lower threshold exists below which no failures will
occur. This is supported by experience. Although quantitative data are
lacking, this lower threshold value W the median fragility curve is
judged in Appendix B to be

7 exp(-2S ) (2.9)c
I,

where |

|

C * !OR+OUS (2.10)

The cutoff for the lower tails of the other fragility curves is then |
. -

|

7 exp (-28 ) + exp S (2'11)
- , ec c
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or .

Iexp -2S *

c -

where x is the ratio of the deviation for the curve of interest to the
standard deviation. For the 5th percentile curve, this value becomes

Y exp (-3 S )
c

and for the 95th percentile curve

I exp (- S I
c

The upper threshold value for all curves is judged in Appendix B to be

5 exp (3 s )
c

However, there is some speculation about the suitability of these cutoff
points. Therefore, when the full family of fragility curves is used

fractions are less than 1 x 10 g seismic analysis when the failure
truncations are only made in th

, regardless of acceleration.

In the following sections, the specifics of the fragility analysis, as
they apply to the TMI-1 plant, are described. ,

2.2.3 STRUCTURES AND EQUIPMENT FRAGILITIES

The key fragility parameters, which resulted from the fragility analysis
for structures at TMI-1, are tabulated in Table 2-2. Similar results for
mechanical and electrical equipment whose failure can result in the
initiation of a scenario or in,the degradation of the plant response to
such accidents are tabulated in Table 2-3.

The seismic hazard curves in Figur 2-1 indicated that the upper bound on
ground acceleration was less than . 0 , certainly for the mean and for9
most of the curves. Further, the annual exceedance frequency for these
high accelerations is extremely small. As a step in reducing the number
of structures and equipment listed in Tables 2-2 and 2-3 that have to be
considered, those that have median acceleration capacities greater than
1.0g were excluded. The remaining components are seen in Table 2-4,
which is a summary of the key plant components having the lower median
acceleration capacities. The table lists the components in order of
increasing i and includes the random and uncertainty variables, BR
and By, respectively.

Two capacities are shown in Table 2-4 for some of the electrical
components, such as the diesel generator control panel, switchgear,
and 480V motor control centers, transformers, and buses. The first is

O
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for either chatter or relay trip failures that are automatically or
manually recoverable. The second capacity of these components, as
indicated in Appendix B and seen in the table, is for structural or
nonrecoverable failure and is significantly greater.

The failure fractions of the critical key components at various mean
discrete acceleration levels are tabulated in Table 2-5. These values
are used for point estimate quantification. Blank spa'ces represent
accelerations below the lower bound cutoff for which no failure is

This lower 'ound is the high confidence low probability ofpredicted. c
failure point equal to the 5th percentile of randomness on the
5th percentile uncertainty curve.

2.3 SYSTEMS AND PLANT LOGIC

The occurrence of a seismic event could initiate a sequence at TMI-l in
any of several way1 Failure of the offsite power transformer
insulators, item Q1 , seen in Table 2-4, would result in offsite power to
the plant t.eing lost. Also, at higher accelerations, combinations of
river water pumps, nuclear service river water pumps, and nuclear
service ICCW or decay heJ t componJ nt cooling water heat exchangers,
items 1 1 @, @ , or @ , respectively, could cause a loss, ,

of river wateAand reactor shutdown. Other failures, such as instrument
buses, item U9 , that would cause a transient type event would occur at
accelerations higher than those that would already have caused a loss of
offsite power and would result in similar sequences.

Event trees used for internal analyses are also used to describe the
plant response to seismic initiators. The event tree that closely models
the course of scenarios initiated by the above events is the general
transient tree with a turbine trip as the initiating event for any
earthquake. Component failures that result in the unavailability of the
systems or actions represented by the top events in this tree and that
would affect the scenarios were considered.

1

If a seismic event should occur, it is possible for mitigating structures |
and equipment to fail from the earthquake effects. They might also be |
unavailable from such nonseismic causes as random failures, testing, or I
maintenance. These other causes were therefore also included in the |
seismic analysis. |

The methodology applied in this project for analyzing the consequences of |
possible seismic failures using the logic of the event trees is ,

summarized as follows:

1. Dependencies were identified between possible seismic failures of
components modeled for internal events analyses, or of passive
components not modeled (such as structures, piping, or cable trays),
and failure of the equipment and systems that could mitigate accident
scenarios.

2. The seismic structures not previously in the plant model were added
to the first top event that they would affect, in addition, a
seismic failure term was added for equipment and other components
already in the model.

2-8
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3. The split fractions (the likelihood for success or failure of top
events) used in the plant model were modified to include the probable
seismic failures at discrete accelerations as well as the nonseismic
failures normally considered.

4. Mean values of the seismic hazard frequency at discrete accelerations
were used as point estimates of initiating event frequencies; in this
case, turbine trip..

5. With the initiating event frequencies and split fractions established
for discrete accelerations as input, the ETC code runs were made for
each of four seismic events (accelerations) and the results of these
runs were assembled using the MAXIMA code to obtain the seismic
contribution to plant damage state frequency.

6. The frequercies of these point estimates of seismically initiated
plant damage states were compared with plant damage state frequencies
from other initiating events to determine if any seismically
initiated plant damage state fret.iencies are significant enough to
warrant the uncertainty analysis and more precise quantification
using the SEIS code. Since seismic contribution was not significant,
the SEIS code was not executed.

Table 2-6 lists the impact relationship between the seismic failure of
plant components and the consequential failure of top events reflected in
the transient event tree. Using the potential seismic failures indicated |

O in Table 2-6, a Boolean equation was developed for each top event in theU event tree. For each such numbered top event seen in Tabla 2-6, the
Boolean is indicated in Table 2-7 Also shown in the table is the
conditional mean seismic failure fraction for each top event (as
represented by each Boolean) in the event tree at the same discrete mean
accelerations indicated in Table 2-1. The nonseismic unavailability of
all top events in the logic model is not included in the values seen in
Table 2-7, but for the event tree quantification was obtained from the
systems analyses for internal events. The total unavailability of each
top event is then determined at each discrete 1cceleration by adding the
values of seismic failure fractions to the nonseismic conditional failure
probabilities (which are constant over all acceleration ranges).

Two types of dependencies were considered in the analysis: statistical
and functional. Where indicated in Table 2-6, failures affecting more
than one top event in the event tree (statistically dependent component
failures) were accounted for in the support system tree. Also, as
indicated in the table footnotes, certain component failures are
considered to be highly dependent functionally. That is, because the
components are similar; are in the same building or location; and have
common modeling assumptions, if the stronger one fails, there is a high
likelihood the weaker ones will have also failed. Where it was
conservative to assume these dependencies, such as between the reactor
river water and nuclear service river water pumps, or between heat
exchangers, total dependency for seismic failure was assumed.

(N The unconditional plant damage state frequencies for seismic initiated
() events were calculated using the event trees as was done for the internal

events analysis. As in the internal events analys's, the support system
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tree was quantified using the event tree code (ETC), but in this case the
initiating event frequency was each of the discrete mean acceleration
values seen in Table 2-1. The main event tree was also quantified for
each of the support system states. The calculations from the support and
main event trees were combined for each of the discrete acceleration
values to obtain the unconditional mean frequencies for each scenario in
each plant damage state.

The frequencies of major contributing scenarios were binned for each
plant damage state using the MAXIMA code. The results for each
acceleration are given in Table 2-8. The frequencies of. the seismic
initiated plant damage states were then compared with those resulting
from other initiators to determine if any seismic scenarios are major
contributors to a plant damage state and to core damage.,

Something can be said of the results from the seismic point estimate
analysis. AsseeninTable2-8,thetotalseismiccgntributionto,

4.7 x 10 gre melt frequency is negligible (2.6 x 10-overall c versus
, respectively). As seen in the table, only plant damage

state SE has a significant contribution from seismic events. The major
contributors to PDS SE are the loss of offsite pcwer, item @ , and a
loss o DC power due to seismic ilure of the DC battery chargers,
item 10 , and batteries, item 30 , resulting in an eventual loss of
DC power to control the diesel generators, thereby losing power to the
BWST pumps. With this or seismic failure of the BWST, item .12 , there
would be no core cooling; thus, core damage would be ensured.

It is seen in Table 2-8 that seismically initiated PDS SE and SF
contribute about 90% of the seismic initiated core damage. However, as
is also seen in the table, total seismically initiated core damage is
less than !% of the total. Therefore, further refinement of the

!

calculations and performance of an uncertainty analysis is unnecessary. |

,

9
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TABLE 2-1. MEAN ACCELERATION FREQUENCIES

Discrete Acceleration Levels

.15g .25g .4g .6g

1.09 x 10-3 1,67 x 10-4 4.77 x 10-5 5.59 x 10-6
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TABLE 2-2. SEISMIC CAPACITY OF STRUCTURES

Median
Structure Critical Element Accelerat{on B OR UCapacity a(g)

Reactor Building Shear Wall Failure 5.5 0.32 0.36
Secondary Shield Wall Failure 2.4 0.25 0.35
Primary Shield Wall Failure 2.6 0.25 0.37

Control Building Shear Wall Failure 1.0 0.27 0.36
';3 Auxiliary Building Shear Wall Failure 1.7 0.24 0.35

Intake Screen House Shear Wall Failure 1.4 0.12 0.29
Intermediate Building Shear Wall Failure 1.3 0.21 0.33
Diesel Generator Building Impact Due to Sliding 1.3* 0.23 0.42
Borated Water Storage Tank Wall Buckling 0.62 0.24 0.43
Condensate Storage Tank Anchor Bolts Failure 2.0 -- --

* Lower bound cutof f at 0.669

282G122386EEHR
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(V~'T TABLE 2-3. SUMMARY OF KEY COMPONENT FRAGILITIES

Sheet 1 of 4

System Component Y(g )(1,2) BR BU

Emergency Core BWS7 0.62 0.24 0.43
Cooling System

HPI Makeup Pumps >l.0 -- --

Isolation Valves >1.0 -- --

LP!/0HR Pumps >l.0 '-- --

DHR Heat Exchangers 0.75 0.25 0.31

Isolation Yalves >l .0 -- --

Dropline Valves >1.0 -- --

Piggyback Valves >1. 0 -- --

Reactor Building Sump >1.0 -- --

Isolation Yalves >l.0 -- --

Reactor Building Reactor Building Spray >1.0 -- --

Spray Pumps

Spray Header and Nozzles >1.0 -- --

. Motor-Operated Valves >l .0 -- --

'
Reactor Building Reactor River Pumps 0.58 0.39 0.39
Emergency Cooling
System Cooling Coils 0.9 0.25 0.42

Isolation Valves >1. 0 -- --

Fans and Motors >l.0 -- --

Emergency Motor-Driven Pumps >1. 0 -- --

Feedwater System
Turbine-Oriven Pumps >1.0 -- --

Flow Control Valves >1.0 -- --

Block Valves (MOVs) >1. 0 -- --

Engineered Sensors 0.88 0.25 0.40
Safeguards
Actuation Actuation Cabinets A and B 0.4/0.8(3) 0.25/0.25(3) 0.48/0.34(3)
System

Engineered Safeguards Relay 0.4/0.8(3) 0.25/0.25(3) 0.48/0.34(3)
Cabinets

Bistable Cabinets 0.4/0.8I3) 0.25/0,25(3) 0.48/0.34I3)

Reactor Protection CRCHs and Assemblies >1.0 0.25 0.34
System

rx NOTE: Notes (1) through (3) are on Sheet 4 of this table.

(V)

2-13
0282G030387EEHR



_ _ _ _ _ _ _ _ _ _ _

TABLE 2-3 (continued)

Sheet 2 of 4
.

System Componen t 7(g )(1,2) BR SU

Electric Power

A. AC Power 4,160V Switchgear 0.4/0.8I3) 0.25/0.25(3) 0.48/0.34I3I

4,160V/480V Transformer 0.73 0.25 0.29

480V Switchgear 0. 4/0. 8( 3 ) 0.25/0.25I3) 0.48/0.34I3)

480V MCC 0.4/0.8I3) 0.25/0.25(3) 0.48/0.34I3)

B. DC Power Batteries 0.95 0.25 0.56

Chargers 0.49 0.25 0.60

Inverters 0.49 0.25 0.60

DC Distribution Panels 1 A >1. 0 -- --

and IB
|

DC Subpanels 1E,1C.1H,10, >l .0 -- --

1F, and IJ

Yital AC Instrument 0.4/0.8I3I 0.25/0,25I3) 0.48/0.34I3I
Buses VBA/B/C/0, ATA/B,
TRA, and PRB

120V Transfomers 0.73 0.25 0.29

C. Offsite Power Ceramic Insulators, etc. 0.3 0.25 0.50

0. Emergency Power Ofesel Generators 0.75 0.25 0.44
(everything on the skid)

Air Receiver Tank 0.68 0.25 0.25

Fuel Oil Transfer Pump >l . 0 -- --

Air Start Compressor >1.0 -- --

Batteries for Air Start 0.3 0.25 0.31
Compressor

Diesel Generator Control / 0.37/>1.0I3) 0.25 0.42
Brcaker Panel

Fuel ~i1 Day Tank 0.6 0.25 0.42

Reactor Coolant Reactor Pressure Yessel >1. 0 -- --

System
Reactor Coolant Pumps >1.0 -- --

Pressurizer >1.0 -- --

Steam Generator >1. 0 -- --

RPV Internals 0.86 0.29 0.50

NOTE: Notes (1) through (3) are on Sheet 4 of this table.
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(G,,) TABLE 2-3(continued)

Sheet 3 of 4

System Component 7(g)II'2) 8R BU

Pressurizer Safety Valves >l 0 -- --

PORY >l.0 a- --

Reactor Coolant Drain Tank 0.7 0.25 0.40

Auxiliary Spray Line >l.0 '-- --

Control Building Normal Supply Fans >l .0 -- --

Ventilation System
Emergency Supply Fans >l.0 -- --

Chilled Water Supply Pumps >l . 0 -- --

Air-Operated Dampers >l . 0 -- --

Booster Fans >1.0 -- --

Return Fans >l . 0 -- --

Nuclear Service Nuclear Service River Water 0.68 0.39 0.39
River and Closed Pumps
Cooling Water
Systems Nuclear Service Heat 0.75 0.25 0.31

c] Exchangers/

'd Intermediate Closed Cooling 0.75 0.25 C.31
Water Heat Exchangers

-

Nuclear Service Cooling >l.0 NA NA

Water Pumps

Nuclear Service Surge Tank 0.7 0.25 0.40

Supply and Return Isolation >l . 0 -- --

Valves

Decay Heat River Decay Heat River Pumps 1.16 0.39 0.39
and Closed Cooling
Water Systems Decay Heat Removal Heat 0.75 0.25 0.31

Exchanger

Decay Heat Closed Cooling >1.0 NA NA
Water Pumps

Decay Heat Closed Cooling 0.75 0.25 0.31
Water Heat Exchangers

Decay Heat Surge Tanks 0.7 0.25 0.40
i

Supply and Return Isolation >1.0
'

-- --

Valves

|Main Steam System Main Steam Safety Valves >1.0 -- --

Atmospheric Dump Valves >l.0 -- --

/3 Turbine Bypass Valves >1. 0 -- --

I :

%.)
NOTE: Notes (1) through (3) are on Sheet 4 of this table. ;

|
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TABLE 2-3 (continued)

Sheet 4 of 4

System Component $(g )(1,2) SR BU

MSIV >1. 0 -- --

Main Steam Lines >l.0 -- --

Turbine Stop Valves >l . 0 -- --

Turbine Control Valves >l.0 -- --

Containment Containment Purge Valves >1. 0 -- --

Isolation System
Letdown Isolation Valves >l .0 -- --

RCP Seal Isolation Valves >l .0 -- --

Air Systems Air Bottles (2-hour >l . 0 -- --

emergency)

Regulating Valves >l.0 -- --

Piping >1.0 -- --

Intermediate Intermediate Cooling Pumps >1. 0 -- --

Closed Cooling
Water System Surge Tanks C.7 0.25 0.40

Intennediate Closed Cooling 0.75 0.25 0.31
Water Heat Exchangers

Isolation Yalves >1.0 -- --

NOTES:

1. ? is a conservative median capacity level which has been derived from the results of past
SMA PRAs, except where otherwise noted.

2. Fragilities labeled *>1.0" are not expected to influence the risk. based on PLG's
assessment of the hazard curves. These components or structures have a high confidence (95%)
of a low probability of failure (51) at 0.4 g's or greater.

3. Electrical components may have two values given in the attached table; i.e. "a/b". These
two values "a" and "b" represent recoverable (chatter and trip) and nonreceverable failures,
respec ti vely.

O
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TABLE 2-4. KEY STRUCTURES / COMP 0NENTS FOR SEISMIC ANALYSIS

Sheet 1 of 2

Component I(g) SR BU BC

Q Ceramic Insulators _.30 .25 . 50 .56

("2, Diesel Generator .37/>1.0 .25 42 .49
Control / Breaker Panel

3.' Actuation. Cabinets 40/.80 .25 48/0.34 42.

4' Engineered Safeguards .40/.80 .25 .48/0.34 42
~

Relay Cabinets

[ Bistable Cabinets .40/.80 .25 .48/0.34 42

'6| 4,160V Switchgear 40/.80 .25 .48/0.34 .42

jj480VSwitchgear .40/.80 .25 48/0.34 42

.8j;480VHCC .40/ 80 .25 .48/0.34 .42
'

9 Vital AC Instrument .40/.80 .25 48/0.34 42
O, *, Buses VBA/B/C/D

.

y: DC Power Chargers .49 .25 .60 .65

- Ill. DC Power Inverters .49 .25 .60 .65

'52. SWST .53 .25 .44 .51

(yReactorRiverPumps .58 .39 .39 .55

(14; Fuel Oil Day Tank .60 .25 .42 .49.

11 5 Air Receiver Tank .68 .25 .25 .35

11 6) Nuclear Service River .68 .39 .39 .55
~

Water Pumps

(Ug NSS Tank .70 .25 .40 .47

18 Decay Heat Surge .70 .25 .40 .47
~

Tanks

I19 Surge Tanks .70 .25 40 .47

(20 4,160V/480V Transformer .73 .25 .29 .38

O
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TABLE 2-4 (continued)

Sheet 2 of 2
Component Y (g) SR SV BC

21 120V Transformer .73 .25 .29 .30
,

22 DHR Heat Exchangers 75 .25 .31 .40

23 Nuclear Service Heat .75 .25 .31 40
Exchangers

24 Intermediate Closed .75 .25 31 .40
Cooling Water Heat
Exchanger

25 Decay Heat Component .75 .25 .31 40
Cooling Water Heat
Exchanger

26 Diesel Generators .75 .25 44 .51

27 RPV Internals .86 .29 .50 .58

28 Sensors .88 .25 40 47

2,9 Cooling Coils .90 .25 42 49

30 DC Power Battery .95 .25 .56 .61

31 Control Building 1.00 .27 .36 .45

0
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() TABLE 2-5. MEAN SEISMIC FAILURE FRACTIONS OF KEY STRUCTURES / COMPONENTS

Sheet 1 of 2
Acceleration

Component

.159 .25g 49 .69

@CeramicInsulators 6.17-2 3.49-1 6.28-1 8.73-1

@ Diesel Generator -- -- -- --

Control / Breaker Panel

@ Actuation Cabinets -- -- 3.67-2 2.19-1

@ Relay Cabir.ats
-- -- 3.67-2 2.19-1Engineered Safeguards

@ Bistable Cabinets 3.67-2 2.19-1-- --

@ 4,160V Switchgear 3.67-2 2.19-1-- --

@ 480V Switchgear 3.67-2 2.19-1-- --

@ 480V MCC 3.67-2 2.19-1-- --

@ Buses VBA/B/C/D
'' Vital AC Instrument 3.67-2 2.19-1-- --

h DC Power Chargers 1.45-2 1.41-1 3.24-1 5.94-1

h DC Power Inverters 1.45-2 1.41-1 3.24-1 5.94-1

h BWST 1.73-3 6.39-2 2.33-1 5.60-1

h Reactor River Pumps 1.79-3 5.91-2 2.03-1 4.91-1

h Fuel Oil Day Tank 3.43-2 1.59-1 4.63-1--

h Air Receiver Tank 4.83-4 4.79-2 3.19-1--

h Nuclear Service River 3.08-4 3.25-2 1.33-1 3.79-1 )
Water Pumps

)

h NSS Tank 1.06-2 8.93-2 3.38-1--

h Decay Heat Surge -- 1.06-2 8.93-2 3.38-1
Tanks

NOTE: "xponential notation is indicated in abbreviated form; 1

C) 1.e., 6.17-2 = 6.17 x 10-2, l(>
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TABLE 2-5 (continued)

Sheet 2 of 2
Acceleration

Component
.159 .259 4g .6g

h Surge Tanks 1.06-2 8.93-2 3.38-1--

@ 4,160V/480V Transformer 4.73-4 4.20-2 2.69-1--

h 120V Transformer 4.73-4 4.20-2 2.69-1--

@ DHR Heat Exchangers 5.01-4 4.16-2 2.54-1--

h Nuclear Service Heat 5.01-4 4.16-2 2.54-1--

Exchangers

h Intermediate Closed 5.01-4 4.16-2 2.54-1--

Cooling Water Heat
Exchanger

h Decay Heat Component -- 5.01-4 4.16-2 2.54-1
Cooling Water Hebt
Exchanger

h Diesel Generators 9.31-3 8.20-2 3.00-1--

h RPV Internals 1.10-2 7.23-2 2.44-1--

@ Sensors -- -- 3.51-2 1.86-1

h Cooling Coils 5.76-4 3.62-2 1.82-1--

h DC Power Battery -- 8.51-3 6.11-2 2.07-1

h Control Building -- -- 1.19-2 1.12-1
-

NOTE: Exponential notation is igdicated in abbreviated form;
i.e., 1.06-2 = 1.06 x 10-c.

O
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TABLE 2-6. SEISMIC IMPACTS
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TABLE 2-7. SEISMIC B00 LEANS AND CONDITIONAL SEISMIC
FAILURt FRACTION CONTRIBUTIONS

Acceleration
8oolean Expression

""# ' '*
0.15g 0.259 0.4g 0.6g

1 @ 6.17-2 3.49-1 6.28-1 8.73-1

2 @Y@V@ 3.08-4 4.33-2 2.39-1 9.40-1

3 $ 4.83-4 4.79-2 3.19-1--

4 @ 1.19-2 1.12-1-- --

5 @V@ 1.45-2 1.38-1 1.85-1 6.79-1

6 @V@ 1.45-2 1.41-1 3.51-1 6.83-1

7 @ 4.73-4 4.20-2 2.69-1--

8 @V@V@V@(GivenOP) 4.73-4 1.44-1 6.52-1--

9 @V@V@V@V@V@(GivenLossofOP) 4.38-2 3.39-1 8.69-1--

10 @Y@Y@V @ 1.37-1 6.12-1-- --

@ '|11

@|12 3.51-2 1.86-1-- --

13 @) {

14 @ 1.73-3 6.39-2 2.33-1 5.60-1 |

|
15 @V@ 5.97-2 2.32-1 5.84-1--

16 @Y@ 1.10-2 1.05-1 3.85-1--

* Referenced to Table 2-6.

NOTES:

1. Exponential notation is indicated in abbreviated form; 1.e., 6.17-2 = 6.17 x 10-2,
2. Above values do not include the conditional unavailability of the top events due to nonseismic

events.

O
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m
TABLE 2-8. SEISMIC-INITIATED PLANT DAMAGE STATE FREQUENCIESU'

Plant Acceleration PDS

Damage Total
State 0.15g 0.25g 0.40g 0.60g Total Frequency

4.0-101A -- -- -- -- --

1.5-161C -- -- -- -- --

4.1-121D -- -- -- -- --

2.6-13IF -- -- -- -- --

1H 1.6-11-- -- -- -- --

2A 2.6-5-- -- -- -- --

-- -- -- -- -- 2.8-72B
4.9-72C -- -- -- -- --

1.4-92D -- -- -- -- --

2E -- -- -- -- -- 2.3-9
2F 3.0-8-- -- -- -- --

4.8-92G -- -- -- -- --

1,2-62H -- -- -- -- --

3A 4.6-6-- -- -- -- --

3C 3.8-16 1.5-15 3.1-15 2.8-10 2.8-10 6.5-6
6.4-93D -- -- -- -- --

3E 2.8-16 1.1-15 2.3-15 9.3-14 9.6-14 2.1-9) 3F 2.4-16 1.0-15 2.0-15 1.1-12 1.1-12 5.9-7
w/ 3H -- -- -- -- -- 6.9-7

4A 2.5-8 1.2-7 7.2-8 1./-8 2.3-7 6.9-5
4B 0.0-- -- -- -- --

4C 2.0-4-- -- -- -- --

40 1.2-12 5.3-12 3.3-12 8.0-13 1.0-11 1.1-6
4E 0.0-- -- -- -- --

4F 0.0-- -- -- -- --

4G 5.5-7-- -- -- -- --

4H 1.5-7-- -- -- -- --

5A 9.5-10 1.0-9 2.4-10 1.4-10 2.3-9 3.1-5
5B 1.3-10 5.7-10 3.5-10 1.7-8 1.8-8 4.5-5
BC 2.3-12 3.6-12 3.5-12 5.4-9 5.4-9 2.3-5 l

50 3.0-13 3.2-13 7.7-14 9.6-15 7.0-13 1.7-8 |
SE 2.9-11 8.8-11 4.8-11 1,3-6 1.3-6 2.3-6 i
5F 1.9-10 2.0-10 5.0-11 1.0-6 1.0-6 2.2-5
SG 1.9-11 7.7-11 1.5-10 8.1-10 1.0-9 1.1-6
5H 1.0-9 4.6-9 2.7-9 7.2-8 8.0-8 3.5-6

Total 2.6-8 1.2-7 7.5-8 2.4-6 2.6-6 4.7-4
i

|

NOTE: Exponential notation is indicated in abbreviated form; '

i .e. , 4.0-10 = 4.0 x 10-10,

)
v
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3. ANALYSIS OF SPATIAL INTERACTIONS

The primary objective of the TMI-1 spatial interaction analysis is to
identify those physical interactions involving environmental hazards, r

such as fire, flood, and steam, that contribute significantly to risk.
6These hazards can cause an initiating event, fail or degrade the

performance of one or more systems, or cause intersystem dependent '

failures. The spatial interaction scenarios considered to be the most
important are evaluated further as initiating events in the plant model
report or as contributors to individual system failtres'in the systems !

analysis report.
, ,

|
:The analysis of the spatial interactions can,be divided into two parts:

(1) identification of environmental hazard scenarios and (2) assessment
of their importance relative to the other contributors to risk. Several I
sets of tables are developed for the first part, which catalog the !

'information needed for scenario identification and plant impact
evaluation. In the first set, the inventory of the components is -listed i

for each location in the plant. In the second set,.the potential sources [
of hazards are identified within each location. In the third set, again

'

for each location, a series of hazard propagation scenarios are developed
and listed. Finally, in the last set, the impact of the hazard

,

propagation scenarios on plant systems is evaluated and documented. The [
complete set of these tables is contained in Appendix C. '

The relative importance of each hazard scenario is evaluated and compared
to other contributors. The hazard scenarios are classified into !
two categories: (1) scenarios that impact more than one system and j
(2) scenarios whose impact is limited to only one system. The results of I!

this evaluation and comparison are documented in the final part of this !
section. In the following sections, the steps taken for spatial i

interaction evaluation are described in detail. The final conclusions !

are given in Section 3.7. j
t

In general, the limitations noted in Reference 3-1 (see Table 3-1) for
the analysis of fire scenarios also apply to this analysis of spatial '

interactions.
,

3.1 COMPONENT INVENTORY
a !

To determine the significant spatial interactions, it is necessary to |
know the component inventory of each location in the plant. These are
the components that are included in the PRA model. The inventory ;
information was collected and documented in a table for each selected "

location. Table 3-2 shows an example. The headings for the columns in ;

the tables delineate the system, pump, valve, electrical cabinet, and !
three types of cables (power, control, and instrumentation) that are !
contained in the designated location. The "other items" column groups :

together other components, such as tanks, pipes, etc. The sources of i

information are referenced, and a column for remarks is also provided for i

items, such as assumptions, the function of the component, etc. |O Appendix C contains all the location inventory tables, which are |
organized by building and fire zone designators.

:

|
|

3-1
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There were three primary sources for gathering component location
information:

1. Fire hazard analysis for Appendix R compliance (Reference 3-2),

2. Drawings: architectural, piping isometrics, heating, ventilation,
air conditioning schematics, color-coded electrical cable drawings,
and cable tray and conduit drawings.

3. Plant walk-throughs.

The fire hazard analysis report (Reference 3-2) provides an appropriate
breakdown of the plant ty fire zones and fire areas, both of which are
referred to as "locations" in this study. A fire area is defined as one
enclosed by 3-hour fire barriers. A fire zone, on the other hand, is a
conveniently defined region within the plant that may have openings to
other zones. The location names and designators listed on the location
inventory tables can be either fire zones or fire areas.

The equipment and cables indicated for each location are identified by
"safe shutdown analysis." The safe shutdown analysis (Reference 3-2) was
limited to those systems that provide a reactor core safety function. It

employs a success-oriented logic that is the logical corplement of the
failure-oriented logic of fault trees and event trees. The fault
tree / event tree logic of this PRA questions the containment safety
functions as well as the reactor core; therefore, more systems are
considered for accident mitigation than for the case of safe shutdown
analysis. The components or systems that this PRA study considers that
the safe shutdown analysis of Reference 3-2 does not are:

e Reactor Building Spray System
e PORVs and Their Block Valves
e Emergency Safeguards Actuation Circuits
e Reactor Protection System
e Condensate Pumps
e Instrument Air System
e Turbine Stop and Control Valves
e BWSi
e Condensate Storage Tanks
e Reactor Building Isolation
e Control Building HVAC Units AH-E-17A and AH-E-17B
e Offsite Power

This limitation is minimized by assuming that suspected areas indeed
contain equipment or cables related to the above items. For example, the
reactor building spray purps are located next to the DHR pumps and are
poweied from the same switchgear as the DHR pumps. Therefcre, the
control and pcwer cables to the building spray pumps are judged to be
routed the same way as the DHR pump cables.

Two systems aN not addressed in this spatial interaction analysis. They |
are the reactor protection system and the reactor building isolation !system. From an evaluation of the RPS, it is concluded that it is highly I

3-2
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O !

V unlikely for any of the hazards considered in this analysis to fail the
RPS so that the control rods would be prevented from inserting or the

' reactor trip circuit would be prevented from being deenergized.

Similarly, it is highly unlikely that reactor building isolation can be
f ailed by an environmental nazard scenario. All the pipes penetrating :
the reactor building boundary have two valves for isolating the path. !

One of the two is always an air-operated valve of the fail-closed type.
Therefore, those hazards that do not cause direct damage to the valves !'and lead to control power deenergization, would lead to reactor building
isolation. Furthermore, inducing a spurious signal that would keep the
air-operated valve open for a long time is deemed to be an unlikely
event. Direct damage to an air-operated valve from an environmental

,

hazard that would prevent its closure is also unlikely. Of course, it is
possible for a valve to fail to close. Such failures would have a cause
independent from the environmental hazard and are unlikely. Their
frequency is less than 10-2 per occurrence. Multiplying this frequency
times the frequency of the hazard scenario (generally less than 10-J
per year), the overall frequency can be concluded as very unlikely.

Certain areas in the plant were reviewed but not analyzed in detail in
this study. These areas are the underground duct banks for the emergency
power cables from the diesel generators to the switchgears, the yard
area, the service building, the transformer area behind the turbine

.

building, the circulating pump house, the cooling towers, and the air !
intake tunnel. None of these areas except the air duct banks, the air .

,

' 'intake tunnel and the yard area contain equipment important to plant
i safety. Potential adverse phenomena originating in these areas that may

propagate to other important areas are deemed to be very unlikely or of
little significance. It is envisioned that the emergency power cables in
the duct banks are separated by concrete ducts and, therefore, any
failures would be limited to only one cable. >

The safety equipment in the yard are the BWST and the two condensate
storage tanks. They are on two sides of the diesel generator and service
buildings, and a single hazard is deemed very unlikely to affect both !

tanks. The air intake tunnels contain several vital cables. These l

i tunnels are not entered under normal conditions and are protected by very
| fast acting fire protection systems. Also, they do not contain sources i

of hazard that could propagate to other parts of the plant. fires :
involving the cooling towers, the fuel oil tanks, or the warehouse are j

not deemed to affect the important equipment or buildings within the !

plant. j

3.2 SOURCE AND MITIGATION TABLES !

!
In the first step of the scenario identification task, a series of tables
are put together, one for each location, that are called "source !
tables." Table 3-3 shows an example source table. See Appendix C for !

the tables put together for TMI-1 fire zones. The intent in filling .

out this table is to make a reasonably complete list of sources of !

environmental hazards that exist in each location. As with the location !O >.

;

!

!
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inventory tables, architectural drawings, piping isometrics, the FSAR,
and the fire hazard analysis report are reviewed in conjunction with the
walkdown to establish a list of the sources and relevant factors
affecting propagation and mitigation. Identification of specific
scenarios is performed in conjunction wit:t another type of table, as
explained below. Table 3-4 lists the environmental hazard types that are
used in this study with examples of each.

In the first column of the source table (Table 3-3), the hazard type is
recorded. Fcr each type, there may be several sources that are described
by the second through the fourth columns. In the second column, a
description of the source is given. For this, the level of detail varies
widely. It could range from a certain pipe section of a certain system
to a blanketing statement, such as "transient fuels" for fires. It must
be noted that detailed source description is*needed only when the hazard
scenario is important. In the third column, relevant assunptions are
listed. For example, in location AB-FZ-5, it is assumed that no river
water piping is in the area. This assumption is a reasonable one
considering the type of equipment in this location, and it allows us to
simplify our search for sources of environmental hazards. In the fourth
column, all the references are given, such as drawing nurbers and
document names or numbers.

In columns five and six of the source tables, the information on
mitigative factors for each source is recorded. In the fifth column, all
the available systems, components, and equipment that can be used to
either contain, totally stop, or retard the phenomenon of concern are
mentioned. For example, a mitigative feature for a certain flood is
closure of a valve upstream of the break point. Table 3-5 gives
additional examples. The references for this information are indicated
in the sixth column. Finally, the last column of the table is dedicated
to other remarks that need te be noted, but which do not belong to the
other columns.

3.3 SCENARIO TABLES

Having listed all possible sources and their respecti'le propagation and
mitigation f actors, the tables that document specific scenarios, called
scenario tables, can be constructed. Table 3-6 gives an example of these
tables. Appendix C contains the scenario tables put together for T'41-1
fire zones. In the first two columns, the source is reiterated as it is
in the source table. The second column is simply a synopsis of the
second column of the scurce table.

The scenario description is broken into three major parts to cover:
(1) the source (2) the paths of propagation, and (3) the mitigation
factors. The source category (the third column) describes how the
phenomenon is initiated and its severity level. The propagation to other
locations, if any, is recorded in the next two columns. In colunn four,
the type of propagation is given in detail; e.g., a certain door has to
leak grossly to cause flooding of an adjacent room. In column five, the
location to which the phenomenon propagates is indicated. The third part
of the scenario describes mitigation factors that help characterize the
resultant damage of the event.

3-4
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d In column seven, it is stated whether further analysis is performed for
the scenario; that is, whether it is quantified and considered for
inclusion in the plant model. This decision point is included to reduce
the number of items that are produced in the quantification tasks.
Judgment is used at this level. For example, the analysis is stopped for
a very unlikely event if it would affect only the location of origin, and
(based on the inventory tables) there are only a few important corponents
in the area. The reasons are recorded in the last column (the lith)
under "Remarks."

The next two columns (i.e., the eighth and ninth) are related to the
quantification process. A frequency of occurrence is estimated and
recorded in the eighth column. This is discussed in detail in
Section 3.5. In the ninth colum, a sumary of the impact is given.
Impact tables are used at this point to record the impact on plant
systems (see the following section).

3.4 IMPACT TABLES

For some scenarios, an impact table is put together for documenting the
impact of the hazard-induced failures on systems and system trains.
Table 3-6 gives an example. The impact tables are put together for only
those scenarios whose impact on components and, subsequently, on systems
is not easily identifiable.

Cjs The impact tables indicate how a hazard scenario impacts the components
within the affected locations. They indicate the component failure modes
and the status of the affected systems. For example, in Table 3-7, the
fire would cause a hot short in the control cables of valve NR-Y-5 and
lead to the closure of the valve and failure of the associated system.

In these tables, the potential for failure recovery by mausal actions is
also given. For example, in Table 3-7, system failure becaase of the
closure of NR-V-5 would be recovered by opening redundant va;ves. Direct
recovery of NR-Y-5 by deenergizing the motor and manually opering the
valve is not possible because the fire is in the pathway of personnel to
the valve location. j

3.5 FREQUENCY ESTIMATION
,

Point estimate f< equencies are assigned to all hazard scenarios that are
chosen for quantification. We have used sources that have evaluated
similar hazardous situations or judgment based on the results of other !

PRA studies. The scenario frequencies are generally the rmitiplication
of several elemental frequencies. These elemental parts account for the
severity of the hazard, location of the hazard within the room, failure
of timely mitigation of the hazard, fragility of the components, and
other relevant factors.

For fire frequencies, Reference 3-3 has been the main source of data. It
gives fire frequencies for an auxiliary building in a nuclear plant (mean

p value of 0.048 per year), a control room (mean value of 0.0049 per year),
Q a cable spreading room (mean value of 0.0067 per year), a diesel

3-5
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generator (mean value of 0.00074 per diesel engine start), a turbine
building (mean value of 0.016 per year), and a reactor coolant purp (mean
value of 0.0074 per year). These frecuencies are adjusted to account for
the specific areas within the plant. Generally, a fire frequency
of 0.001 per year is used for a typical room or area in the plant. This
room or area may contain several cable trays, a few purps and valves, and
may have a moderate level of personnel traffic. Its dimensions are
in 10s of feet. For larger areas, or areas containing electrical
cabinets, a larger frequency, 0.003 per year, is used. For areas that
are small, do not contain any electrical cabinets or motors, or gre not
visited regularly by plant personnel, a lower frequency, 3 x 10- or
1 x 10-4 per year, is used. The sum of all fire scenario frequencies
for the auxiliary building, intake structure, fuel handling building,
intermediate building, a d the control building (not including the
control room and the cable spreading room) is 0.049 per reactor year.
This sum is very close to the mean frequency given in Reference 3-3.

The other factors of a fire hazard scenario are dependent on the
specifics of the scenario itself. For example, the geometric factor
(fraction of the room area where a fire would lead to the same component
damages of interest) depends on how the important components are arranged
within the room. The severity factor depends on the distance between the
origin of the fire and target components or on the protective devices in
the area. These protective devices are fire suppression systems and
fire-rated barriers around cables. The values for these factors are
taken from like scenarios in other PRAs for which a detailed fire
analysis had been completed. For example, for location AB-FZ-4,
scenario 1 in which a fire damages the cables near the ceiling, the
severity factor is 0.05 because only a very severe fire can heat the
cables to their damage temperature. For such a severity level, the
likelihood of suppression is small and the nonsuppression factor is
judged to be 0.5. As another example, far a fire that fails cables
protected by a fire barrier, a severity factor of 0.03 and a
nonsuppression factor of 0.2 have been used.

For flood incidents, the main source is Reference 3-4 T5e flood
frequency was adjusted like the fire frequency for specific Incations,
sources, and reverities. For a severe flooding incident with a rultitude
of sources within a location, a frequency of 1.0 x 10-4 per reactor
year is used. The turbine building is an exception here. Because it is
one large, open building, the overall flood f requency is employed. If
the flopd source consists of a few pipe sections, a frequency of
8 x 10-0 per year per pipe section is used.

For events other than fire and flood, the frecuencies are derived from
judgment. For smoke propagation incidents, the fire frequencies are
used. Several smoke scenarios were found to be important. Since, in all
cases, electrical switchgears are involved, the evaluation of the
conditional frequencies of damage by smoke are discussed separately
below. For steam environment and pipe movement, the pipe failure
frequencies are used. For explosions and falling objects, conservative
frequencies are used. None of these scenarios was found to have
sufficiently large contributions to systems unavailability to require

3-6
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detailed analysis. Missile frequencies are derived from the frequency of
the source being present in the location and being mishandled. Only one
missile scenario was found to be important enough to warrant a more
detailed evaluation. This is scenario 11 for fire zone AB-FZ-6.

3.6 EVALUATION OF SM0KE AND STEAM PROPAGATION SCENARIOS

Several fire hazard scenarios involve smoke propagation to adjacent rooms
where the redundant electrical switchgear or the bus bars &re located.
Several mecharisms can be envisioned for smoke damaging switchgear. The4

first mechanism scenario involves the failure by corrosion of the,

contacting surfaces or dielectric breakdown between the bus bars of the, ,

different phases. The corrosion is caused by hydrochloric acid (HC1)
formed during fires that burn PE/PVC cables and was of concern in a .|
number of large fires; e.g., Muhlenberg and Browns Ferry. However, the
degradation of a large switchgear is expected to occur over a long time |
scale; in no cases have corrosive effects of smoke been recorded that

'

lead to the loss of electrical equipment on a time scale relevant to that
associated with safe shutdown. The corrosive smoke hazard is slow

';

acting; therefore, we judge that the likelihood of this damage mechanism
leading to core damage is dominated by other scenarios. <

l
The other smoke failure mechanism postulated is the failure of the t

!insulating gap between different phases due to the presence of ionized
combustion products in the gap. Large amounts of smoke can be generated

j, in the switchgear room by fires involving any insulating materials in
j cabinets and the cables above the cabinets. To cause damage, this smoke
j must infiltrate the switchgear cabinets or bus bars in sufficient density
j to cause dielectric breakdown.

The failure of electrical equipment under smoke conditions has been
observed in some fire incidents (Reference 3-5'). However, the
influencing parameters, such as smoke density and smoke characteristics |
and the speed of damage progression, are not well understood yet. There .

are serious doubts that, because of their size and voltage levels, high
voltage switchgears are readily susceptible (within a few hours) to smoke I

damage (Reference 3-6). Therefore, in this study those scenarios that
involve smoke impact of switchgear or high voltage bus bars are judged to :
be insignificant contributors to risk. Steam propagation is considered I;

! for all steam release scenarios. The propagation occurs through doors
and HVAC ducts. Typically, in a steam release, it is judged that most of
the building would be affected. Therefore, propagation of steam through !;

! drain piping is not looked at in detail. For the majority of steam |
, release scenarios, the irmact on plant safety is found to be of little
' importance to plant risk. '

3.7 IMPORTANT CONTRIBUTORS

I All the hazard scenarios are of two types. The first type of scenarios ;

! includes those that impact more than one system and may initiste an -

! event. The secoad type of scenarios impacts only one system. Table 3-8 i

j sumarizes the dis;osition of all of the hazard scenario tables included
t in Figures 3-1 through 3-8. These two types of scenarios are further i

) broken down into four categories according to their disposition.
!

3-7 !
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The hazard scenarios that belong to the second type are included in the
separate systems analysis sections and are designated category 8 in
Table 3-8. Their contribution to the overall systen unavailability or
failure frequency is evaluated in those sections.

For the scenarios that impact more than one system, several approaches
are taken to establish their level of importance. The simplest case is
the one in which it can be established from the impacted equipment that
core damage may result from the hazard scenarios. For these scenarios,
the core damage frequencies are the same as those for the frequency of
the hazard scenario.

For scenarios that do not lead to core damage, three types of actions are
taken. Those hazard scenarios that have an annual frequency of less than
3.0 x 10-6 were judged not to be important enough for any further
analysis * (category Q in Table 3-8). Hazard scenarios with a frequency
greater than 3 x 10-0 that fail a large number of equipment (and,
therefore, a large number of systems) are analyzed for their potential
core damage frequency. The additional equipment failures that can cause
core damage to occur are identified, and their conditional split fraction
is estimated by using the system analysis report. It must be noted that,
for all hazard scenarios in this category, it is assumed th6t the balance
of plant would be affected. If the equipment failures do not lead to
this situation, it is assumed that the operators would trip the plant.

Scenarios that fail pnly a few systems and have an annual frequency
greater than 3 x 10' are compared with scenarios producing similar
effects from the internal event analysis. Scenarios which require
additional frequency less than 3 x 10-0 are shown in category C in
Table 3-8.

The results for the hazard scenarios that were selected for further
analysis (see Appendix C), are summarized in Figures 3-1 through 3-8.
(Notations for these figures are given in Figure 3-9. Fold out
Figure 3-9 while examining Figures 3-1 through 3-8.) A total of
128 scenarios are addressed in these figures. The level of importance of
a scenario and whether it is further analyzed in another section of the
PRA are given in these figures. These figures also summarize some of the
information given in Appendix C. They reflect the system trains or
equipment that are affected by the hazard scenario. This information is
put togethar either diret!1y from the fr' pact tables or by combining the
information in the location inventory tables, the susceptibility of the
components to the hazard (fragility information), and the propagation
pattern of the hazard (given in the scenario tables).

Figures 3-1 through 3-8 indicate whether core damage is possible. If it
is not possible, they show, for some hazard scenar f os, which additional
failures lead to core damage and the frequency of core damage.

*The 3.0 x 10-6 frequency is an estimate used for screening purposes !
only. More accurate estimates of core damage frequency, including all
possible mitigating acgions, were made for all scenarios with a frequency 1

greater than 3.0 x 10 . l

l
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0224G100987EEHR



|

,

b The final entry of these figures is an '9dicatioa of whether the hazard
scenario is important and how the hazard stenario is incorporated into
the main body of the PRA analysis. Six scenarios are found to fail

several systgms and their estimated core damage frequencies are greater
than 3 x 10-0 per year (category A in Table 3-8). These scenarios are ,

scenario 1 of fire zone AB-FZ-6 (sheet 19 of Figure 3-1), scenario la of '

fire zone CB-FA-2b (sheet 4 of Figure 3-7), scenario 1 of fire
zone CB-FA-2d (sheet 3 of Figure 3-7), scenario 2 of fire zone CB-FA-3a
(sheet 14 of Figure 3-7), scenario 1 of fire zone CB-FA-3b (sheet 16 of ,

Figure 3-7), and scenario 1 of fire zone CB-FA-3c (sheet 18 of
Figure 3-7). These scenarios are included in the risk model. Special
event tree computations are performed using their frequency of occurrence
and systems impacted by them,
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TABLE 3-1. EXCERPT FR0ti OCONEE PRA REPORT
(Reference 3-1)

Sheet 1 of 2

Fires and their effects on plant safety have not received as much attention as other
parts of risk assessment. Therefore, major assumptions had to be made to perform the
analysis. The following remarks and those in Section 9.3.5 will place the results of
this study into perspective:

1. The analysis was limited to areas where the analysts believed the most damage can
be anticipated. Many more areas of the plant would have to be investigated in
more detail for a complete fire risk analysis. The degree to which additional
analysis is warranted must be balanced by the importance to the overall study
results and an understanding of the limitations associated with the state of the
art in the analysis of fire event sequences.

2. The frequencies of fires were derived from the experience of all U.S. nuclear
power plants. The extent to which they reflect the conditions at Oconee Unit 3 is
not entirely certain. For example, it is debatable whether fires like the Brown's
Ferry incident should be included in the data base because nodifications have been
irplemented as a result of that fire. Nevertheless, all fires were included in
the data base.

3. Simple models were used to assess the propagation of fires in cable trays and the
temperature rise in compartments due to the heat released by the fire.

4 The analysis of the fire-initiated sequences was not detailed. Such an analysis
would explicitly include the timing of events, the possibility of restoring lost
functions, the possibility of errors of commission, and a detailed analysis of
local actions outside the control room.

5. Whenever a fire is postulated in an area where it can affect instrumentation, the
question of completeness of the analysis becomes very irportant. It is very
difficult to know what information would be presented to the operators and how
they would respond. However, the impact of such events on the fire risk is judged
to be included in the uncertainties assessed for the doninant sequences.

Limiting Factor Coment

Probability of Specific Based on a review of data and an analysis of the
Locations of Fires specific areas in relationship to the entire

auxiliary building. Considerable analyst judgment
involved.

Locations of Critical Fires Based on review of systens, areas, and locations of
important equipment. The areas identified as
irportant may not be the only ones that could
result in fire risk.

3-10
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TABLE 3-1 (continued) :

Sheet 2 of 2

Limiting Factor Comment :

Cable Routings Much uncertainty since detailed information was not
available. A number of conservative assumptions
had to be made concerning vital equipment.

,

Failure Modes Hot-short calculations used to identify probability .

of spurious actuation are heavily influenced by '

analysts' judgment. Detailed data do not exist.

Fire Growth Fire propagation is based on physical models, and
there are large uncertainties about the results of
these models. The analysis included consideration
of, but not direct data from, tests on Oconee

interlocked armor cable.

Fire Suppression Fire suppression is based on industrywide data and
is not necessarily directly representative of the

'

actual characteristics of the fire areas of concern. :

Operations Staff Effects Errors of corrnission by the control room operators,
as instigated by failures in the instrumentation
circuits, were not analyzed explicitly. It was
judged that the loss of function from fires in the
critical areas envelops these potential human

,errors.

Smoke Propagation The effects of smoke on the operations staff were |
not analyzed explicitly, i

Flooding from Fire Suppression The effects of flooding from fire fighting
Activities activities were not analyzed explicitly. [

9

.

,

O
,

j
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TABLE 3-2. AN EXAMPLE FROM LOCATION INVENTORY CODIFICATION TABLES

t acation taae: featrol Ref1dtaf Patte area
pesieaaser: TET T-T
Pe t t e ln.3 : 71retvandling Rutiding

* *s ys tem / f icc hical O ther*" # '# "N '' ' ' ""Train febtnet l'eusDivision Power (entrol la s trween ta tion

AH N AN4-MA Fati eseg on less of
air; not significant.

AM I AM4-881M Fall opes on less of
a

str; not signiflCant.

f5 C I A t flevation 331 * 4".
We assume IC-480W f 5F
wat re contes 1 center.

A4 a AM-F-IR f olor-Coded It is assumed tha t
Drawines power cables for the

f ans are in ergp
(flevation Its0 s.

AM4 -1 C FHA It is assumed tha t
power cables for the

f ans are to trays
(E leva ttom 3%').

A44 -14A FMA It is assumed tha t
Power cables for P4w f ans are in tre

e If I''8'I'* 3%* -c- *
su A 44 -1 pn FMA I t ts assumed that

power cables for the

f ans are in trap
(Eleva tten 3%* s.

Instruwat A I

R E

(P 4TV Ar
f 54C-IT

par C Mf-P-IC Mf-P-3C FMA

B Mf P-7R FMA

*H-V17 Fbt

0$1%IrreA 7t t pa



TABLE 3-3. AN EXAMPLE FROM S0liRCE AND MITIGATION TABLES

Location Name: Turbine-Drf ven Emergency Feedwater Pump Room
Designa tor: in-fz-2
Butiding: Intermediate Rufiding

Source Description Mitigation of the Source
Source Type Demerk s

Mi tf ga tionDescription Assumptions Peference Reference

Ff re and Smoke Turbine Bearf ng Of1 1-FHA-039 fonfzaton Ffre
Sys ten Ffre Hazard

De tec for Pepor t

Cabling Fire Loca tion
Hazard IB-FZ-5
Report (upstaf rs)

Contains
Pogtable
CD
Ex tin-
quishers
(two).
Portable
HgOoo Extin-

E quishers
u (two), and

Hose Pro-
tection
(two)

Steam Piping Any Break Fire5

for the EFW Upstream of Hazard
Pump Top Steam Peport

Admission
Valves

-A Pipe Section Any Break 2
EFw Piping Upstream of

f f Pump

Mis fies EFW Turbine Walls and Plant
Pump a Missfie Walkdrwn-

- | Shield,

) s 't Gucrding
[ f ; Opening
I | | fo
I- IB-F7-3

P3pe Whip Steam Piping
.

Any Mrsei
g tipstream of
I Top Steam

Adelssion
| Valves
t

0515GluuseftLHR

, <.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._

O

TABLE 3-4. LIST OF HAZARD TYPES AND EXAMPLE SOURCES

Hazard Type Example Sources

1. High Energy Main Feedwater Piping
Line Break

2. Flood River Water Piping

3. Fires Oil-Lubricated Large Pump, Transient Fuel s

4. Missiles Turbine-9 riven Auxiliary Feedwater Pump;
Pressurized Bottle of Gas

5. Steam Auxiliary Steam Piping

6. Explosion Propane Piping

7. Water Jets Makeup System Piping

8. Water Sprays Nuclear Services Piping

9. Falling Objects Crane Equipment

10. Smoke Electrical Cables
1

0
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TABLE 3-5. EXAMPLES OF PROPAGATION / MITIGATION FACTORS

Environmental Hazard Examples of Mitigative Factors

1. High Energy Line Walls, Restrainers, Heavy Equipment
Break

2. Flood Drains, Doorways, Openings

3. Fire Fire Detectors, Fire Suppression
Equipment

4. Missiles Walls, Doors

5. Steam Leak Doors, Walls, Penetration Seals, Ducts

6. Explosion Walls, Doors, Penetration Seals

7. Water Jets Spray Equipment Construction, Walls, Doors

8. Water Spray Waterproof Equipment, Walls, Doors

9. Falling Objects Floor, Gratings

10. Smoke Walls, Doors, Dampers

1

6

|

O
.
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TABLE 3-6. AN EXAMPLE FROM SCENARIO TABLES

l oc a tion b ase: General Area - f leva tion 7R1 * -0*
hes tgaa ter: M-FT-3
9milde ne: pnTTT3r y Sulldf nq

Sheet 1 of ?

S yngs t s scenario 'mry of
of t** C onsidered 0=an to f fc a tt an
Somme Pa ths of Propacetion for f ur ther Sesults and #caert s

I yP' Source Portion #1II94''** An al ys t s I yr I f or ther
eertion

T yra To a tionsc

Ffre end ratil tag 1 rable twroteg T es. 3 a 10-3 (c omparison ) The loss of all vf tal
Smee due to an components does not lead to

elec tric al any mejor events except for
short er loss of several standby
tr ans f en t traf as needed for trirA
fuel. of tiga ttw. LOC A not

possible from this Zone.
Ieralfred.

F. Near the fipen FN-FF-1 Yes. 3 s 10-3 (comper f gen)
boundary. MU P-?C,

41-P -3C
AN-F-1R;
4.90V aC-f 5V
and CCIR;
B S-P-l a ,

w 3 Near the npen AM-F1-4 Ves. 10-3 to action;
a boundary. subset of

>=* AR-F7 4,
G scenario 1.

4 near the Doors An-TT-?# Yes. 3 a 10-3 fregart son t
boundary. AR-F F-?t aROV-AC-CC.j p;

AH-F-1R;
rot-P-I n ;
MJ P-20, 3C ;
85-P-1P.

5 mese the n en AR-F7-1 to,tecauseo
bou dary. only FrW cablesn

are af f ec ted,
and ungs are
normally in
opere tt opal

pos t 11 on .

O 0%1*.t,1rw9Mfno
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TABLE 3-7. AN EXAMPLE F0lt IMPACT TABLE

LOCATION NAME: Penetration Area

DESIGNATOR: AB-FZ-4

BUILDING: Auxiliary Building

SCENARIO SUfeiARY: Fire, Scenario 1, Fire on the Floor or in Cables;
Affects Cables Near the Ceiling; Propagates to AB-FZ-5

Sheet 1 of 2
Systems Lost Components Affected by the Hazard

NR All Trains Hot short in the control cable of NR-V-5 (a
normally open MOV), This valve is controlled
from 480V-ESV-1 A. Recovery of this valve not
possible because fire is in operator's path.
However, an alternate path can be used by
opening two MOVs.

RCP Thermal Barrier Hot short in the control cable of IC-V-2 (a
Cooling normally open MOV).

RCP Motor Cooling Affects motor cooling and letdown cooling.
Letdcwn Cooling

MU Ail Damage to control or power cables of MV-V-14A
and MV-V-14B (normally closed MOVs).

BS All Damage to control or power cables of BS-y-1A
and BS-V-1B (normally closed MOVs).

IC All IC-V-3 would fail closed if copper tubing of
air line to air operator fails from the fire;
hot short in :ontrol cables of IC-V-2.

AH-V-1B and AH-V-1C Hot short in the control cables of these
valves (MOVs, normally closed) may open the
valve.

MU Trains A and C Power cables to pumps MV-P-2A and MV-P-2C.

480V-ESV-1A Power feeds to these two electrical cabinets.
and 480V-ESV-1B

CF Trains A and B Power cables to AH-E-1A and AH-E-1B in the
fire zone.

O
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DV TARLE 3-7 (continued)

Sheet 2 of 2
Systems lost Components Affected by the Hazard

4L-1 Valve OH-V3 power cable in the area can be
recovered by manual operation of the valve
after the fire is out out.

HL2 Valves OH-V7A and DH-V78 power cables in the
area can be recovered by manual operation of
the valves after the fire is put out.

O

:

O
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TABLE 3-8. DISPOSITION OF HAZARD SCENARIOS

FROM FIGURES 3-1 THROUGH 3-8

skeet 1 of 3
Core

location Scenario notard Damage Disposition, ,

A. 190ATAh! OtAtti COAT CARAGE SCthAA!05 04 5CtnAet05 f atAttD IN A PLANT 'ODEL Iytti fett

CS-FA.3a 2 Fire 1,44 ho .

C&4A-3c 1 Fire 1.0-4 Yes 2.0-5 "

As-724 1 Fire 3.0-5 Yes 3.0-5
C844 2b la Fire 2.0-5 Yes !.0-5
CS-F A-3b 1 Fire 1.0-5 Tes 1.0-5
C8-F A-24 1 Fire 5. 0-4 Yes 5.04

8. SCthAA105 !NCLUCfD 14 IME SYSit=5 04 lhlflAf!WG tilti FREMWCT ANALYS!$

itJ A-1 16 Flood 1.0-2 to - Included la tur1>ine trip It frequency
T8J A-1 9 Stem 2.0-3 No . Included in SLS It Fredency.
AAJZ44 1 Fire 1.0-3 no Included in SAA, Section 2.

FMJI-l 4 Fire 1.0-3 No " I . 0-4 Included in SAA, Section 2
FM-Fl4 1 Fire 1.0-3 ho Included in SAA, Section 6
18-72-1 1 Fire 1.0-3 bo - Included in SAA, Section 16
C8J A-2g 1 Fire 1.0-3 no Included ifi 5AR, Section 2.

Cs4A-Sb I Fire 1. 0- 3 no Included in 5AA, Section 6.

R8Ji-la 1 Fire 1.0-3 wo - Included in 5AR, Section 16
RS FZ It 1 Fire 1.0-3 No Included in SAR, section 16-

00-74-1 1 Fire 7. 4-4 no - incivoed in SAA, testion 2
DGJ A-1 1 Fire 7.4 4 to - lacluded in 5AA, Section 2
FMJi 5 1 Fire 3.0-4 no - lacluded in 5AA, Section 6
F M J r-5 2 Fire 3.0 4 to - Igladed in 5AA, Settlon 6
F M J i-5 3 Fire 3.0-4 ho Included in SAR, Section 6.

As-FZ-1 3 Fire 1.0-4 ho Included in 5AA, Section 13.

Aa-Fl-7 4 Fire 1.0 4 ho - Included in 5AR Section 13
fnJi-5 9 Flood 1. 0-4 no - Included in 5AA, Section 6
18 4 !-3 3 Flood 1.0 4 No . InClvded in SAA, Section 11
18424 3 Stem 1.0-4 no Initiates loss of Nw at low freovency.

18424 4 Stem 1. 0-4 ho . Included in 5La It fresency'
C8 Stairs 1 Flood 1.0-4 no Included in SAA, Section 6.

A442 1 7 Flood 3.0-5 No Produces loss of ks !! at low frequency.

AS4 2-3 1 Fire 3 0-5 no - Included in 5AA, section 13
As4 2-1 1 Fire 3.0-5 to - Included in loss of us It frequency *
7844-1 6 Flood 3.0-5 no - Included in 5AA, section 6
F MJi-2 1 Fire 3.0-5 to - lacluded in $14, Section 4
ClJ A-54 1 Fire 3.0-5 no - taciuded in 5AA, lectica 6
A4-F Z 4 5 Flood 2.0-5 No - tac'uded in loss of =$ it frequeacy*
FMJ24 4 Flood 2.0-5 to - included in SAA, Section 6
18-72-2 3 Flood 2.0-5 to - Included in SAA, Section 11
19J2-2 4 5 tem 2.0-5 to Included in SLS ti freoveacy'.

at J 2-2 11 stem 2.0-5 to - Included in 5La !! freovency*
Aa-F Z -4 3 Plood 1. 0-5 to Included in iAA, Section 14.

A4414 7 Flood 1.0-5 to Incivoed in 5AA, Section 13.

A4JI4 11 missile 1.0-5 wo - lacluded in loss of we it frequency *
A4Jr 1 2 Fire 1.0-5 no - Included in loss of na it f reovencye

* Initiating event frt henCy CalCJIetions Sh0mn in 04ta AnalyS15 Ceport, Section 3.

O
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TABLE 3-8 (continued)

skeet 2 7 3
Core

*
W 4 tion $cenerlo N424rd Me 01spsit W9

Frequency
,

A442-1 5 Flood 1.0-5 no Included in $AA, Section 13.

7844-1 1 Flood 1.0-5 40 Included in $A4, Settlon 6.

F241 1 6 5 tem 1.0-5 to Incleded in $AR, Section 2.

FNJi-2 4 Flood 1.0-5 to Incioned in SAA, Section 6.

f nJI-5 4 7':e 1.0-5 to Included in SAA, Section 4.

FM Fl-5 $ etre 1.b5 to <1.0-6 Included in SAS, Section 4
FNJi-5 6 F ire 1.0-5 to *1.04 Included in $AA,1*ction 4
P nJI-5 7 Fire 1.0-S ho <1.0-5 Included 14 $AA, SeClion 4
C844-1 6 Flood 1.01 20 Included in $1.A, Section 6.

as42 te 1 Flood 4.04 No IncIvded in $AA, Section 13.

asJi-id 11 5 tem 4.04 to IncInded in Stem 1tne breat frequency *.

asJI te 11 Stem 8.04 no Inc19ded in $La I.E. frecuency'.

18J2 14 7 Flood 4.04 no - tattiates loss of nFw at low frequency
A8JI-2a 2 Flood 3.04 No Included in 5Ai, Section 14.

ASJi-26 2 Flood 3.04 No - lac 1vded in SAf, Section 14 i

Included in 5A4, Section 14 IA442-2c 2 Flood 3.04 to .

lacIvded in SAi, Section 14 IA442-3 1 Flood 3.04 no .

AS J A-l 4 Flood 2.04 ho lactuded in $AA, Section 14-

ASJ4-2 4 Flood 2.04 to Incieded in SAA, Section 14.

\
x \

C. 5Ct4AA105 Af0Vit!NG Otate FA!WRES TO PacouCt coat DAWE AAC RESUt,1[WG 14 A

$CAtt41NQ CORI DAnAGE FtfQUttCY Lt15 T' An 04 EQUAL 70 3:104

18J4-1 2 Fire 1.0-2 to 4.6 1
e8J i-18 1 Fire 1.0-2 ho 4.6-) |
18 J I-2 1 Fire 1.0-3 ho S.I-I
1842-3 1 Fire 1.0 3 ho 3.5-9
C4J A-24 la Fire 1.0-3 to 3.04
RtJ Z-It 1 Fire 1.0-3 to .

RSJI te 1 Fire 1.0-3 to .

A442-5 1 Fire 3.0-4 no 0.0-7
ASJi-$ 2 Fire 3.0-4 no 9.0-7
ASJ A 1 1 Fire 3.0-4 to al.0-7
ASJA-2 l F ire 3.0-4 to us.0-1
A442-5 4 Fire 1,4-4 to 1.44
A442.$ $ Flood 1.0-4 no <2.0-7
15-74-1 12 inolosion 1.0-4 to $61
15PnJZ 1 4 Flood 1.0-4 to 5.0-7
1574-72-2 4 Flood 1.0-4 to S.0-7

;

F *-7 2-1 7 Floed 1.0-4 m' *2.0-1 1

C544-2a 4 etre ' .0-4 to 1.0-7 |
C44 A-2a 3 Fire 5.0-5 ms 4-1 lit-F A-1 1 Fire 5.0-5 no 2.64 I

is4 A-1 3 Fire 3.0-5 no 1.7-1
FnJi-2 2 Fire 3.0-$ ho 3.04
1842-2 6 Stem 2.0-5 to 6-1
C64 A-te I Fire 2.0-5 to 2.04

*Initletin) event frebency Calculatient Shodn in Data Analy51$ Report, Sect 10n 3.

v i
!

|

)
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TABLE 3-8 (continued)

Sheet 3 of 3

Location Scenario Matard Dame e Disposition
F e

Frequency

R84 2 lc 8 Flood 2.0-5 No 6-7
C84 A-2c la Fire 1.5-5 No 2-6
A841-4 7 Flood 1.0 5 No 1.44
A842-7 7 Missile 1.0-5 Yes 6-7
A8-7 2 -4 10 Sten 1. 0-5 Yes 3.0-7
A84 2-5 7 Sten 1.0-5 No 3 -6
A84 2-5 12 Missile 1.0-5 No 34
Y8JA-1 15 Sten 1.0-5 No 1.0-6
15PHJZ-1 5 Soray 1.0-5 No 5.0-1
15PHJZ-2 5 Soray 1.0-5 No 5.0-7
FHJI-1 1 Fire 1.0-5 No 1.04
FHJZ-1 2 Fire 1.0-5 No 5-7
C84 A-2c 6 Fire 1.0-5 No 1.0-7
R8J Z-Id 8 Flood 8.0 6 No Partial loss of FW at low frequency
A4 FZ-le 8 Flood 8.0-6 No

-

- Partial loss of FW at low frecuency
C84 A-2f I Fire 6.04 No 1.1-6 Train 8 of serie safety system, Train A

of batteries
18 >A-1 8 Soray 5. 0-6 No 2.8-8 initiates LOSP at low frequency
YB 5A-1 11 m) ssi .. 50-6 No 2.28-4 Initiates LOSP at low frequency
A8-72-7 8 Misslie 3.04 No 3.0-7

D. LEENING MAZAAD FREQUENCY LESS THAN OR EQUAL TO 3:10-6

A8424a 2 Fire 3.04 Yes 3.04
15PHJ i-1 2 Fire 3.04 Yes 3.0-6
15PHJ Z-2 4 Fire 3.0-6 Yes 3.04
FHJZ-1 3 fire 3.0-6 Yes 3.04
FHJZ 1 5 Fire 3.0-6 Yes 3.04
C8J A-2b 3 Fire 3.04 Yes 3,04
C84A-3a 3 Fire 3.04 Yes 3.04
C8 FA-40 1 Fire 3.04 Yes 3.04
C8-F A-1 1 Fire 3. 0-6 Yes 3.0-6
L54 2-4 1 Fire 2.04 Yes 2.0-6
C84 A-2d 3 Fire 2.0-6 Yes 2.0-6
C8J A-2d 4 Fire 2.0-6 Yes 2.0-6
C8-FA-3d 1 Fire 2.04 Yes (2.0-6
A8J2-1 4 Flood 1.04 Yes 3.0-6
ASJi-4 9 Flood 1.04 Yes "1.04
A842 4 2 Fire 1.0-6 Yes 1.04
AS424 4 Fire 1.04 Yes 1.0-6
A842 7 6 Flood 1.04 No 1.0-7
15PHJ 2-1 1 Fire 1.04 Yes 1.04
15PHJi-2 i Fire 1.04 Yes 1.04
FHJi-1 8 Missile 1.04 Yes 1.04
FHJZ4 2 Ftre 9.0-7 No - Initiates loss of C8v at low frequency
C8-FA-3b 3 Fire 5.0-7 Yes 5.0-7 nesults in 580 at low frequency

* Initiating event frequency calculation 5 Shoan in Cata Analysis Report. Section 3.

O
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LOCATION DESIGNATOR:* AB-FZ-1 :

:
iHAZARD SCENARIO: 4

HAZARD: Flood :

REMARKS: Pipe break in nuclear river. |
.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, NS/All, NR/All
,

CORE DAMAGE: Yes |

PLANT IMPACT: !

Compares with [LNS (1.3-3) + LRW(1.0-3)]*[HPA-1(2.7-3) ;

+ HIA-1(3.0-4)] = 6.9-6 per Year ,

|
-

CORE DAMAGE FREQUENCY: 1.0-6 (
..
h

~
FURTHER ACTIONS: Not important. '

;

E

i

!

!

i
.

!,

!

!

i

i.

FIGURE 3-1. HAZARD SCENARIO SHEETS FOR THE AUXILIARY BUILDING '

(Sheet 1 of 38) ;

,

,

.

!
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LOCATION DESIGNATOR:* AB-FZ-1

HAZARD SCENARIO: 7

HAZARD: Flood

g?MRKS: Break in nuclear service pipe or heat exchanger.

ANNUAL FRE0VENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: NS/All

CORE DAfMGE:

PLANT IMPACT: Compares with NS-1 (1.1-3).

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 2 of 38)

|

O
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I
'v LOCATION DESIGNATOR:* AB-FZ-2a

HAZARD SCENARIO: 2

HAZARD: Flood

REMARKS: Pipe break in BWST-related piping.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, BWST

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of BWST failure analysis; see Section 14 of the System Analysis
Report.

[JT

FIGURE 3-1 (continued)
(Sheet 3 of 38)

f'N
O
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LOCATION DESIGNATOR:* AB-FZ-2b

HAZARD SCENAR_10: 2

HAZARD: Flood

REMARKS: Pipe break in BWST-related piping.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, BWST

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of BWST failure; see Section 14 of the System Analysis Report.

O.
i

I

|

|
,

1
FIGURE 3-1 (continued) '

(Sheet 4 of 38)

| j

O
;
|
'
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1

(')# I\s LOCATION DESIGNATOR:* AB-FZ-2c

HAZARi' SCENARIO: 2

PAZAR[l: Flood
,

REMARKS: Pipe break in BWST-related piping.

AllNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, BWST

CORE DA!AAGE: No ,

|

PLANT IltPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of BWST failure; see Section 14 of the System Analysis Report.
|
|

|
|

|
1
'

r3
k..)

FIGURE 3-1 (continued)
(Sheet 5 of 38)

.

O
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LOCATION DESIGNATOR:* AB-FZ-3

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables to MV valves V4, VS, and V32 affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All

CORE DAMAGE: No

PLANT IMPACT: Compares with HPA-1 (2.7-3) + HIA-1 (3.0-11) = 2.7-3

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of HP injection failure; see Section 13 of the System Analysis
report.

O

|

FIGURE 3-1 (continued)
(Sheet 6 of 38) {

|

|

i

i

|
1
l
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O LOCATION DESIGNATOR:* AB-FZ-3

HAZARD SCENARIO: 5

HAZARD: Flood
'

REMARKS: Pipe break in BWST-related piping.

AN,NUAL FREQUENCY OF-HAZARD: 3.0-6

|SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, BWST

CORE DAMAGE: No i

PLANT IMPACT: |

CORE DAMAGE FREQUENCY: i

'
FURTHER ACTIONS:

Part of BWST failure; see Section 14 of the System Analysis Report.
,

O
,

Y

FIGURE 3-1 '(continued) i
'

(Sheet 7 of 38) ,

I
t

:

I

t
t
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LOCATION DESIGNATOR:* AB-FZ-4
1

HAZARD SCENARIO: 1 |

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FRE0VENCY OF HAZARD: 2.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/A, ESV/B, NR/All, IC/All, BS/All, RCP Seal Failure, MU/All,
48-inch Purge Line, CF/A, CF/B

CORE DAMAGE: Yes

PLANT IMPACT: Leads to damage state 3A, HL-1, HL-2, and fan coolers lost.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Not important.

O

|

|

FIGURE 3-1 (continued)
(Sheet 8 of 38)

O
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C')
\~ l LOCATION DESIGNATOR:* AB-FZ-4

HAZARD SCENARIO: 3

HAZARD: Flood

REMARKS: Pipe break in BWST-related piping.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, BSWT

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

( FURTHER ACTIONS:

Part of BWST failure; see Section 14 of the System Analysis Report.

s

\_.)

.

FIGURE 3-1 (continued)
(Sheet 9 of 38)

l'"y
(m,/ 4
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LOCATION DESIGNATOR:* AB-FZ-4

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: Water jets affecting cables in the area.

ANNUAL FREQUENCY OF HAZAP.0: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, DH/All, BS/All

CORE DAMAGE: No

PLANT IMPACT:

QR_EDAMAGEFREQUENCY: 1.0-5 x EF-1 (1.4-1) = 1,4-6 per Year

FURTHER ACTIONS: Not important.

O

F.GURE 3-1 (continued)
(Sheet 10 of 38)

:

I

|
i

l
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O LOCATION DESIGNATOR:* AB-FZ-4

HAZARD SCENARIO: 9

HAZARD: Flood

REMARKS: DHR pipe break during hot leg recirculation.

ANNUAL FREQUENCY OF H/ZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

V-Scenario, NR/B, ESV/A, ESV/B, PORV, MU/All, BS/All, DH/All

CORE DAMAGE: Yes

PLANT IMPACT:

C,'JRE DAMAGE FREQUENCY :

FURTHER ACTIONS:

Not important because is has to occur when a LOCA mitigation is in
progress.

i

FIGURE 3-1 (continued)
(Sheet 11 of 38)

|

|

|

|
i

!

|

C |
N. ]h '
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LOCATION DESIGNATOR:* AB-FZ-4

HAZARD SCENARIO: 10

HAZARD: Steam

REMARKS:

MUPS letdown pipe break during normal operation. The break will be
isolated by the fail-closed type isolation valves automatically or by
the operators af ter the leak source is identified. The leak rate
would be very small, therefore allowing a long time for recovery.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

V-Scenario, NR/B, ESV/A, ESV/B, PORV, MU/All, BS/All

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

1.0-5 x [ failure to isolate 0.03 (estimate)] = 3.0-7.

FURTHER ACTIONS: Not important.

FIGURE 3-1 (continued)
(Sheet 12 of 38) )

)
.

!

I
:

|

O|
I
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v LOCATION DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FRE0VENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/B, NS/A, AH1/B, DH/A, DH/B, DC/A, MU/C, BS/B, BWST Makeup,
DH-VGA, DH-VGB, NR/All, IC/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

3.0-4 x [(HPA-1)(HPB)(3.0-3)] = 9.0-7 per Year

(']N
FURTHER ACTIONS: Not important.

N.

|

FIGURE 3-1 (continued)
(Sheet 13 of 38)
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LOCATION DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/B, AHl/B, MU/C, BS/B, BWST Makeup, OH-V/6A, OH-V/6B, NR/All,
IC/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

3.0-4 x [HPA-1(HPB)(3.0-3)] = 9.0-7 per Year

FURTHER ACTIONS: Not important.

O

|

i

FIGURE 3-1 (continued)
(Sheet 14 of 38)

1
1
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;

I

O LOCATION DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FRE00ENCY OF HAZARD: 1.4-4
,

i
SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/B, AH1/B, DH/B, MU/C, BS/B, BWST Makeup

CORE DAMAGE: No

PLANT IMPACT: Train B valves, assume reactor trip occurs. i

I4

CORE DAMAGE FREQUENCY: ;
1

1.4-4 x [EF(GE)(0.1) x CV(GB)(0,1)] = 1.4-6 per Year

FURTHER ACTIONS: Not important. |
l

O
.

1

FIGURE 3-1 (continued)
(Sheet 15 of 38)

l

,

O
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LOCATICN DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 6

HAZARD: Flood

REMARKS: Flooding from any one of the sources in the area.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: DH/All, BS/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

Compares with simultaneous f ailure of both systems
[DHR(3-3)] x [CS(1.6-3)] = 4.0-6; the equivalent unavailability of
the flooding event is 1.0-4/365 = 2.0-7.

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued) '
(Sheet 16 of 38)

O
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LOCATION DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 7

HAZARD: Steam

REMARKS: Attxiliary steam pipe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: ESV/All

CORE DAMAGE: No

PLANT IMPACT: Vital MOV power and control lost.

CORE DAMAGE FREQUENCY: 1.0-5 x [ manual valve operation (0.3)] = 3-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 17 of 38)

:

O
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LOCATION DESIGNATOR:* AB-FZ-5

HAZARD SCENARIO: 12

HAZARD: Missile

REMARKS: Missile impacting cables and electrical cabinets.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

FREQUENCY EVALUATION:

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/All, NS/A, AH1/B, DH/All, DC/A, MU/C. BS/All

CORE DAMAGE: No

PLANT IMPACT:

Vital il0V power and control lost; one train of several systems,
DH/All, BS/All

CORE DAMAGE FRE0VENCY: 1.0-5 x [ manual valve operation (0.3)] = 3-6

FURTHER ACTIONS: Not important.

l
.

FIGURE 3-1 (continued) i
(Sheet 18 of 38) |

O
i
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LOCATION DESIGNATOR:* AB-FZ-6 -

.!
HAZARD SCENARIO: 1

HAZARD: Fire ;

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/A, RCP Motor Cooling, NR/All, DC/B, .IC/B, NS/B, NS/C, HPI/All,
CPI /A, RCP Seal Injection, Thermal Barrier of at least One Pump, BS/A

CORE DAMAGE: Yes

PLANT IMPACT:

|CORE DAMAGE FREQUENCY: 3.0-5

FURTHER ACTIONS:

Importance to be determined; impact is recoverable.

O 1
9

r

s

F

Y

FIGURE 3-1-(continued)
(Sheet 19 of 38)

t

{

!
|

'

O
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LOCATION DESIGNATOR:* AB-FZ-6

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire ESV/B smoke damage.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/A, ESV/B, NS/B, NS/C, DC/B, IC/B, DH/All, BS/All, MU/All

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE CREQUENCY: 1.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 20 of 38)

O
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LOCATION DESIGNATOR:* AB-FZ-6

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire in two zones.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/A, NS/All, AH1/A, DH/A, DC/A, DC/B, MU/A

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY: 1.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 21 of 38)

O
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LOCATION DESIGNATOR:* AB-FZ-6

HAZARD SCENARIO: 5

HAZARD: Flood

REMARKS: Pipe break in nuclear services closed.

ANNUAL FRE0VENCY OF HAZARD: 2.0-5
,

SYSTEM / TRAIN AFFECTED BY HAZARD: NS/All

CORE DAMAGE: No

PLANT IM0ACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of NS initiating event analysis; see Data Analysis Report,
Section 3.

O
1

|
i
I

FIGURE 3-1 (continued)
(Sheet 22 of 38)

O
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LOCATION DESIGNATOR:* AB-FZ-6

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: MVPS pipe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-5
'

SYSTEM / TRAIN AFFECTED BY HAZARD:

Seal Injection, MUPS to Loop B and Loop D RCPs

CORE DAMAGE:
1

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTICSIS:

Part of Top E<ent tE analysis; see Section 13 of the System Analysis
Report.

O '

.

FIGURE 3-1 (continued)
(Sheet 23 of 38)

!
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LOCATION DESIGNATOR:* AB-FZ-6

HAZARD SCENARIO: 11

HAZARD: Missile

REMARKS: Missiles (transient sources) in northern part of zone.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: ESY/A, NR/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Part of NR Analysis.

O

FIGURE 3-1 (continued)
(Sheet 24 of 38) ;

|

9'

3-46 |
'

0513G100887EEHR



_ _ _ _ _ - _ _ _ _ _ _ _ _ ._

,

V LOCATION DESIGNATOR:* AB-FZ-6a !

|

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Electrical cabinet affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD: ESV/B

CORE DAMAGE: No

PLANT IMPACT: Train B of all systems.

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of Top Event GB system analysis; see Section 2 of the System
Analysis Report.

C'G

FIGURE 3-1 (continued)
(Sheet 25 of 38)

blv
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LOCATION DESIGNATOR:* AB-FZ-6a

HAZARD SCENARIO: 2

HAZARD: Fire

REMARXS: ESV/8 heat damage; ESV/A smoke damage.

ANNUAL FRE0UENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: ESV/A, ESV/B, MU/All, OH/ A1, BS/All

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY: 3.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 26 of 38)

^
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( ) LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire on floor.

ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HA?ARD: AH15/A, AH)S/B

CORE DAMAGE:

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of NS initiating event analysis; see Data Analysis Report, i

Section 3. |
|

r\
)

FIGURE 3-1 (continued)
(Sheet 27 of 38)
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iLOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 2

H_AZARD : FireA

REMARKS: Cables affected by fire on top of slab.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: AH15/A, AH15/B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

_PJRTHER ACTIONS:

Part of NS initiating event analysis; see Data Analysis Report,
Section 3.

O

FIGURE 3-1 (continued)
(Sheet 28 of 38) ,
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O'O LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 3

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-4 ;

SYSTEM / TRAIN AFFECTED BY HAZARD: IC/A, IC/B

CORE DAMAGE: No

PLANT IMPACT: ;

CORE DAMAGE FREQUENCY:
i

FURTHER ACTIONS: ;

Part of Top Event SE analysis; see Section 13 of the System Analysis
Report.

FIGURE 3-1 (continued)
(Sheet 29 of 38)

O
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LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: NS/All

CORE DAMAGE: No

PLANT IMPACT:

l
CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of NS analysis, Section 4 of Systems Analysis Report.

O

,

FIGURE 3-1 (continued)
(Sheet 30 of 38)
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O
V LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 5

HAZARD: Flood

REMARKS: Pipe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: IC/A, IC/B, DC/A

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of Top Event SE analysis; see Section 13 of System Analysis
Report. !

|

FIGURE 3-1 (continued)
(Sheet 31 of 38)
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LOCATION DESICIATOR:* AB-FZ-7

HAZARD SCENARIO: 6

HAZARD: Flood

REMARKS: IC pipe leak spray on IC and DC pumps.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: IC/A, IC/B, DC/A, DC/B

CORE DAMAGE: No

PLANT IMPACT: DC and IC lost, and assume RT.

CORE DAMAGE FREQUENCY: 1.0-6 x [ mitigation (<0.1)] = 1.0-7

FURTHER ACTIONS: Not important.

9

FIGURE 3-1 (continued)
(Sheet 32 of 38)
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O)(_, LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 7

HA_ZARD: Missile

REMARKS: Missile impacting cables and pumps.

ANNUAL FRE0VENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: NS/All, DC/All

CORE DAMAGE: Yes

PLANT IMPACT: NS and DC lost.

CORE DAMAGE FRE0VENCY: 1.0-5 x [INA 0.06) = 6-7 per Year

FURTHER ACTIONS: Not important.

O
N

4

!

FIGURE 3-1 (continued)
(Sheet 33 of 38)

I

|

.o 1

0 |

l

3-55
0513G100887EEHR

.- - - - .



LOCATION DESIGNATOR:* AB-FZ-7

HAZARD SCENARIO: 8

HAZARD: Missile

REMARKS: Missile impacting cables and pumps.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: IC/All, DC/All

CORE DAMAGE: No

PLANT IMPACT: DC and IC lost, plus assume RT.

CORE DAMAGE FREQUENCY: 3.0-6 x [ mitigation (0.1)] = 3.0-7

FURTHER ACTIONS: Not important.

O

FIGURE 3-1 (continued)
(Sheet 34 of 38)
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:

LOCATION DESIGNATOR:* AB-FA-1

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-41 ,

!

DSTEM/ TRAIN AFFECTED BY HAZARD: DH/A,BS-V-3A

CORE DAMAGE: No

j PLANT IMPACT: Fails train A of DHR and spray B. '

CORE DAMAGE FRE0VENCY: << 8 x 10-7
i

' FURTHER ACTIONS:

/365 = 8 x 10-7 and tNot important because 3.0 x ig-)4] x [DH - 1(E/K)(10 gis is much less))than [CS - 1(E/K)(3.4 x 10- .

= 3 x 10-4.

O .

,

i

!

.

i
;

!
q f
e ?

FIGURE 3-1 (continued) !

(Sheet 35 of 38)
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LOCATION DESIGNATOR:* AB-FA-1

HAZARD SCENARIO: 4

HAZARD:- Flood

REMARKS: Pipe break.

ANNUAL FREQUENCY OF HAZARD: 2.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: BWST Empty, BS/All, 'DH/All

CORE DAMAGE: No

PLA.NT IMPACT: Loss of BWST.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of BWST analysis; see Section 14 of System Analysis Report.

O

FIGURE 3-1 (continued)
(Sheet 36 of 38)
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LOCATION DESIGNATOR:* AB-FA-2

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: DH/B, BS-V-3B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY: u 8 x 10-7

FURTHER ACTIONS:

Not important because 3.0 x 10-4/365 = 8 x 10-7 andthisismgch
= 3 x 10 gan [CS - 1(K/E)(3.4 x 10-2)] x [DH - 1(GA7iiBK10- )]smaller t

.

bl
V

|

FIGURE 3-1 (continued) ,

(Sheet 37 of 38) |

|

(^]c

|

3-59
0513G100887EEHR ,

1



LOCATION DESIGNATOR:* AB-FA-2

HAZARD SCENARIO: 4

HAZARD: Flood

REMARKS: DHR or RBS pipe break.

ANNUAL FREQUENCY OF HAZARD: 2.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: BS/All, DH/All, BSWT

CORE DAMAGE: No

PLANT IMPACT: Loss of BWST

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of BWST failure; see Section 14 of the Systems Analysis Report.

O

FIGURE 3-1 (continued)
(Sheet 38 of 38)
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I LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 1

HAZARD: Fire

REliARKS: Cables affected by fire.
'

ANNUAL FREQUENCY OF HAZARD: 5.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: LOSP, NR/B, ESV/C, MU/B, AHl/C

CORE DAMAGE: No

PLANT IMPACT: One train of NR and LOSP.

CORE DAMAGE FREQUENCY: 5.0-5 x [NSC(5.2-2)] = 2.6-6

FURTHER ACTIONS: Not important.

/''s ;

O

FIGURE 3-2. HAZARD SCENARIO SHEETS FOR THE TURBINE BUILDING
(Sheet 1 of 11)
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LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-2

SYSTEM / TRAIN AFFECTED BY HAZARD: TT, Loss of Main Feedwater, TBV/A, TBV/B

CORE DAMAGE: No

PLANT IMPACT: MF-1 = 1.0

CORE DAMAGE FREQUENCY:

1.0-2 x [HPI + PSV + PORV] (estimate 0.1) x [EF-1(4.6-4)
+ SD-1(1.5-5)] = 4.8-7 per Year

FURTHER ACTIONS: Not important.

O

'

FIGURE 3-2 (continued)
(Sheet 2 of 11)
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,O

V LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 3

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: LOOP, NR/B, ESV/C, MU/B, AH1/C

CORE DAMAGE: No

PLANT IMPACT: Failures other than LOOP not important.

CORE DAMAGF FREQUENCY:

3.0-5 x (GA/0P(0.07) x GB/0P,GA(0.08)] = 1.7 x 10-7
|

FURTHER ACTIONS: Not important.

1

i

'

FIGURE 3-2 (continued)
(Sheet 3 of 11)
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LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 6

HAZARD: Flood

REMARKS: Very large flood and rollup door failure.

ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Part of CB-HVAC, Section 6 of System Analysis Report.

O

FIGURE 3-2 (continued)
(Sheet 4 of 11)

|
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V LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: Large flood and rollup door failure.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLnNT IMPACT:

CORE DAMAGE FRE0VENCY:
'

FURTHER ACTIONS: Part of CB-HVAC, Section 6 of System Analysis Report.
:

i

i
.

f

,

FIGURE 3-2 (continued)
(Sheet 5 of 11)
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LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 8

HAZARD: Spray

REMARKS: Spray from fire protection sources.

ANNUAL FREQUENCY OF HAZARD: 5.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: LOSP, TT

CORE DAMAGE: No

PLANT IMPACT: LOSP (unrecoverable).

CORE DAMAGE FREQUENCY:

5.0-6 x [GA/0P(0.07) x GB/0P,GA(0.08)] = 2.8 x 10-8

FURTHER ACTIONS: Not important.

O

FIGURE 3-2 (continued) 1

(Sheet 6 of 11)
|
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O
V LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 9

HAZARD: Steam

REMARKS: Steam from main steam line break.

ANNUAL FREQUENCY OF HAZARD: 2.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD: MS, LOSP, TT, MF

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of steam line break in turbine building initiating event.

(h
, ,),

.

FIGURE 3-2 (continued)
(Sheet 7 of 11)
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LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 11

HAZARD: Missile

REMARKS: Missiles from transient or in situ sources.

ANNUAL FREQUENCY OF HAZARD: 5.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: LOOP (unrecoverable)

CORE DAMAGE: No

PLANT IMPACT:

5.0-6 x [GA/0P(0.07) x GA/0P,GA(0.08)] = 2.28 x 10-8

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Not important.

O

-

FIGURE 3-2 (continued)
(Sheet 8 of 11)
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( ,/ LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 12

HAZARD: Explosion

REMARKS: Primarily hydrogen explosion.

ANNUAL FRE0VENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: LOOP (unrecoverable), TT

CORE DAMAGE: No

PLANT IMPACT: LOOP (unrecoverable).

CORE DAMAGE FREQUENCY: ;

1.0-9 x [GA/0P(0.07) x GB/0P and GA(0.08)] = 5.6-7

FURTHER ACTIONS: Not important.

/~~N l() '

,

|

FIGURE 3-2 (continued)
(Sheet 9 of 11)
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LOCATION DESI6nATOR:* TB-FA-1

HAZARD SCENARIO: 15

H_AZARD: Steam

REMARKS: Steam and flood from main feedwater pipe.

ANNUAL FRE0VENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: MF, NR/B, MU/B, AH1/C, LOOP

CORE DAMAGE: No

PLANT IMPACT: LOOP recoverable.

CORE DAMAGE FRE0VENCY: 1.0-5 x [ mitigation estimate (0.1)] = 1.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-2 (continued) '

(Sheet 10 of 11)
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LOCATION DESIGNATOR:* TB-FA-1

HAZARD SCENARIO: 16

HAZARD: Flood

REMARKS: Flood confined to turbine building.

ANNUAL FRE0VENCY OF HAZARD: 1.0-2 -

SYSTEM / TRAIN AFFECTED BY HAZARD: Turbine Trip

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Part of turbine trip initiating event.

O

FIGURE 3-2 (continued)
(Sheet 11 of 11)
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LOCATION DESIGNATOR:* ISPH-FZ-1

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: 1R-SWGR , 1T-SWG R

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears; core damage may result.

CORE DAMAGE FRE0VENCY: 1.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-3. HAZARD SCENARIO SHEETS FOR
THE INTAKE SCREEN AND PUMP HOUSE

(Sheet 1 of 8)

O
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LOCATION DESIGNATOR:* ISPH-FZ-1

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by missile.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: 1T-SWGR , 1R-SWG R

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears; core damage may result.

CORE DAMAGE FREQUENCY: 3.0-6

FURTHER ACTIONS: Not import?nt.

FIGURE 3-3 (continued)
(Sheet 2 of 8)

|
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LOCATION DESIGNATOR:* ISPH-FZ-1

HAZARD SCENARIO: 4

HAZARD: Flood

REMARKS: Spill rate large, and flood in ISPH-FZ-2 not severe.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: RR/B, DR/B, NR/B

CORE DAMAGE: No

PLANT IMPACT: Train B of river water system.

CORE DAMAGE FREQUENCY:

1.0-4 x (HSS(0.05)] x [EF(0.1 estimate)] = 5.0-7

FURTHER ACTIONS: Not important.

O

FIGURE 3-3 (continued)
(Sheet 3 of 8)

|

|
1

I

O
|

3-74 '

0513G100887EEHR



/

V LOCATION DESIGNATOR:* ISPH-FZ-1

HA2ARD ' ,.tNARIO: 5d

HAZARD: Spray

REMARKS: Spill rate large, and flood in ISPH-FZ-2 severe.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: RR/B, OR/B, NR/B

CORE DAMAGE: No ,

PLANT IMPACT: Train B of river water systems.

CORE DAMAGE FREQUENCY: 1.0-5 x [NSC(0.05)] = 5.0-7 per Year

FURTHER ACTIONS: Not important.

O
.

FIGURE 3-3 (continued)
(Sheet 4 of 8)

!
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LOCATION DESIGNATOR:* ISPH-FZ-2

HA_ZARD SCENARIO: 1

HAZARD: Fire

REMARXS: Cables affected by fire.

ANNUAL FRE0VENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: 1R-SWGR , 1T-SWG R

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears; core damage may result.

CORE DAMAGE FREQUENCY: 1.0-6

FURTHER ACTIONS: Urt important.

O

,

FIGURE 3-3 (continued)
(Sheet 5 of 8)
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LOCATION DESIGNATOR:* ISPH-FZ-2

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by missile.

ANNUAL FndQUENCY OF HAZARD: 3.0-6

MSTEM/TRAINAFFECTEDBYHAZARD: 1T-SWGR , 1R-SWG R

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears; core damage may result.

CORE DAMAGE FPE00ENCY: 3.0-6

FURTHER ACTIONS: Not important.

. FIGURE 3-3 (continued)
'

(Sheet 6 of 8) |

O
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I

LOCATION DESIGNATOR,:* ISPH-FZ-2

HAZARD SCENARIO: 4

HAZARD: Flood

REMARKS: 3 pill rate large, and flood in ISPH-FZ-1 not severe.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: RR/A, DR/A, NR/A, NR/C

CORE DAMAGE: No

PLANT IMPACT: Train A of river water system.

CORE DAMAGE FREQUENCY:

1.0-4 x [NSS(0.05)] x [EF(0.1 estimate)] = 5.0-7

FURTHER ACTIONS: Not important.

O

FIGURE 3-3 (continued)
(Sheet 7 of 8)
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{'N,
t) LOCATION DESIONATOR:* ISPH-FZ-2

HAZARD SCENARIO: 5
,

HAZARD: Spray

REMARKS: Spill rate large, and flood in ISPH-FZ-1 severe.

ANNUAL FRE0UENCY OF HAZARD: 1.0-S

SYSTEM / TRAIN AFFECTED BY HAZARD: RR/A, DR/A, NR/A, NR/C

CORE DAMAGE: No

PLANT IMPACT: Train A of river water systems.

*

CORE DAMAGE FREQUE!!CY: 1.0-5 x [NSC(0.05)] = 5.0-7

FURTHER ACTIONS: Not important.

t

,

C'
L)\

FIGURE 3-3 (continued)
(Sheet 8 of 8)
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LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

, SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/A, MU/B, NS/A, NS/B, NR/A, ESV/A, AH1/A, DH/A, DC/A, BS/A

CORE DAMAGE: No

PLANT IMPACT: Train A of several components and train B of MU and NS.

CORE DAMAGE FREQUENCY: 1.0-5 x [other train, estimate, 0.1] = 1.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-4. HAZARD SCENARIO SHEETS FOR THE'
FUEL HANDLING BUILDING

(Sheet 1 of 22)

O
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I

i

LOCATION DESIGNATOR:* FM-FL-1 .

!HAZARD SCENARIO: 2

HAZARD: Fire.

REMARKS: Cables affected by fire.
,

ANNUAL FREQUENCY OF HAZARD: 1.0-5 |

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, NS/A, ESV/A,' AH1/A, DH/All, DC/A

CORE DAMAGE: No

PLANT IMPACT: MU/All, DH/All plus partial loss of several systems.

CORE EAMAGE FREQUENCY: 1.0-5 x [NSB, NSC) (0.15)] = 5-7

FURTHER ACTIONS: Not important. ;

O
|

'
|

'

FIGURE 3-4 (continued)
(Sheet 2 of 22)
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LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 3

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: 1T-SWGR, 1R-SWGR, BS/All

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears, spray B; core damage may result.

CORE CAMAGE FREQUEllCY: 3.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-4 (continued)
(Sheet 3 of 22)
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i
I

LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

ESV/C, NS/8, AH/C, MU/B, Instrumentation Channel s

CORE DAMAGE: No

PLANT IMPACT: i

i

C-valves lost, train B of NS + MU.

CORE DAMAGE FREQUENCY: 1.0-3 x [CVC (0,1)] = 1.0-4 |

|
FURTHER ACTIONS: )

Part of. Top Event 1C analysis; see Section 2 of System Analysis
Report.O

FIGURE 3-4 (continued)
(Sheet 4 of 22)

O
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LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 5

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

1T-SWGR, 1R-SWGR, ESV/A, ESV/B, MU/All, DC/A, BS/All, AH1/A, AH1/B,
NS/A, NS/B

CORE DAMAGE: Yes

PLANT IMPACT:

Loss of all screen house switchgears, HPI and spray B; core damage
may resul t.

CORE DAMAGE FREQUENCY: 3.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-4 (continued)
(Sheet 5 of 22)
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,.

w/ LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 6

HAZARD: Steam

REMARKS: Auxiliary steam pipe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: ESV/C

CORE DAMA3E: No

PLANT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of Top Event 1C analysis; see Section 2 of System Analysis
Report.

rs
%

.

FIGURE 3-4 (continued)
(Sheet 6 of 22)
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LOCATION DESIGNATOR:* FH-FZ-1 i

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: Flood from fire protection and seal injection piping.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: DH/All, BS/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DArdGE FREQUENCY:

Compares with simultaneous failure of both systems [0H(3.0-3)]
x (CS(1.6-3)] = 4.0-6; the equivalent unavailability of the flooding
event is 1.0-4/365 = 2.0-7.

FURTHER ACTIONS: Not important.

O

FIGURE 3-4 (continued)
(Sheet 7 of 22)
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(~
(s-) LOCATION DESIGNATOR:* FH-FZ-1

HAZARD SCENARIO: 8

HAZARD: Missile

REMARKS: Cables affected by missile.

ANNUAL FREQUENCY OF HAZARD: 1.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

1T-SWGR,1R-SWGR, ESV/A, ESV/B, MU/All, DC/A, BS/All, AH1/A, AH1/B,
NS/A, NS/B

CORE DAMAGE: Yes :
!

PLANT IMPACT:

Loss of all screen house switchgears, spray 0; core damage may result. 4

CORE DAMAGE FRE0VENCY: 1.0-6 ;

FURTHER ACTIONS: Not important.

,

FIGURE 3-4 (continued)
(Sheet 8 of 22) ,
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LOCATI0t1 DESIGNATOR:* FH-FZ-2

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire.

ant 10AL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/C, NS/C, NR/C, ESV/B,1T-SWGR, AH1/B, AH18/A, AH18/B, Train B of
DH, DR, DC, IC, and RR

CORE DAMAGE: No

PLANT IMPACT: Trains B and C of several systems.

CORE DAMAGE FRE0VENCY:

3.0-5 per year x [one failure in train A equipment.
0.1 estimate)] = 3.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-4 (continued)
(Sheet 9 of 22)
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LOCATION DESIGNATOR:* FH-FZ-2

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire. .)
1

ANNUAL FREQUENCY OF HAZARD: 3.0-5 )
|

SYSTEM / TRAIN AFFECTED BY HAZR D: MU/C, NS/C, NR/C '

'

CORE DAMAGE:

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:
.

Part of NS/NR analysis; not important because two additional pumps
must fail and their combined unavailability is less than 0.01; the ,
0.01 x 10-5 = 1.0-7 per year.

O

FIGURE 3-4 (continued)
(Sheet 10 of 22)
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LOCATION DESIGNATOR:* FH-FZ-2

HAZARD SCENARIO: 4

HAZARD: Flood

REMARKS: Fire protection pipe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC, Section 6 of System Analysis Report.

O

.

FIGURE 3-4 (continued)
(Sheet 11 of 22)
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'w/ LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire on Elevation 380'0".

ANNUAL FRE0VENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: AH18A, AH18B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC; not important becase normal redundant fans AH-E-17A
and AH-E-17B remain unaffected.

%./

FIGURE 3-4 (continued)
(Sheet 12 of 22)
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LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire on Elevation 355'0".

ANNUAL FREQUENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: AH18A, AH18B

CORE DA 4 AGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC; not important because normal redundant f ans AH-E-17A
and AH-E-178 remain unaffectec' by this scenario.

O

FIGURE 3-4 (continued)
(Sheet 13 of 22)
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O' LOCATION DESIGNATOR:* FH-FZ-5.

HAZARD SCENARIO:- 3

HAZARD: Fire !
I

REMARKS: Cables affected by fire. |

ANNUAL FREQUENCY OF HAZARD: 3.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: AH18/A, AH18/B, Instrumentation Channels '|
!

CORE DAMAGE: No .|
'|

PLANT IMPACT: |
|

Impact on instrumentation not important to accident sequences. |

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: )
i

Part of CB-HVAC analysis; not important because redundant normal duty |
supply fans AH-E-17A and AH-E-178 are not affected by this scenario I

and one of four is needed for success. |

O~
,

I
.

i
1

!

!
!

!
!
,

|
i

!

FIGURE 3-4 (continued) I

(Sheet 14 of 22) |
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LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFtufED BY HAZARD:

AH18/A, AH18/B, NR/B, NR/C, Instrumentation Channel s

CORE DAMAGE: No

iR. ANT IMPACT:

Part of CB-HVAC lost, and NR partial lo .s; instrumentation not
important.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of NR; CB-HVAC failure unlikely because redundant normal supply
fans AH-E-17A and AH-E-17B remain unaffected.

|

|
|

FIGURE 3-4 (continued)
(Sheet 15 of 22)
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LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 5

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN IFFECTED BY HAZARD:

NR/B, NR/C, RCP Rack A, RCP Rack B, Transfer Switch for 1C Valves

CORE DAMAGE: No

PLANT IMPACT:

NR system affected; RCP rack failure not important to our study.

CORE DAMAGE FPE00ENCY: < 0.1 x 1.0-5 = 1.0-6

FURTHER ACTIONS:

Part of NR study: not important because the unaffected pump train has
|an unavailability less than 0.1. ;O
,

FIGURE 3-4 (continued)
(Sheet 16 of 22)
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LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 6

HAZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED PY HAZARD:

NR/8, NR/C, CRD Cables, Cabinets XCL, XCC, XCR, XPL, and XPCR, PS-1

CORE DAMAGE: No

PLANT IMPACT: NR system affected; other failures not important.

CORE DAMAGE FREQUENCY: < 0.1 x 1.0-5 = 1.0-6

FU_RTHER ACTIONS:

Part of NR study; not important because it requires an additional
failure which has an unavailability less than 0.1.

O

|

l

l

i

FIGURE 3-4 (continued)
(Sheet 17 of 22)
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O LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 7

HAZARD: Fire

REMARKS: Cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

NR/B, NR/C, CRD Cables, Cabinets XCL, XCC, XCR, XPL, and XPCR, PS-1

CORE DAMAGE: No

PLANT IMPACT: NR systems affected; other failures not important.

CORE DAMAGE FREQUENCY: < 0.1 x 1.0-5 = 1.0-6

FURTHER ACTIONS:

Part of NR study; not important because an additional failure must
occur that has unavailability less than 0.10.

O

*

FIGURE 3-4 (continued)
(Sheet 18 of 22)
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LOCATION DESIGNATOR:* FH-FZ-5

HAZARD SCENARIO: 9

HAZARD: Flood

REMARKS: Fire protection p;pe break.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FRE00ENCY:

FURTHER ACTIONS:

Part of CB-HVAC; Section 6 of System Analysis Report.

O

FIGURE 3-4 (continued)
(Sheet 19 of 22)
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. LOCATION DESIGNATOR:* FH-FZ-6

HAZARD SCENARIO: 1
,,
.

HAZARD: Fire

REMARKS: Fire affecting chillers or chiller pumps.

ANNUAL FREQUENCY OF HAZ/RD:' 1.0-3 ,

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chlllers

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC; Section 6 of. System Analysis Report.

O
i

!

FIGURE 3-4 (continued)
4 (Sheet 20 of 22)
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LOCATION DESIGNATOR:* FH-FZ-6

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables affected by fire, control building HVAC affected.

ANNUAL FREQUENCY OF HAZARD: 9.0-7

SYSTEM / TRAIN AFFECTED BY HAZARD:

Control Building HVAC, NS/A, NS/B, MU/A, MU/B, DH/A, NR/A, BS/A,
EF/ Valves, IC/All, DC/A, OR/A, RR/A

1

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Not important; CB-HVAC f ailure may be recovered by portable
ventilation units or use of outside air with normal fans.

O

|

FIGURE 3-4 (continued)
(Sheet 21 of 22)
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O LOCATION DESIGNATOR:* FH-FZ-6- )

HAZARD SCENARIO: 4

HAZARD: Flood
|

REMARKS: Nuclear services or fire protection pipe break..
|

'

ANNUAL FREQUENCY OF HAZARD: 2.0-5
;-

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC; Section 6 of System Analysis Report.

OV

FIGURE 3-4 (continued)
(Sheet 22 of 22)
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LOCATION DESIGNATOR:* IB-FZ-1

HA7ARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

RR-V-4A, RR-V-48, RR-V-4C , RR-V-40, RR-V/5, NS-V/52A, NS-V/528,
NS-V-52C, NS-V-53A, NS-V-538, NS-V-53C

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of Top Event CF analysis; see Section 16 of System Analysis
Report.

O

FIGURE 3-5. HAZARD SCENARIO SHEETS FOR THE
INTERMEDIATE BUILDING

(Sheet 1 of 9)

l
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'V LOCATION DESIGNATOR:* IB-FZ-2

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FRE0VENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

EF/TD , RR-V/4 A, RR-V/48, RR-V/4C , RR-V/40, NS-V/52A, NS-V /52B,
NS-V/52C, NS-V/53A, NS-V/53B , NS-V/53C

CORE DAMAGE: No

PLANT IMPACT: ;

1

IFan coolers lost; EF/ turbine-dHven; assume TT.

CORE DAMAGE FREQUENCY: ,

1

1.0-3 x [EFA/EFF(5.2-4/.1)]*[LOCA mitigating (estimate, 0.1)] = 5.2-7 |

[v} FURTHER ACTIONS: Not important.
i

|

FIGURE 3-5 (continued)
(Sheet 2 of 9) i
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LOCATION DESIGNATOR:* IB-FZ-2

HAZARD SCENARIO: 3

HAZARD: Flood

REMARKS: Flood from EFW piping.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: One CST

CORE DAMAGE:

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of Top Event EF analysis; see Secticn 11 of System Analysis
Report.

O

FI3URE 3-5 (continued)
(Sheet 3 of 9)
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!

O !
~ LOCATION DESIGNATOR:* IB-FZ-2 j

P

HAZARD SCENARIO: 4

HAZARD: Steam t

!
REMARKS: Break in main steam line to EFW pump; r.o pipe movement. j

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Main Steam, Partial ~ I

CORE DAMAGE: No

PLANT IMPACT: MS break only.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: f
l

Part of steam line break in-b!c intermediate building initiating
event.

O !

!
!

t

[
i
i
!

!

FIGURE 3-5 (continued) .

(Sheet 4 of 9) l
i
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LOCATION DESIGNATOR:* IB-FZ-2

HAZARD SCENARIO: 6

HAZARD: Steam

REMARKS: Break in main steam line.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Main Steam, RR/All

CORE DAMAGE: No

PLANT IMPACT: MS break pl'is fan coolers are unavailable.

CORE DAMAGE FREQUENCY: 2-5 x (MS mitigation, estimate 0.03) = 6-7.

FURTHER ACTIONS: Not important.

O

FIGURE 3-5 (continued) 1

(Sh2et 5 of 9) |
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O !
LOCATION DESIGNATOR:* IB-FZ-3 |

i

HAZARD SCENARIO: 1 ]
i

HAZARD: Fire ;

o.

REMARKS: Cables affected by fire. |

ANNUAL FREQUENCY OF HAZARD: 1.0-3 !
4

fSYSTEM / TRAIN AFFECTED BY HAZARD:
r

IIF/2A, EF/28, EF-V1A, EF-2A, EF-2B, EF-30A, EF-308, RR-V/4A, RR-V/48,
RR-V/4C, RR-V/40, NS-V/52A, NS-V/52B, NS-V/52C, NS-V/53A, NS-V/53B, -|
NS-V/53C ,

CORE DAMAGE: No; ;

PLANT IMPACT: Motor-driven pumps of EF lost; fan coolers lost.

CORE DAMAGE FRE0VENCY: .j
i

1.0-3 x [EFF(0.1)] x HPA(2.7-3)] x [HPB(1.3-E)] = 3.5-9 |
\

FURTHER ACTIONS: Not important.

O !'
-

,

i !
I

i

|
'

.!
i

i

'|
:

4

FIGURE 3-5 (continuedi
(Sheet 6 of 9) j

I
J l

*

i

I |

|,

I
I

O
'

!

3-107
0513G100887EEHR ;

.



Q ATION DESIGNATOR:* IB-FZ-3

HAZARD SCENARIO: 3

HAZARD: Flood

REMARKS: Break in NS piping.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZAR9' EF/2A, EF/2B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of Top Event EF analysis; see Section 11 of System Analysis
Report.

{

O

FIGURE 3-5 (continued)'
(Sheet 7 of 9)
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rx
V LOCATION DESIGNATOR:* IB-FZ-6

HAZARD SCENARIO: 3

HAZARD: Steam

IMARKS: Break in main feedwater pipes.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: Main Feedwater, EF/70

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Compares with loss of MFW (0.23 per year) x EFTD pump unavailability
(0.1) = 0.023 per year; therefore,1.0-4 per year for the same event
is not important.

'

FIGURE 3-5 (contirued)
(Sheet 8 of 9)
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LOCATION DESIGNATOR:* IB-FZ-6

HAZARD SCENARIO: 4

HAZARD: Steam

REMARKS: Break in main steam pipes.

ANNUAL FREQUENCY OF HAZARD: 1.U-4

SYSTEM / TRAIN AFFECTED BY HAZARD:

Main Steam Line Break, i oss of Air Compressors

CORE DAMAGE: No

FLANT IMPACT: L ass of air compressor not important.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of steam line break inside intermediate building initiating
event.

O

FIGURE 3-5 (continued)
(Sheet 9 of 9)
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(m.
'd LOCATION DESIGNATOR:* DG-FA-1

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Diesel generator fire.

ANNUAL FREQUENCY OF HAZARD: 7.4-4 per demand ((2.0-2/(2 x 12)]

, SYSTEM / TRAIN AFFECTED BY HAZARD: Diesel Generator Train A

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Part of diesel generator analysis, not important.

f)U

|

1

FIGURE 3-6. HAZARD SCENARIO SHEETS FOR THE
DIESEL GENERATOR BUILDING |

(Sheet 1 of 2) !

O
i
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LOCATION DESIGNATOR:* DG-FA-2

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Diesel generator fire.

ANNUAL FREQUENCY OF HAZARD: 7.4-4 per demand [(2.0-2/(2 x 12)]

SYSTEM / TRAIN AFFECTED BY HAZARD: Diesel Generator Train B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAftAGE FREQUENCY:

FURTHER ACTIONS: Part of diesel generator analysis, not important.

O

,

FIGURE 3-6 (continued)
(Sheet 2 of 2)
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;

|
|
.

LOCATION DESIGNATOR:* CB-FA-2a

HAZARD SCENARIO: la
,

;

HAZARD: Fire
e

REMARKS: Cables affected by fire.

*

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/A, MU/B, EF/2A, DC/t, IC/A, NS/All, RR/A, DH/A, DR/A, NR/All,
10-SWGR, 1P-SWGR, 1R-SWGR, AH1/A, AH18/A |

CORE DAMAGE: No

PLANT IMPACT: NS failure plus train A.;

CORE DAMAGE FREQUENCY:
,

,

1.0-3 x [(HPA-1)(HPB)(3.0-3)] = 3.0-6 per Year#

FURTHER ACTIONS: Not important. |

OG,
"

i

|
,

j

f

FIGURE 3-7. HAZARD SCENARIO SHEETS FOR THE4

CONTROL BUILDING
(Sheet 1 of 25)

;
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!
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LOCATION DESIGNATOR:* CB-FA-2a

HAZARD SCENARIO: 3

HAZARD: Fire

REMARKS:

Cables affected by fire; IC/B and NS/C recoverable via remote
shutdown system.

ANNUAL FREQUENCY OF HAZARD: 9.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/A, MU/B, EF/2A, DC/A, IC/All, NS/All, RR/A, DH/A, DR/A, NR/A,
10-SWGR,1P-SWGR,1R-SWGR, lA-SWGR, AH1/A, AH18/A, BS/All, DC/A

CORE DAMAGE: No

PLANT IMPACT:

Train A of all systems lost. Core damage may occur if N/C fails and
IC/B is not recovered.

CORE DAMAGE FREQUENCY

9.0-5 [HPC (0.013) x operator error in using alternate S/D
(0.3 estimate)] = 4-7

FURTHER ACTIONS: Not important.

FIGURE 3-7 (continued)
(Sheet 2 of 25)
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O i
LOCATION DESIGNATOR:* CB-FA-2a |

HAZARD SCENARIO:- 4 ,

i
HAZARD: Fire- i

i

REMARKS: Cables affecte by fire; cabinets affected by smoke. |
i

ANNUAL FREQUENCY OF HAZA 1: 1.0-4 |

SYSTEM / TRAIN AFFECTED ' HAZARD: I
'

!
DC/A, IC/All s/All, RR/A, DH/A, OR/A, NR/All,1D,1P-SWGR,1R-SWGR, j
AH1/A . .tV/B, EF/2A, AH18/A- ;

'~'

i

F . VAMAGE: No ;
,

PLANT IMPACT: Impact the same as CB-FA-2a scenario la.,

: .

CORE DAMAGE FREQUENCY: 1 x 10-7 (see CB-FA-2a scenario la). !
I

FURTHER ACTIONS: Not important.
}
:

i

O !
!
!
!

|
|

!

I
t

I
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FIGURE 3-7 (continued)a
'

(Sheet 3 of 25)
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LOCATION DESIGNAT0P.:* CB-FA-2b

HAZARD SCENARIO: la

HAZARD: Fire

REMARKS: Cables affected by fire, cabinet fire.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/B, MU/C, ESV/B, 1E-SWGR, 1T-SWGR, 1S-SWGR, 125V/Q, VBB, VBD,
EF/2B, DC/B, IC/All, NS/All, RR/All, DH/All, DR/All, CB/VAC, NR/All

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY: 2.0-5

FURTHER ACTIONS: Importance to be determined.

O

FIGURE 3-7 (continued)
(Sheet 4 of 25)
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L# LOCATION DESIGNATOR:* CB-FA-2b

HAZARD SCENARIO: 3

HAZARD: Fire |

REFMRKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/C, SFCC/8, ESV/B,1E-SWGR,1T-SWGR,1S-SWGR, IP-SWGR,125V/0, VBB,
VBD, EF/2B, DC/B, NS/B, NS/C, RR/B, DH/B, OR/B

CORE DAMAGE: Yes

PLANT IMPACT: Total loss of vital power.

CORE DAFRGE FREQUENCY: 3.0-6 per Year

FURTHER ACTIONS: Not important.

:

L 1

U
|

|

|

FIGURE 3-7 (continued)
(Sheet 5 of 25) !
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LOCATION DESIGNATOR:* CB-FA-2c

HAZARD SCENARIO: la

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.5 x 10-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/All,1T-SWGR, RR/B, DH/B, OR/S, NR/C, RCP Monitor Racks, DC/1M,
AH1/B,1C Transfer Switch, BS/All, IC/All

CORE DAMAGE: No

PLANT IMPACT:

itCP seal failure because IC + MU failure; train B of several systems.

CClE DAMAGE FREQUENCY:

1.E x 10-5 x [HPB (7-3) + other train A (0.1 estimate)] = 2-6

FURTHER ACTIONS: Not important.

FIGURE 3-7 (continued)
(Sheet 6 of 25)
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p

p LOCATION DESIGNATOR:* CB-FA-2c

*

HAZARD SCENARIO: 6

HAZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FRE0VENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

Mil /All,1T-SWGR, RR/B, OH/B, DR/B, NR/C, RCP Racks, DC/1M, AH1/B,1C
Transfer Switch, BS/B, IC/All, INV/B, INV/D

CORE DAMAGE: No

PLANT IMPACT: RCP seal failure because of IC and MU; train B of systems.

CORE DAMAGE FRE0VENCY:

1.0-5 x [EFF(0.1)] (LOC + mitigatien estimate (0.1) = 1.0-7

FURTHER ACTIONS: Not important.

FlaVRE 3-7 (continued)
(Sheet 7 of 25)
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LOCATION DESIGNATOR:* CB-FA-2d

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 5.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

NS/All, NR/A, NR/C, DC/All, MU/All, IC/All, INV/A, INV/C, INV/E, VBA,
VBC, CHG/A, CHG/C, CHG/E, DC Pan /A, DG Pan /P, AHl/A, AHl/B, AH18/All

CORE DAMAGE: Yes

PLANT IMPACT:

DC train A, CB-HVAC, RCP seal failure, NS/All, no LOCA mitigation
(recoverable).

CORE DAMAGE FREQUENCY: 5.0-6

FURTHER ACTIONS: Importance to be determined.

O

FIGURE 3-7 (continued)
(Sheet 8 of 25)
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I

O LOCATION DESIGNATOR:* CB-FA-2d
1

HAZARD SCENARIO: 3 '

.

HAZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 2.0-6
'

ESTEM/TRAINAFFECTEDBYHAZARD:

NS/All, NR/A, NR/C, DC/A, DC/B, MU/All, IC/A, IC/8, INV/A, INV/B,
INV/C, INV/D, INV/E, VBA, VBC, CHG/A, CHG/C, CHG/E, DC Pan /A, DG
Pan /P, AH1/A, AH1/B

CORE DAMAGE: Yes
'

PLANT IMPACT:

All DC, CB-HVAC, RCP seal failure, LOCA mitigation (recoverable). I

CORE DAMAGE FREQUENCY: 2.0-6 ,

FURTHER ACTIONS: Not important.

,

4

1

FIGURE 3-7 (continued)
(Sheet 9 of 25)
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LOCATION DESIGNATOR:* CB-FA-2d

HAZARD SCENARIO: 4

HAZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 2.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

IP-SWGR, NS/All, NR/A, NR/C, DC/A, DC/B, MU/All, IC/All, INV/A,
INV/C, INV/E, VBA, VBC, CHG/A, CHG/C, CHG/E, DC Pan /A, DG Pan P AH1,
AH18

CORE DAMAGE: Yes

PLANT IMPACT:

DC train A, 4.11 kV train A, CB-HVAC, RCP seal, LOCA mitigation
(recoverable).

CC?E DAMAGE FREQUENCY: 2.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-7 (continued)
(Sheet 10 of 25)
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~ LOCATION DESIGNATOR:* CB-FA-2e

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

INV/B, INV/D, MU/A, MU/B, DC Pan /B, DG Pan /Q, CHG/C, CHG/D, CHG/F,
VBB, VBD, NR/All, EP/B, ESV/C

CORE DAMAGE: No

PLANT IMPACT: CB-HVAC and NR are lost; train B of all systems.

CORE DAMAGE FREQUENCY:

2.0-5 x (train A failure (0.3 estimate) and operator fails to recover
NR (0.3 estimate)] = 2.0-6

. FURTHER ACTIONS: Not important.

\.-

FIGURE 3-7 (continued)
(Sheet 11 of 25)
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LOCATION DESIGNATOR:* C3-FA-2f

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FRE0llENCY OF HAZARD: 6.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

DC/B, IC/All, Bat Rack /A, Bat Rack /C,125V/B, AH18/B, AHl/B, MU/A,
RJ/C, DH/B, BS/B, NS/C, NR/C, OR/B, ESV/B, ESSH/B

CORE DAMAGE: No

PLANT IMPACT: Train B of system and train A of batteries.

CORE DAMAGE FREQUENCY: 6.0-6 x [SEC(0.18)] = 1.1-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-7 (continued)
(Sheet 12 of 25)
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LOCATION DESIGNATOR:* CB-FA-29

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

Bat Rack /8, Bat Rack /D,125V/B, Some Instrument Cables, EFV-308,
EFV-300

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of DC bus B analysis (08); see Section 2 of System Analysis
Report.

FIGURE 3-7 (continued)
(Sheet 13 of 25)
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LOCATION DESIGNATOR:* CB-FA-3a

HAZARD SCENARIO: 2

HAZARD: Fire

REMARKS: Cables and bus bars affected by 16rge fire.

ANNUAL FREQUENCY OF HAZARD: 1.5-4

SYSTEM / TRAIN AFFECTED BY HAZARD:

10-SWGR,1P-SWGR,1R-SWGR, ESV/A, OP Bus to 10-SWGR, MU/A, EF/2A,
RR/A, DR/A, DH/A

CORE DAMAGE: No

PLANT litPACT: LOOP plus train A.

CORE DAMAGE FREQUENCY: 1.5-4 x [GB(.08)] = 2.4-5

FURTHER ACTIONS:

Important; recovery of offsite power to one source is not possible.

O

FIGURE 3-7 (continued)
(Sheet 14 of 25)
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LOCATION DESIGNATOR:* CB-FA-3a

HAZARD SCENARIO: 3

4AZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

10-SWGR, 1P-SWGR, 1R-SWGR, ESV/A, OP Bus to 10-SWGR, 1E-SWGR, MU/A,
MU/B, EF/2A, RR/A, OR/A, DH/A

CORE DAMAGE: Yes

PLANT IMPACT:

LOOP and both 4.16-kV AC buses.

CORE DAMAGE FREQUENCY: 3.0-6

FURTHER ACTIONS: Not important.
rm
U

!
!

FIGURE 3-7 (continued)
(Sheet 15 of 25)
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LOCATION DESIGNATOR:* CB-FA-3b

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire. '

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD:

1E-SkGR,1S-SWGR,1T-SWGR, ESV/B, MU/All, EF/2B, NS/C, RR/B, DH/B, s

IC/All, DC/B, DR/B

CORE DAMAGE: Yes
'

PLANT IMPACT:

RCP seal failure because MU and IC are lost.

CORE DAMAGE FREQUENCY: 1.0-5

FURTHER ACTIONS: Importance to be determined.

O

FIGURE 3-7 (continued)
(Sheet 16 of 25)
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'# LOCATION DESIGNATOR:* CB-FA-3b

HAZARD SCENARIO: 3.

, HAZARD: Fire

REMARKS: Cables affected by fire; cabinets affected by smoke.

ANNUAL FREQUENCY OF HAZARD: 5.0-7

SYSTEM / TRAIN AFFECTED BY HAZARD:

1E-SWGR, 10-SWGR, 1S-SWGR, 1T-SWGR, ESV/B, MU/All, EF/2A, EF/3B,
NS/All, RR/B, DH/A, DH/B

CORE DAMAGE: Yes

PLANT IPPACT: Total loss of vital power.

CORE DAMAGE FREQUENCY: 5.0-7 per Year

FURTHER ACTIONS: Not important.

,

FIGURE 3-7 (continued)
(Sheet 17 of 25)
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LOCATION DESIGNATOR:* CB-FA-3c

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS:

Cables affected by fire; impact can be mitigated if alternate
shutdown system is used.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU/All, EP/All, Instrumentation, ESAS, AH/All, DH/All, BS/All,
IC/All, DC/All, RR/All, Condenser Steam Dump

CORE DAMAGE: Yes

PLANT IMPACT:

All LOCA mitigation systems are lost; fan coolers + BS lost; RCP seal
failure because of IC and MU; all electric power lost (recoverable).

CORE DAMAGE FRE0VENCY:

1.0-4 x [ operator error in using alternate shutdown system (0.2)]
= 2.0-5

FURTHER ACTIONS:

Importance to be detennined. Detailed operator action is needed.

FIGURE 3-7 (continued)
(Sheet 18 of 25)
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G
U LOCATION DESIGNATOR:* CB-FA-3d (cable spreading room)

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS:

Fire at center of rom affects several control cables. Operators can
use alternate shutdown system for recovery.

ANNUAL FREQUENCY OF HAZARD: 2.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

Large number of systems, including reactor building functions.

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Not important.

O

FIGURE 3-7 (continued)
(Sheet 19 of 25)
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LOCATION DESIGNATOR:* CB-FA-4b (controi room)

HAZARD SCENARIO: 1

!iAZARD: Fire

REMARKS:

Fire in control panels CC and CR. Operators use alternate shutdown
system.

ANNUAL FPEQUENCY OF HAZAAD: 3.0-6 (includes human error)

SYSTEM / TRAIN AFFECTED BY HAZARD:

The control circuits of large number of vital systems af fected.

CORE DAMAGE: Yes

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: Not important.

O

FIGURE 3-7 (continued)
(Sheet 20 of 25)
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LOCATION DESIGNATOR:* CB-FA-Sa

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Fire affecting HVAC fans, damper motors, and cables. f
ANNUAL FREQUENCY OF HAZARD: 3.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: |

AH-E-19A, AH-E-19B, AH-E-18A, AH-E-17A, several dampers

CORE D#, MAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

*

FURTHER ACTIONS:

Part of CB-HVAC, Section 6 of System Analysis Report. !

!

!
i

.

i
t

FIGURE 3-7 (continued)
(Sheet 21 of 25) ;
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LOCATION DESIGNATOR:* CB-FA-Sb

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Fire affecting HVAC fans, dampcr motors, and cables.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD: AH-E-18B, AH-E-17B,'AH-0-41B, AH-D-32B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC; not important when compared with CB-FA-Sa,
scenario 1.

O

FIGURE 3-7 (continued)
(Sheet 22 of 25)
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O
LOCATION DESIGNATOR:* CB-FA-1

HAZARD SCENARIO: 1

HAZARD: Fire

? - ret 4 ARKS: Ccbles affected by fire.

ANNUAL FREQUENCY OF HAZARD: 3.0-6

SYSTEti/ TRAIN AFFECTED BY HAZARD:

fiU/All, EF/2A, EF/28, IC/A, IC/B, NS/All, RR/A, DR/A, NR/A, 10-SWGR,
1E-SWCR

CORE DAt4 AGE: Yes

PLANT IMPACT: Large number of componeats.

CORE OAMAGE FREQUENCY: 3.0-6

FURTHER ACTIONS: Not important.

O

FIGURE 3-7 (continued)
(Sheet 23 of 25)
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LOCATION DESIGNATOR:* CB-FA i

HAZARD SCENARIO: 6

HAZARD: Flood

REMARKS: Large flood from lab and housekeeping activities.

ANNUAL FREQUENCY OF HAZARD: 1.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of CB-HVAC, Section 6 of System Analysis Report.

O

FIGURE 3-7 (continued)
(Sheet 24 of 25)
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LOCATION DESIGNATOR:* CB Stairs

HAZARD SCENARIO: 1

HAZARD: Flood

REMARKS: Flood from fire protection and |iVAC pipes.

ANNUAL FREQUENCY OF HAZARD: 1.0-4

SYSTEM / TRAIN AFFECTED BY HAZARD: Control Building Chiller Pumps

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of CB-HVAC, Section 6 of the Systems Analysis Report.

~.

J
>

FIGURE 3-7 (continued)
(Sheet 25 of 25)
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LOCATION DESIGNATOR:* RB-FZ-la

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables af fected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD: AH1/All

CORE DAMAGE: No

PLxNT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Part of Top Event CF analysis; see Section 16 of System Analysis
Report.

O

FIGURE 3-8, HAZARD SCENARIO SHEETS FOR THE
REACTOR BUILDING
(Sheet 1 of 13)
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LOCATION DESIGNATOR:* RB-FZ-la

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: Break in main feedwater pipes.

AN.NAL FREQUENCY OF HAZARD: 8.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: AH1/A?l, Main Feedwater
;

CORE DAMAGE: llo

PLANT IMPACT: Fan cooler plus MF initiating event.

CORE DAMAGE FREQUENCY:
|

FURTHERACTIOQ:

Not important; compares with loss of MF (0.23/ year) x [CFI(0.C066)]
= 1.2-3/ year.

,cs
V

FIGURE 3-8 (continued)
(Sheet 2 of 13)
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LOCATION DESIGNATOR:* RB-FZ-Ic

HAZARD SCENARIO: 8

HAZARD: Flood

REMARKS: Break in MUPS piping.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

SYSTEM / TRAIN AFFECTED BY HAZARD: MU/All, RB/A

CORE DAMAGE: No

PLANT IMPACT: MVPs plus RB tr e 'n A.

CORE DAMAGE FREQUENCY: 2-5 x (mitigation, estimate, 0.03) = 6-7

FURTHER ACTIONS: Not important.

O

FIGURE 3-8 (continued)
(Sheet 3 of 13)
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O LOCATION DESIGNATOR:* RB-FZ-1c

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNOAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD: Part of Instrumentation, AH1/All

CORE DAMAGE: No

PLANT IMPACT: ,

Fan coolers lost; assume reactor trip; operators can recover.

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of Top Event CF analysis; see Section 16 of System Analysis
Report.

O
,

2

I

'

FIGURE 3-8 (continued) !

(Sheet 4 of 13)
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0 CATION DESIGNATOR:* RB-FZ-lb

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

Part of Instrumentation

CORE DAMAGE: No

PLAMT IMPACT: Partial loss of instrumentation.

CORE DAMAGE FREQUENCY:

Thc operators can recover from this event because (1) some
instrumentation will be lef t unaffected, (2) all vital and balance of
plant equipment will remain unaffected by the fire, and (3) loss of
instrumentation channels by themselves cannot lead to adverse
situations.

FURTHER ACTIONS: Not important.

FIGURE 3-8 (continued)
(Sheet 5 of 13)
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LOCATION DESIGNATOR:* RB-FZ-le

HAZARD SCENARIO: 1

HAZARD: Fire

REMARKS: Cables affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-3

SYSTEM / TRAIN AFFECTED BY HAZARD:

Part of Instrumentation, RCP Oil Cooling

CORE DAMAGE: No

PLANT IMPACT: Partial loss of instrumentation.

CORE DAMAGE FREQUENCY:

The operators can recover from this event because (1) some
instrumentation will be left unaffected, (2) all vital and balance of
plant equipment will remain unaffected by the fire, and (3) loss of
the instrumentation channels by themselves cannot lead to adverse
situations.p,

V
i

FURTHER ACTIONS: Not important. '

FIGURE 3-8 (continued)
(Sheet 6 of 13) ;
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LOCATION DESIGNATOR:* RB-FZ-lb

HAZARD SCENARIO: 7

HAZARD: Flood

REMARKS: Break in MUPS piping.

ANNUAL FREQUENCY OF HAZARD: 8.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD: MVPS Pipe Break

CORE DAMAGE:

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of Top Event HPA/HPB analysis; see Section 13 of System Analysis
Report.

O

FIGURE 3-8 (continued)
(Sheet 7 of 13)
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'' LOCATION DESIGNATOR:* RB-FZ-1d

HAZARD SCENARIO: 1

HAZARD: Fire

REfMRKS: Cabler affected by fire.

ANNUAL FREQUENCY OF HAZARD: 1.0-2

SYSTEM / TRAIN AFFECTED BY HAZARD:

Part of Instrumentation, PORV, Block Valves, Pressurizer Spray, RCP
Oil Cooling

CORE DAMAGE: No

PLANT IMPACT:

Impact on instrumentation not important; P0-1 = 1.0, CD-1 = 1.0

CORE DA?MGE FRE0VENCY- I

|
1.0-2 x [MFA(0.016) + MFG (0.081)] x [EF-1(4.6-4) |

+ SD-1(1.5-5)] = 4.6-7 per Year

k FURTHER ACTIONS: Not important.

|

FIGURE 3-8 (continued)
(Sheet 8 of 13)
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LOCATION DESIGNATOR:* RB CZ-1d

HAZARD SCENARIO: 8

HAZARD: Flood

REMARKS: Break in main feedwate. pipes.

ANNUAL FRE0VENCY OF HAZARD: 8.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

MU to two RCPS, EF to one OTSG, Main Feed to Loop A, PORV-Related
Cables.

CORE DAMAGE: No

PLANTIF,QCT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

Not important, other OTSG remains unaffected, ar.d reactor pressure
can be controlled using heat removal capability from that OTSG, or
through the safety valves.

O

:

FIGURE 3-8 (coritinued)
(Sheet 9 of 13)
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I
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LOCATION DESIGNATOR:* RB-FZ-id
i

HAZARD SCENARIO: 11 t

!
iHAZARD: Steam

-|,

REMARKS: Break in main steam line. .i
-t

ANNUAL FREQUENCY OF HAZARD: 8.0-6 {
i

SYSTEM / TRAIN AFFECTED BY HAZARD: ;

Main Steam Break, partial loss of MU, and EF, Main Feed to Loop A, j

and RCP Seal Piping ,

i

CORE DAMAGE: No |
I

PLANT IMPACT: ;

!

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS: !

Part of steam line pipe break inside intermediate building initiating
event. !

O |
k

:

I

i

|

|
|

FIGURE 3-8 (continued)
(Sheet 10 of 13)

;
I

|
|

O
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LOCATION DESIGNATOR:* RB-FZ-le

HAZARD SCENARIO: 8

HAZARD: Flood

REMARKS: Break in main feedwater pipes.

ANNUAL FREQUENCY OF HAZARD: 8.0-6

SYSTEM / TRAIN AFFECTED BY HAZARD:

:lalf of MU, Half of EF, and Main Feed to Loop B

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Not important, the other OTSG remains unaffected and can remove
heat. Aso, PORVs remain unaffected. Many cooldown paths remain
unaffected.

O

FIGURE 3-8 (continued)
(Sheet 11 of 13)

,
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^()Q LOCATION DESIGNATOR:* RB-FZ-le

HAZARD SCENARIO: 11

HAZARD: Steam

REMARKS: Break in main steam line.

ANNUAL FREQUENCY OF HAZARD: 8.0-6

SYSTEM /TRAIF AFFECTED BY HAZARD:

Main Steam Break, Partial loss of MU and EF, Main Feed to Loop B,
and RCP. Seal Piping

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FRE0VENCY:

FURTHER ACTIONS:

- Part of steam line pipe break inside intermediate building initiating
event.

O

FIGURE 3-8 (continued)
(Sheet 12 of 13)

.

9

O
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LOCATION DESIGNATOR:* RB-FZ-2

HAZARD SCENARIO: 11

HAZARD: Steam

REMARKS: Break in main steam line.

ANNUAL FREQUENCY OF HAZARD: 2.0-5

FREQUENCY EVALUATION:

SYSTEM / TRAIN AFFECTED BY HAZARD:

Main Steam Line Break, Partial FW and EF, CF/A, and Instrumentation,
IC/All

CORE DAMAGE: No

PLANT IMPACT:

CORE DAMAGE FREQUENCY:

FURTHER ACTIONS:

Part of steam line break inside intermediate building initiating
event.

FIGURE 3-8 (continued)
(Siaet 13 of 13)

O
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4. EXTERNAL FLOODING ANALYSIS

Potential accident sequences initiated by external floods at Three Mile
Island Unit 1 are investigated in this section, and the frequency of the
resulting core damage scenarios are calculated.

4.1 FLOODING FREQUENCY

The TMI-1 plant is located on the northern part of the Three Mile Island
River, approximately 2.5 miles south of Middletown, Pennsylvania. The
drainage area of the river at Harrisburg gauging station, located
approximately 11 river miles upstream from the site, is 24,100 square
miles (Reference 4-1). The island is elongated parallel to the flow of
the river and is about 11,000 feet in length and 1,700 feet in width.
The width of the river north of the island is a9 proximately 1.5 miles
(Figure 4-1). There are no large dams or reservoirs immediately upstream
from the site. The SusqueharMa River is the prinicipal source of flood
in the Harrisburg area. The 'lood history dating back to 1786 indicates
that the highest flood of record prior to 1972 occurred on
March 19, 1936, and is believed to have been the highest known flood
since 1784 and, probably, since 1740 (Reference 4-1). The 1936 flood
discharge rate at Harrisburg was 740,000 cfs and resulted from a
large-scale snow melt over the entire area of Pennsylvania. It is
believed that the most likely source of large floods of magnitude equal
to or greater than the 1936 flood would be the result of one or a

O combination of such conditions as large-scale snow melt and antecedent
V rainfall and cyclones. However, in June 1972, rainfall due to the

tropical storm Agnes caused a flood that reached the 300-foot elevation
at the south end of the site. The 1972 flood therefore is the highest
flood of record to date.

According to flood analysis reported in Reference 4-1, the discharge rate
corresponding to the so-called probable maximum flood is 1,625,000 cfs.
This, at the site, corresponds to a calculated surface elevation of
310 feet at the tip of Three Mile Island.

Figure 4-2 presents the annual frequency of exceeding various flood
levels at the TMI-1 site. The data points on the curve represent the
following major floods:

Flood Elevation Annual
Year (feet) Frequency

1964 292 4.5 x 10-2

1936 298 5.0 x 10-3

1972 300 2.5 x 10-3
.

Ov
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The frequency of the 1936 flood was calculated based on the observation
period, 1786 through 1986. In the case of the 197E Agnes flood, a return
period of 400 years was assumed, based on the assessment of a study
performed by the Corps of Engineers, as reported in Reference 4-2.
According to that assessment, the recurrence interval of the 1972 flood
is between 400 and 500 years.

To obtain the frequency of exceedance for probable maximum flood, the
curve in Figure 4-2 was extrapolated linearly, resulting in an anrual
frequency of 1.0 x 10-5 It can be argued that linear extrapolation is
conservative since higher level floods require extreme conditions that
are increasingly unlikely to be met. The early portions of the graph
also indicate a nonlinear behavior. Nevertheless, in light of
significant modeling and data uncertainties, a conservative assessment is
prudent. Therefore, for the purpose of this analysis,1.0 x 10-5 is
taken as the mean value of the uncertainty distribution of PMF
frequency. Using a lognormal model with a range factor of 5 puts the
lower bound (5th percentile) estimate of the frequency at about
1.2 x 10-6, which is about the same as the prediction of Reference 4-2
for the site. The upper bound (95th percentile) in this case is
3.1 x 10-5 per year.

Elevation 310' is particularly important because, as discussed in the
following sections, flood protection is provided for the plant against
flood levels up to 310 feet.

As .!ill be discussed in the following sections, there are several core
damage scenarios that can be initiated by floods between Elevation 305'
and Elevation 310'. The mean annual frequency of such floods, from
Figure 4-2, is 1.5 x 10-4 Using a lognormal model with a range factor
of 5 to represent uncertainties, we o.btain

95th percentile = 4.7 x 10-4 per year

5th percentile = 1.9 x 10-5 per year

4.2 FLOOD DESIGN CONSIDERATIONS

TMI-1 plant grade is Elevation 304' to protect the plant from floods up
to the design flood (a discharge rate of 1,100,000 cfs and water
Elevation 304' at the tip of the island and Elevation 303' at the
southern side of the plant). A protective dike has been constructed at
Elevation 310' at the tip of the island and descends uniformly along both
sides of the island to Elevation 305'. The dikc does not procect the
site from PMF, However, flood gates are provideo 'e protecting the
safety-related structures and components with minimum top Elevction 311'
except for the air intake tower for which the lowest opening is at an
Elevation 310'. The following is a summary of protective measures for
various critical buildings and equipment according to TMI-1 Flood
Emergency Procedure 1202-32.

e Intake Screen and Pumo House

- Stop logs.
- Seals where pump shaf ts penetrate the floor slab.

4-2
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{s -
- Manholes in slab at Elevation 308' sealed. ,

- Electrical equipment located in elevation above PMF level . ;

{

e Fuel Storage Building ,

Stop logs. '
-

Watertight door to tendon gallery. ,-

- Inflatable rubber seal around railroad door'.

The 3-inch gap between this and the reactor building made-

watertight.

e Control Building. Stop logs. :

e Auxiliary Building j
'

- Watertight door to tendon gallery.
Inflatable rubber seal around truck unloading door. i-

- Pipe and conduit penetrations made watertight. ,

o Intermediate Building

|- Stop logs.
Orain system designed for flood condition, j

-

e Diesel GeneraMr Building

Stop logs. f-

Tornado panels made watertight. |
-

;

e Air Ventilation Inlet. Located at an elevation above flood level . - ;
1

e Diesel Fuel Oil Storage Tank '

!

Top of the right wall located at Elevation 312' and designed to !
-

withstand hydraulic forces. :
t

Tank foundation designed for full uplift (tank empty). {-

Also, all opedngs for ducts, pipes, conduits, cable trays, etc., are
sealed. The etfectiveness of these measures for preventing core damage t

is discussed in the following sections. i

4.3 FLOC)-INITIATED SCENARIOS i

Flood scenarios are analyzed in three categories. These categories,
determined by the flood elevation, are: (1) floods more than l

Elevation 310' in which the critical structures are flooded even if all
the protective measures summarized in Section 4.2 are taken, (2) floods
between Elevation 305' (dike overflow) and Elevation 310', and (3) floods
less than Elevation 305' in which the site will not be impacted unless ;

the dike is failed. A key element in developing flood scenarios is the

4-3
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plant flood response proceoure. The key actions called for by the flood
protection procedures are (Reference 4-1):

1. Initiation of the Flood Protection Procedure. Described in Emergency
Procedure 1202-32, with a 36-hour forecast of 350,000 cfs or more
discharge rate.

2. Initiation of Flood Alert. Initiated by the operations and
maintenance director, with a 36-hour forecast of 640,000 cfs or more
discharge.

3. Emergency Closure. Called by the operations and maintenance
director, with a 36-hour forecast of 940,000 cfs or more discharge
rate.

4. Shutdown Alert. Ordered by the operations and maintenance director
if the water elevation at the Unit I river water intake structure
reaches 301 feet (9F2,000 cfs).

5. Shutdown. Ordered by the operations and maintenance director if the
river stage reaches 302 feet (1,000,000 cf s) .

In response to an "emergency closure" order, the operators perform the
steps indicated in Table 4-1. The impact of omitting any one of these
steps is also identified in Table 4-1. Of course, there is no impact if
the flood level does not exceed the plant elevation of 305 feet.

Table 4-2 identifies the potential flood impacts on the plant equipment
needed to maintain cold shutdown, the equipment needed to achieve a slow
cooldown to cold shutdown without offsite power, and the equipment needed
to perform a normal cooldown to cold shutdown conditions, with off site
power available.

Successful implementation of the 'lood procedure steps depends on the
availability of sufficient time. The initiation of flood procedure and
the subsequent actions are mainly determined by the observed flocd
level. Hydrographs of Figure 4-3 show the available time in various
historical floods and the probable maximum flood.

According to the PMF hydrograph in Figure 4-3, the time from shutdown
order until water reaches Elevation 310' at TMI (corresponding to a flood
discharge rate of 1,625,000 cfs) is about 27 hours. In a fast-developing
flood, such as flood caused by hurricane, the length of time may be
shorter. For example, extrapolation of the hydrograph for the Agnes
flood from Elevation 302' to Elevation 310' gives a time interval of
about 10 hours. This, however, is unrealistic since a hurricane is ,

unlikely to produce the PMF at the site. The various flood-initiated |

core damage scenarios are described and quantified in the following. j

4.3.1 FLOODS WITH AN ELEVATION GREATER THAN 310 FEET |

As discussed earlier, the critical plant equipment required for cold |

shutdown is only protected up to Elevation 310'. In the event of a flood
that exceeds 310 feet, it is expected that the operators would take

4-4
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,p actions not currently covered by procedure to protect the plant. These- I

V actions would likely be initiated as soon as plant personnel realize that
the flood level might exceed the design basis flood level. In
particular, it is expected that additional actions would be initiated no
later than when the flood levels exceed 305 feet and the operators
realize that their previous actions have been instrumental in protecting j
the plant. By this time, the plant staff will be highly motivated to
take further~ actions to protect the plant and themselves. Even in the !
event of a hurricane, at least 5 additional hours should be available j
before flood levels exceed Elevation 310'. From the hydrographs, as may
as'25 hours may be available if the flood is not caused by a hurricane.

i

It is anticipated that the operators could protect the plant to even j
higher elevations by stacking sandbags and installing additional metal
covers on the openings that would otherwise be exposed. Piles of sand
are specifically available onsite for this purpose, and there is a
substantial amount of spare metal available that could be used. However,
the number of openings that must be covered up to, say, 312 feet is
substantial; i.e. , more than 10. For example, there are at least four
such openings for the river water pumphouse. Consequently, the
likelihood of success is judged to not be very great. A uniform
di:tribution is assumed for the error rate for this nonproceduralized
action, with a mean value of 0.5. The mean annual frequency of core
damage tue to floods of more than 310 feet is then calculated as the

,

frequency of flood (6F1) and the conditional probability of core !
damage :pCDI

j

m i

) $CD1 = 6F1 * PCDs

= (1.0 x 10-6)(0.5) = 5.0 x 10-6 per year

4.3.2 FLOOOS WITH ELEVATIONS BETWEEN 305 FEET AND 310 FEET

At Elevation 305', or more, the dike will overflow and the critical iequipment at the plant will be exposed to flood if the protective 1

measures described earlier are not taken by the plant personnel. An I

event tree, Figure 4-4, was developed to describe and quantify the
various core damage scenarios initiated by such a flood. The top events
of this tree and the associated split fractions are described in the
following:

e Top Event EW. This top event represents success of early warning !
(tW). This top event is particularly important in view of the fact
that successful implementation of flood procedure depends on the
availability of sufficient time to perform the necessary actions.
The first operator action in the model for external flooding
questions whether the operators have recognized that a flood watch is
required and have therefore initiated monitoring of the river level.
This monitoring is important because the procedural guidance for
ordering a plant shutdown is keyed to when the elevation of the river
reaches 302 feet and no automatic alarms are available in the control
room. The error rate for this action is computed using the methods
for dynamic human actions, nonresponse errors, described in Section 2

4-5
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of the Human Actions Analysis Report. Two scenarios are evaluated:
heavy rainfall and floods due to hurricanes, which are assumed to
also cause failure of offsite power. The time from the first
indications of severe flooding until Elevation 302' is reached
depends on the cause of the flood. For our purposes, two different
causes are modeled (i.e., heavy rainfall versus hurricanes),
corresponding to the hydrographs in Figure 4-3. The human action
analysis input for the early warning human actions is provided in
Table 4-3 along with the resulting error rates. In the
quantification of the event tree of Figure 4-4, the higher of the two
numbers (i.e. , HEWIC) is used. The mean value, based on a lognormal
distribution fit to the 1 er and upper bounds as the 5th and 95th
percentiles is 3.84 x 10-

e Top Event OP. This top event represents the possibility of losing
offsite power (0P) in a flood between Elevation 305' and
Elevation 310'. Offsite power is lost if the water level exceeds
307 feet due to flooding of transformers and other equipment in the
switchyard. From Figure 4-2, it can be seen that the frequency of
ficods higher than Elevation 307' is about one-third of the frequency
of floods in the range between Elevation 305' and Elevation 310'.
Also, of the three major floods at the site, only one has been due to
hurricane in which there is a high chance of offsite power being
lost. Therefore, in this analysis, the likelihood of loss of offiste
power, given a flood in the range between Elevation 305' and
Elevation 310', is assessed to be 0.33.

e Top Event EP. This top event represents the availability of onsite
emergency power (EP) for a period of 24 hours if offsite power
becomes unavailable. Probability of failure of both emergency power
trains from causes other than flooding was calculated from the
emergency power system model (Systems Analysis Report), assuming a
24-hour mission time. The mean value was calculated to be
1.55 x 10-2 (This number Ws produced using the equations in the
Systems Analysis Report, Section 2, for a 24-hour mission time
instead of the 6 hours used in GAC and GBD.)

e Top Event CS. This top event represents the successful and timely
response of operators to initiate shutdown and bring the plant to
cold shutdown (CS) condition. Note that the success (no core damage)
paths require success in both Top Events CS and SL described below.

Two conditional split fractions for Top Event CS are estimated,
depending on v;hether offsite power is available or not. Table 4-4
represents the input to the human actions analysis process for these
two cases. Note that, in the second case, it is assumed that the
cause of flooding is a hurricane in which the available time before
the flood peaks is less than for other flooding conditions (heavy
rainfall or large-scale snow melt). The resulting number, therefore,
is a conservative representation of various possible floods. The
mean frequency for the twc cases are:

HCD6A (offsite power available) = 9.32 x 10-3

HCD6C (offsite power failed, hurricane condition) = 0.857
,
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e Top Event SL. This top event refers to the successful implementation
W a series of steps listed in the emergency procedure under

'"emergency clo pre" category (see Tables 4-1 and 4-2).

For floods in the range of interest, eight of the steps identified.in
,

Table 4-1, if omitted, would cause failure of the equipment needed to
maintain cold shutdown; i.e., steps 3.5.1-C-4, 0-1, 0-3, D-2, B-1,
B-2, A-2, and A-3. If the plant is not already at cold shutdown
before the flood peaks, omission of step 3.5.1-C-1 wou_id be likely to t

prevent attaining DHR entry conditions. |

Sufficient time is assumed available for the performance.of all the
3.5.1 step so that the actions required in the implementation of ,

Emergency Procedure 1202-32 can be considered routine rather than !
dynamic. The frequency for errors of_ omission when a procedure is t
used and a long list of involved instructional items are presented in ,

Table 2-2 of the Human Actions Analysis Report. The basic human ,

error rate HE01B (i.e., see also Table 1-3 from the Human Actions i
Analysis Report) is per item, so it is therefore multiplied by 8 ff !
the plant is already in cold shutdown at the time the flood peaks '

(i.e., HSL1) or by 9 if the plant is still on its way to cold !

shutdown; i.e., HSL2. The results for these two actions are
,

indicated in the following table, j

ERROR RATE FOR FAILING TO IMPLEMENT ALL STEPS !
REQUIRED IN AN EMERGENCY CLOSURE

:
l

Split 5th 50th 95thMeanFraction Percentile Percentile Percentile !

I
HSL1 5.62-2 2.63-3 ?.34-2 .20

i

HSL2 6.33-2 2.96-3 7.63-2 .224 |
.

;

NOTE: Exponential notation is indicatgd in abbreviated t
*form; i.e., 5.62-2 = 5.62 x 10-c.

!

If a step in the procedure is omitted, there is still a good chance -

that other plant operations personnel will discover the omission in
time to perform corrective action. Initially, it is expected that '

plant personnel will be stationed at various key locations throughout i
the plant, specifically to look for leaks. Also, once the flood
levels have reached 305 feet, some flooding is expected. Building i

sump level alarms would actuate, causing the control room crew to
investigate. In lijht of the potential for discovering such
omissions in time ;o recover, a factor to account for such actions is '

applied to both actions discussed previously. Medium dependence on
] the original action is assumed; i.e., the error rates are multiplied '

by HEMD (see Human Action Analysis Report), which has a mean errorv

rate of about 0.19 to account for the potential recovery.

4-7
0546G081887EEHR

. . _ . .. _ _ _ _ _ - . ._ _ _ _ _



Using the top event split fractions estimated above, and the
Elevation 310{, of floods in the range between Elevation 305' andfrequency, 6F

, the various core damage sequences identified in the
event tree of Figure 4-4 can be quantified. In particular, we have

62A = 6F2 * (1- F) * HSL1 * HEMD

= (1.5 x 10-4)(1-0.33)(5.62 x 10-2)(0.19) = 1.07 x 10-6

62B = 6F2 * (1- W ) * HCD6A * HSL2 * HEMD

= (1.5 x 10-4)(1-0.33)(9.32 x 10-3)(6.33 x 10-2)(0,19)

= 1.12 x 10-8

62C = 6F2 * 17 * (1-HC06C) * HSL2 * HEMD

= (1.5 x 10-4)(0.33)(1-0.857)(6.33 x 10-2)(o,19)

= 8.51 x 10-8

620 = 6F2 * W * HCD6C * HSL2 * HEMD

= (1.5 x 10-4)(0.33)(0.857)(6.33 x 10-2)(0,19)

= 5.10 x 10-7

62E = 6F2 * F * U

= (1.5 x 10-4)(0.33)(1.55 x 10-2) = 7.67 x 10-7

62F = 6F2 * HEWIC

= (1.5 x 10-4)(3.84 x 10-4) = 5.76 x 10-8

The total mean core damage frequency for scenarios initiated by floods in
the range between Elevation 305' and Elevation 310' is the sum of the
above frequencies; i .e.,

6C02 = 2.50 x 10-6/ yea r

The uncertainty distribution of 6CD2 is developed from the ;

distribution of its components, using the Monte Carlo technique. !

:

4.3.3 FLOODS WITH All ELEVATI0t1 LESS THAN 305 FEET

Floods with elevations less than 300 feet have no impact on the site.
Flooding of the site in floods in the range between Elevation 300' and |
Elevation 305' is prevented by the protective dike. However, the site 1
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f) would be flooded in such floods if the dike fails. The annual frequency

V of floods in the range between Elevation 300' and Elevation 305' is about i
2.5 x 10-3 per y '

is less than 10 gar (Figure 4-2), and the probability of dike failureThis number is based on the probability of failure.

of earth dams (Reference 4-3). Consequently, the frequency of_ flooding *

of the site is about 2.5 x 10- per year.

The consequences of a flood in this category are less severe than the !

category described in the previous section because the openings to most :
critical buildings are at about Elevation 305'. Therefore,-the i

conditional probability of core melt, given this type of flood, should be
smaller than the conditional probabilities assessed in' the previous ,

section. ,

i

Consequently, the annual frequency of core damage scenar.as due to this !
category of floods would be more than two orders of magnitude smaller i

than the frequencies in the previous category. The total contribution of i

scenarios in this category is therefore conservatively estimated to be
|

6C03 = (2.5 x 10-6)(10-2) = 2.5 x 10-8 per year

The above value was used as the mean of a lognormal distribution, with a
|range factor of 10, to represent modeling and data uncertanties.

4.3.4 TOTAL CORE DAMAGE FREQUENCY [
t

V]/ The annual frequency of core damage due to external flooding is i
calculated from !

6CD = 6CD1 + 6CD2 + 6C03

The distribution of the various terms in the right-hand side of the above [
equation were used to generate the uncertainty distribution of 6CD*
The main characteristics of the resulting distribution are

;

5th Percentile = 7.6 x 10-7 [

50th Percentile = 4.0 x 10-6

95th Percentile = 1.8 x 10-5

Mean = 7.5 x 10-6 [
:
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TABLE 4-1. IMPACT OF OMITTING STEP IN FLOOD PROCEDURE 1202-32

Sheet 1 of 4

Step Procedure Location Number Impact if Omitted

3.5.1 Install flood panels.

D-4 Diesel Generator Building 2 Lose both diesel generators if
Air Intake Openings flood > 305 feet.

D-1 North Entrance to Diesel 1 Lose both diesel generators if
Generator Building flood > 305 feet.

D-3 East Entrance to Diesel 1 Lose both diesel generators if
Generator Building flood > 305 feet.

D-2 West Entrance to Diesel 2 Lose both diesel generators
Generator Building if flood > 305 feet.

E-1 South Entrance to Intake, 1 Lose all river water systems
Screen, and Pumphouse if flood > 311 feet. (Pump
Switchgear and Pumproom motors are above the 308-foot

floor level.)

i E-2 Doorways between Screen 3 Lose all river water systems

g Rooms and Pumphouse Rooms if flood > 311 feet. (Pump
in Intake, Screen, and motors are above the 308-foot
Pumphouse floor level.)

E-3 Doorway to Diesel-Driven 1 Lose all river water systems
Fire Pumproom Adjacent if flood > 311 feet.
to the Intake, Screen, and (18-inch connecting pipe to
Pumphouse pumphouse).

E-4 Nine foot Wide Doerway 1 Lose all river water
between Screen and Pump systems if flood > 311 feet.
Rooms in Intake,s Screen,
and Pumphouse

C-1 East Entrance to 1 Lose emergency feedwater and
Intermediate Butiding instrument air if flood

> 305.5 fcet.
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TABLE 4-1 (Continued)

Sheet 2 of 4

Step Procedure Location Number Impact if Omitted

i

3.5.1 (continued)

j 9-1 ontrance to Fuel Handling i If flood > 305 feet, it
Building floods aux 1?iary building and

basement of control building.
Therefore, it fails:4

e Makeup purp:..

e 480V MCC IC-ESV.

e Decay heat closed cooling
water pumps.

s Nuclear services closed
cooling water pumps.

e 480V switchgear.

e Intermediat'. closed coolir.g
, a
! 4 water puers.

~
e Control buildinga

ventilation. Subsequent'

flooding of the control
building intake tunnel

,

causes loss of temporary
emergency ventilation to
control building and loss
of all AC power.

B-2 Entrance to Control Building 1 If flood > 305 feet, it
Doorway to BWST Tunnel fioods auxiliary building and

basement of control building.
Therefore it fails:

o Makeup pumps.

I e 480V MCC IC-ESV.
1

e Decay heat closed cooling
water pumps.

'
_

e Nuclear services closed ;

cooling water pumps.
l

I
:
!

]

.
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TABLE 4-1 (continued)

Sheet 3 of 4.
- . _ ,

Step *rocedure Location Number 8 Impact if tted

35.1 1(continueui e 480V switchgear.

I e Intermediate closed cooling
' water pens.

*
e Control oufiding,

'

ventilation. Subsecutet
flooding of the control
building intake tunnel
causes loss of temporarly
emergency ventilaticn to
control building and loss
of all AC power.

* ... late door seals.

Fuel l'andling Building 1 If flood > 305 feet, it fat's
( rat ; entrance) control butiding ventilation;

subsequent fleoding of the
control building intake tunnel

f causes loss of temporarly
emergency ventilation to
control building and loss of
all AC power.

A-3 Auxiliary Butiding (loN;ag i If flood > 305 feet, it fails
dock) control building ventilation;

subsequent flooding of the
control building intake tunnel
causes loss of temporarly
emergency ventilation to
control building and loss of
all AC power.

3.5.3 Secure the chlorine cylinders No impact.
to their concrete support in the
circulating wattr chlorinator house
for Unit 1 and the river water
chlorinator house in Unit 1.

3.5.4 Check and fill (- $11 storage No impact.
tanks.

3.5.5 Procure an additional source of No impact; plenty of fuel
diesel fuel oli and make onsite alreaGy.
arrangements to airlif t the fuel
oil to the site.
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; TABLE 4-1 (continued)

Sheet 4 of 4
Step Procedure Location NonLer Impact if Omitted

3.S. 6 Ver closure cf watertight No impact.
do6

A-4 Reactor Building Canal West 1 No impact.
Door

A-5 Reactor Building Canal East 1 No impact.
Door

Reactor Building Access to 2 No impact.
Tendon G611ery (in alligator
pit)

3.5.7 increase makeup water to all Tanks kept full anyway not
storage tanks as. much as expected to float untii water
possible, and fill all outdoor level is > 311 feet.
tanks to at least Elevation 312'
to help prevent flotation in case
of site flooding; i.e., all

a tanks > 7-fcot level
4 (305-foot grade)

|w

0565G102087EEHR
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TABLE 4-2. POTENTIAL FLOOD IMPACTS ON KEY SYSTEMS

Sheet 1 of 2
Equipment / Systems Needed To Potential Impacts

Maintain Cold Shutdowr.

Decay Heat Removal None, pumps located in vaults.

Decay Heat Closed Cooling Water Floods at 311 feet cause system failure,
or at 305 feet if flood panel B-1 or 8-2
not installed.

Decay Heat River Water All river water pumps flooded for floods
> 311 feet.

IOf fsite Power Offsite power, if not indirectly failed by
the storm, would be flooded at the site if
flood is greater than about 306 feet.

Diesel Generators Diesel generators would flood at 311 feet,
or, if any one of the following procedural
steps are omitted, for floods above
305 feet: Section 3.4.1; D-4, 0-1, 0-3
o. D-2.

Control Building Ventil stion Floods at 310 feet via air intake tunnel
or at 305 feet if one of the following
procedural steps is omitted:
Section 3.4.1, B-1, B-2 or Section 3.4.2,
A-2, or A-3.

125V DC Control Power None; located high in control tower.

120V Vital Instrumentation tione; located high in control tower.

Vital AC Switchgear Floods at 305 ~/eet if B2 is omitted from
procedurel step 3.4.1.

O
..

4-14
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TABLE 4-2 (continued) ;

;

;

Sheet 2 of 2 ;

Additional Equipment / Systems
Needed To Get to Cold Shutdown _ Potential Impacts }'

Without Offsite Power *
_

i

Emergency Feedwater and Floods at 311 feet or above 305 feet, if !

Instrument Air procedui e step 3.4.1, C-1 is omitted.
.

Makeup or HPI Floods at 311 feet or above 305 feet if f
procedure step 3.4.1, B-1 or B-2, is i

omi tted . |
t

Nuclear Services Closed Floods at 311 feet or above 305 feet if j
Cooling Water procedure step 3.4.1, B-1 or E-2, is i

omitted. !
I

!
i Nuclear Services River Water Floods if > 311 feet.

i
Intermediate Closed Cooling Floods at 311 feet or at 305 feet if ;

Water procedure step 3.4.1, B-1 or B-2, is !
omitted.

Reactor Coolant Pumps Failure limited by availability of offute !
power, which floods at about 306 feet. :

i
Turbine Bypass Valves None, j

Main Feedwater and Associated Failure limited by availability of !
Systems, Such As: offsite power, which floods at about ;

! 306 feet. '

e Condensate
i

e Circulating Water '

i
e Secondary Closed Cooling i

Water i

|

e Secondary Cooling River Water
-

*Approximately 25 hours is required before DHR entry conditions are achieved. i

,

!
|

O: ;

!
!
:

4 4-15
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TABLE 4-3. HUMAN ACTION ANALYSIS INPUT FOR TOP EVENT EW
(Sheet 1 of 2)

HEW 1D- EARLY WARNING FOR FLOOD EVENT-RAINFALL W/OUT OP

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
GUALITY OF PLANT INTERFACE WITH OPERATORS IS = POOR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILABLE FCR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDDACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY DETWEEN TASKS IS = ZERO
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
T?L MEDI AN ESTIMATE OF THE TIME TO DI AGNOSE IS = 0.500 HOURS
ESTIMATES OF TIME AVAILADLE ARE = POINT GSTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
DEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 18.000 liOURS

? (UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)
5

RESULTS:

FAILURE FREGUENCY RANGE
LOWER DOUND' 1.43E-OS
DEST ESTIMATE = 1.43E-04
UPPEG DOUND= 1.43E-03

DEST ESTIMATE TIME DEPENDENT = NEGLICIDLE
DEST ESTIMATE TIME INDEPENDENT = 1.43E-04
TOTAL DEFORE ACCOUNTING FOR DEPENDENCY DETWEEit TASKS =1.43E-04

O O O
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TABLE 4-3 (Sheet 2 of 2)

HEW 1C- EARLY WARNING FOR FLOOD EVENT-HURRICANE W/O OP

INPUT ECHO:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY
GUALITY OF PLANT INTERFACE WITH OPERATORS IS = POOR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CREW AVAILADLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDBACK TO ALERT OPERATOR = YES
TYPE OF DEPENDENCY BETWEEN TASKS IS = ZERO
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = FAILED
THE MEDIAN ESTIMATE OF THE TIME TO DIACNOSE IS = 0.500 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SA*lE AS FOR THE MEDIAN TIME) HOURS
BEST ESTIMATE OF THE TIME AVAILABLE FOR DIACNOSIS IS = 12.000 HOURS,

8

(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)

RESULTS:

FAILURE FREGUENCY RANCE
LOWER BOUND = 1.47E-05
DEST ESTIMATE = 1.47E-04
UPPER BOUND = 1.47E-03

DEST ESTIMATE TIME DEPENDENT = 3.78E-06
DEST ESTIMATE TIME INDEPENDENT = I.43E-04
TOTAL BEFORE ACCOUNTING FOR DEPENDENCY BETWEEN TASKS =1.47E 04



TABLE 4-4. HUMAN ACTION ANALYSIS FOR TOP EVENT CS
(Sheet 1 of 2)

HCD6A- COOLDOWN AND DEPRESSURIZE CIVEN FLOOD, RAINFALL W/OP SUCCESS

INPUT tECHO:

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS = AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = OPTIMAL CONDITIONS
GUALITY OF PLANT INTERFACE WITH OPERATORS IS ' POOR
TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION
ADDITIONAL CRE*A AVAILADLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDDACK TO ALERT OPERATOR YES=

TYPE OF DEPENDENCY DETWEEN TASKS IS = MEDIUM
TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HEW 1
STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED
THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE
(UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS

p DEST ESTIMATE OF THE TIME AVAILADLE FOR DIAGNOSIS IS = 1.000 HOURS
g (UNITS FOR TIME ARE THE '3AME AS FOR THE MEDI AN TIME)

RESULTS:

FAILURE FREGUENCY RANGE
LOWER DOUND= 3.57E-04
DEST ESTIMATE = 3.57E-03
UPPER DOUND= 3.57E-02

DEST ESTIMATE TIME DEPENDENT = 1.17E-03
DEST ESTIMATE TIME INDEPENDENT = 3.OOE-03
TOTAL DEFORE ACCOUNTING FOR DEPENDENCY DETWEEN TASKS =4.17E-03

O O O
- -
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TABLE 4-4 (Sheet 2 of 2)

HCD6C- COOLDOWN AND DEPRESSURIZE GIVEN FLOOD.HvRRICANE WITH OP FAILED
L

INPUT ECHO: i

i

TYPE OF COGNITIVE PROCESSING IS = RULE
EXPERIENCE LEVEL OF OPERATING CREW IS ' AVERAGE
STRESS LEVEL IN CONTROL ROOM IS = POTENTIAL EMERGENCY

t GUALITY OF PLANT INTERFACE WITH OPERATORS IS = POOR
! TYPE OF HUMAN ACTION TASK IS = PLANNED MANUAL ACTION

ADDITIONAL CREW AVAILABLE FOR DIAGNOSIS IS = FULL SUPPORT
ADDITIONAL PLANT FEEDDACK TO AuERT OPERATOR = YES

| TYPE OF DEPENDENCY BETWEEN TASKS IS = NEDIUM
l TITLE OF TASK WHICH THIS ACTION DEPENDS ON IS = HEW 1 '

| STATUS OF TASK WHICH THIS ACTION DEPENDS ON IS = SUCCEEDED '

THE MEDIAN ESTIMATE OF THE TIME TO DIAGNOSE IS = 0.100 HOURS
ESTIMATES OF TIME AVAILABLE ARE = POINT ESTIMATE

i (UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME) HOURS
G BEST ESTIMATE OF THE TIME AVAILABLE FOR DIAGNOSIS IS = 0.000 HOURS

| (UNITS FOR TIME ARE THE SAME AS FOR THE MEDIAN TIME)
i -

| RESULTS:

| FAILURE FREGUENCY RANGE :

; LOWER BOUND = 1.71E-01
' ''

BEST ESTIMATE = 8.S7E-01
UPPER BOUND = 1.OOE+00

BEST ESTIMATE TIME DEPENDENT = 1.OOE+00
BEST ESTIMATE TIME INDEPENDENT = 3.OOE-03 *

| TOTAL BEFORE ACCOUNTING FOR DEPENDENCY EETWEEN TASKS =1.COE+00
.

?

|

i
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EW Op EP CS . SL CORE DAMAGE
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' ND-
305 < FLOOD <310

(1.50-4)" D-A
(1.07-2)

ND
(9.32 3)

COB
(1.20-2)

.ND
(3.33-1)

0
(1.07-2)

O ND
(8.57 1)

CD-D
(1.20-2)

CD-E
(1.55 2)

CD-F
(3.84-4)

*NDs NO CORE DAMAGE
CDs CORE DAMAGE

"NOTE. - (NOTATION IS Lh0WN IN ABBREVIATED FORM;
g

4

I

FIGURE 4-4. EVENT TREE FOR FLOOD WITH WATER
ELEVATION BETWEE!! 305 AND 310 FEET
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5. TORNADO WIND AND MISSILE HAZARD

5.1 INTRODUCTION AND SUMMARY

Winds can affect critical structures at the plant site in at least two
ways. If wind forces exceed the load capacity of a building or t,ther
external facility, the incident walls or framing might collapsc or the
structure overturn from the excessive loading. If the wind is strong

enough, such as in a tornado, it might be capable of lif ting materials
and thrusting them as missiles against some of these critical
facilities. Critical components or other contents of facilities not
designed to resist missile penetration might be damaged and lose their
function. This section presents an analysis of the risk to the TMI-1
plant from tornado wind and missile. It is concluded that neither a
tornado wind load nor a potential missile generated in a tornado event
leads to scenarios that would contribute significantly to the total core
damage frequency.

5.2 TORNADO WIND HAZARD AND FREQUENCY

To estimate 6 , the frequency of a tornado striking the plant, we uset
the following algorithm (Reference 5-1):

6 =n. (5.1) {
-

t

where w is the mean path area of a tornado in square miles, A is the area
of interest within which it is assumed the tornado could strike the site,

'and n is the mean number of tornado occurrences per year in this area.
According to tornado data for the period 1917 through 1969 '

(Reference 5-2), there were 22 tornadoes within 25 miles of the site.
This leads to an annual occurrence rate of 0.43 in the area.
Reference 5-1 gives a mean path area of 2.82 square miles for tornadoes.
Therefore, the result is

2 G2 = 6.18 x 10-4 strike / mile per year (5.2)26 = (0.43)
t

n(25)

which is the annual frequency of all tornadoes i'egardless of their
intensity. This frequency should be modified to obtain the frequency of
those tarnadoes that are strong enough to damage various critical
structures of the plant. The annual frequency, 6, of excessive tornado
wind load on the structures can be found by

6=6t * 6vit (5.3)

where 6vlt is the fraction of tornadoes with peak windspeed greater
than v.

1

Tornado wind exceedance probability, 6vit, is a more difficult ;

quantity to estimate due to the inaccuracy of indirect measuring,

techniques and the lack of a good analytical model for tornado behavinr.'' An analysis of 4,582 tornados whose intensities were classified according
to the Fujita F-scaic is presented in Reference 5-3. Table 5-1 shows the

5-1
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histogram of frequencies of tornado windspeeds based on a Johnson SB
distribution fit to the data for NRC tornado Region 1, which is
applicable to the TMI-1 site. This distribution will be used later to
obtain the frequency of tornadoes with windspeeds exceeding wind
fragility of the critical structures of the plant.

5.3 TORNADO WIND FRAGILITY OF STRUCTURES

The design basis tornado windspeed for the seismic category I structures
of the TMI-1 plant which include all critical structures except metal
tanks located outdoors, is 360 mpt., which is composed.of a translational
component of 70 mph and a rotational component of 290 mph
(Reference 5-2). Seismic category I structures include the containment
building, intermediate and auxiliary buildings, control tower, diesel
generator room, and river water pump house. From Table 5-1 we can see
that the frequency of wino-speed exceedance in Region 1 for tornado
intensity, F > F6, is obviously an upper bound for the frequcacy of
windspeeds ex'ceeding 360 mph. Therefore, 0.0005 was conservatively
chosen as the value of 6vlt-

Although no upper bound for the windspeed is indicated in this histogram,
Reference 5-3 proposes a value of 300 mph as the maximum windspeed in
Region 1. Other experts indicate that a tornado windspeed higher than
400 mph is not possible due to atmospheric friction. In this analysis,
we assumed that 400 mph is the maximum windspeed for Region 1 tornadoes.

By combining the conservatively high values of 6t and 6vit, the
annual frequency, 6, of tornado windspeeds in excess of 360 mph is
found.

6 = (6.18 x 10 ,(6 x 10-4) = 3.09 x 10~7 per square mile, per year

Tornado wind load on seismic category I structures can be calculated by
obtainin the maximum windspeed pressure, qmax, from the following
formul a Referance 5-2)

2
g (V) ' O.00256V (5.4)

where V is the total tornado windspeed. Therefore, for V = 360 mph, we
(360) r 332 psf.

or V = 400 mph, which was used as the maximum possible tornado
windspeed, we obtain Qmax(400) = 410 psf, which is higher than the
detign pressure calculated fer a 360 mph windspeed b.y a factor of 1.23.
The conservative f actor of safety applied to material yield stress to
obtain design allowable stresses was judged to 5e well within the margin
of safety for category I structures. Therefore, the lower end of toraado
wind fragility curve for such structures can be assumed to be in the
vicinity of 400 mph.

We conservatively assume a step function fragility curve for wind load on
the safety-related concrete structures at 400 mph. In other words, we

5-2
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",) assumc that these structures do not fail under 400-mph wind load and that
;

failure is certain above that value. [
t

There is some critical equipment outdoors that can be damaged at |

windspeeds less than 360 mph. For instance, power lines, transformers, i

and related equipment would be lost in weaker but more frequent j
tornadoes. It is assumed in this analysis that in a tornado event the
offsite power is lost. |

The critical exterior me+.a1 vessels, such as :he borated water storage
tank and the condensata storage ta%, may also be subject to failure from
negative or positive pressures generated by winds at tornado levels. |
However, these tanks are normally about two thirds to three-fourths full
when in service, with resultant uniform internal pressures ranging to
over 2,000 7sf at the bottom walls. As long as they carry such a #

capacity, large external wind pressures cannot develop sufficiently to i

cause asymmetrical loads that would threaten buckling of the tanks ;

although the tank top might be blown out from negative pressures. This, !

however, would not create buckling effects on the tank walls. Therefore,
loss of contents from these metal vessels due to tornado wind load is
highly unlikely.

A bounding analysis as mentioned in Reference 5-4 indicates that the
damage due to negative or positive pressure to the tanks may occur at
windspeeds greater than 150 mph. However, according to Reference 5-5,
the analysis referred to in Reference 5-4 is based on overly conservative

i assumptions, which do not, in any way, apply to the construction and wind
load capacity of typical BWSTs and CSTs. Reference 5-5 also indicated
that some recent and more realistic analyses show a much greater wind
load capacity of 350 mph or more for theso tanks. With this wind load
capacity, using the windspeed distribution of Table 5-1 and the
site-specific tornado hit frequency calculated in Section 1, the annual

3.09 x 10 pf tornado wind damage to the BWST or CST is also
frequency

per year. This value conservatively assumes that a tornado
striking the site also strikes the tanks even though the tanks constitute
only a fraction of tha total area of the plant.

5.4 TORNADO WIND-INITIATED SCENARIOS

Based on the discussion of the previous section, seismic class I
structures of the plant are not expected to be damaged due to the tornado

has a mean annual frequency less than 3.09 x 10 pd 400 mph, an event that
wind load. Even if windspeed is assumed to exce

, the total annual
frequency of core damage scenarios initiated by the failure of seismic
class I buildings under wind load would be several orders of magnitude
less than the core da.aage frequency due to other initiators.

As stated before, it is assumed that, given a tornado Grike, offsite
power is lost with a probability of 1. Scenarios in which tornado damage
is limited to loss of offsite source of power are included in the loss of
power scenarios. However, as described in the previous section, the CST
and BWST may also fail in a tornado event. The joint occurrence of loss

f of offsite power and failure of CST results in a loss of offsite power
scenario with no feedwater capability (the emergency feedwater system'

5-3
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requires the availability of CST). Without BWST, which is also assumed
to fail due to the same tornado load, the scenario would lead to core

3.09 x 10 pe mean annual frequency of this scenario is less thandamage. T
, which is a very small contribution to the total core

damage frequency from all other scenarios. A similar scenario is
discussed in Section 5.7.

5.5 TORNADO MISSILE HAZARD AND FREQUENCY

Tornado missile analysis involves information about the likelihood of a
spectr m of available missiles in the plant vicinity,. representation of
the wind field in the tornado, and aerodynamic behavior relative to
"liftoff" and flight of the potential missile. The analysis leads to a
spectrum of missiles and missile impact velocities with their respective
probabilities. A detailed analysis that integrated all these effects for
typical plant layouts has previously been performed (Reference 5-6). The
results of that work are considered to be reasonable gross estimates for
the hazard of tornado missiles at Three Mile Island.

In Reference 5-6, calculations were made using tornado histories of each
tornado region defined by the NRC. The analysis used a typical two-unit
plant layout to establish the target envelope and a 26-missile spectrum,
which includes the six missiles defined in the NRC Standard Review Plan,
Section 3.5.1.4 (wood plank, steel pipe, steel rod, utility pole, and
automobile). In general, the 26-missile spectrum of Reference 5-6 is
more conservative than the Standard Review Plan spectrum with respect to
darca je potential . Calculations were made for several cases including a
tweanit plant. Assuming 1,000 available missiles during the operating
phase, the study obtains the following upper and lower bounds (at
95% confidence level) for the annual impact and damage frequency for all
structures of a two-unit plant in NRC Region 1:

I
Upper Bound = 8.63 x 10-7

Lower Bound = 6.64 x 10-9

The thickness of the targets considered in this calculation ranges from
12 to 18 inches for targets such as the diesel generator building and

| service water intake structure, and from 24 to 36 inchas for the
containment. Storage tanks such as the BWST and CST are also considered
to be enclosed by 12-inch ' hick concrete walls.

The above impact / damage fr gency bounds were calculated on the basis of
a tornado strike frequency of 2.3 x 10-J per year, per square mile,
while the strike frequency at the Three Mile Island site is
6.18 x 10-3 per year, per square mile. Adjusting for this factor

i

! results in the following bounds for a two-unit plant

Upper Bound = 2.32 x 10-7 per year, per square mile

Lower Bound = 1.78 x 10-9 per year, per square mile

O
5-4
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In this analysis, the above values are used as the 5th and
95th percentiles of a lognormal distribution (a somewhat conservagive use
of the confidence bounds) resulting in a mean value of 6.08 x 10~

To use the above results for TMI-1, we define a missile strike / damage
density as the ratio of the annual frequency of impact / damage to any
plant structure divided by the total exposed surface area of all TMI-1
structures. By multiplying this strike / damage density by the surface
area of any target, we can then calculate the annual strike / damage ,

!frequency for that specific target.

A >

(5.5)64=63
- - -

,

A
t

i

where

61 = annual frequency of a tornado strike / damage for the i-th>

target.

6s = annual frequency of hitting any structure (safety-related
and turbine building).

Aj = exposed area of the i-th target. ;

i Q At ' total exposed surface area of structures.
V

The surface area of the two-unit plant studied in Reference 5-6 is about
a factor of 2 higher than the total exposed surface arca of TMI-1. Note
that using the TMI-1 total area in Equation (5.5) results in an
overestimation of the missile strike / damage density by about a factor
of 2.

,

|
Table 5-2 provides the ratio Aj/At for different safety-related |

structures at TMI-1. Also given in the table are mean strike / damage
,

frequencies for each target, which, except for BWST and CST, were
calculated on the basis of the above algorithin. The value listed for
BWST and CST is the tornado missile hit frequency obtained in
Reference 5-6 for the Unit 2 tank enclosure. It is assumed, as will be
discussed in the following section, that a missile hit results in failure
of those tanks, since, unlike the example plant of Reference 5-5, the
TMI-1 BWST and CST are not protected by concrete wells.

,

5.6 TORNADO MISSILE FRAGILITY OF STRUCTURES

The values obtained in Table 5-2 are the annual frequency of inside wall I
scabbing for the concrete safety-related structures of TMI-1. All |
damages are belie.'ed to be localized; therefore, it is extremely |

conservative to assume scabbing causes damage to all the contents. It is |
also assumed that a hit by tornado-generated missiles would cause failure |

of such critical equipment located outdoors as the BWST, the CST, and the |

trans formers. |

u :
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5.7 TORNADO MISSILE-INITIATED SCENARIOS

The low frequency of a tornado missile hitting various critical
structures (Table 5-2), combined with the fact that damage to the Class 1
structures would certainly be localized and not enough to impact several
vital components, leads to extremely low frequencies of all tornado
missile-initiated accident scenarios that can be hypothesized. Such
scenarios can be easily shown to be dominated by others by several orders
of "iagnitude.

In line with the discussion in Section 5.4, it is assumed that a tornado
would cause offsite power to be lost to the plant. One could also
postulate failure of the critical outdoor tanks; i.e., CST and BWST.

missiles is less than 4.27 x 10 gower and failing the CST due to tornadoThe frequency of losing offsite
per year, which is, according to

Table 5-E, the frequency of tornado missile hitting either the CST or the
BWST. In this case, the scenarios of interest, as in tne case of tornado
wind, sould be loss of offsite power, unavailability of the emergency
feedwater sys'em as a result of failure of the CST, and eventual core
damage. However, at a frequency of 4.27 x 10-7, this scenario is a
negligible contributor to the total core damage frequency even when the
contribution from failure of the CST and BWST due to tornado wind load
discussed in Section 5-4 is added.
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TABLE 5-1. TORNADO WINDSPEED FRACTIONS

i

!
Windspeed Frequency

F-Scale Range (NRC Region 1) I
(mph) |

l

0 40 - 72 0.2440 I
1>

1 72 - 112 0.4241 !,

|

2 112 - 157 0.2375 |

|
j 3 157 - 206 0.0735 j

4 206 - 260 0.0172

| 5 260 - 318 0.0032

| 6 318 - 380
1 0.0005

>6 > 380

4

!

!

i

$
!

! -

|
!

!9
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TABLE 5-2. RESULTS OF TORNADO MISSILE HIT FREQUENCY BY TARGET

Mean equency
Structure Ra

, ,p
(A /Aj t

Containment Building 0.2054 1.25-8*

Control Tower 0.1159 7.04-9

Intermediate Building 0.1526 9.27-9

Auxiliary Building 0.0870 5.28-9

Diesel Generator Building 0.0505 3.07-9

Intake Screens and Pump House 0.0612 3.72-9

Outdoor Tanks (BWST, CST) 0.0134 4.27-7**

'

*Exponentialnotationisgndicatedinabbreviatedform;
i.e., 1.25-8 = 1.25 x 10 .

**This value is the mean annual tornado missile hit frequency for the
tank enclosure of Unit 2 of the example plant in Reference 5-6. For
TMI-1, damage is assumed to occur with probability 1 if the tanks are hit
by a missile.

O
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(Q 6. TURBINE MISSIL:S HAZARD

6.1 INTRODUCTION

Missiles generated in the event of turbine failure can potentially damage
safety-related systems. Although highly unlikely, serious damage to a
series of critical equipment-in combination with a turbine failure may
lead to undesirable consequences. In this section, the likelihood of
generating turbine missiles is estimated, and the most probable
consequences are analyzed.

The fundamental equation used to find the annual frequency, f, of sericus
damage to a specific system is

f=f1. f2 * f3 (6.1)

where f1 is the annual frequency of missile generation due to turbine
failure; f2 is the conditional probability of a missile striking a
barrier to an essential system, given that a turbine missile has been
generated; and f3 is the conditional probability of penetrating the-

barrier, striking system components and causing unacceptable damage to
the system, given that a missile strikes the barrier.

6.2 FREQUENCY OF TURBINE MISSILE GENERATION, fl

The TMI-1 plant uses General Electric Company turbine generators. A
number of studies have been performed on the frequency of turbine
failures that lead to generation of high energy missiles. Table 6-1

_ gives several estimates that are judged to be relevant to our study.

The two failure modes for release of external missiles are: (1) failure
at or near operating speed and (2) overspeed failure.

The estimates provided by Bush and Heasier (Reference 6-1) are based on
analysis of statistical records of failures relt vant to turbine ,

generators of the type used in nuclear power plants. |

Table 6-1 also gives two different types of estimates provided by a
,

General Electric Company report (Reference 6-2). One is based on |
historical records of GE turbines and is argued in the report as being
inapplicable to modern GE nuclear turbines primarily because the failure
incidents used in the statistical analysis involved turbine units
different from the modern GE nuclear turbines. The second estimate
recommended by Reference 6-2 for the two failure modes (Table 6-1) is |
based on analysis of causes and conditions for turbine generator failure. |
The frequency of rele:se of external missiles, in this case, is
calculated as a product of the conditional frequencies in a sequence of
primary events leading to missile ejection.

The frequency for the first mode (operating speed) is based almost
p entirely on brittle fracture of wheel material that, according to j
G |,

.

6-1
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Reference 6-2, is the dominant cause of wheel burst at speeds up to 130%
of the rated speed. In the second mode event, a perfect wheel is assumed
to fail so that a postulated control system failure is the sole
contributing cause. Ilote that both the statistical data and the vendor
recommendation show a relatively small contribution by overspeed
failure. Hence, the risk of turbine missiles is not very sensitive to
possible improvements in control system reliability.

As can be seen from Table 6-1, wi.se estimates are several orders of
magnitud smaller than other estimates that are based on analysis of
statistical records. There is an increasing amount of evidence that
would justify higher frequencies than those suggested by Reference 6-2.
For example, the reference does not conside, the possibility of stress
corrosion. A document by the General Electric Company (Reference 6-3)
more recent than Reference 6-2 suggests that some cases of stress
corrosion cracking have been observed in GE turbine generators.

To express our uncertainty about the frequency of re' lease of external
missiles due to turbine failure, we use the estimate of Reference 6-1 for
each failure as an upper bound due to the fact that it does not directly
represent modern GE turbine generators. The estimate from Reference 6-2
for the corresponding failure mode will be used as the lower bound.

We use the lower and upper bounds as the 5th and 95th percentHes of a
lognormal distribution. The resulting mean values of distributions for
the two failure modes are listed in Table 6-1. Other characteristics are
given below (all numbers are events per turbine year):

Missile Generation Frequency at Operating Speed (f{}e

95th Percentile: 1.1 x 10-4

50th Percentile: 9.90 x 10-7

Sth P,ercentile: 8.70 x 10-9

Missile Generation Frequency at Overspeed (f{}e

95th Percentile: 4.3 x 10-5

50th Percentile: 4.6 x 10-7

Sth Percentile: 5.0 x 10-9

6.3 C0llDITI0tlAL PROBABILITY OF MISSILE IMPACT, f2

To obtain f , the conditional probability of a missile striking a2
barrier to an essential system, given turbine failure, one must analyze
the behavior of potential missiles ejected from the turbine, taking into
account the kinetic energy and possible trajectories of the missiles as
well as the location of potential barriers.

9
'
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Detailed analysis of the impact freauencies was beyond the scope of this
screenino analysis. Instead, the simole method of Reference 6-4 was used
in conjunction with conservative assumptions to achieve a bounding
analysis.

Potential missiles are assumed to fall into the categories of high
traiectory and low trajectory. Reference 6-4 orovides the following
simple aoproximations for the imoact frequency of missiles in the two
cateoories:

Mich Trajectory = f"2 * a' e'*
" (6'2}

"2 1 v

Low Traiectory =b* X 11 (6.3)2 e' e'
2 1 d

where
-t

v = missile velocity at ejection (m/s).

d = distance of the target from tu.bine axis (m).

Aroof = roof area of the tarcet (m2).
O
U Awall = wall area of the tarcet (m2).

A = horizontal aqquiar deviation of the missile (degrees).
A2' and Al' are two bounds beyond which missile distribution
is assumed to be zero. Uniform missile distribution is
assumed for angles between n2' and Al'.

Based on review of the plant layout and turbine orientation, and assuming I

sliahtly conservative values of A2 and A1 (A2 = -Al = 30*), the
followina taraets of barriers to essential systems and direct system
comoonent targets for high tra.iectory missiles and for low trajectory
missiles are: 1

HTM Taraets LTM Taraets

Containment Buildino Containment Buildino
Control Tower
Intermediate Buildino
Auxiliary Building
Fuel Handlina Buildino
Diesel Generator Room

iTurbine Building
|Intake Screens and Pump House
1

Outdoor Tanks (BWST and CST) ;

O
.

.

|

|
'
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To calculate f2 using Equations (6.2) and (6.3), values of Aroof and
Awall were calculated for each of the above targets. For low
trajectory missiles, only that portion of the containment building that
falls within the ejection cone, defined by the horizontal angular
deviation of the missiles (02' = -el* = 30*), was included.

For high trajectory missiles, the following ejection velocities were
considered, corresponding to failures at operating speed, as well as to
overspeed failures.

Ejection Velocity (m/s)
Failure Mode

Low High Average

Operating Speed 80 120 100

Overspeed 110 160 135

These values were based on the information provided in Reference 6-5.
The low and the high values are the average of the low and high values
based on dif ferent assumptions regarding missile shape and energy,
turbine model, casing penetration model, etc. The average values are
based on assuming uniform distribution between low and high values.

Table 6-2 summarizes the result of f2 calculations for the high
trajectory missiles. The containment building is the only likely barrier
for the low trajectory missiles. The correspondin f2 for the low
trajectory missile was calculated to be 3.46 x 10-

6.4 TURBINE MISSILE FRAGILITY OF STRUCTURES, f3

In general, such thick, reinforced concrete walls and roofs as those in
place in nuclear power plants provide a powerful barrier against
turbine-generated missiles.

The likelihood of perforation or back scabbing for a missile depends on
such missile characteristics as weight, ejection speed, shape, angle of
ejection, and angle cf impact ar.d on such target characteristics as
concrete thickness, degree of reinforcement, etc.

Some full-scale concrete impact tests indicate that, for typical turbine
missiles, o to 5-foot thick concrete walls show no perforation or back
scabbing (Reference 6-6). Scale model test (1/11) of 4.5-foot thick
heavily reinforced wall (Reference 6-7) also indicates that such walls
can contain missiles at an impact velocity of up to 650 feet per second
(198 meters per second).

The containment building at TMI-1 is a reinforced concrete structure with
5-1/2-foot thick walls. The test results from Reference 6-7 show that
such walls contained a 3,250-pound turbine missile at an impact velocity
as high as 650 feet per second (198 meters per second). When the missile

6-4
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weight was increased to 4,000 pounds, it was contained for an impact
velocity of 520 feet per second (159 meters per second), but perforation
occurred when the velocity was increased to 650 feet per second.
Approximately doubling missile weight (8,300 pounds) resulted in
perforation at 520 feet per second and 650 feet per second. However, the
missile ae contained for an impact velocity of 420 feet per second
(128 mders per second).

According to Reference 6-8, based on a study of major missiles that might
escape the TMl-1 turbine casing, the last stage wheel of the TM1-1
turbine is considered to have the worst combination of weight, size, anda

energy. The predicted properties and depth of penetration of the last
stage wheel containment building are summarized in Table 6-3. By
comparing the missile characteristics of this table with test rasults
from References 6-6 and 6-7, it can be seen that perforation of the
reactor building by turbine missiles is highly unlikely. In this
analysis, we make a conservative assessment of the likelihood of missile
penetration of the containment building by assuming the following
(lognormal) distribution of f .3

5th percentile = 0.01

50th percentile = 0.05

95th percentile = 0.25

Mean = 0.08

Tor other concrete structures identified as targets and listed in
Section 6.3, we will use a much higher likelihood of perforation because
of thinner wall and roof thicknesses. For those structures, the
following distribution (truncated lognormal) will be used for f :3

5th percentile = 0.50

95th percentile = 0.95

Mean = 0.70

It d111 also be assumed that f3 = 1 for the exterior metal tanks (CST
and BWST).

6.5 TURBINE MISSILE SCENARIOS

The mean annual frequency of damage to different structures due to
turbine missile are listed in Tablo 6-4. Each frequency is calculated
for each category from Equation (6.1) by using the appropriate numbers
for f , f , and f3 presented in previous sections for low and highi 2
trajectory missiles and adding the contributions of each category to get
a total damage frequency for each structure.

The most critical single location that can be hit by a turbine missile
with relatively high frequency and serious consequences is the

6-5
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concainment building. All other structures have such a low damage
frequency that, even by having assumed a conditional frequency of core
damage equal to 1, given missile penetration, the contribution to the
core damage frequency is negligible. In the case of the containment
building, if the missile were to penetrate, that missile and secondary
missiles are not expected to damage multiple systems inside the
containment. Among possible scenarios, one that seems to be bounding due
to the spatial arrangement of systems inside the containment is to assume
that the missiles would damage one or two steam generators leading, at
the most, to a large LOCA. This event, in addition, results in a loss of
containment isolation and containment spray system failure due to missile
hit. When these effects are combined with independent unavailability of
one high pressure injection or low pressure injection train, the
frequencies of the core melt scenarios once again become very small (at

penetration scenario, 2.3 x 10 jtude smaller than the containmentper year) and are bounded by other
least one or two orders of magn

scenarios leading to similar plant damage states.
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TABLE 6-1. ESTIMATES OF THE MEAN ANNUAL'
FREQUENCY OF TURBINE MISSILE GENERATION

,

Failure Mode

Source Operating Speed Overspeed Total
(f ) (fi)i

Bush and Heasler* 1.1 x 10-4 4.3 x 10-5 1.6 x 10-4

GE(statistics)** 1.4 x 10-4- -

GE (analysis)** 8.7 x 10-9 5.0 x 10-9 1.4 x 10-8

Tnis Report 6.3 x 10-5 2.0 x 10-5 8.3 x 10-5
(meanvalue)

* Reference 6-1.
** Reference 6-2.

l O .
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TABLE 6-2. C0tiDITIONAL FREQUENCY OF IMPACT
FOR HIGH TRAJECTORY MISSILES

2
Impact Frequency

Target Roof Area (m ) -

Operating Speed Overspeed
|

Containment Building 1.47+3 5.39-5 1.62-5

Control Tower 8.85+2 3.24-5 9.77-6

Intermediate Building 1.18+3 4.32-5 1.30-5

Auxiliary Building 1.17+3 4.29-5 1.29-5

Fuel Handling Building 8.71&2 3.20-5 9.62-6

Diesel Generator Room 8.83+2 3.24-5 9.75-6

Intake Screens and Pump House 1.00+3 3.66-5 1.10-5

Outdoor Tanks (BWST, CST) 6.57+1 2.42-6 7.26-7

NOTE: Exponential notation is indicated in abbreviated form;
3i .e. ,1.47+3 = 1.47 x 10 ; 5.39-5 = 5.39 x 10-5

O
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TABLE 6-3. CHARACTERISTICS OF THE LAST STAGE WHEEL MISSILES
(Reference 6-8)

>

Fragment Weight Impact Area (ft.2)
{inal Finaj Depth of Penetration (inches)

Angle (pounds) V" 'i YSide On End On (ft ) Side On End On

T 90* 4,458 6.83 3.17 15.0 x 106 464.0 S.45 11.8

120 5,944 8.37 3.66 20.5 x 106 447.3 S.6 12.8

180* 8,916 9.66 4.83 17.2 x 106 351.0 5.04 10.1

:
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TABLE 6-4. ANNUAL FREQUENCY OF TURBINE MISSILE PENETRATION

High Trajectory Low Trajectory
Target

Operating Speed Overspeed Operating Speed Overspeed Total

Containment Building 2.71-10 2.59-11 1.74-7 5.54-8 2.30-/

Control Tower 1.43-9 1.37-10 - - 1.57-9

Intermediate Building 1.91-9 1.82-10 - - 2.09-9m
cL
o Auxiliary Building 1.89-9 1.81-10 - - 2.07-9

Fuel llandling Building 1.41-9 1.35-10 - - 1.54-9

Diesel Generator Building 1.43-9 1.37-10 - - 1.57-9

Intake Screens and Pump House 1.61-9 1.54-10 - - 1.76-4

Outdoor Tanks (BWST, CST) 1.07-10 1.02-11 - - 1.17-10

'

NOTE: Exponential notation is indicated in ahnreviated form; i.e., 2.71-10 = 2.71 x 10-10,

SG010987EEHR
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7. AIRCRAFT CRASH ANALYSIS

7.1 INTRODUCTION AND SUtt4ARY

This section analyzes accident scenarios initiated by the crash of
aircraf t into the TMI-1 plant. This is done by estimating the frequency
of crashes into various plant structures by different types of aircraft
and evaluating the consequences of such crashes by developing core damage
scenarios.

Typically, such analysis considers all aircraft activities that could
pose a hazard to the plant, including aircraf t flights to and from
airports in the vicinity of the site and flights aiong the air routes
that pass near the plant.

However, the TMI-1 site is located close to a major airport and the
aircraft crash risk is dominated by operations at that airport.
Therefore, the following analysis focuses on the hazard from the aircraft
operations from the airports in the vicinity of the site.

There are two airports within 10 miles of the site, Harrisburg
International Airport &nd Capital City Airport (formerly Harrisburg-York
Airport). Harrisburg International is primarily used by commercial
aircraf t, while the Capital City traffic is mainly general aviation.
There is some military aircraft activity at both airports.

,

I Harrisburg International Airport is located on the north bank of the
river northwest of the site and has only one runway (13/31). The TM1
plant is approximately at a radius of 2.7 miles and 34' off the center
itne fra the scatt.wat end of the rutmy (figJes 7-1). The landing
strip is called Runway 31 when used in the northwest direction and
Runway 13 when used in the southeast direction. The threat to the TMI

| site is from operations at the south end of this strip; that is, from
| landings taking place in the northwest direction (Runway 31) and takeoffs

in the southeast direction (Runway 13).

Capital City Airport is located about 8 miles west-northwest of the site
and has two runways: Runway 12/30, which is approximately 4,000 feet
long, and Runway 8/26, ohich is approximately 5,000 feet long. Only some
of the landing and departure patterns bring the aircraft near the site.
These are landings on Runway 30 and departures on Runway 12. An
instrument landing approach to Runway 30 would bring the aircraft to
about 0.5 miles of the site at about Elevation 2,300'. Departing
aircraft on Runway 12 normally turn right approximately 1 to 3 miles from
the end of the runway. Aircraft operations in the other directions are
out of the site area.

The analysis is done for three different categories of aircraft:
|

|

e Heavy; i.e., large civilian and military aircraft with maximum I

takeoff or landing weight equal to or greater than 200,000 pounds.

O,

1
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Moderate; i.e., large civilian and military aircraf t that weigh lesse
than 200,000 pounds.

Small; i.e., single or multiple-engine small aircraf t usuallye

categorized as general aviation, air taxi, etc., with average weight
of about 10,000 to 20,000 pounds.

The reason for the above classification is that each has different
effects on the critical structures at TM1-1. In particular, the critical

structures of the plant are designed to withstand crashes of aircraft
having gross weights of up to 200,000 pounds during landing and takeoff
operations (Reference 7-1).

Section 7.2 briefly describes the analytical model used for calculating
the annual frequency of aircraf t crashes into the plant. The analysis
for the heavy aircraf t category is reported in Section 7.3, followed by
similar analyses for the moderate and small aircraft categories in
Sections 7.4 and 7.5, respectively. Section 7.6 discusses the integrity
of the critical structures. Core damage scenarios and the associated
annual frequencies are described in Section 7.7. It is concluded that
the total frequency of core damage initiated by aircraft crash is about
9.8 x 10-8 per year which is a negligible contributor to the total core
damage frequency due to other scenarios.

7.2 ANALYTICAL MODEL

The frequency of aircraft crashes into the plant is estimated using the
following model

M

%3jgjjj (7.1)f AC S=
)

where

fj = annual frequency of impact for aircraf t type J.

Njj = annual number of operations of aircraf t of type j to or
from airport i or along airway 1.

Aj = effective impact area of the plant for aircraf t of type j
(square miles).

Gjj = frequency of crash per operation of aircraft of type j
operating along airway or from airport i.

S j = fraction of crashes in 1 square-mile area at the plant site.i

The level of modeling and quantitative detail for the parameters defined
above varies from one aircraf t category to another; e.g., general
aviation, heavy commercial, etc. More importantly, the consequences of
crashes vary between categories such that combining f requencies of core

O
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damage for each category is more appropriate than combining frequencies
of crashes fro.m the different aircraft.

Core melt f requency, 6em is, therefore, developed using the
following 6'quation -

N

&cm " jPj *

g

where pj is the probability of core damage as the resul.t of a crash of
aircraf t type j, and total core damage frequency, ccm, is the sum of
the frequencies from individual aircraf t categories..

The next section develops the crash frequency of heavy aircraft based on
the approach and data of Reference 7-2.

E 7.3 HEAVY AIRCRAFT CRASH FREQUENCY

As discussed in Section 7.1, of the two airports in the vicinity of the
site, only the Harrisburg International Airport involves operation of
commercial, or heavy aircraf t. Of particular interest in this analysis

] are aircraft with a maximum takeoff or landing weight of 200,000 pounds
or more. This is due to the aircraft impact design criteria for certain
critical structures of the TMI-1 plant (Reference 7-1). In this section,
the annual frequency of crashes into the site by aircraft heavier than

O 200,000 pounds will be calculated. The analytical model used for this
category of aircraft will be more detailed because of the higher
consequences of crashes from these aircraft.

The heavy aircraft hit frequency into TMI-1 is calculated from

fH = fst + fST + fNL + fNT (7.3)

where fH is the annual frequency of aircraf t crashes into TMI-1 by
heavy aircraf t using HIA, and fst, fST fNL, and fNT are
contributors to that frequency from scheduled landings, scheduled
takeoffs, nonscheduled landings, and nonscheduled takeoffs. These
frequencies are calculated based on Equation (7.1) as folicws

fSL = Nst CSL SL (r,0) AL (7.4)

fST * HST CST ST (r,s) AT (7.5)

fNL = Nyt Cyt SL (r.0) AL (7.6)

fNT " NNT CNT ST (r,0) AT (7.7)
where

NST and DT = the annual number of large scheduled and
nonscheduled aircraf t, respectively, taking

4 of f on TMI-1 end of the runway; i.e., using
HIA runway 13.

,
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NSL and NNL = the annual number of large scheduled and
nonscheduled aircraf t, respectively, landing
on the TM1-1 end of the runway; i.e., using
HIA runway 31.

A,AT = the effective target area of the plantL
upon landing and takeoff, respectively.

CSL, CHL, CST, and CNT = the applicable accident rate of
scheduled landing, nonscheduled landing,
scheduled takeoff, and nonscheduled takeoff.

and, finally,

S (r,0) = frequency, per unit area, of the crash occurring atL
coordinates r,0 from end of runway, given that the crash
is on landing.

S (r,0) = frequency, per unit area, of the crash occurring atT
r,0, given the crash is on takeoff.

A visual aid to understanding the physical meaning of these spatial
distributions is provided in Figure 7-2. It is assumed that S (r,0)L
and S (r,0) are separable into radial and angular components.T

More explicitly, let

R (r) E the fraction of landing crashes that occur at radius rL
or greater.

OL(0) E the fraction of landing crashes that occur at
angle e or greater.

Then,

60S (r,0) = R (r) O (0) (7.8)L g gr L

where e is measured in degrees, r in miles, and SL in fraction per
square mile.

Similarly, for takeoffs

S (r,0) = hR(r) O (0) (7.9)T T T

The final 1/2 in these formulas corrects for the fact that in calculating
the function, e, we will lump both positive and negative values of 0
together--thus, in effect, treating all accidents as if they occurred on
the TMI side of the runway.

O
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Oy The issue of separability of S(r 0) has been discussed in
Reference 7-3. The conclusion was that the assumption of separability
does not introduce any significant error in terms assessing the spatial
distribution.

In this analysis, following the method presented in Reference 7-4,
uncertainty distributions are developed for all the frequencies using
Bayesian techniques. The final results are presented for the total crash
frequency as well as the frequency of crash for each of the four
categories represented by Equations (7.4) through (7.7).

.

7.3.1 STATISTICAL INFORMATION FOR MODEL PARAMETERS

The data needed to quantify the various parameters of the model are
presented in this section. These data include the number of aircraf t
movements at Harrisburg International Airport and the national aerial
crash statistics.

7.3.1.1 Number of Movements of Heavy Aircraft at Harrisburg
International Airport

In this analysis, we are concerned with the number of heavy aircraft
movements; i.e. , aircraf t weighing 200,000 pounds or more. A
conservative estimate puts the number of such operations at less than 1%
of the total operations (Reference 7-5). For instance, based on the uta
presented in Table 7-1 for the year 1984, this number was estimated to be

(]n less than 1,411.

To estimate the number of movements of heavy aircraft in the scheduled
and nonscheduled categories, we first observe that air tr.xi and general
aviation aircraft, by definition, do not include heav, aircraN. The
total number of movements, excluding these two categories far the
year 1984, was 26,684 (see Table 7-1). A total of 8,549 af these
operations was scheduled. Therefore, the fraction of *.cheduled
operations is 0.32. The fraction of nonscheduled op' rations (including
military) is then 0.68. Therefore, the breakdown c( heavy aircraf t
mov'ements based on these percentages is

Scheduled: N3 = (0.32)(1,411) = 452

donscheduled: Ng = (0.68)(1,411) = 959

The threat to the TMI site is from operations at the south end of the
Runway 13/31; that is, from landings taking place in the northwest
direction (Runway 31) and takeoffs in the southeast direction
(Runway 13). Of the operations on this strip, 70% use Runway 31 and 30%
use Runway 13. The number of landings and takecffs are approximately
equal on each runway. Thus, if N is the number t.f operations per year on
the strip, then

.35N = number of landings at south end a NL
,

.

i
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Based on the above data on the use of runways at the airport, we
calculate the following values for the number of scheduled and
nonscheduled landings and takeoffs in the TMI-1 direction of the runways.

Nst = (0.35)Ns = 158

NST = (0.15)Ns = 68

NHL = (0.35)NN = 335

NNT = (0.15)Ny = 144 (7.10)

7.3.1.2 National Aerial Crash Statistics

Table 7-2 lists U.S. air carrier landing and takeoff accidents in the
contiguous U.S. involving destruction of the aircraf t for the years 1956
to 1982. The data for the years 1956 to 1977 were taken from
Reference 7-6. The additional data for the years 1978 to 1982 were
obtained from the National Transportation Safety Board computerized
briefs of accidents and the detailed accident reports available from
NTSB. Detailed reports for accidents beyond 1982 were not available at
the time of this analysis. Table 7-2 also lists hit locations (r,0)
for each of the accidents and the phase and type of operation for the
aircraf t involved.

Tables 7-3 and 7-4 provide the number of takeoffs and landings for
scheduled and nonscheduled operations for the period 1956 to 1982
(References 7-7 through 7-10). The takeoff and landing crash
frequencies, plotted by year in Figure 7-3, show a downtrend in the
accident frequencies.

Figure 7-4 is a plot of the radial distribution of crashes based on the
data in Table 7-2. The angular distribution for takeoffs and landings is
presented in the form of scatter diagrams in Figures 7-5 and 7-6,
respectively.

7.3.1.3 Plant Target Area

The critical structures of the THI-1 plant are designed to withstand
crashes of aircraf t having gross weights of up to 200,000 pounds during

{landing and takeoff operations. These structures are (see Figure 7-7):

e Reactor Building |
e Fuel Handling Building '

e Control Building
e Intake Screen House and Pump House

i
e Designated Portions of the Intermediate Building i

e Designated Portions of the Auxiliary Building I

e Heat Exchanger Vault
e Air Intake Structure (below ground)
e Access Tunnel Vault to Auxiliary Building

9
7-6
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Oy In calculating the target area for heavy aircraft, these and other -

structures of the plant were included and the following estimates for
landing and takeoff hits were developed (Reference 7-1):

AL = Landing Target Area = 0.0224 Square Mile

AT = Takeoff Target Area = 0.0066 Square Mile

These areas were calculated by considering "shadow effect" to account for
the dependence of the potential target area on the glide angle of the
crashing aircraft and the "skid effect" to account for -airplanes that
might crash in front of the plant and slide into it. The calculated
landing and takeoff target areas are based on glide angles of
10" and 45*, respectively.

The above values include the effective target area of both units to
account for the fact that most of the critical structures of the two
units are closely connected, so the crash of a large aircraft into the
structures of one unit might have some impact on the structures of the
other unit. This, of course, is a conservative assumption.

7.3.2 ASSESSMENT OF MODEL PARAMETERS

In this section, we will use the data presented in the previous section
to estimate various components of the aircraft crash frequency model.

7.3.2.1 Prediction of Accident Rates from Historical Data

In this section, we develop an estimate of the aircraft accident rate, f,
applicable to the plant in 1985 and beyond. Since, of course, we do not-
know the value of f exactly, we express our estimate in the form of a
probability curve against f. The location and shape of this curve will
then communicate our state of knowledge about the "true" value of f.

The historical data curve in Figure 7-3 shows, beginning in the
early 1960s, a clear downward trend in accident rates reflecting,
presumably, a steady improvement in aircraf t equipment, flight safety
technology, and safety consciousness.

,

A direct linear extrapolation of the curve to the years beyond 1982,
however, would yield a crash rate very close to zero. A further i
extrapolation would go negative. Clearly, then, our extrapolation must
reflect a leveling out of the curve. The approach followed in this study
for extrapolating the crash frequency is based on Bayesian methods as
described in the following:

1. We regard the historical data curve in Figure 7-3 as the result of
sampling from an underlying population whose crash frequency is
assumed to vary with time according to the functional form: j

-A(t-t )
0f(t) = a + (b-a)e (7.11)n

V
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which reflects a gradual decrease and a leveling out at value a. In
other words, we are saying that the "true" frequency in 1965, for
example, is f(1965) as calculated from Equation (7.11). In that

year, we selected (see Tables 7-3 and 7-4) a sample of
3,867 departures 17,734 operations) out of which we had a total of
4 accidents.

The parameter b controls the initial or starting value of f(t),
x defines its rate of decrease in time, and, finally, a determines
its asymptotic behavior for large t.

2. In this form, Equation (7.11), we shall fix the year to, the
starting point in time for the fit, and assign a value to b that
would be the value of f(to). We then determine or "fi t" the
remaining two parameters, a and 1, using Bayes' theorem. That is,
we regard the data in Tables 7-3 and 7-4, the experience of the past,
as evidence. On the basis of this evidence, we derive by Bayes'
theorem a probability distribution on the space of a, A pairs.

3. From thic probability distribution of a, X pairs, we shall derive a
probability distribution for the crash frequency for any 5 iven year
in the future. For instance,

f(1985) = a + (b-a) (7.12)

is the accident rate in 1985, given a, X, and b. The probability
distribution of f(1985) is found from the distrib1 tion of a,
X pairs.

To obtain the quantity in which we are interested; namely, the expected
annual crash frequency over the remaining life of the plant, we calculate

t=2015,

7 = jy =E f(t) (7.13)
t 1985

The following provides the details of this "Bayesian Extrapolation"
process.

Tables 7-3 and 7-4 give us for each year, t, a doublet (nt, mt) that
tells the numbers of crashes and the number of operations in that year.
Denote by B the set of such doublets from the year to on:

1982

B={{n'*t)f I7*14I
t

B, then, is the experience of the past. Next, we assume that the
underlying f requency has the time dependence represented by
Equation (7.11) with b and to fixed from inspection of the data. We
now ask: What can we say about the values of s A in light of the
experience B?

7-8
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\ For this purpose, we write Bayes' theorem in the form

'p(Bla,A)'

p(a,AjB)=p(a,A) (7.15)
p(B)

,
,

where

p(a,X) = tne probability we assign to the
pair a,A ' prior' to having information B.

p(a,A|B) = our probability of a,A after having
information B (the posterior)..

p(Bla,X) = the probability of experiencing B,
given the values a,X.

p(B) = the prior probability).of B based on the knowledgerepresented t,y p(a,A

p(a,X)p(B|a,X) dada. (7.16)p(B) =

To evaluate p(B|a,X), we note that each pair a, A implies a specific
function of time f(t) through Equation (7.11). In any particular year,
then, the probability of observing the pair (nt, mt) IS

(m i n m -nt t
p(n '*t|a, A) = [f(t)3 [1-f(t)3 (7,g7)

t n

For the size mt we are dealing with, the right side of Equation (7.17)
may be replaced by

n
t[m f(t)3 - [m f(t))

tp(n ,m ja,A) = * I7*10Ig t n!
t

,

,

! The probability of experiencing the entire set B is then
I n

1982 [m IItI3 ~ b*t (t)3f
tp(Bla,A) = [[ e (7.19)3

8 t=t "tI
o j

i

|To carry out the process numerically, we established a discrete grid over
the values of a and A as follows:

,

{ a , a2 . . . , a )a: g g

A: { A , X ' * * * ' A ) (yrs-1) (7.20)g 2 j

7-9
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We then chose a uniform prior over the set of discrete points (aj,Xj),
saying thus that as far as our knowledge goes, each such pair is as
likely as any other within the grid. With this choice, Equation (7.15)
becomes

p(B|a ,Xj)g

P$j = p(a ,Aj jB) (7.21)
4

Ep(Bla,Aj)g

1.J

with the right side computed from Equation (7.19) using the f(t) given by
Equation !7.11).

We now calculate the crash frequency for four different categories of
aircraft operation, scheduled landings, nonscheduled landings, scheduled
takeoffs, and nonscheduled takeoffs, and repeat the Bayesian analysis for
each category. The historical data in Tables 7-3 and 7-4 are displayed
graphically for each data category in Figures 7-8 through 7-11. The
a, X, and b values used for each category are as follows:

e Scheduled Landings

b = 1.0 x 10-6 to = 1955

a = { 0.0, 0. 05, 0.1, 0. 2, 0. 3, 0.4, 0. 5, 0.6} ( x 10-6 )

1 1 1 1 (yrs -1)x= y, g, 7, . . 3

e Nonscheduled Landings

b = 16 x 10 -6 t, = 1955

a = {0.0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6} (x 10-6)

11 1 1 1 1 1 1 1 1p ,g g [(yrs -1)A = g, 7, y, g, 7, ...

e Scheduled Takeoffs

b = 0.8 x 10-6 t = 1955g

a = {0.0, 0.025, 0.05, 0.075, 0.1, 0.2} (x 10-6)

1 1 1 1 1 1 1 (yrs -1)A= g, g, g, . . . p, 3, y, g

O
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f
( e Nonscheduled Takeoffs

b = 10 x 10-6 t, = 1955

a = {0.0, 1.0, 2.0, 30.0, 4.0, 5.0, 6.0) (x 10-6)

1 1 1 1 1 1 -1
X= g T' M' D' M' M' * * * TU IY"5 I

The resulting expected distributions for the predicted ' average crash
frequency between 1985 and 2015 are displayed at the right of Figures 7-8
through 7-11. Each of these distributions was calculated by obtaining a
distribution for the value of f(t) for each value of t in the period 1985

through 2015, using the probability distribution on the a, X grid and
then obtaining the value of T based on Equation (7.13). The smooth curve
on Figures 7-8 through 7-11 is a plot of Equation (7.11), using the mean
values of a and X from the discrete probability distribution for the
period 1955 to 1982.

'

The mean annual crash rates for various cases are sunnarized as follows:

Scheduled Landings = 1.27 x 10-7 Crashes per Year

Nonscheduled Landings = 1.13 x 10-6 Crashes per Year

Scheduled Takeoffs = 4.57 x 10-8 Crashes per Year
i

Nonscheduled Takeoffs = 3.11 x 10-6 Crashes per Year

7.3.2.2 The Radial Density R(r)
r = r*

|

The data shown in Figure 7-4 suggests that R(r) may be well fit by a step |
at r = 0, followed by a decaying exponential, i.e.,

]
,r=0R(r) = (7.22)

.

{ae-Ar,r>0
This being so, the derivative of R(r) contains a delta function at r = 0

-ArR(r) = (1-a) 6(r) + lae (7.23)

We seek to estimate the value of this derivative at the radius of the
plant. Thus, we seek

0D(r) = R(r) = iae (7.24)r
o !

O
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where ro = 2.7 miles. We will obtain this estimate by first obtaining
a discretized probability distribution on the space of doublets, (a,X),
and then converting this to a DPD against the desired derivative through
Equation (7.24). To begin this process, we discretize the sets of
possible a's and X's

a:{al, a2, a3 ..., al} (7.25)

X:{xt, X2, 13, ... AJ} (7.26)

We then consider the space of a, X doublets

{(aj,Aj)} (7.27)

On this space, we will establish a discrete probability distribution by
assigning a probability, pij, to each such doublet, i.e.,

{<pij, (aj ,Xj)>} U.28)

To explain the next step, let us introduce the notation

0g(a,X) = Xae (7.29)

and

0
g43 = g(aj,xj) = Ajaje (7.30)

Then, the DPD Equation (7.28) converts through Equation (7.30) to a DPD
for 9:

{<pij, gij>} (7.31)

This is then the DPD for our desired derivative in Equation (7.24).

We obtain the DPD on (a,X) space by applying Bayes' theorem in the form

p(B|a ,X))j

p(aj,X)|B) = p(a ,1 ) E p(aj,X)) p(Bla ,X))
(7.32)j 3

g

1.J

where

B = the information we get from our historical data.

p(aj,AjjB) = the probability we assign to the doublet (aj,Xj)
af ter we have the information B.

p(aj,Xj) = the probability we assign to the doublet (aj,Xj)
prior to having the information B.

p(Blaj,Xj) = the likelihood of event B happening, given that aj,1j
are true.

7-12
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In our case, B is the set of radii at which crashes occurred.

In the case of landings B is the set of radii at whic) landing crashes
occurred. Thus, from Table 7-2 we have

B = {0, 0, 3.5, 0.8, 0.4, ... , etc.}

We note that B contains a total of 70 points, 27 points have r = 0, and
the remainder have the sum,

43 . :

[r = 73.8 miles (7.33)
n

n=1

Then, from Equation (7.23), the probability of these 70 crashes occurring
as they did is

d

p(Blag,1)=(1-aj)27(,jXj)43 e (7.34)
3

For this calculation, the following values are given for aj and Aj:

{aj} = {0.4, .45, .5, .55, .6, .65, .7} (7.35)

O tv A. & 4. a " 38)

The result is shown in Figure 7-12a. The Bayes' fit using the mean a,
A is shown as the straight line in Figure 7-13. Thc staircase function
is the historical data.

In the case of takeoff crashes, B, from Table 7-2, is the set,

B = {0, 4.7, 0.9, 4.0, 3.1, 0.6, ... etc.}

B for takeoff contains a total of 40 points, 18 having r = 0.

The remainder have the sum,

22

g r, = x., mnes v.37)

The probability of these 40 takeoff crashes occurring as they did is

18 22 {-x 34.9}
dp(B|a,Aj)=(1-ag) (ajx3) e (7.38)j

I

The result for the takeoff calculation is snown in Figure 7-17t,.
Figure 7-14 compares the mean Bayes' fit with the historical takeof f
crash data.

7-13
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The mean value of the distribution of the radial density for various

cases are sunnarized as follows:

Radial Density, Landings = 7.39 x 10-2

Radial Density, Takeoffs = 6.40 x 10-2

7.3.2.3 The Angular Density 6 (0)
0=00

The same kind of reasoning can now be applied to determine the
0 dependence, using as data only those crashes occurring at a radius of
> .5 mile. However, it is evident from Figure 7-15 that a simple
exponential is not going to give a good fit to the angular data.
Therefore, we need to modify the procedure used for the radial
dependence. In doing this, we need to recognize that the important point
is that the fit be good in the neighborhood of 34*, the location of the
plant. At the same time, we wish to include the experience at the
extremes (O' and 90') of the e range. Finally, if we can, we prefer to
retain a fitting fraction with two parameters, rather than the
complication of a three or four-parameter form.

The following approach appears to satisfy these requirements. We define
0(0) as the fraction of crashes occurring at angle e or more.

We then choose the form,

0(0) = e-10 + b, 0* 1 0 $ 0' (7.39)7

and use it to fit the data within the O' to 70* range. Within this
range, we may expect from Figure 7-15 that this form has the flexibility
to give a good fit. Outside the range, of course, it cannot fit since it
levels off, whereas the actual data go to zero. To blend in
appropriately at 0 = 70' and to account for the data of 90', we choose
b = 0.098.

We then use a Bayesian procedure to establish probability distributions
on a,A in the following way.

From Equation (7.39) we have the frequency density

-A66 (0) = (1-a-b) 6(0) + axe (7.40)

We now take B to be the set of crash points in the 0* to 70* range (and
having r > .5 mile). Thus, f rom Table 7-2,

_

B = { 0, 01, 47, 61, 0, 26, 0, . . . }

a total of 46 crashes with 19 at 0 = 0. Thus,

p(Bja,1)=(1-a-b)19(n)27 4 O
e j (7,4t)

1
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where

'

Ot = 486 (7.42)

The resulting distribution for the desired derivative quantities is shown ,

in Figure 7-16a. As a matter of interest, Figure 7-15 shows the goodness
of fit using the mean a, A to the experimental data.

We now apply the analysis of the previous section to the landing and
takeoff data separately. For landings, there is a total of 34 crashes;
15 at 0 = 0 and 2 at 90'. We, therefore, set

b=h=.059 (7.43)4

and suming over the points less than 90', we have f
17

E ej = 230 (7.44)
i=1

The histogram for the desired derivative is plotted as Figure 7-16b. The i

Bayes' fit with average a,A is plotted with the historical data in
,

Figure 7-17. '

O F

For takeoffs, there is a total of 17 crashes; 4 at 0 = 0 and 3 at 90'. ;

In this case :

b=h=.176 (7.45)

The sum of the angles in this case is
,

ej = 256 (7.46)
i=1 ,

The results are givsn in Figures 7-16c and 7-18. The mean value of the
distribution of the angular density for various cases is sumarized as i

follows: |

Angular Density, Landings = 3.31 x 10-3

Angular Density, Takeoff = 5.75 x 10-3

7.3.3 TOTAL IMPACT FREQUENCY
'

using the values of the model parameter calculated in the previous
section in Equations (7.4) through (7.7) results in the annual impact<

,

frequencies for the various aircraft operation categories as sumarized
in Table 7-5.

.
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7.4 MODERATE WEIGHT AIRCRAFT CRASH FREQUENCY _

This category of aircraf t includes large civilian and military aircraf t
that weigh less than 200,000 pounds. Almost all such aircraf t use
Harrisburg International Airport, and only under very special conditions
is the capital city airport used.

The crash frequency into TMI-1 for this category is also calculated from
an equation similar to Equation (7.3), with the individual terms defined
by Equations (7.4) through (7.7). Also, except for the number of
operations in different categories, we will use the same values for the
crash model parameters as those calculated in the previous section. The
impact area in this case is only calculated for Unit 1 because it is not
expected that a crash of an aircraft in this category into Unit 2
structures would also impact Unit 1 buildings. To obtain the number of
operations in this category, we use the data of Table 7-1 for the
year 1984. Subtracting the number of heavy aircraft in the scheduled and
nonscheduled groups from the total in the corresponding categories, we
get the number of operations for moderate weight aircraft:

NS = 8,549 - 452 = 8,097

Ng = 26,684 - 959 = 25,725

Based on the discussion on the use of runways at Harrisburg International
Airport, the following values for takeoffs and landings in the TMI-1
direction of the runways are calculated as

NSL = 0.35 N3 = 2,834

Ns7 = 0.15 N3 = 1,215

NNL = 0.35 tis = 9,004

NNT = 0.15 Ny = 3,859

Table 7-6 summarizes the mean value calculations for the frequency of
moderate aircraf t crashes into the TMI-1 structures.

7.5 SMALL AIRCRAFT CRASH FREQUENCY

The crash frequency of small aircraft into various structures of the
TMI-1 plant aro calculated in this section. This category includes air
taxi and general aviation aircraft operation from both the Harrisburg
International Airport and Capital City Airport.

The basic model used is the same as that presented by Equation (7.1).
The values of the model parameters are calculated as follows.

7.5.1 NUMBER OF OPERATIONS OF SMALL AIRCRAFT

Table 7-1 provides the number of air taxi and general aviation type of
aircraf t operations at the Harrisburg International Airport. The number

7-16
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TABLE 8-3. NUMBER OF SHIPMENTS PER YEAR OF THE

IMPORTANT HAZARDOUS CHEMICALS (ni)

Shipments
Chemical Line per Year

Acetic Acid Shocks 79.3
Roy 26

Acetic Anhydride Shocks 34.7
Roy 34.7

Acrylonitrile Shocks 134.7
Ammonia, Anhydrous Shocks 180

Roy 46
Bromine Shocks 47.3 i

Chlorine Shocks 1,046
Chromic Fluoride Roy 127.3
Coal Tar, Light Oil Shocks 118.7
Ethyl Acrylate Shocks 334.7 ;

Ci.hylene Oxide Shocks 236.7 t

Hydrochloric Acid Shocks 117
Formaldehyde, 37% Weight Shocks 50.7
Hydrofluoric Acid Shocks 96

Roy 42.7
Phosphorus Oxychloride Shocks 41.3
Propylene Oxide Shocks 236.7
Vinyl Acetate Shocks 32
Vinyl Chloride Shocks 2,888.7

Roy 42

|

|

|

O
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TABLE 8-4 ANNUAL FRE00ENCY OF EXCEEDANCE OF
T0XIC LIMITS IN GONTROL ROOM

~

Chemical ~. Roy Shocks

-8 -8
Acetic Acid, Glacial 2.27 x 10 1.82 x 10
Acetic Anhydride 1.88 x 10'9 0.00 x 10-0

~7
Acrylonitrile 1.58 x 10--

Ammonia, Anhydrous 9.62 x 10'8 3.40 x 10 -7

Bromine 3,14 x 10'7--

-6Chlorire 6.54 x 10--

~ -6Chronic Fluoride 1.04 x 10 ,,

Coal Tar, Light Oil 3.42 x 10'9--

Ethyl Acrylate 6.08 x 10'9--

Ethylene Oxide 4.44 x 10'7--

Formaldehyde 4.06 x 10'I2--

-0Hexane 0.00 x 10--

~7Hydrochloric Acid -- 2.50 x 10
-7Hydrofluoric Acid 3.49 x 10' 7.25 x 10

Phosphorus Oxychloride 2.63 x 10'7--

-7Propylene Oxide -- 2.37 x 10
-8Yinyl Acetate 8.76 x 10--

-8 -6Vinyl Chloride 5.32 x 10 2.22 x 10

8-16
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pQ of landings and takeoffs for the year 1984 was 29,724 for air taxi and
84,693 for general aviation aircraf t. Therefore, the total number of
operations of small aircraft at Harrisburg International Airport is taken
to be

11 = 84,693 + 29,724 = 114,417 operations per year (7.47)

The total number of operations of small aircraft at the Capital City
Airport in 1985 was 71,733 (Reference 7-11). According to
Reference 7-11, of the total hours flown by general aviation aircraft,
nearly 76* involve single-engine and 24% involve multiple-engine
aircraft. This breakdown is used to calculate the approximate number of
operations for single and multiple-engine small aircraf t:

Ai rport Engle-Engine Multiple-Engine

Harrisburg 84,669 27,460
Capttal C1ty 53,082 17,216

7.5.2 CRASH RANS OF SMALL AIRCRAFT

The accident rates for general aviation aircraft are given in Table 7-7
(References 7-12 and 7-13). Ilote that these rates are given in units of
accidents per mile flown and not per operation. The latter type is not
available and must be estimated. This was done in this analysis by

b) assuming an average 1-hour flight duration and an average speed of
V 100 mph and 250 mph for single and multiple-engine small aircraf t,

respectively. Furthermore, the annual crash statistics were used to
develop uncertainty distributions for the crash rates by using the mean
of the crash rates as the mean of the lognormal with a range factor
of 5. This range factor is relatively high considering the annual
variation of the crash rates and is judged to cover other uncertainties
introduced in converting the rates from crashes per mile to crashes per
operation. The following values characterize the resulting lognormal
distributions:

CRASH RATES PER OPERAT10tl

Single-Engine Multiple-Engine

5th Percentile 1.4 x 10-6 1,1 x 10-6

50th Percentile 7.1 x 10-6 5.6 x 10-6

95th Percentile 3.5 x 10-5 2.8 x 10-5

Mean 1.1 x 10-5 9,0 x 10-6 |

<m
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7.5.3 SPATIAL CRASH DENSITY

As discussed in Section 7.3, the distribution of crashes in the area
surrounding an airport should normally include both radial and angular
components. However, for small aircraf t, the angular distribution of
crash locations is not readily available from the published FAA and NTSB
statistics. Furthermore, such detailed information is not needed in this
case in which the adverse consequences tf the crash of small aircraf t are
shown to have vary small frequencies. Therefore, in this analysis, a
uniform angular distribution was assumed.

The radial crash distribution remains to be found.

Table 7-8 shows the fraction of general aviation aircraft crashes for
different radial distances, r, from the airport. it is based on 7 years
of statistics provided by the FAA in the agency's annual review of
aircraf t accidents for calendar years 1972 through 1978. For areas with
a radial distance, r > 2 miles, we fit the following exponential function,

O(r) = aebr r>2 crash per mile
_

with a = 0.117 and b = 0.344. 0(r)dr is the fraction o.' crashes in the
area with a radial distance between r and r + dr from the airport. Crash
density per square mile at radius r is then given by

S(r) = O(r)er

The uncertainty about S(r) will be represented by a lognormal
distribution with a median value estimated by the above formula and a
range factor appropriate for each case.

For Harrisburg International Airport, we have

0(r) = 0.117e-0.344 x 2.7 4.6 x 10-2 crash per mile

r = 2.7

This leads to a value of 2.7 x 10-3 crash per square mile as the median
of the distribution of S(r = 2.7). With a 95th to 50th percentile ratio
of 2, we obtain the following characteristics of the (lognormal)
distribution of S for Harrisburg International Airport:

5th Percentile: 1.4 x 10-3 Crash per Square Mile

95th Percentile: 5.4 x 10-3 Crash per Square Mile

Mean: 3.0 x 10-3 Crash per Square Mile

Similarly, we obtain a spatial crash distribution for Capital City
Airport (r = 8). This time, we use a 95th to 50th percentile ratio equal

|to 4 to acknowledge the fact that we become more uncertain about the
|

O|
|

|

|
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O)L exponential fit to the data at long distances. The resulting lognormal
distribution is the following:

5th Percentile: 3.7 x 10-5 Cresh per Square Mile

50th Percenti h: 1.5 x 10-4 Crash per Square Mile

95th Percentile: 5.0 x 10-4 Crash per Square Mile

Mean: 2.1 x 10-4 Crash per Square Mile

7.5.4 IMPACT AREA' 0F CRITICAL STRUCTURES ,

Due to the difference in the damage caused by the crash of small aircraf t
on concrete buildings compared with that for some other structures, such
as the turbine building and metal tanks (BWST and CST), the crash
frequency is calculated for each category of buildings separately.
Therefore, effective areas were calculated for concrete buildings,
turbine building, metal tanks, and unit transformers. These values are
listed in Table 7-9 (same values are used for landing and takeoff
operations) .

7.5.5 TOTAL IMPACT FREQUENCY FOR SMALL AIRCRAFT

Table 7-9 sumarizes the numerical results including the total impact
frequency for various structures obtained by using the values of the

y model parameters obtained in the previous sections in Equation 7.3.

7.6 STRUCTURAL INTEGR1TY EVALUATION

The impact frequencies calculated for heavy and moderate weight aircraft
in Sections 7.3 and 7.4 are sufficiently low to not necessitate a
structural fragility analysis of the target buildings. Based on the
design criteria and as stated in Section 7.3, it is assumed that the
conditional probability of substantial damage to critical structures
is 1.0, given the crash of a heavy aircraft (more than 200,000 pounds).
For other types of aircraft, the frac Mity of the THI-1 concrete
structures can be approximated by th values provided in Reference 7-14
as sumarized in Table 7-10 for the foration mode of damage.

Since the thickness of walls and ros - TMI-1 concrete structuresu

exceed 2 feet and all operations of moderate wcight aircraft are to or
from Harrisburg International, which is located less than 5 miles from
the site, the probability of perforation is less than 0.28. Also, the
numbers in Table 7-10 are based on all large aircraf t, including those
weighing in excess of 200,000 pour,ds. Therefore, the probability of
perforation for moderate weight aircraft would be even smaller. The
value for the collapse mode of failure is obviously smaller than the
perforation probability because in this case a substantially higher
momentum is typically required to completely destroy the structural
integrity of the building. We assume a value of 0.1 and believe it is
conservative. For small aircraf t, no significant damage to concrete
buildings is expected. Even if we use a conservative value of 0.01,

|' - "
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which correspcads to the value for 2-foot thick walls and crashes beyond
5 miles (Table 7-10), the damage is expected to be localized with much
smaller probabilities for affecting critical components. The conditional
probability of the collapse mode of damage for this category of aircraf t
is vanishingly small (Reference 7-14).

7.7 FREQUENCY OF CORE DAMAGE

Core melt is assumed, given crash of a heavy aircraf t. With this
assumption, the contribution to the mean core damage frequency from heavy
aircraft crash is

*cm * IH*PH

= (3.5 x 10-8)(1.0) = 3.5 x 10-8 per year

ror moderate weight aircraft, core damage is assumed for the collapse
mode of damage, which has a conditional probability of 0.1. In the
perforation mode of damage with a conditional prooability of 0.28, the
likelihood of damage to several critical components leading to core melt
is small. (Reference 7-14 suggests a value of 0.01 for core damage
conditional likelihood in this analysis, we will use 0.1, which is
conservative. Tnereft r moe? ate weight aircraf t, the mean core>

damage frequency is

am = fs:0.1.(0.2en0.n: G
= (4.62 x 10-7)(1.28 x 10-1) = 5.91 x 10-8 oer year

in the case of small aircraf t, the likelihood of core melt, given damage
from perforation of concrete buildings, is very small. We will use 0.01,
as suggested in Reference 7-14, and believe it is conservative. The
consequences of the crash of a small aircraft into the turbine building
are much less severe even if it results in perforation or collapse of the
building. The reason is that no safety functions would ba impaired by
such impact and, consequently, the conditional probability of core melt
given the impact is negligible. Also, other scenarios, such as crash
into BWST, CST, or transformers, are clearb Jominated by similar
scenarios involving random failure or unavailability of this equipment
due to other causes. For instance, the frequency of damage to BWST due
to aircraft crash is several orders of magnitude st.glier than the rate off ailure of the tank due to other causes (2.15 x 10- per year, see Data
Analysis Report Tabla 3-4). Therefore, the contribution of small
aircraf t crash to the mean core damage frequency is

S
4 *IS (0.01)(0.01)cm

= (4.1 x 10-5)(10-4) = 4.1 x 10-9 per year

O
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;

.

O() The total mean core damage frequency is therefore estimated as

&cm " Dcm * &cm * Ocm

= 9.8 x 10-8 per year

The above frequency is dominated by the frequency of other scenarios by
several orders of magnitude. Therefore, no further analysis on the .

consequences of aircraft crash is needed. !

'
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t

TABLE 7-1. AIRCRAFT OPERATIONS AT HARRISBURG INTERNATIONAL AIRPORT
(1980 - 1984) |

Total Number of Aircraft Movements
(Takeoffs and Landings)Type of Operation

1980 1981 1982 1983 1984

Commercial, Scheduled 8,227 6,954 6,268 6,747 8,549

Comercial, Nonscheduled 1,422 356 690 233 157

Air Tax. 23,010 20,135 22,752 22,437 29,724

Military 12,514 11,552 12,231 12,857 17,978

General Aviation 67,525 60,347 62,732 67,189 84,693

Total 112,698 99,344 104,673 109,463 141,101

Estimated Number of 1,127 993 1,047 1,095 1,411
Heavy Aircraft Operations *

*Approximately 1% of the total number of aircraft movements.

i
i

I

i

O
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TABLE 7-2. LISTING 0F U. S. AIR CARRIER LANDING AND TAKE0FF ACCIDENTS
IN THE CONTIGU0US U. S., INVOLVING DESTRUCTION OF THE AIRCRAFT

(1956 - 1982)

Sheet 1 of 8
Hit Location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees)

1956

2/17 Owensboro, KY L M-404 0 SP 0 0
4/1 Pittsburg, PA T M-404 F SP 0 0
4/2 Seattle, WA T B-377 F SP 4.7 0
11/14 Las Vegas, NV L M-404 0 SP 0 0

1957

1/6 Tulsa, OK L CV-240 F SP 3.5 0y

A, 2/1 Rikers Island, NY T DC-6 F SP 0.9 47
* 9/15 New Bedford, MA L DC-3 F SP 0.8 6

1958

2/13 Palm Springs, CA T CV-240 0 .. 4.0 0'

3/25 Miami, FL T DC-7 F SP 3.1 26
4/6 Freeland, MI L Viscount F SP 0.4 0
6/4 Martinsburg, WV L DC-3 F Training 0.3 90
8/15 Nantucket, MA L CV-240 F SP 0.3 22
8/28 Minneapolis, MN T DC-6 0 SP 0.6 0
11/10 New York, NY T L-1049 0 Training 0 0

NOTE: Footnotes and legend appear on the last sheet of this table.
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TABLE 7-2 (continued)

Sheet 2 of 8i

Hit Location *|

Date Location Phase Aircra ft Injury Operation r 0
(miles) (degrees)

i

1959

2/3 New York, NY L L-lCS F SP 0.8 0
2/20 3an Francisco, CA L DC-7 0 NS/C 0 0
3/15 Chicago, IL L CV-240 0 SC 1.2 28 -

5/12 Charleston, WV L L-1049 F SP 0 0
8/15 Calverton, NY L B-707 F Training 3.0 13
9/2 Abilene, TX L C-46 F NS/C 0 0
11/24 Chicago, IL L L-1049 F SC 0.2 0
12/1 Williamsport, PA L M-202 F SP 1.4 90

7 10/26 Santa Maria, CA T DC-3 F SP 1.5 NA
,

l 5 1960

S/23 Atlanta, GA T CV-880 F Training 0 0
9/14 New York, NY L L-188 0 SP 0 0
10/4 Boston, MA T L-188 F SP 1.0 20
10/29 Toledo, OH T C-46 F NS/P 1.1 4

:
1 1961

7/11 Denver, C0 L DC-8 F SP 0 0
9/17 Chicago, IL T L-188 F SP 0.8 90;

11/8 Richmond, VA L L-1049 F NS/P 1.1 26
i

NOTE: Footnotes and legend appear on the last sheet of this table.;

;

i

t

|

0548G031087EEHR

- - . -- . _ . .. .



TABLE 7-2 (continued)

Sheet 3 of 8
I Hit Location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees)

1962

3/1 Jamaica Bay, NY T B-707 F SP 2.7 90
4/18 Dallas, TX T DC-3 F Test 0 0
7/8 Amarillo, TX T V-812 0 SP 1.2 21
8/22 Wilmington, NC L M-404 0 Training 0 0
11/30 New York, NY L DC-7 F SP 0.8 9
12/14 Hollywood, CA L L-1049 F SC 1.5 0
12/21 Grand Island, NE L CV-340 0 SP 0.8 0

1963y

h 1/29 Kansas City, M0 L V-812 F SP 0 0
2/3 San Francisco, CA L L-1049 F SC 0 0
2/16 Puyallup, WA L C-46 0 NS/C 0.5 0
5/28 Manhattan, KS L L-1049 0 NS/P 0.1 0
7/2 Rochester, NY T M-404 F SP 0 0
11/29 Morgantown, WV L DC-3 F Ferry 2.5 18

1964

3/10 Boston, MA L DC-4 F SC 1.3 0
3/12 Miles City, MT L DC-3 F SP 1.9 0
11/20 Detroit, MI T C-46 0 NS/C 0.4 0
12/24 San Francisco, CA T L-1049 F SC 4.3 31
12/30 Detroit, MI L C-46 F NS/C 2.3 13

NOTE: Footnotes and legend appear on the last sheet of this table.
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TABLE 7-2 (continued) [

Sheet 4 of 8
Hit Location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees)

1965
'

4/16 Las Vegas, NV T F-27 0 Training 0 0
5/18 Knob Knoster, M0 L DC-6 0 NS/C 0.8 10
7/23 Montoursville, PA T CV-440 0 SP 2.8 45'

9/13 Kansas City, M0 T CV-880 0 Training 0.2 27
11/8 Constance, KY L B-727 F SP 2.0 0
11/11 Salt Lake City, UT L B-727 F SP 0.3 0

1966
,

3/21 Norfolk, VA L CL-44 0 SC 0 0y

| 4 4/22 Ardmore, OK L L-188 F NS/P 2.3 90
! " 7/28 Newark, NJ T C-46 0 NS/C 1.1 90

11/20 New Bern, NC L M-404 F SP 4.0 9

1967

1/31 San Antonio, TX L DC-6 F NS/C 4.5 0
3/30 Kenner, LA L DC-8 F Training 0.4 27
11/6 Erlanger, KY T B-707 F SP 0 0
11/20 Constance, KY L CV-880 F .SP 1.8 3
12/21 Denver, C0 T DC-3 F NS/C 0 0

NOTE: Footnotes and legend appear on the last sheet of this table.
'

.

4
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TABLE 7-2 (continued)

Sheet 5 of 8
Hit Location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees)

1968

1/1 0xford, MS L M-404 0 Ferry 0 0

3/21 Chicago, IL T B-727 0 SC 0 0

4/28 Atlantic City, NJ L DC-8 0 Training 0 0

8/10 Charleston, WV L F-227 F SP 0 0

9/27 Cherry Point, NC L DC-7 0 NS/C 0.4 17

12/24 Bradford, PA L CV-580 F SP 2.8 8

12/27 Sioux City, IA T DC-9 0 SP 0 0

12/27 Chicago, IL L CV-580 F SP 0.3 86
y
.

M 1969

1/6 Bradford, PA L CV-440 F SP 5.0 0

7/15 Jamaica, NY T DHC-6 F SP 0 0

7/26 Pomona, NJ L B-707 F Training 0 0

10/11 Stockton, CA T DC-8 0 Training 0 0

1970

8/24 Hill AFB, UT T L-188 0 NS/C 0 0

9/8 Jamaica, NY T DC-8 F Ferry 0 0

10/10 Wrightstown, NJ L GA-382 F NS/C 1.0 0

11/14 Huntington, WV L DC-9 F NS/P 1.1 0

NOTE: Footnotes and legend appear on the last sheet of this table.
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TABLE 7-2 (continued)

Sheet 6 of 8
Hit Location *

Date Location Phase Aircraft Injury Operation r 6

(miles) (degrees)

1971

3/31 Ontario, CA L B-720 F Training 0 0
6/7 New Haven, CN L CV-580 F SP 0.9 6

1972

3/3 Albany, NY L F-227 F SP 3.8 0
5/18 Ft. Lauderdale, FL L DC-9 0 SP 0 0
S/30 Ft. Worth, TX L DC-9 F Training 0 0
12/8 Chicago, IL L B-737 F SP 1.8 10

7 12/20 Chicago, IL T DC-9 F SP 0 0

E 1973

7/23 St. Louis, M0 L F-227 F SP 2.6 4
7/31 Boston, MA L DC-9 F SP 0.6 4
11/3 Boston, MA L B-707 F SC 0 0
11/27 Akron, OH L DC-9 0 SP 0 0

1974

1/16 Los Angeles, CA L B-707 0 SP 0 0
9/11 Charlotte, NC L DC-9 F SP 3.4 0

NOTE: Footnotes and legend appear on the last sheet of this table.

i
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TABLE 7-2 (continued)

Sheet 7 of 8
Hit Location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees)

1975

6/24 Jamaica, NY L B-727 F SP 0 0
11/12 Jamaica, NY T DC-10 0 NS/P 0 0

1976

2/8 Van Huys, CA T DC-6 F Ferry 1.5 0
6/23 Philadelphia, PA L DC-9 0 SP 0 0

1977

7 7/6 St. Louis, M0 T L-188 F NS/C 0 0

S 1978

03/1 Los Angeles, CA T DC-10 F SP 0.1 0
9/25 San Diego, CA L B-727 F SP 3.5 28

1979

2/9 Miami, FL T DC-9 0 Training 0.15 30
1/5 Amiat, AK L 188A 0 NS/CTR 0 0
5/25 Chicago, IL T DC-10 F SP 0.87 17
6/22 Daggett, CA T DC-7 F M 1.0 20
5/15 flesa, AZ T C-54D 0 Test 0** 0
11/19 McCormick, SC L C-54D F P 2.5 35

_._

NOTE: Footnotes and legend appe, on the last sheet of this table.
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TABLE 7-2 (continued)

,

k

i Sheet 8 of 8
Hit location *

Date Location Phase Aircraft Injury Operation r 0
(miles) (degrees) j

!

1980

6/19 Atlanta, GA L SUD AVN 0 Cargo 0 0,

SE-210 Service
i 11/28 Pecos, TX T DC-7B F M t t

6/22 Columbus, IN T 1049-H F Ferry 0.87 25

1981

2/17 Santa Ana, CA L B-737 F SP 0 0

1982y

L 3/13 Glendale, AZ L KC-135A F Mili tary. 3.5 0
~

1/23 Boston, MA L DC-10-30 F SP 0 0

- *ilit location: r = radial distance of the hit to the end of the runway in use. O is the angle
to the runway centerline. r = 0 is considered if the hit occurred within 0.05 mile of the
runway, and 0 = 0 is considered if the hit occurred within 200 feet of the extended runway
center-line. Note that we do not distinguish between a positive or negative angle (P'. |

! **This plane ran off the runway after aborted takeoff. The radial distance would be 0.25 mile '

{ Sufficient information unavailable to determine r or 0.
1,300 feet) if final resting place is considered.

i
,

i LEGEND:

I Phase: L = landing; T = takeoff.
Injury: F = one or more occupant fatalities; O = none.
Type operation: SC = scheduled cargo; SP = scheduled passenger; NS/C = nonscheduled cargo;

,

NS/CTR = nonscheduled charter; NS/P = nonscheduled passenger; M = smuggling. ;

:
.
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TABLE 7-3. U.S. AIR CARRIER ACCIDENT RATE FOR SCHEDdLED AND NONSCHEDULED
LANDINGS IN THE CONTIGUOUS U.S.*

Scheduled Nonscheduled Total Landings

Operajions Accident Operajlons Accident Operajions Accident
^'' *" * ^'' #" ^## *" *

(10 ) Rate ** (10 ) (10 ) Rate ** (10 ) (10 ) Rate ** (10 )

1956 3,188 2 .627 90 0 0 3,278 2 .610
1957 3,444 2 .581 90 0 0 3,534 2 .566
1958 3,302 2 .606 90 0 0 3,392 2 .590
1959 3,551 5 1.406 90 2 22.2 3,641 7 1.92
1960 3,501 1 .286 125 0 0 3,626 1 .276
1961 3,400 1 .294 140 1 7.14 3,540 2 .565
1962 3,303 3 .908 175 0 0 3,478 3 .863
1963 3,414 2 .586 155 2 12.9 3,569 4 1.12
1964 3,554 2 .563 95 1 10.5 3,649 3 .822
1965 3,772 2 .530 95 1 10.5 3,867 3 .776
1966 3,926 2 .509 85 1 11.8 4,011 3 .748

y 1967 4,478 1 .223 90 1 11.8 4,568 2 438

y 1968 4,836 3 .620 105 1 9.52 4,941 4 .810
1969 4,934 1 .203 115 0 0 5,049 1 .198
1970 4,669 0 0 125 2 16.0 4,794 2 .417
1971 4,558 1 .219 155 0 0 4,713 1 .212
1972 4,601 3 .652 135 0 0 4,736 3 .633
1973 4,651 4 .860 130 0 0 4,781 4 .837
1974 4,275 2 468 105 0 0 4,380 2 .457
1975 4,269 1 .234 110 0 0 4,379 1 .228
1976 4,411 1 .227 115 0 0 4,526 1 .221
1977 4,560 0 0 125 0 0 4,685 0- 0

1978 4,608 1 .217 116 0 0 4,724 1 .212
1979 4,852 0 0 122 2 16.4 4,974 2 402
1980 4,892 0 0 123 1 8.13 5,015 1 .199
1981 4,664 1 .214 110 0 0 4,774 1 .209
1982 4,455 1 .224 114 1 8.77 4,569 2 438

* Destruct accidents on or off runway but within 5 miles.

** Accidents per landing.
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TABLE 7-4. U.S. AIR CARRIER ACCIDENT RATE FOR SCHEDULED AND NONSCHEDULED
,

TAKEOFFS IN THE CONTIGUOUS U.S.*
1

|

l Scheduled Nonscheduled Total Takeoffs

#
Operagions|

'Accident Accident
Accidents Operagions AccidentsOpera ions Accident

(10 ) Rate ** (10~) (10 ) Rate ** (10-6) (10 ) Rate ** (10-6)Acc W nts

1956 3,188 2 .627 90 0 0 3,278 2 .610
! 1957 3,444 1 .290 90 0 0 3,534 1 .283

1958 3,302 3 .909 90 0 0 3,392 3 .8844

j 1059 3,551 1 .281 90 0 0 3,641 1 .275
" th0 3,501 1 .286 125 1 8.00 3,626 2 .552

1961 3,400 1 .294 140 0 0 3,540 1 .282
1962 3,303 2 .606 175 0 0 3,478 2 .575
1963 3,414 1 .293 155 0 0 3,569 1 .280
1964 3,554 1 .281 95 1 10.5 3,649 2 .548
1965 3,772 1 .265 95 0 0 3,867 1 759

1966 3,926 0 .0 85 1 11.8 4,011 1 .249
1%7 4,478 1 .223 90 1 11.1 4,568 2 .438

, a 1%8 4,836 2 .414 105 0 0 4,9?1 2 405 !

' w 1%9 4,934 1 .203 115 0 0 5,049 1 .198
1970 4,f69 0 0 125 1 8.0 4,794 1, .209
1971 4,558 0 0 155 0 0 4,713 0 0

- 1972 4,601 1 .217 135 0 0 4,736 1 .211

} 1973 4,651 0 0 130 0 0 4,781 0 0

; 1974 4,275 0 0 105 0 0 4,380 0 0
! 1975 4,269 0 0 110 1 9.09 4,379 1 .228

1976 4,411 0 0 115 0 0 4,526 0 0
3 1977 4,560 0 0 125 1 8.00 4,685 1, .21 3

1978 4,608 1 .217 116 0 0 4,724 1 .21 2

1979 4,852 1 .206 122 1 8.20 4,974 2 .402
1980 4,892 0 0 123 1 8.13 5.015 1 .199'

1981 4,664 0 0 110 C 0 4,774 0 0

1982 4,455 0 0 114 0 0 4,569 0 0

* Destruct accidents on or of f runway but within 5 miles.
** Accidents per takeoff.

.

I

i |
) |
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TABLE 7-5. MEAN ANNUAL HIT FREQUENCY RESULTS
FOR VARIOUS TYPES AND MODES OF HEAVY AIRCRAFT

OPERATION (10-9 CRASHES PER YEAR)

M de of OperationType of
Operation Landing Takeoff

Scheduled 1.20 0.08 1.28

Nonscheduled 22.3 11.5 33.8
'

Total 23.5 11.6 35.1

1

l

i

.

O
7-34
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TABLE 7-6. MEAN VALUES OF MODEL PARAMETERS AND ANNUAL IMPACT
FREQUENCY FOR MODERATE WEIGilT AIRCRAFT

Spatial Distribution
. Number of C rash Impact ImpactType of Operation Operations Rate Area FrequencyRadial Angular

Scheduled Landing 2,834 1.27-7 7.39-2 3.31-3 0.0112 1.05-8

Scheduled Takeoff 1,215 4.57-8 6.40-? 5.75-3 0.0033 7.15-10

$ Nonscheduled Landing 9,004 1.13-6 7.39-2 3.31-3 0.0112 2.96-7

Nonscheduled Takeoff 3,859 3.11-6 6.40-2 5.75-3 0.0033 1.55-7

Total 4.62-7

NOTE: Exponential notation is indicated b abbreviated form; i.e., 1.27-7 = 1.27 x 10-7,

0548G061887EEllR
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TABLE 7-7. FATAL ACCIDENT RATES FOR
U.S. GENERAL AVIATION AIRCRAFT

Fatal Accident Rates
Per Miles Flown

Year
Sin 9 e Multiple1 All Types
Engine Engine

1972 2.63-7 8.7-8 2.11-7

1973 2.52-7 8.2-8 2.09-7

1974 2.45-7 7.6-8 1.88-7

1975 2.30-7 6.9-8 1.71-7

1976 2.02-7 6.4-8 1.66-7
1977 2.03-7 5.1-8 1.59-7

1978 2.02-7 7.7-8 1.59-7

NOTE: Exponential notation is indicated
in abbreviated form;
i.e., 2.63-7 = 2.63 x 10-7,

O
~
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TABLE 7-8. FRACTION OF GENERAL AVIATION AIRCRAFT
CRASHES AS A FUNCTION OF DISTANCE FROM THE AIRPORT

Distance Fraction
(miles) (percent)

On the Airport 16.61

1/4 5.17

1/2 4.03

3/4 1.32

1 3.54

2 5.90

3 4.25

4 2.73

5 2.08
>5 54.37 I

!

I

i

O

~
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TABLE 7-9. MEAN ANNUAL IMPACT FREQUENCY FOR VARIOUS TYPES OF SMALL AIRCRAFT

2 Aircraf t Number of Spatial Crash Impact
Structure Area Miles Airport *

Type Operations Distribution Rate Frequency

Concrete Str.aures 1.1-2 Harrisburg Single Engine 84,669 3.0-3 1.1-5 3.1 -5
Multiple Engine 27,460 9.0-6 8.3-6

Capital City Single Engine 53,082 2.1-4 1.1-5 1.4-6
Multiple Engine 17,216 9.0-6 3.6-7 4.1-5

Turbine Building 3.8-3 Harrisburg Single Engine 84,669 3.0-3 1.1-5 1.1-5
Multiple Engine 27,460 9.0-6 2.8-6

Capital City Single Engine 53,082 2.1 -4 1.1-5 4.7-7
Multiple Engine 17,216 9.0-5 1.2-7 1.4-5

7
$ BWST and CST 1.2-4 Harrisburg Single Engine 84,669 3.0-3 1.1-5 3.4-7

Multiple Engine 27,460 9.0-6 8.9-8

Captial City Single Engine 53,082 2.1 -4 1.1-5 1.5-8
Multiple Engine 17,216 9.0-6 3.9-9 4.5-7

Unit Transformers 3.9-5 Harrisburg Single Engine 84,669 3.0-3 1.1-5 1.1-7
Multiple Engine 27,460 9.0-6 2.9-8

Captial City Single Engine 53,082 2.1-4 1.1-5 4.8-9
Multiple Engine 17,216 9.0-6 1.3-9 1. 5-7

NOTE: Exponential notation is indicated in abbreviated form; i.e., 3.0-3 = 3.0 x 10-3,

548G061887EEHR
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TABLE 7-10. CONDITIONAL PROBABILITY OF PERFORATION MODE
OF DAMAGE TO CONCRETE STRUCTURES

|

|

1Wall ThicknessDistance from Aircraft
Airport Type 1 Foot 1.5 Feet 2 Feet 6 Feet !

f'n
|

Within 5 Miles Small 0.003 0 0 0 i
'

Large 0.96 0.52 0.28 0
|
lBeyond 5 Miles Small 0.28 0.06 0.01 0

Large 1.00 1.00 0.84 0.32

|

ONJ

7-39
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8. HAZARDOUS CHEMICALS EVALUATION

8.1 INTRODUCTION AND SUMMARY

In this section, the results of the analysis to determine the
contribution to the risk from hazardous chemicals in the area surrounding
the TMI-1 plant are presented. The chemical hazard to the plant is
dominated by toxic chemical releases caused by the rupture of one tank
car transporting chemicals on either of the two rail lines adjacent to
the plant. The two rail lines are the Roy line to the. east and the
Shocks line to the west of the plant (Reference 8-1). As shown in
Reference 8-2, other sources of hazardous chemicals release, such as |

rupture of a large ammonia tank located 2.7 miles north of the site and
other chemicals stored onsite in very small quantities in fixed tanks,
would not generate a high enough concentration of toxic gases at the
control room intake to cause control room inhabitability and lead to '

significant disruption of nomal activities of the operators. Scenarios )initiated by such releases, therefore, are negligible contributors to the 1

frequency of accident scenarios initiated by the release of toxic i
1chemicals.

This analysis consists of three parts:

1. Estimation of the frequency of major release of different chemicals.

O- 2. Determination of the conditional probability of the inhabitability of
the control room, given a major release.

3. Determination of the conditional probability of core damage, given
control room inhabitability.

For steps 1 and 2, this analysis relies on methods and results of a
similar analysis performed for TMI-1 (Reference 8-2).

The frequency of core melt scenarios initiated by an offsite hazardous
chemical release can be calculated in the following way:

M N

6CM * A f bf .P (8.1)T R-T o FR
1 i i J j

1

where

X = frequency per year of a major offsite hazardous chemicalT i release of chemical 1.
= XT ni.

XT = frequency of major releases per tank-car mile.

nj = number of tank cars shipped per year on either Shocks or Roy
of chemical i.O

V
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f = integral over the track length of the conditional probability &R-T i of exceeding the toxic limit, given a major release of W
chemical i on either Shocks or Roy.

f = total fraction of the time when operator action is required
Oj to mitigate the scenario caused by tank car rupture.

PFR = fraction of all such operator actions that are unsuccessful
and lead to core damage.

M = number of chemical-rail line combinations considered.

N = number of mitigating actions possibly required.

The variables in Equation (8.1) are each calculated or discussed in the
following sections.

A list of the chemicals considered in this analysis is given in Table 8-1
(Reference 8-?.). The criteria used to determine which chemicals pose the
greatest threat to the TMI-1 are:

1. The chemical's toxicity to humans.

2. The relative volatility (vapor pressure) of chemicals that are
normally liquids at ambient temperatures and the potential for
flashing cf chemicals that are normally gases at ambient
temperatu re s. Only catastrophic releases (entire tank contents) were
considered since preliminary studies have shown that this type of
release always results in highest concentrations downwind.
Furthermore, the degree of impact increases as the amount released
and rate of release increases.

3. The quantity of material contained in the railroad car.

Certain physical phenomena that could be inferred to occur were not
included in the model due to the unavailability of the data required to
properly evaluate them. The primary example of this is the assumption
that a hydrofluoric acid release would simply evaporate, rather than
reacting chemically with the surface, when in fact it is highly
reactive. On the one hand, the reason for this line of approach is that
there are insufficient data on the composition of the roadbed, the
reactions to be expected, the reaction rates, and a variety of other
subjects to produce a valid model. Thus, the simplifying assumption was
made that no reaction occurs. On the other hand, since such a reaction
would decrease the amount of hydrogen fluoride available for release, it
is conservative.

The following section describes how the frequency of major releases were
calculated. The determination of the conditional probability of
exceedance of control room N51tability limits, given a major release of
each chemical is presenteo in Section 8.3. Section 8.4 describes the
calculation of the conditional probability of core damage, given a
control room concentration in excess of toxic limits. Finally,

8-2
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V Section 8.5 presents the calculation of core damage frequency due to

scenarios initiated by toxic chemical release. It'is shown that based on
conservative assumptions, this frequency is about 2.6 x 10-7 per year
which is a negligible contributor to the overall core melt frequency for -
THI-1.

8.2 FRE0VENCY OF A MAJOR RELEASE
I

In this section, the frequency of a toxic chemical release from the
accidental rupture of a railroad tank car is calculated. This frequency
was calculated from Accident / Incident Bulletins 146 (1977) and 151 (1982)
(References 8-3 and 8-4). Other data sources were considered but
rejected because they were not sufficiently well defined. For instance,
a study performed for the Department of Commerce by Systems Laboratory,
Inc. (Reference 8-5), and quoted in the Limerick PRA (Reference 8-6)
insufficiently documented the source of its numbers and therefore could
not be used. Reference 8-7 provides data analyzed by Sandia National
Laboratories, which uses an accident rate of 1.5 x 10-0 per car mile.
It is also apparent that the quality of railroad tank cars is improving.
However, the mix of new and old cars used by CONRAIL for shipments on the
Shocks and Roy lines is unknown. Therefore, national averages
through 1982 for track of the same type were used. The historic data !

include rail cars of all vintages used during that year, including the |
new cars. The mix of new and old cars is not expected to be any
different on Shocks &nd Roy than elsewhere in the country. The
statistics for 1983 and 1984, when available, are expected to be better

O as more new cars are brought into service.

Most track in the U.S. (80%) is Class IV; therefore, without more
specific information, it was assumed that the portions of Shocks and Roy
considered here are also Class IV,

l
CONRAll provided GPUN with a list of shipping frequencies (number of tank
cars) for the TM1 plant for an 18-month period from January 1978 to
June 1979 (Reference 8-8). The availability of this list made it

'
1

possible to calculate release frequencies for each chemical considered.

The frequency, AT, of a major release from a tank car rupture was
calculated using the following relationship:

|
AT * A t nHMR fRHM-M /nHM (8.2) |

where

lt = total rate of accidents per train mile.>

nHMR = number of cars that release some or all of their contents
per accident.

fRHM-M = fraction of such releases that are major.

nHM = number of cars of hazardous material per train.

;

j
*
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8.2.1 TOTAL RATE OF ACCIDENTS PER TRAIN MILE (X )t

Data from Accident / Incident Bulletins were used to calculate the total
rate per train mile of railroad accidents. Some of these data are

through 1982 show a range of from 8 x 10 gata for the yegrs 1977
reproduced in Reference 8-2. The latest

to 13.8 x 10- accidents
per train mile b4 sed on a rangg of between 10,362 and 4.589 accidents and
between 7.3 x 10o and 5.7 x 10o total train miles. About 75% of
these accidents involve derailments and about 40% are due to track
defects.

The data are also divided according to speed on three different track
locations: main line, yard, and industry siding / unknown. In 1982, the

fractions attributed to these types were 48%, 43% and 9%, respectively.
Shocks and Roy were assumed to be main line track. For this year of main
line data, 32% of all accidents occurred when the trains were traveling
at 10 miles per hour or less and 52% at 20 miles per hour or less.

During the period from 1968 to 1982 covered by References 8-3 and 8-4,
the threshold value for declaring a rail problem an "accident," went up
by a factor of three, from $750 to $4,100. This probably had some ef fect
in reducin the frequency of accidents per train mile. Acgordingto
a peak rate of 1.5 x 10 gf accidents varied from 9.2 x 10-in1978backdowntoarateof8x10g68to

in IReference -2, the rate

in 1982 af ter the chapge in reporting criteria. Based on these data, a
mean value of 1 x 10" was used for the total frequency of accidents
per train mile,

8.2.2 NUMBER OF CARS OF HAZARDOUS MATERIAL PER TRAIN (nHM)

The Accident / Incident Bulletin data excerpted in Reference 8-2 shows that
between 504 and 842 trains were involved in accidents during 1975 to 1982
while carrying hazardous materials, in these trains were a total of
between 2,297 and 4,711 cars containing hazardous material. This
produces an average 5 cars per train for this whole period, with a yearly
average of between 4.6 and 7.4.

8.2.3 NUMBER OF CARS THAT RELEASE HAZARDOUS MATERI ALS PER ACCIDENY (nHMR)

From the 3,884 trains that transported hazardous materials between
1975 and 1982 and were involved in accidents, 850 cars produced
releases. This results in an average over this period of 0.22 cars
carrying hazardous materials releasing some or all of their contents per
accident. The yearly average over this period varied between
0.18 and 0.23.

8.2.4 FRACTION OF TANK CAR RELEASES THAT ARE MAJOR (fRHM-M)

Following the technique used in Appendix H.2 of the Mdland PRA
(Reference 8-9), the fraction of tank car releases that are major was
implied from the number that required evacuation of the area around the
accident. From the data given in Reference 8-7, this ratio ranges from
10% to 26%, with a mean value of 18%. The mean value was used in this j
calculation. <
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Q The fact that a release was major (i.e., requiring evacuation) was used !

in turn to imoly that the tank was not just leaking; it was ruptured and !'

released its entire contents rapidly. The release rate from a tank car
that was sufficient to prompt an evacuation would, of course, depend on ,

the local authorities and on the toxicity of the chemical released. No
site-specific data of this type could be obtained for TMI.

|
8.2.5 FREQUENCY OF MAJOR RELEASES PER TANK-CAR MILE (AT)

The numbers discussed in the last four sections are to be inserted into
Equation (8.2) so that the frequency of a major release per tank-car mile
is as follows:

AT " A t nHMR fRHM-M /ngM

= (1 x 10-5) (0.22) (0.18)/(5) i

= 8.0 x 10-8 per car mile |
8.3 DETERMINATION OF THE CONDITIONAL PROBABILITY OF EXCEEDANCE OF

CONTROL ROOM HABITABILITY LIMITS, GIVEN A MAJOR RELEASE, FOR |
E ACH CHEMICAL I

This section summarizes the methodology, data, and procedures used in
Reference 8-2 to determine the habitability of the TMI-1 control room for
various chemical releases and meteorological conditions. The objective

O is to determine the conditional probability that a major release will
result in the exceedance of control room habitability 1imits. This
conditional probability varies along the track. Therefore, the
conditional probability is integrated along the track.

j

8.3.1 EVAPORATION AND DISPERSION MODELS

The evaporation and dispersion of contaminiats resulting from a hazardous
chemical spill were analyzed using a modification of the methods
suggested in NUREG-0570 (Reference 8-10) and Regulatory Guide 1.78
(Reference 8-11). The most significant modifications were:

1. Plumes resulting from the spill of chemicals whose vapors are much
lighter than air are treated as both buoyant and nonbuoyant plumes.

2. Enhanced dispersion due to plume meandering during neutral and stable 4

low wind speed meteorological conditions is accounted for.

3. Enhanced dispersion due to interaction of the plume with the reactor
building complex is accounted for if tall structures are in the path

.

of the plume as it travels from its source toward the control room |

air intake vent.

The various components of the evaporation and dispersion models are,

' presented below. It is shown that the modified models still provide
conservative estimates of control room toxic vapor concentrations. The
model assumes that the entire contents of a single railroad tank car or I

8-5
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stationary storage container is released to the environment
instantaneously. Preliminary analysis showed that this assumption
results in a "worst case" scenario in the control room (Reference 8-2).

8.3.1.1 Evaporation Models

The evaporation model contains the following components:

1. A model to calculate the time-dependent surface area of a liquid
spill.

2, A model to calculate the initial flashing of a compressed gas or pure
low boiling point liquid release and the boiloff of the remaining
liquid pool (Vaporization Class 1).

3. A model to calculate the evaporation rate of a chemical that is a
pure liquid at ambient condition! (Vaporization Class 11).

4. A model to calculate the evaporation rate of the toxic components of
a liquid mixture (Vaporization Class 111).

8.3.1.2 Dispersion Models

Gaussian plume models were employed in this analysis to account for the
dispersion of the instantaneous puff formed by instantaneous flashing of
a Vaporization Class I chemical and the continuous plume formed from
boiloff evaporation of the liquid spills. The models presented in
NUREG-0570 were modified to account for plume rise, meandering, and
plume-building wake interactions.

The concentration of toxic chemical, Co(t), at any time, t, at a
downwind rt. 7 tor is the sum of the instantaneous puff (if it occurs) and
continuous plume concentrations. That is,

C (t) = Cpuff(t) + Cplume(t)o

For a Vaporization Class 11 chemical, no flashing occurs on exposure to
the atmosphere, so C uf f(t) = 0 always.p

In applying both the instantaneous puff model and the continuous plume
model, it is assumed that the wind is always blowing from the accident
source directly toward the control room air intake vent.

For toxic vapors much lighter than air, such as ammonia, the rise of the
continuous plume center line was calculated using the Briggs plume rise
formulas (Reference 8-12).

For all buoyant releases, the release height, was assumed equal to zero.
The gradient of potential temperature was assumed equal to .02, .0375,
and .05 *C per meter for E, F, ar.d G stabilities, respectively. For
instantaneous puff releases, the plume center line height was assumed
equal to continuous plume center line height at time zero. This is a
conservative assumption for the cases considered since the instantaneous
puff has considerably more buoyant potential than the continuous plume.

8-6
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It should be noted that no credit was taken for plume meandering or
plume-building wake interactions for buoyant plumes that rise above the
reactor building complex. i

For vapors much heavier than air, the plume center line was assumed to be
i at ground level. For vapors whose density does not differ significantly ,

from that of air, the plume center line height was assumed equal to the
air intake vent height. These assumptions are not substantially

4

different since the TMI Unit 1 air intake vent is only about 16 feet
above ground level.

;

There is ample evidence to confirm the existence of plume meandering in i

the vicinity of the TMI site during stable, low wind speed conditions. A
series of SF6 tracer gas atmospheric diffusion experiments were
conducted on Three Mile Island during 1971. The results of these !
experiments are reported in Reference 8-13. They confirm the existence ,

of plume meandering for releases in open areas and for releases affected
by building wake interactions. As a result, the continuous plume

3 ,

dispersion model was modified to account for plume meandering.

Plume meander factors were not applied to the instantaneous puff model
since the effect of meandering on puff dispersion is not presently well
understood,

*Due to the arrangement of the buildings and structures of the TMl Nuclear
| Station, plumes approaching the Unit 1 control room air intake vent from

the west and south are unobstructed while plumes approaching from the!

other directions must pass around or over some portion of the reactor
building complex and cooling towers to reach the vent. Dispersion in thea

vicinity of these structures is too complex to model accurately. As a
result, a relatively simple but conservative modification was applied to
the instantaneous puff and continuous plume dispersion models. The !

modification involves adjusting the plume standard deviations (sigmas) to '

reflect interaction with the reactor building complex. No credit was
taken for interaction with the cooling towers even though they can
significantly enhance plume dilution.

8.3.1.3 Modeling of Toxic Gas Concentrations in the Control Room
Isolation Zone '

A time-dependent model was used to calculate the concentration of toxic
|gases in the control room isolation zone. The details of the model and

the computer code used to perform the calculations are presented in '

Reference 8-2.

The intake tunnel model converts the rate of introduction of the toxic
gas (evaporation or leakage in grams per second) into a concentration at
the mouth of the intake tunnel at a later time, the delay being equal to
the ratio of the distance between the source and the mouth of the intake
tunnel to the wind speed. This concentration is tracked from the mouth
of the tunnel to the intake damper, moving forward by a volume equal toi

the product of the l#ngth of the time step and the intake flow rate. If
this volume is greater than the intake tunnel volume, the appropriate

j

i
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time deiay is used instead. The model considers the fact that, at the
intake damper, a portion of the flow is diverted to the halls and machine
shop, while the remainder goes into the control room ventilation system.

8.3.2 METHODOLOGY EMPLOYED TO FIND THE CONDITIONAL PROBABILITY OF
EXCEEDANCE

The maximum concentration of a chemical in the control room atmosphere
after a spill is a strong function of four meteorological variables:
wind direction, wind speed, stability, and temperature. The evaporation
rate is a function of temperature and, in many cases, windspeed. The
dispersion of the plume is determined by the stability and windspeed,
while the plume rise for chemicals 1ighter than air is determined by
windspeed, stability, and evaporation rate. Finally, the difference in
the wind direction and the direction from the spill to the intake, along
with the dispersion of the plume, determine what fraction of the peak
concentration is present at the intake. A method was developed to
systematically take these factors into account in determining the
conditional probability of exceeding the toxic limits in the control
room, given a chemical spill of a given amount of a given chemical at a
given location.

Two methods were used for determining the ambient temperature at the time
of the spill. The conservative method assumes that the evaporation takes
place at the highest temperature consistent with the stability; 100*F for
stability Classes A through D, and 80*F for stability Classes E
through G. A more realistic method, used only for hydrofluoric acid
spills, is to find the control room concentrations as a function of
temperature. For both methods, the peak concentrations are found as a
function of windspeed for a fixed atmospheric dilution factor.

The assessment of the conditional probability of exceedance will be
considered first for the conservative method. For each combination of
windspeed and stability, the peak control room concentration, Cmaxe
evaluated at an atmospheric dispersion factor of (X/Q)ref, is compared
to the toxic limit for that chemical, C)j The limiting value of the.

atmospheric dispersion factor, (X/Q) lim, s found using

(X/Q) C
I

(X/0))4, = g (8.3)
max

Only atmospheric dispersion factors greater than (X/Q) lim at the vent
will result in exceedance of the toxic limit in the control room. Using
the meteorological methods in Reference 8-11, the plume standard
deviations, oy and o , and the atmospheric dilution factor at thez
vent height and plume center line, (X/Q)CL is found. If this value is

less than (X/Q)1jhis stability and windspeed.
, the plume presents no possibility of exceeding the

toxic limit for t Otherwise, a further step
is required. The atmospheric dispersior f ctor, X/Q, has the following3

function form in the cross-wind direction:

2 2
X/Q = (X/Q)CL exp (-y /2cj] (8.4)
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n
where y is the lateral distance between the plume center line and the
vent, measured perpendicular to the wind direction at the vent height,
and X/0 is the atmospheric dilution at that point. Thus the plume only

,

presents a hazard within a band within ylim(X/0) lim:
of the center line, where r

ylim is the solution of Equation (8.4) at
,

hnUX/Q)CL(X/0))4,f/ (8.5)y) 4, = cy

The half <tidth of the sector of the plume for which exceedances occur is
thus

A = tan-1 (ylim/x) (8.6)

where x is the distance from the spill to the intake. If the wind
direction that would carry the vapor directly toward the ver.t is B, the

,

wind directions between B - A and B + A lead to exceedances. Using <

meteorological data for a sample year, tabulated in the form of the
number of occurrences of a given stability with a given range of
windspeeds and a given range of directions, the number of occurrences of
wind directions between B - A and B + A for the given stability and
windspeed are found. These results are summed over all windspeeds and
stabilities and the sum divided by the total number of hours of
meteorological data in the sample year, yielding the conditional
frequency of exceedance of toxicity l!mits in the control room, given d *

spill.

d For the more realistic method, the same procedure is followed except that
meteorological data are grouped into 10*F ranges and the conditional

,

probability is found for that temperature range. These are multiplied by
the probabilities of their respective groups and sumed over all
temperature groups to give the conditional frequency of exceedance.

The track was broken into segments, with each segment represented by its
central point. The conditional probability of exceedance at that point >

was then multiplied by the length of the segments and the resulting >

values summed over the length of the rail line considered. The portion
of the track considered was that within 5 miles of the plant. The
resulting line integral of the conditional probability was multiplied by
the frequency of major releases of that chemical per mile per year to '

find the frequency of exceedance for that chemical.

8.3.3 RESULTS
|

The results of the conditional probability of exceedance calculations are
given in Table 8-2. The chemical data and meteorological information
needed for these calculations are presented in Tables 3-1 through 3-16 of

,

Reference 8-2. Note that the values given are integraic over the track !

within 5 miles from the plant and that the values are given in miles.

To obtain the annual frequency of exceedance, these probabilities must be
multiplied by the corresponding number of shipments per year and the

/] frequency of major release per tank car accident. Table 8-3 provides the
V total number of shipments for each of the chemicals analyzed in this

'
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analysis. Table 8-4 lists the annual frequency of toxic limit exceedance
in the control room for each chemical.

The resulting total (mean) annual frequency of toxic limit exceedance in
the control room is then (see Equation (8.1)):

M

bA I6
E " i=1 T R-Ti i

= 1.3 x 10-5 per year

8.4 CONDITIONAL PROBABILITY OF CORE DAMAGE, GIVEN A CONTROL ROOM

CONCENTRATION IN EXCESS OF T0XIC LIMITS

In the scenarios considered so far, a railroad car filled with a toxic
chemical has ruptured, and the resulting toxic plume has made it to the
control room air intake and has infiltrated the control room in a
concentration in excess of the toxic limit value. To be concentrated
enough, the toxic plume half-width will be between 50 and 150 feet. For
many of these chemicals, the operator will isolate the control room prior
to the TLV being reached, based on smell or skin irritation. In some
cases, however, he will not be aware of the situation in time, it was
estimated that, depending on the chemical, the conditional probability
Ppt of failing to isolate ranges between 0.1 and 1.0, with a mean value
of approximately 0.4.

This value is comparable to some of the highest values calculated in the
human actions analysis report for high stress situations. In cases in
which the control room remains unisolated, one of two situations may
evolve from the operator's extreme discomfort at being exposed to the TLV:

1. Most likely, the operator will trip the plant because of his
apprehension about his ability to perform.

2. He will become incapacitated prior to being able to trip the plant.

If the operator trips the plant, normally operating systems will insert
the control rods, trip the turbine, ramp back the feedwater, and dump
steam, thereby leveling off at the steam dump and feed flow rates
required to remove decay heat. No operator action is required. If the
plant continues to run, it will do so until some onsite or offsite
disturbance causes the plant to trip automatically. On the average, this
happens 3.5 times per year (see Data Analysis Report, Table 3-8), which
means that the }ikelihood per operating hour of the plant tripping isabout 5.3 x 10- (based on 75% plant availability). Therefore,
automatic trip is not nearly as likely as the operator tripping the plant
manually. In either case, one of the systems that must respond
automatically will need to fail for operator response to be required to
prevent core damage release. It was assumed that the operator tripped
the plant. That is, the probability, POT, that the operator trips the
plant is 1.

O
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The plant response to a trip is modeled by the reactor trip event tree,
as presented in the Plant Model Report. Reference to this tree indicates I

that the sum of all split fractions corresponding to the failure of
systems whose automatic response will be needed is less than 0.1. Thi s i
value is used as the conditional probability, PAR that, given that the }
operator tripped the plant, additional manual action will be needed. '

In those situations requiring manual action after the control room ;
tconcentration has exceeded the TLV, the operator may don a Scott-AirPack

and still be able to act or operators not in the control building may i

; enter it to help out. The plume half-widths must be f airly narrow if the ,

'concentration is to exceed the TLV in the control room. Any operators
outside the part of the plume that exceeds the TLV will not be i

incapacitated. Since the maximum plume half-width is about 150 feet, ;

operators may come from most locations onsite other than the control
'

building or from offsite. These operators would don breathing apparatus4

'and/or protective clothing and enter the control building to, for
instance, actuate high pressure injection to keep the core covered.

!

Note that in the notation of Equation (8.1) |

Ppg POT . PAR " j = 1
f*

o

1 -

Based on the time available to act (about 1 hour), the distance from |

O which the new operators must come, and the stress involved in the
,

cituation, a conservative ''tiaate of PFR = 0.5 for the conditional !1

probability of failing ',o prform the required manual actuations was !,

made. This number is higher than the likelihood of failure to recover i

from the worst case loss of offsite power scenario in which there is a |
comparable level of stress and the time available. :

8.5 TOTAL FREQUENCY OF CORE DAMAGE INITI ATED BY T0XIC CHEMICAL RELEASE
)

The total mean frequency of core damage due to scenarios initiated by $
i rail car accidents releasing toxic chemicals is calculated from using the i

frequencies and conditional probabilities calculated in the previous i
sections in the following equation (see Equation (8.1)] j

| 6CM = 6E . PFI . POT * PAR . PFR

= (1.3 x 10-5}(0,4)(1.0)(0.1)(0.5)

l = 2.6 x 10-7 per year

This number is several orders of magnitude smaller than the core melt
frequency due to ether TMI-1 accident scenarios. It is therefore

' concluded that toxic chemical hazard is a negligible contributor to the
i overall risk.

: O
1
t .
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TABLE 8-1. CHEMICALS ANALYZED AND SOURCES OF RELEASE [

Chemical Sources *

Acetic Acid, Glacial Roy, Shocks |

Acetic Anhydride Roy, Shocks |

Acrylonitrile Shocks

Ammonia, Anhydrous Roy, Shock s

Ammonia, 29.4% Weight, Aqueous Manly-Regan

Bromine Shocks
,

Chlorine Shocks

Chromic Fluoride, 20% Weight in HF Roy

Coal Tar, Light Oil ShocksOQ Ethyl Acrylate Roy, Shocks
|

Ethylene Oxide Shocks

Formaldehyde, 37% Weight, Aqueous Shocks :

Hexane Shocks

Hydrochloric Acid, 36% Weight, Aqueous Shocks

Hydrofluoric Acid, Anhydrous Roy, Shocks

Phosphorus Oxychloride Shocks
IPropylene Oxide Shocks

Vinyl Acetate Shocks

Vinyl Chloride Roy, Shocks

*The Roy line runs to the east of the plant; the Shocks
lines to the west. The Manly-Regan tank is 4,400 meters
north of the plant.
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TABLE 8-2. CONDITIONAL PROBABILITY OF EXCEEDANCE OF
T0XIC LIMITS IN CONTROL ROOM, GIVEN A MAJOR RELEASE,

INTEGR'.TED OVER TRACK WITHIN 5 MILES OF TMI-1

Chemical Roy Shocks

Acetic Acid, Glacial .010934 .002872

Acetic Anhydride .000679 .000000

.014661Acrylonitrile --

Annonia, Anhydrous .026145 .023608

.082288Bromine --

.078189Chlorine --

Chromic Fluoride .102293 --

.003605Coal Tar, Light Oil --

.000227Ethyl Acrylate --

.023453Ethylene Oxide --

.000001Formaldehyde --

.000000Hexane --

.002672Hydrochloric Acid --

Hydrofluoric Acid .102293 .094398

.079749Phosphorus Oxychloride --

.012521Propylene Oxide --

.034216 iVinyl Acetate --

Vinyl Chloride .015827 .009610

|

|
|
|
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TABLE 8-3. NUMBER OF SHIPMENTS PER YEAR OF THE !
j!

.

IMPORTANT HAZARDOUS CHEMICALS (ni) |

i

#
;

hipprfear$ fChemical Line

'

Acetic Acid Shocks 79.3 !
Roy 26 !

] Acetic Anhydride Shocks 34.7 ,

Roy 34.7 |*
,

} Acrylonitrile Shocks 134.7
~

-| Anunonia, Anhydrous Shocks 180 :

i. Roy 46
j' Bromine Shocks 47.3 ;

j Chlorine Shocks 1,046 '

Chr.omic Fluoride Roy 127.33

1 Coal Tar, Light Oil Shocks 118.7 '

i Ethyl Acrylate Shocks 334.7
Ethylene Oxide Shocks 236.7

' Hydrochloric Acid Shocks 117 '

: Formaldehyde, 37% Weight Shocks 50.7
4 Hydrofluoric Acid Shocks 96

Roy 42.7.,

Phosphorus Oxychloride Shocks 41.3 i
'

! Propylene Oxide Shocks 236.7

] Vinyl Acetate Shocks 32
j Vinyl Chloride Shocks 2,888.7

Roy 42
|
1

-

1

1

2

|

4

!

!
!
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TABLE 8-4 ANNUAL FRE00ENCY OF TXCEEDANCE OF
T0XIC LIMITS IN CONTROL ROOM

.

Chemical Roy Shocks..

.

-8Acetic Acid, Glacial 2.27 x 10 1.82 x 10'8
~9Acetic Anhydr,ide 1.88 x 10 0.00 x 10-0

Acrylonitrile 1,58 x 10'--

-8Ammonia, Anhydrous 9.62 x 10 3.40 x 10'I
Bromine 3.14 x 10~7--

Chlorine 6.54 x 10'0--

-6Chronic Fluoride 1.04 x 10 ,.

-8Coal Tar, Light Oil 3.42 x 10--

Ethyl Acrylate 6.08 x 10'9--
,

Ethylene Oxide 4.44 x 10'7--

-12Formaldehyde 4.06 x 10--

-0Hexane 0.00 x 10--

*7Hydrochloric Acid 2.50 x 10--

~7 ~7Hydrofluoric Acid 3.49 x 10 7.25 x 10
~7Phosphorus Oxychloride 2.63 x 10--

Propylene Oxide 2.37 x 10'7--

Vinyl Acetate 8.76 x 10'O--

~8 -6Yinyl Chloride 5.32 x 10 2.22 x 10,

O
| 8-16
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1.0 INTRODUCTION

(D.'")+

This report was prepared for Pickard, Lowe and Garrick, Inc., and GPU
Nuclear, Inc. The purpose of this study is to make a probabilistic assess- |

.nent of the frequency of exceedance of various ground acceleration levels
at the Three Mile Island Nuclear Generating Station, Unit 1 (TMI-1). The |

results of this study will be used as input to a Probabilistic Risk Assess-
ment to assess the seismic response of equipment and components in the !

plant.

Experience and judgment play an important role in guiding assumptions
and drawing conclusions for seismic hazard calculations. In addition to

our own expertise, the work of Bernreuter et al (1984) summarizes a wide
range of opinion and expertise on seismicity in the central and eastern

U.S. Other studies of eastern U.S. seismicity include Hadley and Devine
(1974), Tera Corp (1980), and numerous other documents included in the list
of references. The earthquake catalogs of Chiburis (1981) and the U.S.
Geological Survey, updated with more recent information, are the sources of

<O historical earthquake data used here. Figure 1 shows the seismicity in theb vicinity of THI-1 (as derived from references reported in Section 4 of this
report).

The formal mathematical procedures used to calculate seismic hazard

(described in Section 2) are standard ones for seismic hazard assessment of
nuclear power plant safety, as documented in the TERA Corp. (1980) report
of the Lawrence Liventiore National Laboratory work, in the USNRC Proba-
bilistic Risk Assessment guide (American Nuclear Society, 1981), and in
Bernreuter et al. (1984). The computer program used for calculations
(McGui re, 1976) is a standard one in the industry and has been used for
many seismic risk studies.

The specific facility examined in this study is the Three Mile Island
Nuclear Generating Station, Unit 1, Pennsyl vani a . The assumptions and

hypotheses examined are appropriate for this site, but may not be for other
sites. As an ex ampl e, certain alternate configurations of seismogenic

O zones in the eastern U.S. may be appropriate for tne evaluation of seismic
V

.

1

Risk Engineering, Inc.
.

._. . - . .-



hazard at other sites in the eastern U.S. These alternate configurations
|

were not examined here because they would have no appreciable effect on the ''

|
1

conclusions drawn for seismic hazard at the Three Mile Island f acility.

I

h

|

| !
t |

|

|

<

O

O
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2.0 SEISMIC HAZARD MODEL 1

3(V |
4

Probabilistic seismic hazard spectra at TMI-1 could be developed in
i

several ways. The most direct is to estimate spectral amplitudes at !

different frequencies, draw spectra corresponding to preselected fre-
quencies of exceedance, and use these to compute responses of component
and equipment. However, because of the lack of strong motion data in the
easte n U.S., the estimation of spectral amplitudes requires substantial |

judgment and is subject to large uncertainties. An alternative procedure ;

is to estimate seismic hazard for various accelerations and to anchor I

appropriate spectral shapes to these accelerations. This procedure has the
advantage that numerous methods have been published to estimate accelera-
tion in the eastern U.S., and spectral shapes can be derived from studies
of west coast strong motion data. This is the procedure used in this j

study.

The seismic hazard model used in this study to estimate frequency-of-
exceedance versus ground motion level has been described in detail else-
where (Cornell , 1968, 1971; McGuire, 1976), and the steps involved are '

depicted in Figure 2. As shown in Figure 2a, the first step is to
delineate zones of potential future earthquake occurrences, using
seismicity, geology, and tectonic evidence. For each zone, data on |

1

historical earthquake occuarences are gathered, and earthquake magnitudes '

are estimated from histor1 cal earthquake intensities using relationships
proposed by Nuttli and Herrmann (1978). The data are plotted to indicate
the number of earthquakes per unit time occurring in specific magnitude
intervals, as illustrated in Figure 2b. A truncated exponential distri-
bution is assumed to adequately represent the relative frequency of earth-
quake magnitudes in each zone, and the rate of earthquake occurrence is
assumed to be accurately estimated by historical occurrences.

After delineating seismic zones and analyzing earthquake statistics,
the third step is to adopt or derive an "attenuation function", shown in
Figure 2c. This equation estimates ground motion amplitude (peak
acceleration) as a function of earthquake magnitude and distance between I
the source of seismic energy and the site. It is assumed that the ground

3
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motion amplitude predicted by the attenuation function is a median value,
and that actual values are lognormally distributed. The final step in the

analysis consists of mathematically integrating over all possible earth-
quake magnitudes and locations, calculating for each magnitude and location
the distribut. in of ground motion at the site, to evaleate the annual

frequencies that various levels of ground motion will be exceeded. A

standard computer program (McGuire, 1976) is used for calculations. The

output from this program is frequency of exceedance (number per unit time)
as a function of ground motion level which can be plotted as illustrated in
Figure 2d.

Assumptions used in the seismic ground motion hazard analysis are
listed in Table 1 for reference. The most basic assumptions are that
seismogenic zones can be drawn to represent occurrences of future earth-
quakes, and that those occurrences can be represented probabilistically
using the statistics of historical earthquakes in those zones. These

assumptions, while quite gross, yield quite accurate estimates of seismic
hazard (see, for example, McGuire, 1979, and McGuire and Barnhard, 1981).
These are standard assumptions for seismic hazard analyses in regions where
tectonic faults cannot be identified at the earth's surf ace.

There are several assumptions required to describe seismicity within
each seismogenic zone. The first is that successive earthquakes are
independent in time, location, and size. This means that the frequency of
occurrence of an earthquake at a specific location in any year is not
affected by seismicity (or lack of it) in prior years in the same general
area. While this is physically unrealistic (any physical explanation of
seismic events would account for the release of crustal stress , making
future events at the same location unlikely in the short term), there are
simply not enough data available in the short historical record to justify
or calibrate more sophisticated models. Also, the readjustment of crustal

stresses during major earthquakes means that events of similar size are

possible at adjacent locations without any quiescent period; the New Madrid
earthquake series of 1811-1812 is a good example of this process. Com-

parisons in areas where longer historical records are available indicate
that the independence assumption is accurate if we are interested in

4
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estimating seismic hazard for periods on the order of 50 years (see the ;

[ aforementioned references). Finally, we observe that derived ground motion
levels are not very sensitive to errors in frequencies of occurrence: an

error in f aquency of occurrence of a f actor of two implies an error in

ground motion amplitude of only about thirty percent. Thus, we can mis-

estimate earthquake frequencies by a large amount and only expect a

relatively small error in the associated ground motion amplitude.

The typical probability distribution used to represent e'arthquake size
is the double-truncated exponential distribution. This is an accurate

representation of historical seismicity data; its use to characterize

future seismicity is appropriate if (as is the case in the eastern United
States) no change in the character of tectonic strain accumulation or

release is suspected. Parameters required to define this distribution are

the lower bound, upper bound, and b-value. A lower-bound body-wave
magnitude a of 4.5 was used in this scudy, cased on che observation that i

b

earthquakes smaller than this are not known to cause damage to engineered

fstructures. In fact, this may be a conservative assumption: if, for

(N example, seismic events in the range of 4.5 to 5.0 could also be shown to
\"/ cause no damage, regardless of the ground motions generated, they should

also be excluded from consideration. At present, such a demonstration is

not possible quantitatively. The upper-bound magnitude is a realistic
representation, based on all seismologic, geologic and geophysical data
available. The method used in this study to examine the b-value is
described below.

,

The random process used to represent earthquake occurrences in time is
not critical to seismic hazard results. The levels of ground motion and
their frequencies are such that only the mean rate of activity (number of-
earthquakes per year) is important. Thus the selection of a Poisson (or -

other) process does not seriously affect the results.

Other assumptions required in the analysis are that ground motion
levels can be represented as a function only of earthquake magnitude and
source-to-site distance, and that the uncertainty in predicted ground ;

("] motion can be represented by a lognormal distribution with a logarithmic
U

5
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standard deviation of 0.6. Both assumptions are standard for this type of
analysis, and are appropriate to characterize available earthquake ground
motion data.

On balance, the assumptions used in seismic hazard analyses provide
realistic estimates for the f requency of occurrence of peak ground

acceleration. Not considered explicitly here are conservatisms associated
with assuming that damage to structures is well-related to peak accelera-
tion. This ground motion parameter is used here to anchor standard

response spectrum shapes, not as a measure of earthquake-induced damage.

The response spectrum recommended to characterize earthquake ground
motion for the rock and stiff soil foundation conditions existing at TMI-1

is anchored to peak acceleration at high frequencies. The appropriate
spectrum is one such as derived by Newmark and Hall (1982) which represents

a median, broad-banded spectrum for moderate earthquakes (Q = 6.5, mb"
6.3). Events of this size generally dominate the hazard ca'culations for
the high accelerations (about 0.59 and higher) which dominate the

hypothesized core melt and radionuclide release sequences.

O
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3.0 SEISMOGENIC ZONES
,

%J
The seismic hazard analysis requires the delineation of seismogenic

'

zones, within which earthquakes are considered to be of similar tectonic
origin so that future seismic events can be modeled by a single function
describing earthquake occurrences in time, space, and size. Several sets
of seismogenic zones were adopted from Bernreuter et al (1984), each set -

representing a different hypothesis on the crustal stress mechanisms
causing earthquake occurrences in the vicinity of the site. 'These sets of
zones represent a reasonable range of the types and sizes of seismogenic
zones which govern earthquake occurrences in the eastern U.S. In our !

experience, the seven sets of zones used here encompass the general range
of zones that might be used to represent seismicity in the vicinity of

TMI-1. Thus it is not necessary to model other similar sets of zones,

including the zones used by other experts in the Bernreuter et al. study.
The seismic zones located within several tens of km of a site dominate the .

h82:rd except in special cases, so it is not necessary to model zones which
;

#are more distant, particularly if they are relatively aseismic.

3.1 SEISMOGENIC ZONATION NO.1

This zonation was adopted from seismicity expert No.1 in Bernreuter
et al (1984), and is shown in Figure 3. This expert used a large zone
encompassing the central and southern Appalachian mountains to govern

,

seismicity; THI-1 lies within this tone. The largest historical earthquake *

in this zone is the 1897 shock which occurred in Giles County, Virginia,
with Modified Fbrcalli (HM) intensity Vill. |

.

3.2 SEISM 0 GENIC Z0 NATION NO. 2 |

|

Expert 2 of the Bernreuter et al (1984) study provided a different set
of zones which were adopted for this study (Figure 4). In this case the
central Appalachians were modeled with one zone, and a separate, smaller
zone was used to represent seismicity in eastern Pennsylvania, Virginia,
Maryland, Delaware, and New Jersey. The 1111-1 site lies within the latter
zone. The largest historical events in this smaller zone are several MM

7
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intensity Vil earthquakes which occurred in the 19th century and in the
1920's.

3.3 SEISM 0 GENIC ZONATION NO. 3

The third set of zones used in this study were adopted from expert No.

4 of Bernreuter et ai (1984). In this case, seismicity in the central

Atlantic states was modeled using three northeast-trending . zones plus a
fourth zone around Giles County, Virginia (see Figure 5) which does not
contribute to seismic hazard at THI-1. The site lies in the most eastern
zone of those shown in Figure 5; the largest historical events are several
MM intensity VII shocks which occurred in the 19th century.

3.4 SEISMOGENIC 20 NATION NO. 4

Zonation No. 4 (Figure 6) was adopted for this study from the zones of
expert No. 6 in the Bernreuter et al (1984) study. This expert represented
seismicity in the vicinity of the site with two zones, one encompassing
eastern Pennsylvania (and including the site), the other encompassing
central Virginia. In the former zone, the largest historical events are
several MM intensity VII earthquakes.

3.5 SEIStiOGENIC 20 NATION N0. 5

Expert 10 of Bernreuter et al (1984) chose to zone the central
Atlantic states with a seismogenic zone which extends from central Virginia |
to eastern New York, and with a separate zone east of that which comprises j
the coastal plain excluding the Charleston, South Carolina, area (see )
Figure 7). The site lies within the latter zone but near the border |
between the two. In both zones the largest historical event is of HM
intensity VII. |

3.6 SEISM 0 GENIC ZONATION NO. 6

This zonation was adopted from expert No. 11 of Bernreuter et al
(1984). In the vicinity of the TMl-1 site, this expert used a single zone

8
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;

,- encompassing parts of Virginia, much of eastern Pennsylvania, northern New,

V Jersey and parts of New York, Connecticut and Massachusetts. The largest |

historical events in this zone are several MM intensity VII earthquakes
which occurred in the 19th century.

f3.7 SEISM 0 GENIC 20 NATION N0. 7

i

The last zonation considered here is that of expert No. 12 of the
Bernreuter et al (1984) study. This expert used a large zone extending '

from the southern Appalachians northeast to new Brunswick to represent
seismicity in eastern North America, and an adjacent zone to the west (see '

Figure 9). The site lies in the former zone near its border with the
latter zone. The largest historical events in the large zone are of MM f
intensity VIII or mb = 5.8, most recently in 1982 in New Brunswick. In the
smaller zone the largest event is an MM intenisty VII shock which occurred
in 1954 and which is thought to be related to mining activity in Wilkes-
Barre, Pennsylvania.

|
!

( 3.8 SUBJECTIVE WEIGHTS ON ZONES

i
For the purpose of deriving the relative likelihood associated with [

hazard curves, subjective weights were assigned to the sets of seismogenic
zones described above. These sets of zones represent a range of interpre-
tation of seismogenic potential in the eastern U.S., from relatively small

,

zones around the site (zonation Nos. 2 and 4) to broad, continental-scale ;

zonations (Nos.1 and 7). There is no apparent reason to prefer one zona- !

tion over anothee with respect to seismic hazard at TN1-1; therefore we
choose to assign equal credibilities to each zonation (a relative weight of

|
0.143 each).

O
V
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4.0 SEIShilCITY PARAMETERS

O
For the probabilistic calculation of seismic hazard, several

parameters describing seismicity are required for each seismogenic zone.
These parameters, and the mettods used to estimate mean values and to
quantify uncertainty, are discussed below. The seismicity data, base was
obtained from Chiburis (1981). the U.S. Geological Survey (published as
state seismicity maps, for example Reagor et al., 1980), Bollinger and

~

Sibol (1983), and Dewey and Gordon (written communication, 1983). For

statistical data analysis, earthquakes with an epicentral Mi intensity l
e

but without a magnitude estimate (predominantely pre-instrumental

seismicity) were converted to a body-wave magnitude m using the
b

relationships (Nuttli and Herrmann,1978):

m = 1. 75 + 0. 5 l (1)b e

Equation 1 was derived for the central U.S. and is considered reliable for

the eastern U.S. as well (Bollinger, personal communication,1983).

O
4.1 RICHTER b-val.UE

The Richter b-value describes the slope of the log-number versus
magnitude relation:

log 10 n(m ) = a- bm (2)b b

where n(m ) is the annual number of earthquakes of body-wave magnitude m 'b b
and a and b are parameters fit to seismicity data. Parameter a is related
to the seismic activity rate as discussed in Section 4.2.

The b-value from equation (2) was determined from historical data
analyzed in the manner described in the next section. The method of
maximum-likelihood (Weichert,1980) was used to calculate the b-value from
historical data. The calculated values for b were generally within one
standard deviation of 0.9, leading us to use that value as a best estimate
for all zones. (This value typically was specified, for example, by many
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of the experts in the Bernreuter et al,1984, study). Uncertainty in the
O'g b-value was modeled by modifying the best estimate by + 15%, a typical

coefficient of variation. Weights assigned to the best estimate and

alternatives were 0.4 and 0.3 each, respectively.

4.2 SEISMIC ACTIVITY RATE '

The rate of earthquake occurrence was determined for each seismogenic
zone by the maximum likelihood method (Weichert, 1980), using as data the
historical earthquakes in that zone. Magnitudes, when not reported

in seismicity catalogs, were estimated from MM intensities using equation
1, and the number of events per decade were counted into magnitude
intervals centered on magnitudes estimated from even MM intensity values. !

Periods of historical completeness were determined in a manner designed to
give the highest observed rate of occurrence; these were generally as
follows: ;

i

Magnitude (m ) !p (Equation 13 MM Intensity Period '

v
3.3 III 1980-present ;

3.8 IV 1950-present !
!4.3 V 1950-present
|

4.8 VI 1950-present !
5.3 VII 1900-present 1

5.8 VIII 1800-present |

Where alternate intervals gave higher observed rates of seismicity (due,
for example, to incompleteness in earlier times), those higher rates were
used. Activity rates were calculated for occurrences of earthquakes with
m g 4.5 (where mb is body-wave magnitude) which corresponds to fH intensity
V-VI. This lower bound was based on the observation that earthquakes of
smaller magnitude rarely cause structural damage, even if peak

|

accelerations are high, due to the short duration, impulsive-type ground |
motions associated with these small events. The activity rates calculated

{
for each zone are shown in Table 2.

1
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Uncertainty from the maximum likelihood method of determining activity
rates using the macroseismic data (historical catalog) is relatively small,
because of the several tens of earthquakes used to estimate the rate.

However, to account for uncertainty in intensity-to-magnitude conversion,
stationarity assumptions, and incompleteness of the histo.-ical c a t t. l og ,
multiplicative factors of 2 and 1/2 were used to represent 10% and 90%

confidence bounds on the activity rate for each zone. These values were

assigned subjective weights of 0.2 each, with 0.6 weight given to the best
estimate. These choices are based on our judgment and experience on values
that other analysts might derive, given the same set of data.

4.3 MAXIMUti MAGNITUDE

The uaximum magnitude earthquake m assumed for each seismogenic
b, max

zone was chosen to be 0.5 magnitude (m ) units above the largest historical
b

event. This is a value typical of those indicated by the seismicity

experts in both the Bernreuter et al (1984) and the TERA (1980) studies;
it corresponds to about one intensity unit above the maximum historical
event. These best estimate values are shown in Table 2.

Uncertainty in m was represented by varying the best estimateb, max
value by +0.5 magnitude units (this corresponds to + one intensity unit).
These alternate values were considered to be one standard deviation values,
and were assigned a subjective weight of 0.3 each. The best estimate value
was assigned a subjective weight of 0.4 Uncertainties in m accountb ,mn
for hypotheses that large earthquakes (equivalent, for example, to the 1886
Charleston event) may occur in regions that have not experienced these
shocks during historic times.

h
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5.0 ESTIMA(ION OF SEISMIC GROUND MOTION !

5.1 ACCELERATION
<

i
Estimates of peak single-ccmponent horizontal ground acceleration, a ,

g ;

were made for this study using three methods. These are described in the
following paragraphs.

The first attenuation equation is from Nuttii (1983): ;

!

i

a = exp (1.3158 + 1.15 mb-0.833In(/A 2 + h ) - 0.0028 A ) (3) !
2

g

I

where d is epicentral distance and h is focal depth. Two estimates of |
focal depth were examined * I

I
,

h = 10 km (4) f

h = 10 (-1.730 + 0.456 m ) (5) fb

where the latter equation is a minimum depth designated by Nuttli (1983).

Equation 3 is plotted in Figures 10 and 11 for the two depth
estimates. There is not a large difference between the two except at clo:le I

distances. The two depth estimates are weighted equally in hazard calcula-
tions because (a) equation 5 from Nuttii is a minimum depth estimate and |

therefore is conservative for the smaller magnitudes, and (b) the hazard
for the two depth estimates is not greatly different.

The second acceleration equation was derived from intensity data ;
t

reported for the 1944 Cornwall-Massena earthquake (m 5.8). Fi rst , !
=

b
accelerations were estimated from site intensity i for this event using js
the relation (McGuire,1984):

i

i

in a = .430 + 232 1 .968 in R (6)g 3

O i,

13 I
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where R is hypocentral distance. Next, an equation was fit to these

estimated acceleration values using least-squares regr ession analysis.

This produced:

In a = 2.405 - 1.30 in R .00012 R (7)g

Finally, it was assumed that scaling of acceleration to magnitudes other
than 5.8 could be accomplished by a f actor equal to exp (1.1 m ). This led

b

to the final equation:

a = exp(2.91 + 1.1 mb - 1.30 in R .00012 R) (8)g

which is herein designated the "Co rnwa l l-Ma s sen a " attenuation. Thi s

equation, assuming a focal depth of 10 km, is plotted in Figure 12.

The third equation is taken from work of Atkinson (1984) for eastern

North America:

= 61.9 exp(.673 m ) R~I exp( .001 R) (9)a
g b

Equation 9 is plotted in Figure 13.

For calculation of seismic hazard, all three attenuation equations
were used. The Nuttii (1983) end Atkinson (1984) equations were developed
from theoretical considerations of wave propagation, but consider the
ground-motion estimation problem from different viewpoints. The Cornwall-
Massena attenuation estimates ground motions from MM intensity observa-
tions, a different procedure. For hazard calculations the three methods
are given equal weight (0.333 each); the weight assigned to the Nuttli
equation is equally divided between the two depth estimates (equations 4
and 5).

For calculations of seismic hazard, a lognormal distribution of
acceleration about the mean value was assumed, with a standard deviation of
in a equal to 0.6, corresponding to a f actor of 1.8 uncertainty in theg

estimate. This distribution is widely used to represent uncertainty in

14
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p ground motion estimates. The uncertainty modeled is typical of the scatter
V exhibited by strong motion data sets, when the data are restricted to a

specific area. The uncertainty chosen is typical of that expressed by
attenuation experts in the Bernreuter et al (1984) study.

The distribution of peak ground acceleration was truncated to reflect !

the notion that, for a given-sized earthquake, "effective" peak accelera-
tions must be limited. Whether or not instrumental peak accelerations are !

limited is problematic; the idea is that a small or moderate earthquake can
only cause a limited amount of damage to real structures. The bounds used
in this analysis are shown in Table 3.

r

The third column of Table 3 shows upper bound values of sustained
acceleration, where this corresponds to the third highest peak. These

upper bound values for MM intensity VI, VII, VI!!, and IX were obtainet
from R. P. Kennedy (personal communication, 1981). The values of sustained

acceleration shown in Table 3 for half values of HM intensity were derived
p by observing that a decrease of sustained acceleration of 20 percent for
\ each half intensity unit is consistent with the limits suggested by

Kennedy. These limits on sustained acceleration must be multiplied by the ,

factor 1.25 to convert to a peak acceleration. The basis for this factor
is experience with the relationship between sustained ground motion which
causes damage by several cycles of induced motion, and the associated peak
acceleration for earthquakes of large enough magnitude (>6) to cause long |
durations of strong shaking (Kennedy, personal communication,1981).

These limits were applied to all calculations of seismic hazard in '

this study. For example, in the numerical integration over magnitude, the
| occurrence of magnitude 6 (corresponding to MM intensity VIII-IX) implies

that the resulting distribution of peak accelerations was truncated at
| 0.8g, as shown in Table 3. If m is 6 for the zone dominating hazardb, max

at TMI-1, the calculated annual frequencies of exceedance of peak
accelerations greater than 0.8 g is zero.

DC'
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l 6.0 RESULTS OF ANALYSIS
'

\ O
Figure 14 shows the calculated annual probability of exceedance at

) THI-1 for Zonation No.1, the best estimates of seismicity parameters, and
1

( the four versions of the acceleration attenuation equations (the Nuttli,
.

1983, equation with two focal depths and the other two equations with focal |
depths of 10 km). The results of different focal depth assumptions for the
Nuttli equation are negligible.

The sensitivity to zonation is shown in Figure 15. There is some
dependence of calculated hazard on the zones used; this results from the

location of THI-1 in a zone with a low m and low upper-bound accelera-
b, max

tion in some zonations, and in a zone with a high m and high upper-
max

bound acceleration in other cases.

Figure 16 illustrates the sensitivity of seismic hazard to m for
max

Zonation No.1 using the Nuttli (1983) attenuation with 10 km focal depth.
There is substantial sensitivity to m particularly at the higherb, max,

! accelerations, resulting from the dependence of upper-bound acceleration on

*b, max'

|

Figure 17 shows sensitivity to b-value, again for zonaticn no.1, the
Nuttli attenuation with 10 km depth, and best-estimate values of m

b, max *
The influence of the b-value is small at all ground motion levels, relative
to the other parameters influencing the hazard calculations.

In all, 756 seismic hazard curves for acceleration were generated in
this study: seven sets of zonations, times four attenuation functions,
times three activity rates, times three values of m time threeb, max,
b-values. These results were aggregated ina ten representative hazard
curves, with weights equal to the sum of weights of +be original curves

I which make up each aggregate. These aggregate curves are shown in Figure
18.

|

Numerical results corresponding to the eight 'qgregate curves of
Figure 18 are presented in Ta bl e 4. These are in the form of annual
frequency of exceedance as a function of peak acce'eration.
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7.0 SUMMARYO >

t

We present here a seismic hazard analysis for peak ground acceleration j

at the Three Mile Island Nuclear Generating Station, Unit 1. The analysis
is primarily dependent on the attenuation equations used, on seismic !

activity rates, and on the maximum magnitudes assumed. For the purposes of
reporting, eight aggregate hazard curves are obtained. These curves !

tillustrate the range and uncertainty in results cbtained from. uncertainties ;

in seismicity and attenuation.
.

|
!

|Uniform hazard response spectra can be estimated by anchoring a
istandard spectral shape to the peak ground accelerations reported re. !

These spectra should be broad-banded for accelerations above about 0.59, !
because such ground motions are generally caused by moderate-sized

earthquakes (mb = 6.3, ML = 6.5).
,

i

!

O |
|
t

!
,

!

!

|
|
|

I
|

\

i

i O
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TABLE 1
GENERAL ASSlNPTIONS USED IN SEISMIC HAZARD ANALYSIS

Assumption Comment

1. Earthquake locations represented 1. In general, reasonable. Con-
by seismogenic zones with a servative for sites located
homogeneous location distribu- away from active fault zones,
tion unconservative for sites

located near active f ault zones.

2. Historic earthquake magnitudes 2. Reasonable
can be estimated by Modified
;ircalli intensities.

3. Truncated exponential distri- 3. Reasonable
bution represents earthquake
sizes.

4. m represents largest 4. In general, reasonable. Con-b,mx
ea rt hqua kes . servative for zones with lower

b, max; unconservative for zonesm

with higher mb pa x *

5. Rate of activity represented 5. Reasonable
by historic rate of occurrence.

6. Peak acceleration estimated by 6. Reasonable
attenuation function as a
function of magnitude and
distances.

7. Uncertainty in peak acceleration 7. Reasonable
irepresented by lognormal distri-

bution with in a = 0.6.
!

l

i
I

|

I
I

|

9'
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TABLE 2

SEISMOGENIC ZONES AND ASSOCIATED PARAMETERS

Best Estimate
Seismogenic Max. Hist. Best Estimate Activity Rate Best Estimate
Zonation Zone Earthquake (m I "b, max I"b>4.5) b-value

b

No. 1 4* 5.8 6.3 0.22 0.9
.

i

No. 2 27 5.8 6.3 0.16 0.9
28* 5.3 5.8 0.045 0.9

No. 3 8 5.3 5.8 0.12 0.9
11* 5.5 6.0 0.080 0.9
12 5.0 5.5 0.038 0.9

No. 4 7* 5.0 5.5 0.058 0.9
8 5.5 6.0 0.059 0.9

4

No. 5 4* 5.5 6.0 0.10 0.9 t

5 5.0 5.5 0.071 0.9
i

No. 6 5* 5.3 5.8 0.088 0.9 !

pg No. 7 3* 5.8 6.3 0.70 - 0.9
C;- 4 5.0 5.5 0.070 0.9
at-

DU !
:s
B.
g * Host zone for this zonation '

Q i

5'
D
SI

'

9 ,

.

A._-.___ -r . .- ----.._m -.--=-w_,-...%_-e, ....-..e m, -w----- -~- -,re- - m-w w-w-- m. e-sem e.,w,ew- ww.w..-weve-s ...-----..m...,, , . ,.,m.m,-.nwwow w.%n..--%.nw..---.-
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TABLE 3

BOUNDS ON EFFECTIVE PEAK ACCELERATION

Corresponding
Value of Upper Bound Upper Bound
m Sustained Peakb, max

MM Intensity (Equation 1****) Acceleration Acceleration (g)***

VI 4.8 0.20* 0.25
VI-VII 5.0 0.25** 0.30

VII 5.3 0.30* 0.37
VII-VIII 5.5 0.40** 0.50
Vill 5.8 0.50* 0.62

Vill-IX 6.0 0.65** 0.80
IX 6.3 0.80* 1.00

0
From R. P. Kennedy, Personal Communication,1981*

Obtained by interpolation**

Calculated as 1.25 times the Upper Bound Sustained Acceleration (see text)***

**** See Section 4.1

O

Risk Engineering, Inc.
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~ TABLE 4
ANNUAL FREQUENCIES OF EXCEE0ANCE FOR AGGREGATE CURVES

'

ANNUAL FRE0VENCY FOR

. AGGREGATE 5 3

CURVE NO. WEIGHT 0.19 0.2g 0.3g 0.4 g 0.5g 0.6g 0.79 0.89 0.9g 1.03

-4 -6
1 .100 1.1x10-3 1.1x10 3.6x10 0 0 0 0 0 0 0

2
'

.033 1.5x10 2.2x10-4 3.3x10 3.4x10-6 2.2x10-10 0 0 0 0 0-3 -6

3 .138 1.3x10-3 1.9x10-4 3.8x10 8.0x10 1.1x10-6 0 0 0 0 0-5 -6
,

-# -6 -0
4 .141 8.3x10-4 1.3x10 2.9x10-6 7.3x10 1.7x10-6 2.9x10- 3.6x10 0 . 0 0

5 .182 8.5x10-4 1.4x10 3.7x10 1.3x10 5.0x10 2.0x10 8.4x10-7 3. 3x10' ' 1.2x10 5.1x10-8-4 -6 -6 -6 -6
' -7

-3 -4 -0 -6
6 .052 1.3x10 1.8x10 2.6x10 2.8x10 0 0 0 0 0 0

-4 -5 -6 -6 -7 -7
7 .147 1.7x10-3 3.4x10-4 1.0x10 3.9x10 1.7x10-5 7.5x10 3.4x10 1.6x10-6 7.3x10 3.9x10

,

8 .086 7.tx10 9.7x10 1.5x10-5 1.7x10-6 0 0 0 0 0 0-4 -5

-3 -4 -4 -5 -6 -7
9 .074 2.1x10 3.9x10 1.0x10 3.2x10 9.9x10 2.6x10-6 3.6x10 0 0 0

-3 -4 -5 -5 -6
10 .047 3.5x10 7.7x10 2.6x10- 1.0x10-4 4.8x10 2.3x10-5 1.1x10 6.0x10-6 3.3x10-6 1.9x10

1.0

%
C;-
x-

(T)
:s
5.
?
a
5'
D

I
9

'
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1. INTRODUCTION

A probabilistic risk assessment (PRA) of the Three Mile Island,
Unit 1, (TMI-1) Nuclear Power Station is being conducted by Fickard, Lowe
and Garrick, Inc. (PLG). In this evaluation, system models, event trees,
and fault trees are utilized to determine the frequency of radioactive
release from the site due to random equipment failures and failures %iti-

| ated by external hazard events. Earthquakes are one of the extreme natural
I

hazards being considered in this PRA. Structural Mechanics Associates, Inc.
(SMA) is under subcontract to PLG to provide the required information for
earthquake (seismic) capacities of civil structures and mechanical and
electrical equipment items that are included in the risk models.

The frequency of seismically-induced failure as a function of effec-
tive peak ground acceleration for both safety-related structures and equip-
ment has been developed by SMA for the TMI-l facility. Also included is the

/ expected variability in the frequency of failure. The determination of the
seismic hazard is being conducted by others, and no evaluation of any
possible soils-related failures was conducted. The information for both the

frequency of occurrence of different levels of effective peak ground accel-
eration and the frequency of failure of the safety-related systems and compo-
nents will then be incorporated into the risk models by PLG to determine the
frequency of seismic-induced radioactive release from the site.

In order to correctly interpret the fragilities derived in this
report, it is necessary to define the effective peak acceleration to which
these fragilities are anchored. It is recognized that the damage potential
of an earthquake depends en many f actors, among which are magnitude, peak

I acceleration, and duration. For the TMI-l site, it was initially estimated
that the majority of seismic risk results from earthquakes that have magni-
tudes centered around 6.3 with an approximate range of 5.8 to 6.8. This is
the range represented by the ground response spectra used to evaluate the

1-1
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fragilities. The fragilities given in this report are to be anchored to the
mean peak acceleration. This av.;eleration is the average of the peak accel-
erations from two orthogonal horizontal components. '

'

The Three Mile Island, Unit 1 Nuclear Power Station was designed in
the 1960's in accordance with criteria and codes in effect at that time
(Reference 1). Table 1-1 lists some of the the more important codes,
standards, and specifications used in design of the structures. The TMI-l
systems and components which are essential to the prevention or mitigation
of cor. sequences of accidents which could affect the public health and safety
were designed to enable the facility to withstand the effects of natural
forces including earthquakes. The design criteria included the effects of
simultanecus earthquake and loss-of-coolant-accident (LOCA) conditions. The
plant was designed to withstand both a design earthquake (equivalent to an .

. Operating Basis Earthquake, OBE) and Maximum Hypothetical Earthquake (equiva-

lent to a Safe Shutdown Earthquake, SSE). The seismic design criteria were
based on 0.06g horizontal grou-i acealeration for the design earthquake and
0.12g for the maximum eartL,..ake for Class I structures and equipment.
Vertical accelerations of two-thirds of the corresponding horizontal values
were used for both the design and maximum earthquakes.

|

The plant structures and equipment were originally divided into
three classes according to their function and the degree of integrity
required to protect the public. Definitions of the three classes used in
the seismic design are shown in Table 1-2. The THI-l structures, systems
and components important to safety, were designed to withstand the effect of
design and maximum hypothetical earthquakes and were designated as Class I.
Table 1-3 lists the Class I structures and components. Structures, equip-

'

ment, and components which are important to plant operation, b1t are not
essential for preventing an accident which would result in release of sub-
stantial amounts of radioactivity are designated as Class II. All other
structures and components are Class III. No Class I equipment is installed
in other than Class I buildings.

O
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(Q The site is located on the northern one-third of Three Mile Island [
in the Susquehanna River approximately 2 '1/2 miles south of Middleton,

,

Pennsylvania. The bedrock is a sedimentary sequence of interbedded sand-
stone, shaley siltstone, and shaley claystone. The bedrock surface is

;

essentially flat and lies at approximately elevation 277 f t. Seismic veloci-
ties range from 8500 to 11,500 ft/sec.

:
'Fluvially deposited soil on the island ranges from approximately 6

to 30 foot depths, and consists of stratfied sand and gravel containing
various amounts of silt, clay and some lenses of clean sana. Density values
range from loose to very dense based on Standard Penetration Tests. The
depth of soil is relatively constant at approximately 20 feet in the vicinity
of the plant site. All Class I structurta are founded on either bedrock or |
compacted backfill. Table 1-4 shows the type of foundation, base elevation, f
and foundation medium for the Class I structuces. Potential soils-related !

seismic modes of failure (liquefaction, seismic induced structure settle-
,

ment) are not expected to be controlling but were iot evaluated as part of

{ the current evaluation.
A

The ground response spectra used in the design of TMI-1 were

j developed from smoothed spectra obtained from the 1957 Golden Gate Park,
San Francisco earthquake. These spectra were modified to reflect the in-
creased response at the lower frequencies based on the 1940 El Centro [;

! spectra (Reference 2). The horizontal ground response spectra are anchored

j to 0.06g for the design earthquake and 0.129 for the maximum earthquake. The [
horizontal spectra used for the design earthquake are shown in Figure 1-1.

,

The modal response spectrum method of analysis was used for design
of the TMI Class I structures. A shell of revolution model was developed for
the containment building. Two-dimensional lumped mass models were developed
for the other civil structures. The seismic response contributions from one
horizontal and the vertical component were combined on an absolute sum basis, l

1
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For the most part, results of existing analyses and evaluations of
structures for the TMI-1 plant were utilized in this study. As part of this
evaluation, sonie limited analysis based on original design analysis loads
was conducted to determine the expected seismic capacities of the important
structures. The approach adopted in this study was to determine the median
f actor of safety and its statistical variability which exists for the maxi-
mum hypothetical earthquake (SSE) in order to estimate the expected response
at failure.

The equipment fragilities for the TMI-1 plant were derived in two
phases. The first phase included the development of a set of conservative-
generic fragilities for all of the equipment modeled in the seismic event
trees and fault trees. The conservative-generic values were based on the
results of previous PRA's, a review of the TMI-1 design criteria, results of
the TMI-1 site visit and earthquake experience data. These conservative
fragility descriptions were run through the plant system models by PLG to
determine the governing accident sequences and the components dominating
core damage and risk. The second phase of the equipment fragility deriva-
tion consisted of the development of plant-specific values for only those
components that were identified in Phase 1 to dominate Core damage and risk.
Chapter 5 contains a more complete description of the equipment fragility
methodology along with selected examples.

An evaluation of the individual important structures and of the
risk-sensitive equipment was conducted for specific items and failure modes.
Although inelastic energy dissipation is included in determining the factors
of safety, no nonlinear analyses have been conducted for either the struc-

| tures or equipment for TMI-1 and all evaluations were based on elastic
analysis and load distributions.

These results can be used together with the estimated annual
frequency of occurrence of various ground motion levels to determine thei

f frequency of seismic-induced failure for each safety-related structure or
component in the plant. In the total study, these conditional component

O
1-4



_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - _ _ _ . . _ _ . . _ . _ . _ . _ _ _ - . . _ .. . _ _ _ . . _ _ - - _ . - - - . _ _

i

failure frequencies are used with systems models ~to determine the proba-
bility of core melt frequencies and radioactive release frequencies. These
results are then combined with the results of the consequence analysis to
determine the risk induced by earthquakes.

I
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TABLE 1-1

TMI-1 STRUCTilRES

DESIGN CODES AND STANDARDS

Building Code Requirement for Reinforced Concrete, ACI 318-63

Specifications for Structural Concrete for Buildings, ACI 301-66 (except as
modified ) .

AISC Manual of Steel Construction

ASME Boiler and Pressure Vessel Code, Section III Nuclear Vessel; Section
VIII, Unfired Pressure Vessels; Section IX, Welding Qualifications
(applicable portions).

AEC Publication TID-7024

Regulation for Protection From Fire and Panic - Comonwealth of Penns.vivania

|

O

.

O
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TABLE 1-2

SEISMIC DESIGN CLASS DEFINITIONS

Class I

Those structures, components, and systems, including instruments and con-
trols, whose failure might cause or increase the severity of a loss-of-
coolant accident or result in an uncontrolled release of radioactivity, and
those structures and components which are vital to safe shutdown and isota-
tion of the reactor are designated Class I. When a system as a whole is
referred to as Class I, certain portions not associated with loss of
function of the systems may have been designated under Class II or III as
appropriate. A listing of Class I structures, components, and systems is

,

given in Table 1-3. I

O )Class II

Those structures, components, and systems which are important to reactor
operation but not essential to safe shutdown and isolation of the reactor

and whose failure could not result in the release of substantial amounts of
radioactivity are designated Class II.

Class III

Those structures, components, and systems which are not related to reactor
operation or containment are designated Class III.

1-7
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TABLE 1-3

SEISMIC DESIGN CLASS I STRUCTURES, COMPONENTS AND SYSTEMS

a. Buildings and Structures

Reactor Building including all penetrations, equipment hatch and air
locks, concrete shell, liner, and interior structures.

Auxiliary Building

Fuel Handling Building and fuel storage pools

Control Building

Diesel Generator Building

Intermediate Building (portions) '

Intake screen and pump house

Heat exchanger vault and access tunnel-vault to Auxiliary Building

Air intake structure (portion belowground)

b. NSSS Components

Reactor vessel

Reactor internals (including fuel elements and control rods)

Control rod drive mechanisms (and support)

Pressure parts of In-Core Monitoring System

Steam generators (and supports)

Pressurizer (and supports)

Reactor coolant Pumps and motors and supports

O
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TA8l.E 1-3 (Continued)
,

SEISMIC DESIGN CLASS I STRUCTURES, COMPONENTS AND SYSTEMS i

i

c. Engineered Safeguards Systems,

Makeup and Purification System (high-pressure injection system)
including: makeup pumps, makeup tank, letdown coolers, letdown
filters, seal return cooler, process and instrument piping and valves.-

'

Core flooding tanks including process and instrument piping and
valves. ;

t

Decay Heat System (low-pressure injection rystem) Including: decay [heat pumps, decay heat coolers, process and instrument piping and ;

valves.

Borated water storage tank.
_,

Sodium hydroxide storage tank.

Reactor Building Spray System including: spray pumps, spray headers |'

and nozzles, process and instrument piping and valves. !
-

Reactor Building emergency air cooling units including: fans and
motors, demisters, cooling coils and connecting air handling duct.

Combustible Gas Control System Including Hydrogen Recombin6F System,' and Hydrogen Monitoring System.
i

Reactor Protection Systems.
;

i

Engineered Safeguards Actuation System.'

All piping penetrations and associated isolation valves.
|

' d. Vital Cooling Water Systems.

Decay Heat Services Cooling Water Systems A and B including: surge [
tank, pumps, heat exchangers, process and instrument piping and
valves.;

; Decay Heat River Cooling Water Systems including: pumps, heat {-

exchangers, process and instrument piping and valves. I

i

Nuclear Services Closed Cooling Water System including: pumps, heat I

exchangers, process and instrument piping and valves.

Nuclear Services River Cooling Water System including: pumps, heat
exchangers, process and instrument piping and valves.

Reactor Building Emergency Cooling Water System including: pumps
process and instrument piping and valves and cooling coils.

1-9
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TABLE 1-3 (Continued)

SEISMIC DESIGN CLASS I STRUCTURES, COMPONENTS AND SYSTEMS

e. Emergency Power Supply System

Diesel generators and fuel oil storage tanks

DC power supply system and inverters

Power distribution lines to equipment required for emergency

Switchgear and power centers supplying the engineered safety features;

Control console

Motor control centers

f. Spent Fuel Cooling System including: spent fuel pumps, heat exchangers,
all process and instrument piping and valves, etc.

,

g. Vital Ventilation Systems, Ventilation system for cump of Spent Fuel
Cooling System

Ventilation system for intake screen and pump house.

I Ventilation system for diesel generators

Ventilation system for nuclear service cooling system pumps

! Ventilation system for Emergency Feedwater System

; Ventilation system for Control Building
i

h. Miscellaneous Vital Systems and Components

Those portions of the Emergency Feedwater System required for decay heat
removal including: pumps, condensate storage tanks (excluding hotwell),
steam generator pressure and level indications, auxiliary (emergency)

! feedwater control valves, and atmospheric relief valves.
I

Underground diesel fuel tank

Instrument and Control Air System

O
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TABLE 1-3(Continued) ;

SEISMIC DESIGN CLASS I STRilCTURES, COMPONENTS AND SYSTEMS

!

Hydrogen and Nitrogen Supply System Including: nitrogen manifold
!(portions supplying core flood tanks, vital to penetration

pressurization system and fluid block system). ;

New and spent fuel storage racks j

Reactor building polar crane
,

1

Fuel Handling crane
i

River pump service crane i

Water gates in fuel storage pools |

i. Waste Disposal System
,

Reactor coolant bleed tanks f

Miscellaneous waste storage tank !

Reactor coolant drain tanks
O t

Spent resin storage tank !

Used filter precoat tank j

Concentrated radioactive waste storage tank j

Reclaimed boric acid tanks ;

I
Neu'*alizer tank |

Neutralized waste storage tank !

Laundry waste tank

Reactor coolant drain tank cooler

Reactor coolant drain tank pump

Liquid outlet piping to second isolation valve downstream from each
of the above tanks and the process piping associated with the reactor
coolant drain tank.

O
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TABLE 1-4

FOUNDATIONS FOR CLASS I STRUCTURES
.

Type of Base Foundation
Structure Foundation Elevation Medium

Reactor Building Mat 270 ft Bedrock

Auxiliary Building Mat 278 ft Bedrock

Fuel Handling Building Mat 276 ft-6 in Bedrock

Control Building Continuous foot- 278 ft Bedrock
ings under walls. .

Square footings
under columns

. Diesel Generator Building Mat 303 ft Compacted
backfill

Intemediate Building Continuous 277 ft Bedrock
footings under
walls

Intake Building Mat 259 ft 6 in Bedrock
262 ft 6 in

Heat exchanger vault Mat 267 ft 6 in Bedrock
'

Access tunnel vault Mat 279 ft Bedrock
to Auxiliary Building

,

Air intake structure Mat 279 ft Bedrock
278 ft

.

Borated water tank Mat 300 ft Compacted
Sodium thiosulf ate backfill

i Sodium hydroxide
,

Emergency Feedwater tank Mat 300 ft 11 in Compacted
- System condensate backfill

Underground diesel fuel Mat 283 ft 6 in Compacted
tank backfill

O
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2. GENERAL CRITERIA FOR DEVELOPMENT OF

MEDIAN SEISMIC SAFETY FACTORS

|
The f actor of safety of a structure or component is defined herein

as the resistance capacity divided by the response associated with the maxi-
mum hypothetical earthquake (SSE) of 0.12g effective peak acceleration used
in the design of the structures. The development of seismic safety factors
associated with the maximum earthquake is based on consideration of several
variables. The variability of dynamic response to the specified accelera-
tion and the strength capacity of the structure or equipment component are
the two basic considerations in determining the variability in the factor of
safety. Several variables are involved in determining both the structural
response and the structural capacity, and each such variable, in turn, has a
median f actor of safety and variability associated with it. The overall
factor of safety is the product of the factors of safety for each variable.

|
The median of the overall factor of safety is the product of the median

V safety factors of all the variables. The variabilities of the individual

variables also combine to determine that Of the overall safety f actor.

Variables influencing the factor of safety on structural capt. city
to withstand seismic-induced vibration inclu'fe the strength of the equipment
or structure comoared to the design stress level and the inelastic energy
absorption capacity (ductility) of a structure or its ability to carry load
beyond yield. The variability in computed structural response for a given
effective peak free-field ground acceleration is made up of many factors.
The more significant factors include variability in (1) ground motion and
the associated ground response spectra for a given peak free-field ground
acceleration,(2)energydissipation(damping),(3)structuralmodeling,(4) |

method of analysis, (5) combination of modes, (6) combination of earthouake
j

components, and (7) soil-structure interaction for structures founded on
i

soil. For structures which may be susceptible to sliding, the variability
in the amount of sliding is also significant. Equipment located inside a |

O
2-1



building acts as a secondary system and requires the previously mentioned
structural response factors together with a similar set of equipment response
factors which are specific to the equipment itself (see Chapter 5). The
ratio between the median value of each of these factors and the value used in
design of the TMI-1 plant and the variability of each factor are quantita-
tively estimated in Chapters 4 and 5 for various structures and components.
These estimates are based on available test data for TMI-1 structures and
equipment, limited analysis, and engineering judgment and experience in the
analysis of nuclear power plants and components.

.

2.1 DEFINITION OF FAILURE

In order to estimate the median factor of safety against the struc-
ture or component f ailure for the maximum hypothetical earthquake (SSE) i

effective peak acceleration (0.12g), it is necessary to define what consti-
tutes failure.

2.1.1 Structures

For purposes of this study, structures are considered to fail func-
tionally when inelastic deformations of the structure under seismic load are
estimated to be sufficient to potentially interfere with the operability of
safety-related equipment attached to the structure. These limits on inelas-
tic energy absorption capability (luctility limits) chosen for structures are
estimated to correspond to the onset of significant structural damage. For
many potential modes of f ailure, this is believed to represent a conservative
bound on the level of inelastic structural deformation which might interfere
with the operability of components housed within the structure. It is

important to note that considerably greater margins of safety against struc-
tural collapse are believed to exist for these structures than many cases
reported within this study. Thus, the conditional probabilities of failure |

for a given free-field ground acceleration reported herein for structures
are considered appropriate for equipment operability limits and should not

|
necessarily be inferred as corresponding to structure collapse. Structures

e
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pJ which are susceptible to sliding are considered to have failed when suffi- !
;

cient sliding deformation is incurred to fail piping or electrical duct ,i

banks or to cause sufficient damage resulting from structure-to-structure
impact to interfere with equipment.

F

2.1.2 Equipment and Piping

Piping, electrical, mechanical and electro-mechanical equipment
vital to safe shutdown of the plant or mitigation of an accident are con-
sidered to f ail when they will no longer perform their designated functions.
Rupture of the pressure boundary on mer.hanical equipment is also considered !

a failure. Therefore, for mechanical equipment, a dual failure definition !
exists: failure to function and pressure boundary rupture. Depending upon f
the equipment type, one or the othe: definition will govern. For active |

equipment, the functional failure definition usually governs as equipment
pressure boundaries are generally very conservatively designed for equipment *

Isuch as pumps and valves. For piping, failure of the support system or
plastic collapse of the pressure boundary are considered to represent :

(3 failure. The inelastic energy absorption limits (ductility limits) associ-
ated with these failure modes have been conservatively estimated in order to

;

define the margins of safety.
|
!

2.2 BASIS FOR SAFETY FACTORS DERIVED IN STUDY !

There was a. general lack of detailed information available for this
study on seismic fragility of specific TMI-1 structures and equipment. This
condition exists for all plants and occurs because existing codes and
standards do not require determination of ultimate seismic capacities,
either for structures or equipment qualified by analysis, or for equipment
or components qualified by testing. Therefore, most median safety factors,
estimates of variability, and conditional frequencies of failure estimated j
in this study are based on existing analyses and tests together with quali- i
fied engineering judgment and assumptions. Limited additional analyses were |
conducted to evaluate the expected failure capacities of the important
structures and of selected equipment. The additional analyses on the
structures were conducted to develop structural loads and load distributions
and were derived from the available design information.Ov
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2.2.1 Structural Response and Capacity

Information available from the seismic design analyses of the
important structures was extensively used in this study. This was supple-
mented as required to provide estimates of load distributions through the
structures, etc. Levels of conservatism associated with the method of
analysis used in the design were estimated such that safety factors
reflecting this analysis could be estimated for the building structures and
for the seismic excitation of equipment mounted within the building. Some
ultimate load capacit.v analyses were conducted which served as a basis for
estimating the rnedian f actor of safety on structural resistance to the
maximum earthquake used for design.

2.2.2 Eauioment Response and Capacity

As described in Chapter 1 of this report, a combination of both
generic and plant specific information was utilized in developing equip-
ment fragilities. Conservative generic fragilities (Phase 1) were deter-
mined primarily from values for similar equipment from previous PRA's. The
specific fragilities (Phase 2) for equipment critical to the plant risk were
based primarily on available vendor seismic qualification reports or design
calculations for specific components. Safety factors for response and
structural or functional capacity were estimated from existing information.
No new analyses were conducted.

In-structure response spectra for all Class I structures were
generated during the design process. From these floor response spectra and

knowledge or estimates of equipment fundamental frequencies, an estimate was
made of the peak equipment response. The peak equipment response estimate
was then compared to the dynamic response or equivalent static coefficient
used in design to determine a median safety factor on response.

Capacity f actors were derived from several sources of information;
plant-specific design reports, test reports, generic fragility test data
frora military test programs and generic analytical derivations of capacity
based on governing codes and standards. Two failure modes were considered

O
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[m
) in developing capacity factors for piping and equipment: structural and

'functional. Equipment design reports delineate stress levels for the speci-
,

fied seismic loading plus nomal operating conditions. Wher2 the equipment !

f ails in a structural mode (i.e., pressure boundary rupture or loss of
support), the median capacity factor and its variability were derived in the
same manner as for structures considering strength and energy absorption
(ductility). In cases where equipment must function, the capacity factor was
derived by comparing the equipment functional failure (or fragility) level to
the design level of seismic loading. Some fragility test data are available
on generic classes of equipment that have been utilized in hardened militarv !
installations. Such equipment was off-the-shelf without special shock-
resistant design but is similar to nuclear power plant equipment. These
data provide estimates of the fragility levels, and thus, safety factors
could be developed for the specified design earthquake. Fragility levels
were not nomally determinable from equipment qualification reports, but the
achieved test levels could be utilized to update generic fragilities derived |

from the military data.

OV 2.3 FORM'JLATION USED FOR FRAGILITY CURVES

Seismic-induced fragility data are generally unavailable for
specific plant components and are certainly unavailable for the specific
1MI-l structures. Thus, fragility curves must be developed primarily from
analysis combined heavily with engineering judgment supported by very limi-
ted test data. Such fragility curves will contain a great deal of uncer-
tainty, and it is imperative that this uncertainty be recognized in all sub-
sequent analyses. 3ecause of this uncertainty, great precision in attempting
to define the shape of these curves is unwarranted. Thus, a procedure which
requires a minimum amount of information, incorporates uncertainty into the ,

fragility curves, and easily enables the use of engineering ,iudgment was I

used in this study. I

O .
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The entire fragility curve for any mode of failure and its uncer-
tainty can be expressed in terms of the best estimate of the median ground
acceleration capacity, A, times the product of random variables. Thus, the
ground acceleration, A, corresponding to f ailure is given by:

A=dc R 'O (2-1)

in which cR and cU are random variables with unit median representing the
inherent randomness (f ailure fraction) about the median and the uncertainty
(probability) in the median value, respectively. Equation 2-1 enables the
fragility curve and its uncertainty to be represented as shown in Figure 2-1;
i.e., as a set of shif ted curves with attached uncertainty levels. Thus, it
is assumed that all uncertainty in the fragility curves can be expressed
through uncertainty in the median alone.

Next, it is assumed that both cR and cU are lognormally distributed
with logarithmic standard deviations of S and BU, respectively. TheR
advantages of this formulation are:

1. The entire fragility curve and its uncertainty
can be expressed by three parameters - A, Sp,
and eg. With the very limited available data on
fragility, it is much easier to only estimate
three parameters rather than the entire shape of
the fragility curve and its uncertainty.

2. The formulation in Equation 2-1 and the lognormal
distribution are very tractable mathematically.

Another advantage of the lognormal distribution is that it is easy to convert
Equation 2-1 to a deterministic composite fragility curve (i.e., one which
does not separate out uncertainty from underlying randomness) de#ined by:

A=Ac
C (2-2)

where c is a lognormal random variable with unity median and logarithmicc

standard deviation SC given by:

O
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i

S "R + "U (2-3)C"

This composite fragility curve (shown in Figure 2-1) can be used in prelim-
inary deterministic safety ai;alyses if one only needs a preliminary estimate i

on failure fraction and does not desire an estimate of uncertainty.

In this study, the guidelines used to estimate the values of SR *

and 8 for each variable affecting A were based.on considering the inherent0
randomness, S , to be associated with the earthquake characteristie- them-

R

selves, and SU to t,? associated with other lack of knowledge. Thus, such
variability as resulting from earthquake response spectra shapes and amplifi-
cation, earthquake duration, numbers and phasing of peak excitation cycles,
etc., together with their contributions to structure ductility and response
characteristics is attributed to randomness. In general, it is not consid-

ered possible to significantly reduce randomness by additional analysis or
test based on current state-of-the-art techniques. Uncertainty, on the
other hand, is considered to result primarily from analytical modeling

p) assumptior,s and other lack of knowledge concerning variables such as
U material strength, damping, etc., which could in many cases be reduced by

additional study or test.
i

The lognormal distribution can be justified as a reasonable
distribution since the statistical variation of many material properties !

(References 3 and 4) and seismic response variables may reasonably be i

represented by this distribution (Reference 5). In addition, the central

limit theorem states that a distribution consisting of products and
quotients of distributions of several variables tends to be legnormal even

,

if the individual distributions are not lognormal. Use of this distribution
,

for estimating failure fractions on the order of one percent or greater is
considered to be quite reasonable. Lower fraction estimates which are

,

associated with the extreme tails of the distributions must be considered
less accurate. !

!

f)v
,
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Use of the lognomal distribution for estimating very low failure
fractions of components or structures associated with the tails of the
distribution is considered to be conservative because tha low-frequency
tails of the lognormal distribution generally extend farther from the median
than actual structural resistance or response data might indicate. Such data

generally show cut-off limits beyond which there is essentially zero failure
fraction. The degree of conservatism introduced into the probability of
release is dependent not only on the conservatism in the fragility descrip-
tion, but also on the seismic hazard description at low seismic levels. If

the seismic hazard for low seismic input levels is large enough, it is
apparent that very low level earthquakes can govern the seismic-indaced
release. This is considered unrealistic for engineered structures and
equipment found in nuclear power ' es Structures and equipment are
subjected to low level dynamic i. 's from a number of sources including wind
on a repetitive basis which have never been known to produce nuclear power
plant structural failures. Similarly, for low level earthquakes, it is
expected that below some threshold, there is virtually no chance of f ailure
due to seismic excitation. Paterial strength data, for instance, normally
does not fall to very low values compared to the median value but instead
normally exhibits sorne lower bound (References 3 and 4). Other variables,
such as dampings also indicate both lower and upper bounds which are not
zero or infinite. Extensive studies have been conducted to develop response
spectra from available earthquake records and while dispersion exists about
the median values, spectra with essentially zero or infinite response do not
occur (Reference 5). For these as well as other variables contributing to
the seismic fragility of a given structure or component, it is apparent that
scne lower and upper bound cutoffs on the tails of the dispersion exist.
Since the overall fragility curves are based on a combination of these
variables, it is expected that a threshold exists below which no failures
will occur. This is supported by experience. Although quantitative data
are lacking, this threshold value is expected to be at approximately minus
two lognormal standard deviations for the median curves using the composite

fragility variability. The composite lognormal standard deviation, BCi IS
used for the basis of the cut-off rather than randomness or uncertainty
since the composite value combines the effects of both dispersions.

O
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IHowever, it is also apparent that some variability should be associ-
ated with the cut-off. Essentially no data are available to establish the
distribution of this variability or its range. A lognomal distribution is,
therefore, assumed consistent with the majority of the other variables
encountered in the PRA. The following approximation is recomended for
establishing the cut-offs for the various fragility curves:

The cut-off on the lower tails of the median (50 percentile)
fragility curve should be:

Aco=d(exp(-25)3C

where A is the cut-off on the median curve, h is the median effective peakco

ground acceleration for failure, and BC is the composite lognormal standard
deviation.

The cut-off for the lower tails of the other fragility curves
should be:

v

Aco " kco (exp ( x8 /1.65)] 1
C

where x is the ratio of the deviation divided by the standard deviation.
For instance, for the median curve, x = 0; for the 25 percentile curve,
x = -0.67; for the 5 percentile curve and below, x = -1.65; and for the 95
percentile curve and above, x = 1.65.

It is recomended that the cut-off on the upper tails he estab-
lished as +38 f r all fragility curves. Similarly, for fragility curves

C
involving only uncertainty, it is recomended that the cut-offs be set at
-3B for the lower bound and +38 for the upper bound, respectively.U U

Some characteristics of the lognormal distribution as applied to
seismic capacities are discussed in Aopendix A of this report.

O
V
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2.4 DESIGN AND CONSTRtJCTION ERRORS

An inadequate data base exists upon which to deterrrine explicitly
the contributions of design and construction errors for the THI-1 struc-
tures and equipment seismic capacities. Although some discrepencies may
have been identified and others may be in the future, these items have been
or will be modified as necessary or shown to have no safety implications.
Thus, these items are not expected to significantly affect the seismic
capacity of the equipment or structures af ter they have been identified.
However, there is a possibility that unidentified design and constraction
errors may exist which can affect the seismic capacity.

It should be recognized that design and construction errors do not
necet,sarily always result in a decrease in capacity. It is possible to

install higher strength bolts than specified, larger reinforcing bars or
more closely-spaced bars than required, or slip a dacimal point in the
conservative as well as in the unconservative direction in the analysis.
Some additional confidence exists in t. hat structures and equipment are sub-
jetted to nomal operating loads continually. In many cases, these loads
may be large; as for instance, in the case of pressure, water hanvier, and
thermal loads in fluid systems when compared to seismic loads. In other
cases, as for instance the wind forces on structures, the loads may be less
than seismic loads but occur on a much more frequent basis. Pressure tests
of containment vessels, while producing different types of response than
seismic, would likely provide an indication if significant construction
errors exist in these structures. Thus, although data on which to quantify
accurate estimates of the effects of major design and construction errors
are not available, these are expected to affect a minimal number of
components.

2.5 CORRELATION BETWEEN FAlllRE MODES

Many of the potential failure modes discussed in the following
sections are not considered to be completely indepenient. The most obvious
examples involve failure of one item caused by failure of a separate compo-
nent. For instance, if a potential mode of f ailure is the collapse of a

O
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f

,

( structure, f ailure of the equipment and piping located in that structure is I

also expected. Similarly, failure of relatively heavy equipment may often !

be expected to f ail lighter equipment in the imediate vicinity. Some
degree of correlation exists for all items and for all modes of failure

!since they are all excited by the same earthquake. An example of very high
dependency of failure modes of components and structures include two identi- ;

cal items located very close to each other in the same structure. For two
components which are identical but located in different structures or

different locations in the same structure, some degree af correlation is
expected but less than 100%.

For different modes of failure in a given structure, or in similar
structures, some degree of correlation between modes is also expected. For

'

instance, if the capacity of the lateral force resisting system (i.e., the
shear walls) is actually higher or lower than the value used in the analysis,

|

the acceleration capacities of all failure modes (including different struc-
tures) governed by the shear walls would be expected to be proportionately |

p higher or lower. The actual capacity of the force resisting system may be >

b different from that used in the evaluation due to differences in strength or
modeling assumptions. These effects are of course included in the vari-
abilities associated with each mode of failure for a given structure or !

conconent . However, different degrees of correlation may exist from mode-to-
mode. For instance, for a given structure with given concrete and rein-
forcing steel strengths, the variability on strength from mode-to-mode miy
be strongly correlated, while different modeling assumptions'may result in

.

little correlation for different failure modes.
:

There is also a certain degree of interdependency between strue. [
tural and sliding modes of failure that could be considered. In Section 4, |
fragilities are presented for failure modes associated with structure

f
sliding or failure of the structure itself (i.e., shear wall failure). .

These fragilities were developed assuming that the sliding and structural
failure modes were completely independent. That is, structural failure
acceleration capacities were based upon seismic loads with the structure >

i

j2-11
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bonded to the supporting rock or soil, even if sliding was expected at lesser
acceleration levels. In reality, the occurrence of sliding will limit the

structure inertial loads since accelerations in excess of those corresponding
to sliding cannot be transmitted through the structure / rock or soil inter-
face. Treatment of the structure fragilities which incorporate the proba-
bility that sliding does occur would likely result in higher structure
capacities.

For failure modes w th little contribution to risk, consideration
of correlation between modes is probaoly unimportant. However, considera-
tion should be given to possible correlation between controlling seismically-
induced failure modes.

O
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3. DIFFERENCES BETWEEN CRITERI A USED FOR ORIGINAL DESIM OF TMI-1

AND PARAMETERS USED IN THE EVALUATION OF THE SEISMIC CAPACITY

The original seismic design of the THI-1 structures and equipment
was based upon criteria accepted at the time the design work was conducted.
The evolution of the nuclear power industry has brought about changes in
seismic design and qualification criteria for structures and equipment since
that time. These changes do not necessarily imply that the old seismic
qualifications were unsafe; merely that the criteria are now much better-

defined with less interpretation by the designer.

!

The original design criteria and methods together with the design
codes form conservative design bases and ensure that substantial factors of
safety were introduced at various stages in the design procedure. The exact
magnitude of many of these safety f actors is still a matter of considerable

p discussion. Nevertheless, in order to establish a realistic value of the
d actual seismic capacity of a structure or equipment component, the amount of

conservatism along with its variability must be established as accurately as
possible. In this chapter, the original design bases of the most important
parameters affecting seismic capacity are identified, and the general methods
used in obtaining more realistic values associated with very high seismic
response levels are discussed. The detailed determination of these para-
meters is described in Chapters 4 and 5 for structures and equipment,
respectively. The estimated seismic capacities of the most probable failure
modes are also developed in Chapters 4 and 5.

The general approach used in the evaluation of the THI-1 seismic
capacities is to develop the overall factor of safety associated with each
important potential failure mode. Based on the governing design parameters,
a median seismic capacity is then obtained in terms of some representative

seismic input such as free-field acceleratinn. The overall factor of safety
is typically composed of several important contributions such as strength,

,

J
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allowance for inelastic energy dissipation (ductility), and differences in
median structure response compared to design values resulting from such
parameters as earthquake characteristics, damping, and directional load
components.

3.1 STRENGTH

The design strength of a structure or an equipment comnonent is
typically determined from applicable codes and standards such as the ACI
building code for concrete or the ASME boiler and pressure vessel code for
mechanical equipment. Inherent in these design codes is a factor of safety
on material strength. Sometimes this factor is known reasonably accurately,
such as the design allowable being one-half the minimum yield strength or
some similar relationship. At other times, it is less well defined or may
be a function of the geometry or other physical characteristics of the
component such as for reinforced concrete shear walls. For metal structures

and components, the safety factor included in the codes is usually fairly
accurately known 7.s are the relationships between minimum and mean or median

strengths. For concrete structures, the f actor of safety is normally less
accurately known. In this case, the strength of the element is a function
of the concrete strength, the amount and strength of the reinforcing steel,
and the configuration of the element including the element geometry and
reinforcing steel details. In establishing the strength and seismic capa-
city of concrete components, the results of concrete compression tests and
reinforcing steel strength and elongation tests provide a valuable basis for
establishing the element strength capacity. However, the increase in
concrete strength with age together with the specific details of the element
must also be considered. These effects are discussed in more detail in
Chapter 4 for structures and Chapter 5 for the piping and equipment.

3.2 DUCTILITY

In order to establish realistic seismic capacity levels for most
structures and components, an assessment of the inelastic energy absoro-
tion must usually be considered. Exceptions to this are some modes in-

volving brittle failure, functional failure or elastic buckling. However,

O
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,

b
U mnst failures due to seismic response involve at least some degree of

yielding. This is true for reinforced concrete as well as the normally ;

somewhat more ductile metal structures and components. (

Consideration of structure ductility typically results in the

ability of the f.trtcture to withstand greater seismic excitation th'an would
be predicted using linear elastic techniques. In the original design of the
TMI-1 structures, all analyses were based on linear elastic behavior of ,

Istructures. No nonlinear seismic analyses of the structures were conducted.
Although inelastic analysis would be desirable in order to more accurately
quantify the inelastic effects, the dissipation of inelastic energy may-be I

adequately accounted for without the time and expense of performing non-
linear analyses. This can be accomplished by the use of the ductility- t

modified response spectrum approach (References 6 and 7) together with a
knowledge of the elastic model results and the expected ductility r:tios of ;

the critical elements of the structure or component. This ipproach is based
on a series of nonlinear time-history analyses using single-degree-of-freedom

A
gj models with various nonlinear resistance functions and levels of damping.

For different levels of ductility, the reduction in seismic response for the
nonlinear system compared to the equivalent elastic system response is

'

calculated. This reduction has been shown to be a function of the frequency
and damping of the system as well as the ductility. However, a reasonably (
accurate assessment of the reduction in response of a structure or component I

can be made provided the results of the elastic analysis are available and a |
realistic evaluation of the system ductility can he made. In the current !

evaluation, the effective ductility was also considered to be a function of !
the earthquake magnitude. ,

!

3.3 SYSTEM RESPONSE

A number of parameters must be evaluated when considering the
expected system response near failure compared to the design conditions.
Among these are the expected compared to the design earthquake character- '

istics, directional comtin-tions, system damping, load combinations, and
system modeling approaches and assumptions. In addition, the duration of

nv ,

I
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the earthquake must be considered since short duration earthquakes do not

possess sufficient energy to fully excite the structural systems. Some of
these parameters may be essentially median-centered and introduce little
change in the expected seismic capacity while other design criteria may be
quite conservative. Several of the more important parameters required in
evaluating the system seismic response are discussed below. The factors of
safety associated with these parameters are developed in the following
chapters for the specific failure modes identified.

3.3.1 Earthquake Characteristics

The THI-1 Class I structures are founded on bedrock or on coinpacted
backfill and overburden overlying the rock. Tne Class I structures and
equipment were originally designed to the modified 1957 Golden Gate Park
earthquake spectra described in Section 1. These spectra, shown in Figure
1-1, were normalized to a peak horizontal ground acceleration of 0.06g for
the design earthquake and 0.129 for the maximum earthquake. They were
applied to structures founded both on the rock and the backfill.

Recomiendations for median-centered peak ground motion parameters
and spectral amplification factors for the TMI-1 site are available from

Reference 8. This infomation was used to develop the modian-centered
site-specific ground response spectra. The same spectra were used for
structures founded on rock and structural backfill since the shallow laver
of soil is not expected to cause a significant shif t in the ground response
spectra for the TMI-1 site. The median spectra and the original design
spectra scaled to 0.06g are compared in Figure 3-1. It is more informative
to compare the spectra giving consideration to the damping values used in
the different analyses. The original design spectra from 0% to 20% of
critical damping are shown in Figure 3-1. Two percent damoing was used in
the original design of the reactor building and concrete internal structure
for the maximum earthquake while five percent damping was used for the other

concrete structures. One-half percent damping was used in the design of the
vital piping systems and one and two and one-half percent damping, respect-
ively, were used in the design of the welded and bolted assemblies. These

O
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are very conservative values for structures and equipment at response levels
approaching failure. The five and ten percent damped median spectra are
also shown in Figure 3-1. These values are representative of the range of
damping expected at failure. As shown in Figure 3-1, the five percent and
ten percent damped design spectra exceed the corresponding five and ten
percent damped median spectra at all frequencies. When compared with the
original design spectra at the conservative damping values used for design,
the median spectra with more realistic damping values show considerable
factors of safety were introduced in this phase of the design.

Determination of fragility parameters for structure sliding-induced
f ailure is, in part, dependent on the ratio of the peak ground velocity to
the peak effective ground acceleration. A median velocity to acceleration
ratio (v/a ratio) o'f 28 in/sec/g was selected for use in the TMI structural
fragility evaluation based upon the recomendations of References 5, 9, and
10 for rock sites. These three sources are based to considerable degree on
data from the San Fernando earthquake which had a local magnitude, M , of

p

6.4. Reference 8 recommends median broadbanded response spectra for moderate

earthquakes having body wave magnitudes, M , of about 6.3 (equivalent to
b

local magnitudes of about 6.5). These events are expected to contribute to
most of the seismic risk for the TMI site. A comparison of earthquake
magnitude ranges considered in References 5, 9, and 10 indicates these
sources should provide appropriate median v/a ratios for TMI-1. The median
v/a ratios recomended by these sources range from 24 to 28 in/sec/g. Thus,
the 28 in/sec/g is considered to be slightly conservative, but is consistent
with recomendations from all three sources as well as the choice of ground
response spectra recomended in Reference 8.

In order to develop the lognormal standard deviations appropriate
for TMI, v/a ratios for rock sites for earthquakes having magnitude ranges
from 5.3 to 6.3 from Reference 11 were used to compute a BR of 0.37. Because

the median values suggested by the various sources are quite close, it is
expected the uncertainty should be relatively small. It is estimated that
there should be a 95% confidence the median value of v/a will be less than
34 in/sec/g which results in a SU of 0.12.

OU
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3,. 3. 2 System Damoing

Damping values used for the design analysis of the TMI-l plant are
shown in Table 3-1. At response levels of structures and equipment near
failure levels, the damping ratios used for design are considered conserva-
tive when used in conjunction with the ductility factors used in this evalua-
tion. Very little actur? test data for damping ratios exist at failure
levels, particularly for structures. However, the damping values used for
design, even at the higher stress levels, are generally lower compared with
median-centered values recomended in References 6,13 ,14 and 28. These
damping values for structures and equipment at or near yield are shown in
Table 3-1 in comparison with those used for the design analysis. The median
damping values which have been taken from ?eference 13 have a range of levels
shown in Table 3-1. The lower levels of the pairs of values are considered
to be lower bounds while the upper levels are considered to be essentially
average values. The values of damping used for the TMI-1 PRA were taken
from Table 3-1 assuming the upper level to be a median value. Review of
piping damping values derived from experiments supports the use of 5 percent
of critical (Reference 28). Electrical and mechanical equipment assemblies
have also been shown to have a median damping value of 5 percent of critical

(Reference 14).

Damping valees used in the TMI-l fragility evaluation are consid-
ered appropriate for structures, equipment, and piping at seismic stress
levels at or just below the yield point. Dissipation of inelastic energy at
higher response levels is included by consideration of the system ductility
as described in Section 3.2. In order to avoid a possible unconservative

combination of the two sources of energy dissipation, the structural damoing
values are not increased as the system response levels iise above the yield
point.

3.3.3 Load Combinations

The load combinations on which the original design of the TMI-l
reactor building were based are shown in Table 3-2 (Reference 1). Similar

load combinations were used for the other civil structures. For the reactor

9
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building structure and much of the equipment contained within the reactor
building, these load combinations and those specified by current licensing
criteria include a combination of a loss-of-coolant-accident (LOCA) and the
SSE loads. Random LOCA events have an extremely low-frequency of occurrence
as do seismic events such that the frequency of both events occurring simul-
taneously is so small that their inclusion is judged to be not important to !

the risk analysis results.
;

3.3.4 Modal Combination

Seismic responses of the civil structures represented as multi-
degree-of-freedom systems in the original design analysis were determined by
the absolute sum of the modal responses (Reference 1). The analysis of r

piping was conducted using the square-root-of-the-sum-of-the-squares (SRSS)
method with the response of closely-spaced modes combined on an absolute sum
basis. Current licensing criteria specified in USNRC Regulatory Guide 1.92
(Reference 15) permits the use of the square-root-of-the-sum-of-the-squares [
(SRSS) method for combining modal responses. For systems whose response is, .

dominated primarily by a single mode, the absolute sum and SRSS methods lead !O to essentially the same seismic loads. However, the absolute sum method
predicts greater seismic loads than the SRSS method for systems whose !

response is strongly influenced by two ur more modes.
<

SRSS methods are considered to give approximately median-centered
results. Although some frequency shifts are expected as structures approach
f ailure, these shif ts in frequency are normally not large unless ver.y high
ductility ratios exist. Also, the relationship between loads developed from ;

individual modes may be expected to change once nonlinear response levels f
are reached. In the absence of a nonlinear analysis, the changes in the !

modal ratios are unknown. For the seismic evaluation of TMI-1, it is f
assumed that the load response relationships between modes does not change {
significantly once the structures reach the yield point. For systems where (
most of the response results from one mode, this assumption introduces ;

negligible possibility for error. For systems with a large number of modes ;

with significant response levels, sane additional uncertainty is introduced.
,

The resulting assumed dispersion is discussed in Chapter 4 for structures.

,
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3.3.5 Combination of Resoonses for Earthquake Directional Components

The horizontal and vertical seismic loadings were assumed to act
simultaneously in the TMI-1 original design analyses (Reference 1). Two-
dimensional response was considered for the civil structures except that the
containment building was treated as a shell of revolution.

Depending on the degree of coupling in the structures, the absolute
sum of one horizontal component and the vertical component may be unconserva-
tive. Current design procedures are specified in Regulatory Guide 1.92
(Reference 15). One approach permits the effects of two horizontal direc-
tional responses to be combined with the vertical response by the SRSS.
Other methods of combining directional components such as delineated in
Neamark and Hall (Reference 13) also yield realistic results. This approach
recomends adding 100% of one-directional component to 40% of the remaining
components. This method has the advantage of being eas,v to use and retains
a consistent relationship between loads and stresses. The SRSS, simultane-
ous time-history, and the 100%, 40%, 40% methods yield similar results and
are considered to be essentially median-centered.

3.3.6 Structure Modeling Considerations

The original seismic design analysis of the civil structures was
conducted utilizing two-dimensional, lumped mass representations of the
buildings. No soil-structure ;nteraction effects were included in the
design analyses, either for the structures founded on rock or for the few
structures founded on overburden and compacted backfill. The effects of
earthquake amplification through the soil layer at TMI for the few struc-
tures not founded on bedrock were estimated based on analyses conducted for
other sites with soil layers with similar characteristics.

Some aspects of the analysis procedure yield variations which can
be quantifiably assessed compared to the design results. For instance, the
increase in the actual concrete strength compared to the design values may
be used to evaluate the change in stiffness and, hence, the change in
frequencies of the concrete structures compared to the design values. The

O
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modified frequencies may, in turn, be used to reevaluate the modal responses.
Another area where modified responses are considered is in the load distribu-,

tion for structures where local yielding occurs in some elements before
others or through diaphragms containing relatively large cut-outs. The
details of these and similar evaluations necessary to account for change

| between parameter design values and values more representative of seismic
response levels near failure are discussed in the following chapters.
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TABLE 3-1

COMPARISON OF CRITICAL DAMPING FOR DESIGN AND FAILURE

Percent of Critical Damoino
Component or Structure TMI-l Desi n Fragility Evaluation *

(Ref. 1 (Refs. 6 & 13)

1. Reactor Building 2.0 7 to 10

2. Concrete Support Structure 2.0 7 to 10
inside Reactor Building

3. Structures
a. Bolted or Riveted 2.5 7 to 15
b. Welded 1.0 5 to 7

4. Vital Piping Stystems 0.5 5

5. Mechanical and Electrical 1.0-2.5 5
Equipment Assemblies

6. Other Concrete Stuctures 5.0 7 to 10
Aboveground

Lower values are considered to be approximately lower bounds;*

upper values are considered to be essentially median-centered.

i
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TABLE 3-2

i
LOAD COM3INATIONS USED FOR THE TMI-1

REACTOR BUILDING DESIGN

:

a. C = (1.0 + 0.05) 0 + 1.5 P + 1.0 T |

b. C = (1.0 + 0.05) D + 1.25 P + 1.0 T' + 1.25 E_

:

c. C = (1.0 + 0.05) D + 1.0 P + 1.0 T. +1.0 E' '
,

i
d. C = (1.0 + 0.05) D + 1.0 Wg + 1.0 Pt !

Symbols used in the above equations are defined as follows: i

C: Required load capacity of section
:

D: Dead load of structure
|

P: Accident pressure load
:

T: Thermal loads based upon temperature transient associated with
-

1.5 times accident pressure.
{

T': Thermal loads based upon temperature transient associated with !
; 1.25 accident pressure.

;

.

; E: Design earthquake (OBE) (0.069 ground motion) !
.

1
I E': Maximum Hypothetical Earthquake (SSE) (0.129 ground motion)

,

;
W: Wind loads based on a 390-mph (300 mph times a gust factor of ig

1.3) tornado. See Subsection 5.2.1.2.6.
|

P: Pressure load based on an external pressure drop of 3 psig jt
between inside and outside of the Reactor Building. i

.
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4. STRUCTURES
:

;

I
In this chapter, the median factors of safety and logarithmic

'

standard deviations for the important civil structures are developed.
Based on these factors of safety, median acceleration levels associated

Iwith seismic failure are presented. For most of these structures, avail-
able dynamic models were used to generate seismic response characteristics <

in order to determine the median factors of safety and logarithmic stand-
'ard deviations for each of the variables associated with structure res-

ponse. All seismic analyses were based on linear response model results, i

but some seismic design loads were modified to more closely approximate
the expected inelastic response at the high acceleration levels expected i

for failure.
!

4.1 MEDIAN SAFETY FACTORS AND LOGARITHMIC STANDARD DEVIATIONS

As discussed in Section 2.3, the seismic fragilities of struc-
{

tures and components are described in terms of the median ground accelera- :

tion, A, and random and uncertainty logarithmic standard deviations, B
R

and 8 In estimating these fragility parameters, it is computationally0

attractive to work in terms of an intemediate random variable called the
f actor of safety, F. The f actor of safety is defined as the ratio of the f
ground acceleration capacity, to the Maximum Hypothetical (or Safe Shut- |
down Earthquake, SSE) acceleration used in the seismic qualification. For

fequipment and structures qualified by analysis, it is easier to estimate

the median f actor of safety. F, and variability parameters, BR and 8 '0 ,

based upon the original SSE stress analysis than it is to directly esti-
mate the fragility parameters. Thus,

!=F A
SSE (4'l)

4
,

o |
,
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From the existing analyses of the important structures together
with a knowledge of the deterministic design criteria utilized, median
factors of safety associated with the maximum hypothetical earthquake
(SSE) ground acceleration of 0.12g can be estimated. These are most con-
veniently separated into those factors associated with the seismic
strength capace.y and inelastic energy absorption capability of the struc-
ture :nu those factors associated with the expected building response.

The factor of safety for the structure seismic capacity consists
of the following parts:

1. The stre.igth f actor, T , based on the ratio of actual
smember strength to the design forces.

2. The inelastic energy absorption f actor, F , related to they
ductility of the structure and to the magnitude range that
is believed to contribute to most of the seismic risk.

Associated with the median strength f actor, I , and the median ductility
3

f actor, I , are the corresponding logarithmic standard deviations, 8 and9 3

8. The structure strength factors of safety and logarithmic standard9

deviations vary from structure-to-structure and according to the different
failure modes of a given structure. Factors of safety for the most
important modes of f ailure are sumarized in subsequent sections.

The factor of safety, F , related to building response is deter-p

mined from a number of variables which include:

1. The response spectro used for design compared to the median-
centered spectra for toe site from inultiple seismic events.

2. Damping used in the acialysis compared with damping expected
at failure.

3. Modal combination methoct.

O
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,3,

(d 4. Combination of earthquake components.

5. Modeling accuracy.

6. Soil-structure interaction effects.

Based on the characteristics of the legnormal distribution,
median f actors of safety and logarithmic standard deviations for the vari-
ous contributing effects can be combined to yield the overall estimates.

For instance, the capacity factor of safety of a structure, Fcap, is
obtained from the product of the strength and inelastic energy absorption
factors of safety which, in turn, may include effects of more than one
variable.

F xF (4-2)cap = Fs u

The methods of determining these safety factors are discussed in the

following sections. The logarithmic standard deviation on capacity S ,p.e

q is found by:
V '

e + 8 -}s =
cap s

As discussed in Section 2.3, the logarithmic standard deviations are com-
posed of both an inherent randomness and uncertainty in the median value.

Median factor of safety, F, and variability, B and B , estimates
R U

are made for each of the parameters affecting capacity and response.

These median and variability estimates are then combined using the proper-
ties of the legnormal distribution (described in Section 2) in the same
manner as Equations 4-2 and 4-3 to obtain the overall median f actor of
safety and variability estimates required to define the fragility curve
for the structure,

a
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For each variable affecting the factor of safety, the random

variability, BR, and the uncertainty,8 U, must be estimated separately.
The random variability, BR , represents those sources of dispersion in the
factor of safety which cannot be reduced by more detailed evaluation or by
gathering more data. Thus, B is due primarily to the variability of an

R

earthquake time-history and, therefore, to a structure's response when the
earthquake is only defined in terms of the peak effective ground accelera-

tion. The uncertainty,S U, represents those sources of dispersion which
could be reduced only through better understanding or more knowledge. B

U
is associated with such items as our lack of ability to predict the exact
strength of materials (concrete and steel) and of structural elements
(shear walls and diaphragms); errors in calculated response due to inac-
curacies in mass and stiffness representations as well as load distribu-
tions; and use of engineering judgment in the absence of plant-specific
data on fragility levels.

Each of the f actors presented in Chapter 3 will be discussed in
more detail in the following sections. Examples are included to assist in

the understanding of the application of the methodology.

4.1.1 Structure Capacity

The primary lateral load-carrying systems of the structures that
were analyzed are of reinforced concrete construction with the exception
of the prestressed concrete reactor building and the field-erected water
storage tanks which are f abricated of steel. For lateral load-carrying
systems which are composed of concrete, the structure strength is a
function of material strengths associated with the concrete and the rein-
forcing (and prestressing) steel. The determinations of these strengths
are presented in the following two sections.

4.1.1.1 Concrete Comoressive Strength

The evaluation of the strength of most concrete elements, whether
loaded in compression or shear, is based on the concrete compressive
strength, f'. Concrete compressive strength used for design is normally

9
.
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Od specified as some value at a specific time from mixing (for example, 28
or 90 days). This value is verified by laboratory testing of mix samples.
The strength must meet specified values allowing a finite number of fail-
ures per number of trials. As previously stated, there are two major ,

f actors which justify the selection of a median value of concrete strength !

above the design strength.

1. To meet the design specifications, the contractor attempts f
to create a mix that has an "average" strength above the !
design strength. '

i

2. As concrete ages, it increases in strength. |

The concrete utilized in the construction of the TMI-l Class I structures
was specified to have a minimum compressive strength of 5000 psi or 3000
psi at 28 days. Testing to verify the attainment of this minimum strength '

was conducted on cylinder specimens. Results of concrete compression
testing were available for the TMI-l Class I structures (Reference 16).
Table 4-1 sumarizes these results. !

O-
i

As concrete ages, its strength increases. This must also be '

accounted for in determining the median strength compared to the design
strength. Figure 4-1 from Reference 17 shows the increase of the concrete
compressive strength with tinie assuming the concrete poured-in-the-field ;

is adequately represented by the curve designated as "air-cured, dry-at-
test." At 28 days, the concrete has a relative strength of 50 percent;

which approaches 60 percent aspptotically. The median factor relating !

the strength of aged concrete to the 28-day strength is, therefore, 1.2.
;

No information is available on the standard deviation expected fnr aging.
A logarithmic standard deviation associated with the 28-day aging factors ;

was estimated to be 0.10. Median concrete compressive strengths and vari-
abilities used in the fragility evaluations of the THI-1 structures are

'listed in Table 4-2.

O
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Other effects which could conceivably be included in the concrete
strength evaluation include some decrease in strength in the in-place con-
dition as opposed to the test cylinder strength, and some increase in
strength resulting from rate of loading at the seismic response frequen-
cies of the structure. The variation in the strength of in-place concrete
compared with the test cylinder strength is accounted for to a large
degree in the use of empirical representat|ons of shear wall capacities.
These empirical capaciti9s are typically developed by comparing actual
wall strengths to the cylinder test strengths of the wall's concrete.
Although experimental data on the in-place and rate effects are limited,
that which is available would tend to indicate these effects are rela-
tively small and of the same order magnitude. Since the two effects are
opposite, they were neglected.

4.1.1.2 Reinfcrcing Steel and Post-Tensioning Tendon Yield Strengths

The reinforcement used in the construction of the TMI-1 reactor
building and concrete internal structure was specified to be Grade 40.
For the other Class I structures, Grade 60 reinforcing steel was speci-
fied for 14S and 185 bars with Grade 40 specified for smaller bar sizes.
The results of tensile testing conducted on the reinforcement were
reported in Reference 16. Based on this data, the median yield strengths,
f , and logarithmic standard deviations, 8, for the reinforcing steely
are:

f (ksi) By

Grade 40 47 0.08

Grade 60 69 0.07

The wire forming the tendons used to post-tension the containment
wall and dome was required to conform to ASTM A421-65T, Tyoe BA. This

material has a minimum specified tensile strength of 240,000 psi and a
minimum yield strength not less than 80 percent of this minimum tensile
strength. Only very limited strength test data for the wire used in the

4-6
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i

i

construction of TMI-l reactor building was available. A review of median
yield strengths for tendons used in other nuclear plants was conducted. i

3

Based on this survey, a median yield strength of 225,000 psi and a logar- -

'

ithmic standard deviation of 0.05 were estimated to be appropriate for use
in the TMI-1 fragility evaluation. The very limited TNI-1 plant-specific !

test data provides reasonable conformance to these values.

Two other effects must be considered when evaluating the yield
strength of reinforcing steel. These are the variations in the cross- {
sectional areas of the bars and the effects of the rate of loading. A |
survey of information (Reference 18) determined that the ratio of actual |

!to nominal bar area has a mean value of 0.99 and a coefficient of varia-

| tion of 0.024 The same reference notes that the standard test rate of '

loading is 34 psi /sec. Accounting for the rate of loading anticipated in j
'

seismic response of structures results in a slight decrease in yield ;

strength of reinforcing steel in tension. This effect is neglected in f
concrete compression. t

'
,

.

4.1.1.3 Shear strenath of concrete Walls i

Recent studies have shown that the shear strength of low-rise i

concrete shear walls with boundary elements are conservatively predicted i

by the ACI 318-71 code provisions (Reference 19). This is particularly {
true for walls with height to length ratios in the order of 1 or less.<

Barda (Reference 20) determined that the ultimate thear strength of low-
rise walls tested could be represented by the following relationship *

!
t

! v "Vc + Vs -u
:
'

(h y
= 8.3 f[ -3.4 j f[ I [" -0.5 j + f (4-4)uy

V \ ) i
!

!
,

|
!

) O
.
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where:

v = Ultimate shear strength, psiu

v = Contribution from concrete, psi
c

v = Contribution from steel reinforcement, psi
3

f' = Concrete compressive strength, psi

h = Wall height, in

t = Wall length, ing

= Vertical steel reinforcement ratio
u

f, = Steel yield strength, psi

The contribution of the concrete to the ultimate shear strength

ofthewallasafunctionofhgg is shown in Figure 4-2. Also shown ing

Figure 4-2 are the available test values (References 21 through 23) and
the corresponding ACI 318-71 formulation. The tests included load rever-
sals and varying reinforcement ratios and hjt ratios. Web crushingg

generally controlled the failure of the test specimens. Testing was per-
formed with no axial loads, but an increhse in shear caoacity of N/41)
was recomended, where N is the axial load in pounds, and h is the wall
thickness in inches.

The contribution of the steel to the ultimate shear strength
according to ACI 318-71 is:

f
3 hy (4-5)v =

where ph = horizontal steel reinforcement ratio.

O
t
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,

Furthermore, one of the conclusions reached by Oesterle (Refer-

ence 23) is that for lw-rise shear walls (specifically, hgt, = 1), j
vertical steel has no effect, and the entire contribution to shear j

'strength is due to the horizontal steel.

:
i In order to estimate the effects that the horizontal and vertical

steel have, the steel contribution to wall shear strength was determined !

from test values for the range of 0.5 < h /( < 2. Test data from the |g

above references were used. The effective ' steel shear strength was
f

assumed to be in the form: i

!
Iv = Av + Bv ( !sh
|
|

where A, B are constants and
|
I

v =of = vertical steel contribution to shear strengthg

!
1 v *P f = horizontal steel contribution to shear strengthsh hy

The constants A and B were then calculated assuming the concrete contribu- |
tion to the ultimate strength is given as shown in Equatior <-4. Based on j
the results of this evaluation, the constants A and B can be shown to be- !

J
l

A=1 B=0 h/tw 1 0.5 {

=-2.0 (h /t ) + 2.0 = 2.0 (h /t ) - 1.0 0.5 1 h /tw 11.0 !w w w w w

i

=0 =1 1.0 s h /tw w
i

and the median ultimate shear strength is given by:

V "V *V
; u c se

(h ) I

+ 4f*h + D
= 8.3 f' -3.4 f' -0.5 i (4'7),

c se y
1 (* / |
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where c ,= Aou + Boh with A and B determined as shown above. Based on an3

evaluation of the same experimental data, the logarithmic standard devia-

tion was estimated to be 0.15.

The data used to substantiate the median shear strength equations

presented above were derived from tests conducted on cantilever walls.
The height h for these walls is known. However, the walls evaluated in

w

this study typically span more than one story. For these walls, the
equivalent cantilever wall height, h , was taken as the ratio of the in-w

plane moment to the in-plane shear at the section under consideration.
The equivalent height h was used to determine the median wall shearwe

stre19th and provides a more accurate representation of the moment-shear
interaction.

4.1.1.4 Example of Shear Wall Failure in Shear

The determination of the median shear strength of the east-west
interior wall on Column Line 11 of the control building for the story
f rom EL. 282 f t to EL. 306 f t is selected as an example. This wall is 3
feet thick and 68 feet long. It is reinforced by No. 7 bars spaced 18
ir.ches apart at both faces in the vertical direction and No. 8 bars spaced
18 inches apart at both f aces in the horizontal direction. The median
concrete compressive strength is 5900 psi and the median reinforcement
yield strength is 47 ksi. The equivalent cantilever wall height was esti-
mated to be approximately 81.6 f t. The effect of the axial load acting on
the wall was neglected with slight conservatism resulting. The median
concrete shear strength was found to be:

v = 8.3 / 5900 - 3.4 / 5900 (81.6/63 - 0.5)

= 455 psi

O
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!

The effective wall height-to-length ratio is greater than 1.0 so the steel
shear strength was based upon the horizontal reinforcement.

j

i

P "Pse h i

2 (0. 7_9 )_
%G_W*

r

= 0.0024 '

The steel shear strength was found to be:
|

v = 0.0024 (47,000) I

se
,

= 113 psi
*

;

For rectangular walls with uniformly distributed vertical reinforcement,
the effective depth, d, from the extreme compressive fiaer to the result-

r ant of the tension force was taken to be 0.8 t from Reference 19. The iw
median wal' shear strength was found to be:

,

i

V = (455 + 113)(0.8)(68)(3)(144)(10-3) |u

= 13,300 k

The applied shear load based on an elastic load distribution was found to
be 930 k. The median strength factor corresponding to shear failure of
this wall was then determined to be 14.

4.1.1.5 Strenath of Shear Walls in T nure Under In-Plane Forces
Equations to predict the overturning (in-plane) moment capacity

of rectangular shear walls containing uniformly distributed vertical rein-
forcement are found in Reference 22. These equations were derived from
the basic ultimate strength design provisions for reinforced concrete

O
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members subjected to flexure and axial loads containeu ' Section 10.1 of
ACI 318-71 (Reference 19). These provisions are based upon the satisfar.-
tion of force equilibrium and strain compatibility.

Equation 1 of Reference 22 can be used to predict the flexural
strength of rectangular walls having uniformly distributed reinforcement.
The accuracy of this equation has been verified by testing. Equation 2 of
Reference 22, shown as Equation 4-8 below, was presented as an adequate
approximation to Equation 1.

M = 0.5 A f f 1+ l- in-lb (4 8)u syw

where

A = Total area of vertical reinforcement at section, sq. in,
3

f = Yield strength of vertical reinforcement, psi

2 = Horuzontal length of wall, in,

c = Distance from extreme compressive fiber to neutral axis, n

N = Axial load, positive in compression, lb.

f' = Compressive strength of concrete, psi"

Inspection of Equation 4-8 reveals that the overturning moment capacity of
a rectangular wall can be adequately represented by lumping the total area
of the uniformly distributed vertical reinforcement at midlength of the
wall and applying the basic design provisions in Section 10.2 of ACI 318-71.

+ N )(t j (4-9)
BC

IA fM " ~

u sy u

where B is the ratio of the depth of the equivalent rectangular concrete
3

stress block to the distance to the neutral axis (c).
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This approach was typically used to predict the median flexural strength for~
walls without concentrated reinforcement. Concentrated reinforcement can be i

vertical wall reinforcement bars within the effective flanges of the cross
walls cast integrally with the wall evaluated. The compression flange steel
is typically neglected since it is near the neutral axis, and its effect on ,

the moment capacity is small. The total moment capacity of reinforced con-
crete shear walls including tensile flange steel is then:

+Af[gf y ,d -+ h )( 7 -
t 8c 8cg 3 1

(A f 2 (4-10)M =
u 2sy

<

'
where

Af = Area of flange steel

d = Distance from the extreme compressive fiber to the centroid
of tensile flange steel.

For the fragility evaluation of TMI-1 structures, flanges wera for the most
part neglected with slight conservatism resulting.

4.1.1.6 Examole of Shear Wall Failure in Flexure
,

The same wall that was analyzed for shear in Section 4.1.1.4 will
be analyzed for flexure. This east-west interior wall along Column Line 11

'has a 5-foot thick cross wall along Column Line F and a 2'-6" thick cross
wall along Column Line Hl. The vertical wall reinforcement bars are f18 at

18" each f ace for the 5-foot cross wall and #7 at 18" each face for the
2'-6" cross wall. It is expected that the flexural strL gth of this wall ;

will be lower for in-plan ( overturning moment causing tension in the
2.5-foot cross wall . As ducussed in Section 4.1.1.5, the compression
flange is neglected here with slight conservatism resulting. Thus, the
compressive stress block is assumed to be contained within the width of the
wall web which is 3-foot thick.

O
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The effective tensile flange width of the 2'-6" cross wall along
Column Line H1 was estimated from the recommendations in Reference 19, 41,

and 42. An effective width of 29.5 feet was selected. The distance from
the extreme compressive fiber to the centroid of the flange reinforcement

bars was estimated to be 66.8 feet.

The total axial load acting on the 3-foot E-W direction interior
wall was found to be 6962 kips based on the tributary gravity load of the
floors and walls above the section evaluated. The line of action of the
axial load was found to be at a distance 4~.1 feet from the extreme compres-
sive fiber. This axial load was reduced by the vertical ground acceleration
acting upward. The vertical ground acceleration was taken to be 2/3 of the
horizontal ground acceleration, A. The effect of tnis vertical direction
response was then combined with the concurrent response in the horizontal
direction using the 100%, 40%, 40% method discussed in Section 3.3.5.

The values to be used to evaluate the flexural strength of this
wall are as folloss:

f = 47 ksiy

f = 5900 psic

590 4
B = 0.85 - 0.05y 0

= 0.76

i = 68 ftg

A = 48 in2 80 - #7 vertical wall reinforcement bars
3

O
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!

,

!T 29.5x12
A f 18 x 2x0.6 #7 vertical wall reinforcement bars=

spaced at 18 inches on both faces

= 23.6 in2 ;

I

d = 66.8 ft

f1 = 6962 [ 1-0.4 ( 3- A) ] i
u

;

;

d = 41.1 ft distance from the extreme compressive fiber to ;w the line of action of the axial load

By solving for force equilibrium |

c = 6.3 -1.1 A ft

!
Bcy

= 2.4 -0.42 A ft
2

M = 48(47)[34-(2.4-0.42A)] + 6962 [1 -0.4( 3- A)][41.1 -u

O t

(2.4-0.42A)] + 23.6(47) [66.8 -(2.4-0.42A)] ;

= 412150 -67510A -780 A2 ;

The overturning moment acting on this wall due to the 0.129 peak ground
acceleration was found to be 76,200 k-ft from an elastic load distribution. )
The elastic applied load, M, due to some peak ground acceleration A is then: I

M = 76,200

= 635,000A

O
.

*
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The acceleration, A , at which the wall's capacity against elastic loads isy
mobilized can be found by equating the available overturning moment resist-
ance, M , to the applied elastic load, M, and solving for A.

u

M =M
u

412,150 -67,510 A -780 A = 635,000 Ay y

A = 0.59 (g)y

M = 375,000 k-ft
u

A
Y

-

F =
3 0.129

0.59
"

D Tl

= 4.9

This value is less than the median strength f actor against shear f ailure of
14 calculated in Section 4.1.1.4. Consequently, flexure failure is the con-
trolling f ailure mode for this wall. It is to be noted that after this wall
yields, load will redistribute to other walls of the structure. These other

walls have substantially higher strength than the wall evaluated here. Not

accounting for this load redistribution results in some conservatism in the
evaluation of flexure strength of this wall.

4.1.1.7 Structure Sliding

Resistance to structure sliding is provided by static friction be-
tween the structure foundation and the rock or soil below, lateral earth
pressures from backfill placed against exterior walls, and any shear keys
embedded into rock or soil. Gross structure sliding initiates when'the base
shear acting at the foundation-rock or soil interface equals the available
resistance. Initiation of sliding does not constitute structure or equip-
ment failure. As a structure slides as a rigid body, its accelerations and

O
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relative story drifts cannot exceed those values occurring at the initiation
of sliding. Failure modes resulting from structure sliding are displacement- !

dependent. For example, piping attached at one end to the structure that is
sliding and at the other end to some adjacent structure may fail under rela-
tive end displacement. Also, impact with adjacent structures may cause con-

|
crete spalling and subsequent damage to equipment or piping mounted near the
localized spalling regions. However, the sliding displacements necessary to
cause these failure modes are substantial and can occur only under peak
ground accelerations well in excess of acceleration levels initiating
sliding.

An approach recomended by Newmark (Reference 24) was used to pre-

dict structure sliding displacements. This approach is simple and results
in conservative estimates of the sliding displacement for single accelera-
tion pulses. Figure 4-3 sumarizes the features of Newmark's approach. The
ground beneath the strt:ture experiences a single horizontal acceleration
pulse, Ag, that lasts for a time duration t , and results in a velocity V.i

g The structure is represented as a rigid body that begins to slide relative
to the ground when its rigid body acceleration reaches Ng, where N is a coef-
ficient relating the net sliding resistance to the total structure neight.
Since the ground acceleration is conservatively assumed to be a square pulse,

sliding initiates instantaneously. Structure sliding ends at time t ,when
,

the structure has achieved the ground velocity, V. The relative displacement
'

between the ground and the structure is determined by integrating the rela-
tive velocity between the ground and the structure from time t = 0 to time
t=t'm

With estimates of the net sliding resistance coefficient, N, and
the ground velocity, V, as a function of the peak ground acceleration, |

Equation 4-11 (see Figure 4-3) can be used to determine the ground accelera-
,

tion resulting in sufficient relative sliding displacement, u , to cause the
m

failure mode under con.ideration. Since the ground acceleration is actually
a reversing function rather than a single pulse, this would tend to reduce
the sliding time duration and thus the relative sliding displacement. How-

0
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ever, for earthquakes in tiie Magnitude 5.8 to 6.8 range, several strong
motion cycles can occur. Depending on the phasing of the input motion and
structure response, some preferential motion (or ratcheting) may possibly
occur. This could only be determined analytically for a given structure by
conducting a series of time-history analyses using actual earthquake records
scaled to different accelerations as inputs. This was considered to be
beyond the scope of the current investigation.

Due to the highly uncertain nature of structure behavior past the
initation of sliding, the logarithmic standard deviation associated with
Nectark's approach was estimated to be 0.4. Because no relative displacement

can occur until sliding initiates, the acceleration capacity corresponding to
the initiation of sliding can be treated as a cutoff on the fragility curve '

for sliding-induced f ailure in a manner similar to that described in Section
2.3.

Many of the TMI-1 structures are not expected to slide. For
example, the reactor building containment is embedded in bedrock and, in
addition, has a sump keyed into the rock. With the exception of the diesel
generator building, the capacities of the other structures are controlled by
f ailure modes other than sliding. The capacity of the diesel generator
building was found to be controlled by sliding towards and subsequent impact
with the intermediate building.

4.1.1.8 Example of Sliding-Induced Failure

Determination of the ground acceleration, causing impact between the
intennediate building and the diesel generator building due to sliding of the
latter structure will be presented as an example of the application of
Newnark's approach. Accounting for the sliding resistance provided by the
shear strength of the compacted Lackfill confined by the shear keys below
the mat foundation, the sliding resistance coefficient was found to be:

,

|
'

N = 0.839 -0.267 A
,

|

!

O'
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The second term above accounts for the reduction in sliding resistance as- |

O- sociated with a vertical seismic acceleration acting upward. As discussed in :

Section 3.3.1, the peak bedrock velocity corresponding to a peak ground ac-
celeration of ig was estimated to be 28 in/sec. The peak ground acceleration
at the top of the compacted backfill was estimated to be about 1.2 times the ;

bedrock peak ground acceleration due to amplification of the ground motion by
the overburden. However, relatively little amplification was expected for
the ground velocity. More detailed discussion of the soil amplification of
the diesel generator building overburden is presented in Section 4.1.7.1. !

There is a 1.5 inch gap between the diesel generator building and the inter-
mediate building that is filled with styrofoam. After the diesel gent stor
building slides and closes this gap, any additional sliding displacement
will cause crushing or spalling of the concrete. It was estimated that a
total of 2.5 inches of sliding displacement will correspond to failure of
the l'-3" thick south wall of the diesel generator building and damage to
the safety-related ducting and piping supported by this wall. The acceler- ;

ition capacity was found by solving for A using Equation 4-11:

u = 2.5 inches i
m

,

V = 28 in/sec/g

r

= 28 A

= 28 A
ir

;

A = 1.2 A
r

'

where Ar and A are the bedrock peak ground acceleration and the free i

surface ground acceleration, respe-tively.

|

nv
4-19

__.



u *2N (4-11)l'
m

2 2
V V

0 gg-u=
m

(28 Ar) (28 Ar)
2(386.4)[0.839-0.267(1.2 A )T 2(386.4)(1.2 A )"

r r

Ar = 1.3

1.3
FS g=

:: 11

4.1.2 Structure Ductility

A much more accurate assessment of the seismic capacity of a struc-
ture can be obtained if the inelastic energy absorption of the structure is
considered in addition to the strength capacity. One tractable method in-
volves the use of ductility modified response spectra to determine the deam-
plification effect resulting from the inelastic energy dissipation. Early
studies indicated the deamplification factor was primarily a function of the

ductility ratio, u, defined as the ratio of maximum displacement to displace-
ment at yield. More recent analytic studies (Reference 7) have shown that
for single-degree-of-freedom systems with resistance functions characterized
by elastic-perfectly plastic, bilinear, or stiffness-degrading models, the
shape of the resistance function is, on the average,-not particularly import-
ant. However, as opposed to the earlier studies, more recent analyses have
shown the deamplification f actor is also a function of the system damping.

The Riddell-Newmark ductility modified response spectra approach can
be used to predict the inelastic energy absorption f actor, F , correspondingy

to some ductility ratio, u, in the following manner: |
|
.

F =[pu-q]" (4-12)y

!

!
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p where p = q+1 '

G
q = 3.0Y-0.30 in the amplified acceleration region.

.

= 2.7Y-0.40 in the amplified velocity region.

r = 0.48Y-0.08 in the amplified acceleration region.

= 0.66Y-0.04 in the amplified acceleration region.

Y = percent of critical damping. [

For systems in the amplified acceleration region of the spectrum (i.e., ;

between about 2 Hz and 10 Hz), Figure 4-4 from Reference 7, shows the deam-
plification function for several damping values as a function of the
ductility ratio.

One drawback of the ductility modified response spectra approach is -
that it dees not reflect the relationship between earthquake magnitude and
ductility. It is well known that lower magnitude earthquakes are not as !

damaging to structures and equipment as higher magnitude earthquakes with
the same peak ground accelerations. The reason for this is that the lower i

magnitude response spectra have lower energy content and shorter durations i

which develop fewer strong response cycles. Structures and equipment are
able to withstand larger deformations (i.e., higher ductility) for a few
cycles compared to the larger number of cycles resulting from longer duration

'events.

,

The method used in the TMI-1 fragilities evaluation to account for
this effect was based on the use of an effective ductility, p*, in conjunc-
tion with the Riddell-Newmark ductility modified spectra approach. The
following fonnulation was developed to calculate the effective ductility,

p*
= 1.0 + C D (u -1.0) (4-13)

O
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where the duration correction f actor, C , is a enction of the earthquake
D

magnitude.

A limited amount of research is available for use in developing C
D

factors. In Reference 26 structures with elastic frequencies of approxi-
mately 2, 3, 5 and 8 Hz were subjected to 12 earthquake records scaled to
sufficient intensity to produce ductility ratios of approximately 1.9 and
4.3. Included was one artificial record which developed response spectra

which envelope the US NRC Reg. Guide 1.60 spectra. The C adors used k
D

the TMI-l fragilities evaluation were based on the results from Reference 26.
C is considered to be frequency-independent based on these limited data.
D

The f actor of safety resulting from ductility effects, F , isy

dependent on both duration and spectral shape. Figure 4-5 is reproduced
from Reference 26 and clearly shows the effect of strong motion duration for
a ductility ratio of approximately 4.3. However, F is most strongly influ-

u

enced by the spectral shape and the frequency of the structure. Tables 4-3
and 4-4 also reproduced from Reference 26, show the F factors for the vari-

u

ous earthquake records and structure frequencies for the 1.9 and 4.3 ductil-
ity ratios, respectively. It is inappropriate to include results from Refer-
ence 26 for frequencies which lie in a steeply rising or falling portion of a
sharply peaked region of the response spectra. As a structure reaches sig-
nificant levels of inelastic response, there is a decrease in the resonant
frequency of the structure. If the elastic frequency,0f the structure is in
a portion of the response spectrum where the frequency shift results in lower
response, a relativelv higher F will be developed. Conversely, if the elas-u

tic frequency of the structure lies in a region of the response spectrum
where the frequency shift results in increased response, a relatively lower Fu

will be predicted. A revied of the data from Reference 26 indicates that

many of the Fu factors shown in Tables 4-3 and 4-4 do, in fact, lie in
steeply rising or f alling regions of the response spectra.

The TMI-l median ground resoonse spectra, however, are relatively
broadband &nd contain significant energy throughout the frequency range from
approximately 2.5 Hz to over 10 Hz. Thus, even though a number of str - .

"

O
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() at TMI-1 have relatively high fundamental elastic frequencies, it is incor-
'

rect to use all the F factors directly from the results from Reference 26u

together with the Riddell-Newmark method and the TMI-1 median spectra. For
earthquakes in the magnitude 6.5 to 7.5 range from Reference 26 considered
appropriate for eastern U.S. sites such as TMI, an average value of F of I

u

approximately 2.2 is indicated. For the appropriate earthquakes in the
magnitude 4.5 to 6.0 range, an average value of F of about 2.9 results for !u

ductilities of about 4.3. I

Using the Riddell-Newmark formulation for Fu given above together 1

with the 4.27 ductility ratio and 7 percent of critical damping used in Ref- 1

erence 26, a value of about 2.55 was calculated. For earthouakes in the 4.5
to 6.0 range, an effective ductility of about 5.6 results using the Reference
26 results which yields an "effective" ductility of about 5.6, or a duration.

correction coefficient of 1.4 Similarly, for earthquakes in the magnitude .

6.5 to 7.5 range, an effective ductility of about 3.2 with duration coeffi-
,

rient of 0.7 is indicated. The majority of seismic risk for the TMI-1 plant

g is expected to result from earthquakes centered around the magnitude 6.3
V range. Linear interpolation was used for the 1.4 and 0.7 factors to yield an

effective duration coefficient considered appropriate for TMI-l of about 1.0. -

e

!

The following definition of the inelastic energy absorption factor
was used for the TMI-1 structures whose f undamental frequencies are within i

the amplified acceleration region: [
b
a* |

Fy 3 (4-14)=

ap <

S Spectral acceleration from the elastic response spectrum=
a

e for the fundamental structure mode having a frequency in
the amplified acceleration region.

S Deamplified spectral acceleration accounting for nonlinear=
a u structure response.

Greater of 5 or S,=

.

a
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S,u,A
-

a
e

(u*)-0.13 (PGA) (4-16)S =
a

p,q,r - Equation 4-12

Peak ground accelerationPGA =

Equation 4-16 is also presented in Reference 7.

4.1.2.1 Examole of the Inelastic Eneroy Absorption Factor

As an example, the derivation of the inelastic energy absorption
f actor for E-W interior shear wall failure of the control building will be
shown. This failure mode is expected to have a median system ductility of
approximately 3.5. Response of the structure in the E-W direction is domi-

nated by the fundamental mode which has a frequency of about 11 Hz. The
median damping ratio was estimated to be 10 percent of the critical damping.

S, = 0.1769 from the 10% damped median site-specific spectrum

0 = 3.5

L* = 1.0 + 1.0(3.5-1)

= 3.5

q =3.0(10)-0.30
|

|

= 1.5

p = 1.5 + 1

= 2.5
9,

1

1
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'l

b

:

= 0.48(10)-0.08r

= 0.40 '

S, =[2.s(3.5)-1.5]-0.4 (0.176 )9

:

= (0.453)(0.1769)

= 0.08g
i

S (3.5)-0.13 (0.12g)
a u, RIG

.

= (0.850)(0.12g) ;
,

= 0.102g
3

i
.

S =S = 0.102g ;
a av u, RIG

|O ;

0.176 i
-

fu 0.102
"

;

i

= 1.7
'

:

4.1.3 Structure Response Used for Structure Fragility Evaluations
Determination of the structure response factors and their vaiiabili-

ties in fragility evaluations is typically performed using structure respon-
ses predicted by the original design dynamic analyses. No design information
regarding the TMI-l Class I structure loads was available to permit assess-
ment of the structural fragilities except for the reactor building contain-
ment. As an alternative, details of the original design dynamic models and
eigensolutions were obtained. Eigensolutions predicted using the model
information supplied were generated and compared to the original design
eigensolutions to verify that the dynamic model information was correctly
interpreted. Median-centered overall structure loads were then developed

O
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using the median-centered methods described in Section 3. These structure
loads were then used to determine the median strength factors in the
structures fragilities evaluations.

Because median structure responses were used directly, median
response factors were taken to be unity in the structures fragility evalua-
tions. An exception is the reactor building containment. The original
design response reported in the FSAR was used in the fragility evaluation of
this structure. Also, equipment fragility evaluations were typically
performed on the basis of the originsi design in-structure t rponse spectra
since generation of median-centered, in-structure spectra would require
greater effort than warranted.

The following discussion describes the determination of the median
structure response f actors based upon comparison of the median versus design
responses. This convention is retained for the benefit of understanding the
structure response factors used in the reactor building containment and
equipment fragility evaluations.

4.1.4 Spectral Shace, Damping, and Modeling Factors

As previously discussed, the important TMI-l structures were
designed using the ground response spectra shown in Figure 1-1. For the SSE,

five percent of critical damping was used for the reinforced concrete struc-
tures except for the reactor building and the concrete internal structure
where two percent of critical damping was used. For the reinforced concrete
comprising the lateral load-carrying structures for THI-1, ten percent of

;

critical damping is considered to be the median value expected at response |
1evels near failure (Reference 13). As shown in Figure 3-1, the ten percent
damped median-centered response spectrum scaled to 0.06g is below the five
percent damped original design OBE spectrum at all frequencies. The frequen- i

cies predicted by the THI-l original design dynamic models were available.
The spectral shape factor for each structure was based on the mode or modes j
contributing to most of the seismic response. The spectral shape factor at !

|the frequency under consideration is given by:

1
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/O S-

DU C - (4-17)F =
SS S

N =10%c

where SD represents the design spectral acceleration at the design damping >

represents the esti-value used for the structure evaluated and SM =10%
mated spectral acceleration associated with the median site-specific res-
ponse spectrum for 10 percent damping. As noted in Section 4.1.3, struc-- ;

ture loads used in the structure fragility evaluations of all structures
except the reactor building containment were derived from the median-centered

'

response spectrum. The median spectral shape factors for these structures
are therefore unity.

In computing the spectral shape f actor of safety, it is convenient
to combine the damping and ground response spectrum effects. In the develop- ;

ment of logarithmic standard deviations on spectral shape, however, it is
infonnative to consider the damping effects separately. This implies a
f actor of safety of unity on damping alone since it has already been included
in the factor of safety on spectral shape.

The logarithmic standard deviation on spectral acceleration, SSA'
may be estimated from Reference 13.

.

S +1eM
B

SA E" S (4-18) i
"

M
,

i

where Sg+1e is the spectral acceleration from the ten percent damped mean ,

plus one standard deviation (84 percentile) site-specific spectrum, and Sg
is the spectral acceleration from the ten percent damped median site-specific
spectrum.

The deviation on spectral acceleration resulting from dsmping, 8;,
can be estimated from:

Sg"U
CB = in (4 19)g 3

g =10%c

O
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where Sg is the spectral acceleration from the median site-specific
is the spectral accelera-spectrum at seven percent damping, and S M = 10%c

tion from the ten percent damped median site-specific spectrum. Seven
percent damping is estimated by Reference 13 to be one standard deviation
below the median damping value of ten percent for reinforced concrete struc-
tures at yield. The randomness and uncertainty components of s are judged
to be approximately equal. Thus,

8

(B )c *(8 )c = UR g
The original design dynamic models of the TMI-1 structures were

typically determined to be adequate to predict the seismic response. In

generating loads for the structures fragility evaluations, model modifica-
tions were incorporated if necessary. Modeling factors of unity typically
were used.

Variability in modeling predominantly influences the calculated mode
shapes and modal frequencies. Since the concrete strength and, consequently,
the stiffness of the structures is above the design values, calculated fre-
quencies would be expected to be somewhat less than actual values, at least
for lw-to-rroderate levels of response. At response levels approaching
f ailure, sof tening of the structures due to concrete cracking occurs, and for
structures analyzed using uncracked section properties, some decrease in the
actual frequencies compared to the calculated values is expected. Calculated
frequencies were generally assumed to be median-centered unless material

properties used in the original analyses differ from the material properties
calculated from test data enough to significantly change the calculated
frequencies. The mode shapes were assumed to stay the same regardless of
whether or not frequencies changed.

1

Modeling uncertainties from both the mode shapes and modal frequen-
cies enter into the uncertainty on calculated modal response as defined by
S. Thus,g

' + O ( -20)S OkSM MF

,
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;

,

P

where B and Bgp are estimated logarithmic standard deviations on structural :MS

response of a given point in the structure due to uncertainties in mode shape
and due to uncertainties in modal frequency, respectively. Based upon |
experience in performing similar analyses, 8g3 was estimated to be typically

iabout 0.15. The modal frequency variability shif ts the frequency at which
spectral accelerations are to be determined, so that: ,

.

in(S
Mf=fg ;

%2O8 4 >gp 3
M ,ff

M

|
where f is the median frequency estimate, and fg is the 84 percent exceed-

'

g

ance probability frequency estimate. The logarithmic standard deviation on f
frequency was typically estimated to be approximately 0.30 for the structures
evaluated. |

4.1.4.1 Example of Spectral Shape, Damoing, and Modeling Factors |

As an example, determination of the spectral shape, damping, andm

) modeling f actors and variabilities appropriate for failure modes associated
with the containment wall of the reactor building will be presented. Review
of the modal responses indicated that nearly all of the response quantities ;

are associated with the fundamental mode. This mode was found to have a !

median elastic frequency of 4.2 Hz compared to the original design frequency
of 3.8 Hz. This frequency shift can be attributed to the increase in struc-
ture stiffness associated with the median rather than design concrete
compressive strength.

As noted in Section 4.1.3, evaluations of the structural failure
modes for the reactor building were based on the design structure loads at 2
percent damping. For failure modes whose fragilities were derived from the
original design basis, the median spectral acceleration of 0.429 at the
original design frequency of 3.8 Hz for two percent design damping with the
median spectral acceleration of 0.20g at the median frequency of 4.2 Hz for
ten percent median damping:

F 0.42^
= 2.1SA = Of6

.
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From infomation defining the median-centered spectrum for the THI-1 site,
the variability associated with andomness was estimated as shown below:

B = rn = 0.18
R

where 0.24g and 0.20g are the spectral accelerations at the median frequency
obtained from the ten percent damped mean plus one sigma and median site-

specific spectra, respectively.

2 0.12e 7RB =
g

The composite variability associated with damping was based on a
comparison of the median spectral acceleration of 0.239 for seven percent
damping at the median frequency of 4.2 Hz with the median spectral accelera-
tion of 0.209 for ten percent riamping.

8 = tn

= 0.14

8

(s )C = ( e} C
C = 0.10=

R g
For this structure, uncertainty on frequency was estimated to be

0.30. The +18 and -1B frequencies were found to be:

F 33 = 4.2 e0.30

= 5.7 Hz

and F,yg = 4.2 e-0.30

= 3.1 Hz
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The +19 frequency range was found to be within the amplified acceleration
,

region of the median site-specific spectrum where the spectral acceleration- *

is constant. Consequently, modeling uncertainty due to frequency was esti-
mated to be essentially zero,

t

8mf =0

This value was combined with the estimated modeling uncertainty associated
with mode shape of 0.15 to give the total modeling uncertainty:

,

,

0 + 0.15eg =
,

= 0.15 i

4.1.5 Modal Combination
,

The seismic design analysis of TMI-1 structures was performed by
.

response spectrum analysis; therefore, phasing of the individue.1 modal
responses was unknown. Most current design analyses are normally conducted

[_v using response spectra techniques. The current recommended practice of the '

UStGC as given in Regulatory Guide 1.92 (Reference 15) is to combine modes
by the square-root-of-the-sum-of-the-squares (SRSS). For the TMI-1 struc-
tures, the absolute sum method was used to combine the modal responses

whereas for the equipment, the SRSS method was used as discussed in Section *

3.3.4. Many studies have been conducted to determine the degree of conser- ,

vatism or unconservatism obtained by use of SRSS combination of modes.
Except for very low damping ratios, these studies have shown that SRSS
combination of modal responses tends to be median centered. The coefficient
of variation (approximate logarithmic standard deviation) tends to increase *

with increasing damping ratios. Figure 4-6 (taken from Reference 27) shows |
the actual time-history calculated peak response versus SRSS combined modal

responses for structural models with four predominant modes. Based upon
!

these and other similar results, it is estimated that for ten percent struc-
tural damping, the SRSS response is median-centered. The median modal j
combination factor of safety was therefore taken to be 1.0 for equipment '

i

|
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fragilities based on the original design information. For the reactor build-
ing for which the original design loads were available, it was observed that
the response was dominated primarily by the fundamental mode such that the
absolute sum and SRSS methods lead to essentially the same seismic loads.
Consequently, the median modal combination f actor of safety was taken to be
1.0. The SRSS method of modal combination was used to develop the median

structure loads for other Class I structures as described in Section 4.1.3.
The median modal combination factor for structural fragilities based on
these loads was also taken to be 1.0. Where individual modal responses were

known, the absolute sum of these responses was used to estimate the coeffi-
cient of variation. The absolute sum is an upper bound estimated to be three
standard deviations above the median SRSS response.

4.1.6 Combination of Earthauake Components

The design of the essential TMI-1 structures was based on loads
developed from the absolute sum of one horizontal component and vertical
component of ground motion. Current licensing requirements consist of the
SRSS combination of responses from three principal directions (Reference 15).
Alternatively, it is recomended (Reference 13) that directional effects be
combined by taking 100 percent of the effects due to motion in one direction
and 40 percent of the effects from the two remaining principal directions of
motion. This was considered the median condition for the current evaluation.

Depending on the geometry of the particular structure under consid-
eration together with the relative magnitude of the individual load or stress

;

components, the expected stresses due to the 100%, 40%, 40% method of load j
combinations are decreased when compared with those calculated using the |
original design method. For shear wall structures where the shear walls in |

the two principal directions act essentially independently and are the con-
trolling elements, the two horizontai loads do not combine to a significant
degree except for the torsional coupling. Thus, only the vertical component
affects the individual shear wall stress. A moderate amount of vertical
load slightly increases the ultimate shear load carrying capacity of rein-
forced concrete walls, while the overturning moment capacity may be more
significantly affected. Typically, the effect of the vertical dead load on
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g the wall capacities was conservatively neglected. In these cases, the effect

of the vertical seismic component on the capacities and the earthquake compo-
,

nent combination variabilities was not included since these capacities
already contain conservatism due to not including the dead load. In other
cases, such as the control building interior wall described in Section
4.1.1.6, the increase in capacity due to the dead load was included. For .

these cases, the effect of the vertical seismic response on the capacity and
,

the earthquake component combination variability was also included.

The coefficient of variation is calculated in the same manner as it
was for the modal combination factor. The absolute sum of the three compo-
nents is an uoper bound, estimated to be three standard deviations above the
median.

4.1.7 Soil-Structure Interaction Effects
Two types of soil-structure effects are considered in the analysis

,

!of nuclear power stations. The first involves the variation in frequency
% dnd response of the structure due to the flexibility of the soil and the

' dissipation of energy into the soil by geometric damping. For structures
founded on competent bedrock such as most of the TMI-l Category I struc- ,

tures, these effects are usually small and are typically neglected in
;

current design analyses. A second effect is the amplification of the tad- '

rock motion through the soil. Again, for structures founded directly on the |

bedrock, essentially no amplification occurs, and the motion is nomally
specified at the foundation level as was done in the design of the TMI-1 |
structures. Thus, the design of the TMI-l structures founded on rock was |
conducted using current state-of-the-art assumptions and methods of analysis |

!in regard to the soil-structure interaction effects. The median seismic *

loads acting on the diesel generator building and the field-erected tanks
were detemined using fixed-base models. The effects of soil-structure

;

interaction on the seismic response of these structures were accounted for as |
described in Sections 4.1.7.1 and 4.1.7.2. |

\

|
.

1O
.
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4.1.7.1 Soil Amolification
The free-field peak ground acceleration to which the seismic hazard

curves are anchored is assumed to be at the bedrock where most of the TMI-l
Class I structures are founded. The backfill and overburden upon which the

diesel generator building and field-erected tanks are founded is about 30
feet deep overlying the bedrock. Some limited amplification of the bedrock
acceleration through this soil layer to the free ground surface is expected.
However, an evaluation to determine the increase of the peak acceleration
through the depth of the soil layer was not performed for the original
design analysis.

A review of other nuclear plant sites that have soil overburden with

similar characteristics to that at the TMI-l site was conducted as part of

the fragility evaluation. For these sites, the computer orogram SHAKE was
used to determine the amplification of the rock motion by the soil layer,
including the effects of strain degradation. Based on this survev, a median
soil amplification factor of 1.2 was estimated for the TMI-l structures

founded on overburden. For the diesel generator building, this effect of
soil amplification was included in the evaluation of sliding failure mode
capacity as shown in Section 4.1.1.8. For field-erected tanks, seismic

forces were obtained from dynamic analysis of stick model representing the
tank and contained fluid mass with a fixed-base at the top of the overburden.
However, the seismic input was the median site-specific ground response
spectrum anchored to 0.129 peak bedrocx ground accelerstion. To account for
this amplification of the bedrock ground acceleration to the free ground
surface by the overburden, the median soil amplification factor of safety

used in the fragility evaluation of these tanks is:

F SA = = 0.83
.

The logarithmic standard deviation associated with uncertainty of the soil
amplification factor of safety was found by estinating that there is a 95
percent confidence that the amplification factor is less than 1.5. The

randomness was estimated to be about one-fourth of the uncertainty.

O
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= 0.13
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R SA

4.1.7.2 Soil-Structure Interaction Method of Analysis

Flexibility of the soil and dissipation of energy into the soil by
geometric damping will affect the frequency and response of the the struc-

es founded on overburden. The seismic responses of the diesel generator
w.ading and the field-erected tanks used in the fragilities evaluation were
determined using fixed-base models. For the diesel generator building, the
governing f ailure mode results from impact with the intermediate building due
to structure sliding. As shown in Section 4.1.1.8, the capacity for this
f ailure mode is a function of permissible maximum sliding displacement, the
available resistance, and the ratio of the peak ground velocity to the peak
ground acceleration. As noted in Sections 4.1.1.8 and 4.1.7.1, the amplifi-
cation of the bedrock ground motion by the soil was accounted for in the

y) sliding fragility. The method of analysis used to represent soil-structure
interaction would affect the acceleration at which the structure would be
expected to begin to slide. However, soil-structure interaction is expected
to have relatively little influence on the capacity against structural damage
due to sliding. Thus, a method of analysis f actor of unity is used for
failure of the diesel generator building due to sliding. The shear walls
and diaphragm of the diesel generator building have capacities much greater
than that for sliding so any increase in response due to soil flexibility is
not expected to change the controlling fragility values for this structure.

For the borated water storage tank, the soil impedances presented in

Reference 43 were used to assess the effect of soil-structure interaction
method of analysis on the seismic response. The fundamental frequency of the
tank was found to shif t from the 5.2 Hz predicted by the fixed-base model to
about 3 Hz by considering the soil flexibility. Since both frequencies are
in the amplified acceleration region of the median ground response spectrum,

O cv ,

l
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no change in the spectral acceleration would be expected. Although the res-
ponse may increase due to a change in the predicted mode shape, the overall
system damping would also be expected to increase due to contributions from
soil material and geometric damping. These two effects tend to cancel each
other. The media, soil-structure interaction method of analysis f actor was
estimated to be unity for the borated water storage tank. Potential uncer-
tainties include accuracy of the equivalent stiffness and geometric damping,
strain degradation effects, soil properties, and the layering effect of
underlying bedrock. Logarithmic standard deviations associated with random-
ness and uncertainty were estimated to be approximately 0.02 and 0.10,
respectively.

One other possible area of concern is the slab uplif t of the struc-
tures at high input acceleration levels. For structures founded on competent
rock, there is insufficient energy in the low frequency carthquake waves to
sustain overturning motion of the structure at the very long response periods
required to overturn an auxiliary building or containment structure. At the
frequencies of maximum input energy content, although a very small amount of
uplif t may occur, the direction of input motian is reversed before any signi-
ficant rocking motion can occur. So long as significant rock or concrete
crushing does not occur, relative motion sufficient to cause piping or
electrical conduit failure is not considered a possible failure mode. The
bedrock at the TMI-l site is considered to be of adequate strength to
preclude f ailures resulting from base slab uplif t.

4.2 STRUCTURE FRAGILITIES

The significant f ailure modes for each of the essential TMI-1

structures included in this study were evaluated. The resulting fragilities
for each of these structures are discussed in the following sections.

4.2.1 Containment and Internal Structures
The containment structure is a post-tensioned reinforced concrete

structure consisting of a circular cylindrical wall capped by a shallow dome.
The containment wall is supported by a base mat bearing on rock. Principal
dimensions of the containment structure are:

O
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p Mat Radius 77'-3/8"
d Thickness 9 ' -O''

Liner plate thickness 1/4"

Cylinder I1 side radius 65'-0"
Wall thickness 3'-6"
Liaer plate thickness 3/8"
He gh: to springline 157'

Dome Insi a radius 110'

Thic: 1ess 3'

Liner plate thickness 3/8"

The controlling mode of failure for the containment structure was
found to be shear failure of the wall near the base. Concrete with a design
compressive strength of 5000 psi at 28 days was used to construct the wall.
Reinforcement in the meridional and hoop directions was provided with addi-
tional reinforcement included at the discontinuities to resist increased
stresses imposed by LOCA loading.

Horizontal shear forces due to seismic response of the containment
structure primarily introduce tangential shear stresses in the wall. The
results of scele model testing conducted to determine the strength of rein-
forced and prestresed containment structures subjected to seismic loads with
and without internal pressure are summarized in Reference 44 The median

shear strength of the containment wall was determined using empirical
relatioaships derived from these test results. Resistance to horizontal

seismic shear is provided by the concrete, the two-way reinforcement pattern,
and the hoop and "aridional prestressing tendons. This failure mode was
found to have a medien acceleration capacity of approximately 5.5g. Median
factors of safety and variabilities for this failure mode are listed in Table

4-6. This mode of failure results in a loss-of-liner integrity and potential
failure of the safety systems and components supoorted by the containment
wall. Other potential seismic failure modes were evaluated and found tn
have higher seismic capacities than the wall shear failure.

O
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The concrete internal structure consists of a primary shield wall
enclosing the reactor cavity, the secondary shield wall supporting the steam
generators, pressurizer, and reactor coolant pumps, and various floor slabs
and other walls. The internal structure also provides biological shielding
and missile protection. Bo'.h the primary and secondary shield walls are
founded on the base mat corn.m. with the containment structure. Dimensions
of the concrete internal structure are:

Primary Shield Wall Inacr radius 11'-6"
Thickness 5'-0" increased to

10'-6" at the bottom 10 feet
Height 41'-6"

Secondary Shield Wall Thickness 4'-0"
Height 86'-0"

Review of the internal structure indicated that failure due to
seismic response is e@ected to occur towards the base of the secondar.y

shield or at the 5-fot thick portion of the primary shield wall. Capacity
of the internal structure was found to be controlled by seismic loads acting
primarily in the N-S direction. Structural f ailure of the secor..iary shield
wall is e@ected to result from the overall overturning moment. Yhe median
acceleration capacity was found to be approximately 2.4 . Median factors of9

safety and variabilities for this f ailure mode are listed in Table 4-7. The

controlling mode of failure for the primary shielo wall was found to be shear
f ailure near the base of the 5-fout wall. The median acceleration capacity
of this failure mode was found to be approximately 2.6 . Median factors of9

safety and variabilities for this f ailure mode are listled i.n Table 4-8.
Structural failure of either the primary shield wall or the secondary shield
wall is epected to result in f ailure of the reactor coolant pressure
boundary.

O
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4.2.2 Control Building and Auxiliarv Building
- The control building, fuel handling building, and =riliary building

of TMI-l are structurally connected by various walls and f.oor slabs such
that it is essentially an integral structure. All three buildings are
located to the north of the reactor building and are founded on sound bed-
rock. The primary lateral force resisting systems of all three structures
are the reinforced oncrete shear walls. Seismic forces were ottained from
the dynamic analysis of a single dynamic model epresanting all three struc-
tures with seismic input consisting of the tea percent damped median site-
specific ground response spectrum anchored to 0.12g peak ground acceleration.

The control building is located to the east of the fuel handling
building and is constructed of reinforced concrete floor slabs poured on
steel decking and shear walls, with structural steel framing provided for
additional vertical load support. The structure is founded on continuous
wall footings and column spread footings at EL. 278 ft. It spans six stories

up to the 5 foot thick roof slab at EL. 400 ft. The control building is
structurally tied to the fuel handling building by the roof slab and the
concrete floor slab at EL. 306 ft. The E-W direction 5-foot thick exterior

V shear walls of the control building are also tied to the N-S direction
5-foot thick wast wall of the fuel handling building. Nuclear instrumenta-
tion and reactor protection panels are contained in the control building.
The control room is located on the floor at EL. 355 f t.

The fuel handling building is a rectangular box-type reinforced
concrete structure wi*h partial floor slabs at various elevations. It is

located between the control building and the auxiliary building and is
structurally tied together by the roof slabs of these two structures at
EL. 400 ft and 329 ft, respectively. All three buildings are tied together
by the concrete slab at EL 306 ft. The fuel handling building houses the
spent fuel pool, and is not important for safe shutdown except to the extent
it influences the remaining structure. The auxiliary building is a two-story

,

reinforced concrete structure housing equipment related to the chemical and |

volume control, component cooling water, and reactor protection system. It I

U(3
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is founded on a base mat which bears on bedrock at EL. 258 f t and 278 f t.
The roof slab is at EL 331 ft. Numerous exterior and interior reinforced
concrete shear walls oriented in both the N-S and E-W directions are present

in the auxiliary building.

The concrete shear walls in the conh ol building consist of 5-foot
thick exterior walls at the north, south and east sides, a 2'-0" interior
wall in the N-S direction, and a 3-foot interior wall in the E-W direction.
Except at the roof level and the floor slab at El. 306', two-inch gaps
filled with compressible material separate each ma,ior floor slab from the
5-foot exterior shear walls (see Figure 4-7) such that floor inertia forces
are to be resisted by the 2'-6" and 3-foot thick interior shear walls.
Review of the structural responses, wall dimensions, and the available
resistances against seismic loads indicated that the 3-foot interior wall
oriented in the E-W direction will govern the capacity of the control
building.

The original design dynamic model of the control building, the fuel
handling building and the auxiliary bui Uing was a single stick model with
tributary masses lumped at the major f'.oor elevations. Overall story stiff-
nesses were modeled by vertical beam elements between the mass points. This
relatively simple dynamic model was judged to be adequate for the prediction
of overall seismic responses of these three buildings. However, for the
evaluation of the E-W direction 3-foot interior wall on Column Line 11 of
the control building, a more refined load distribution model was employed to
obtain more realistic seismic loads in this wall. This load distribution
model, shown in Figure 4-8, reflects the fact that all control ouilding and
fuel handling building shear walls are tied together by the 5-foot thick
concrete roof slab at EL. 400 ft and that the concrete shear walls of all
three buildings are tied together by the floor slab at El. 306 ft. To
account for the elastic interaction between the 3-foot interior wall of the
control building and the other shear walls of all three buildings, the load
distribution model consisted of two separate vertical sticks which were

connected rigidly at the ? mf level of the control building and at EL. 306 ft.

O
'
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One vertical stick modeled the lateral stiffness of the 3-foot control
v building wall on Column Line 11 and was subjected to its tributary seismic

inertia forces. The second vertical stick modeled the lateral stiffness of
the rest of the structure and its corresponding seismic inertia forces. The
seismic inertia forces acting on the first stick were estimated by factoring
the tributary floor and wall masses by the SRSS E-W acceleration at each
floor. The inertia forces acting on the second stick were then estimated by
factoring the total lumped masses at each floor, reduced by the tributary 1

masses included in the first stick, by the SRSS E-W floor accelerations. The
overturning moment in the 3-foot wall at EL. 306' was obtained from the
static analysis performed on this load distribution model. This overturning
moment was transferred to the story below. Additional loads acting on the
lower story (from EL. 282' to EL. 306') wall were found from a load distribu-
tion model representing the connectivity of tN entire structure.

The controlling failuro mode of the control building was found to
be failure of this wall at the bottom story (EL. 282' to EL. 306') due to
in-plane overturning noment. The capacity of this wall was determined as
described in Section 4.1.1.6. The median acceleration capacity for this
f ailure mode was estimated to be approximately 1.0g. Median factors of
safety and variabilities are listed in Table 4-9. Failure of this wall is
expected to lead to damage to the critical equipment located in the control
building. It must be noted that when the 3-foot thick interior wall yields,

i

loads will be redistributed to the other shear walls which have substantially
;

more capacity than this wall. This load redistribution was not accounted for
;

in this study and the estimated median acceleration capacity of 1.0g is i

therefore considered to be conservative. If this failure mode is found to |

be dominant, an evaluation of the load redistribution would be warranted.

However, this evaluation is beyond the scope of this study.

'

Inspection of available drawings indicated that the control room
ceiling was safety-wired and the light fixtures above the control room were
braced. Failures of either of these systems are expected at acceleration
levels in excess of the controlling failure modes. Diaphragm capacities were
evaluated and found not to be controlling.
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The controlling failure mode of the auxiliary building is also
expected to be shear wall failure. Based upon an elastic load distribution
of the overall median structural loads, yielding due to in-plane overturning
moment is e@ected to initiate at the west wall between the auxiliary
building and the heat exchanger vault between EL. 281' and EL. 305'. The

median acceleration capacity was found to be approximately 1.7 . Median9

factors of safety and variabilities for this failure mode are listed in
Table 4-10. Shear wall f ailure is expected to lead to damage of the criti-
cal equipment located in the auxiliary building. Other potential failure
modes investigated include the diaphragm f ailure of the roof slab. This
failure mode was found not to be controlling.

4.2.3 Intake Screen House

The intake screen house is a reinforced concrete box-type structure
housing the safety-related river water pumps. The structure is founded on a
base mat bearing on sound bedrock. The main lateral force resisting system
consists of concrete slabs at the roof and the operating floor at EL. 308'
and the 5-foot thick exterior shear walls. Two 15-ft by 10-ft openings for
drawing river water are located near the base of the west wall facing the
Susquehanna River. Twelve-foot thick transverse guide walls are present in
the structure to channel the water flow.

Capacity of the intake screen house is expected to be governed by
flexural f ailure at the base of the west wall due to in-plane overturning
moment. The capacity of this wall against overturning moment was found by
using the approach described in Section 4.1.1.5. Any additional capacity
provided by load redistribution and flanges formed by the intersecting walls
was conservatively neglected. The median acceleration capacity was estimated
to be approximately 1.4g. Median factors of safety and variabilities are
listed in Table 4-11. Failure of this wall is expected to lead to damage of
the water pumps and other safety-related equioment. Other intake screen
house potential f ailure modes investigated included the diaphragm f ailure of
the floor slab at EL. 308'. The median acceleration capacity was estimated
to be approximately 2.99 for this failure mode.

O
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4.2.4 Intermediate Buildinq
;

The intermediate building is located between the diesel generator
building and the reactor building and separated from these structures by !

gaps of 1.5" and 3", respectively. The structure is founded on continuous
wall footings which bear on the bedrock at EL. 276'. The intermediate
building houses the emergency feed pumps and instrument air supply system.

The primary lateral force resisting system is composed of reinforced
concrete slabs at various floors and 3-foot and 5-foot thick interior and
exterior reinforced concrete shear walls. '

The failure mode having the lowest acceleration capacity is
flexural failure of the E-W direction wall adjacent to the reactor building
between EL. 295' and EL. 322' due to in-plane overturning moment. The capa- -

city of this wall against overturning moment was found using the approach !

described in Section 4.1.1.5. Any additional capacity provided by load :

redistribution and flanges formed by the intersection walls was conserva- '

tively neglected. The median acceleration capacity of this failure mode was
found to be appi aimately 1.3 . Median factors of safety and variabilities9

for this failure mode are listed in Table 4-12. Shear wa'il f ailure is
expected to lead to damage to the critical equipment loeded in this struc-

;

ture. !

,

Diaphragm f ailure was also investigated. The concrete floor slabs !

serve as diaphragms transmitting inertia forces to the walls and redistribu-
,

ting shear wall loads due to changes in relative wall stiffnesses from story-
to-story. The slab at EL. 322' is perforated by a series of openings and i

the stiffnesses of the walls above and below the slab change significantly. i

Failure of this portion of the slab is expected at a median acceleration ;

capacity of approximately 1.8g.
.

4.2.5 Diesel Generator Buf1 ding !

The diesel generator building is a one-story, box-type reinforced
concrete structure supported on a base mat bearing on a 30-foot overburden !

,

O !
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overlying the bedrock. The diesel generator building containt the emergency
diesel generators and related equipment. The main lateral load resisting
system consists of interior and exterior reinforced concreta shear walls.

The controlling f ailurc mode of this structure was found to be
impact between the intennediate building and the diesel generator building
due to sliding of the latter structure. Sliding initiates when the seismic
base shear overcomes the shearing resistance of the structural backfill
retained within the shear keys. However, as noted in Section 4.1.1.7, the
initiation of structure sliding does not necessarily imply failure. Sliding-
induced failure does not occur until sufficient displacement is developed to
damage safety-related equipment. The diesel generator building does not
contact the adjacent intermediate building until the 1.5 inch separation gap
is closed. Failure of the diesel generator building-is expected to corres-
pond to a sliding displacement towards the intermediate building of approxi-
mately 2.5 inches. For this sliding displacement, the ability of the south
exterior wall of the diesel generator building to support safety-related
equipment and resist seismic loads may be lost.

O
The median acceleration capacity against sliding-induced failure of

the diesel generator building in the south direction was calculated as shown
in Section 4.1.1.8. The median bedrock acceleration capacity for sliding-
induced f ailure was found to be approximately 1.3g. Median factors of safety
and variabilities for this failure mode are listed in Table 4-13. Sliding is

not expected to initiate until approximately 0.66g which may be considered a
lower bound cut-off for this mode of f ailure.

Safety-related piping and ducting pass between openings in the
diesel generator building south wall and the intermediate builoing north
wall. This piping and ducting may fail due to sliding displacement of the
diesel generator building in the E-W direction. Resistance to sliding in
this direction is essentially the same as that in the N-S direction. A

median sliding displacement of four inches is expected to cause failure of

G
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. the safety-related piping and ducting based on information available 9 the ;

d wall opening size and the piping layout. Because the permissible sliding
displacement is greater in the E-W direction than in the south direction,
sliding in the E-W direction does not govern. Other potential diesel

'

generator building failure modes evaluated included shear wall failure and
'diaphragm failure. These failure modes were found to have median accelera-

tion capacities greater than 3g.

4.2.6 Borated Water Storage Tank

The borated water storage tank (BWST) is fabricated from SA 240-304
stainless steel. It has a radius of 16'-6" and is 52'-0" at the top of the ;
side wall with plate thicknesses varying from 0.25 inches tn 0.421 inches.
A total of 39 two-inch diameter high strength (A540 Grade 21 Class 2) anchor
bolts are provided around the tank perimeter at the base mat. The base mat
is located on top of a 30-foot deep overburden as discussed in Section
4.1.7.1.

A fixed-base,' lumped mass dynamic model was used to determine the '

seismic response at the BWST. The impulsive fluid masses were determined
,

using the approach described in Reference 45. The tank shell stiffness was
modeled by beam elements between mass points distributed up the tank shell. :

Impulsive fluid effective weights were added to the tank shell weights at
each of the mass node points at and below the top surface of the fluid.
Seismic input consisted of the seven percent damped median site-specific

;

ground response spectrum anchored to 0.12g bedrock peak ground accelera- F

tion. The horizontal fluid sloshing mode was accounted for by a separate
analysis.

,

,

Capacity of the BWST was found to be governed by buckling of the
lowest shell course due to the overall structure overturning moment. The
buckling ttress was evaluated in accordance with the criteria in Refer-
ence 46. To account for the amplification of the ground motion by the over-
burden, a median soil amplification factor of safety nf 0.83 was included.
Derivation of this factor is described in Section 4.1.7.1. The median bed-

0 '

o
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rock acceleration capacity for the BWST was found to be approximately 0.629
Median factors of safety and variabilities are listed in Table 4-14. Buck-

ling of the tank wall is assumed to lead to a loss of contents due to the
potential for cracking at a weld.

4.2.7 Condensate Storace Tank
The condensate storage tank (CST) is fabricated from A-283C carbon

steel. It has a radius of 24'-0" and stands 20'-0" to the top of the side
wall with a plate thickness of 0.25 inches. A total of sixteen 1-1/2"
ciameter A36 anchor bolts are provided around the tank perimeter at the base
mat. The base mat is also located on top of the 30-foot deep overburden.

The CST was evaluated in the same manner as the BWST as described in Section
4.2.6. The failure mode of this tank consists of the anchor bolts yielding
in tension due to the overturning moment followed by compressive buckling of
the tank wall. This is assumed to result in fail:Jre of plate welds and loss
of tank contents. The median bedrock acceleration capacity of this tank is
approximately 2.0 .9

O

e
4-46

|

|
|



.

O O O
,

TABLE 4-1
i

RESULTS OF CONCRETE COMPRESSIVE STRENGTil TESTING (From Reference 16)

Speci fied Average Test Strength
Design Strength Age at Testing Test Strength Standard Deviation

Structure (psi) (days) (psi) (psi)

Containment Wall 5000 28 6100 580

<

5000 28 5900 610

.- All Other C'.tegory I
L Struct'.res
'd 3000 28 5000 790

1

!
a

!

!

!

i

I

!
!

|
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TABLE 4-2

MEDI Aft C0tiCRETE COMPRESSIVE STRErlGTil AND VARIABILITIES

Specified Median . Logarithmic
Design Strength Strength, f' Standard Deviation, 6

cStructure (psi) (psi)

Containment Wall 5000 7300 0.13

s
1.
* 5000 7100 0.14

All Other Category I
Structures

3000 5900 0.19
.
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TABLE 4-3

SCALE FACTORS NEEDED TO ACHIEVE u = 1.85O
r

a) Due to 6.5 - 7.5 Richter macnitude earthquakes

Model Structure Frequency
Earthquake Record ;

(Comp) 8.54 Hz 5.34 Hz 3.20 Hz 2.14 Hz

Olympia, WA., 1949
(N86E) 1.36 1.11 1.49 1.70

,

i

Taft, Kern Co., 1952
(569E) 1.20 1.25 1.50 1.78 i

i
El centro Array No. 12
Imperial Valley, 1979,(140) 1.34 1.56 1.29 1.48

Pacoima Oa n
San Fernando, 1971 (514W) 1.25 1.38 1.26 2.19

:

Hollywood Storage PE Lot, !

San Ferran::o,1971 (h90E) 1.45 1.65 1.58 1.39
,

El Centro Array No. 5 :
Imperial valley, 1979,(140) 1.58 1.60 1.34 1.51

:

Mean = 1,47 Median = 1.47 Range = 1.11 - 2.19

L

b) Due to 4.5 - 6.0 Richter magnitude earthquakes

Model Structure Frequen:y
Eartr; aie Record

(Co ;) 8.54 Hz 5.34 Hz 3.20 Hz 2.14 Hz ;

i

UC53 G:leta-

Santa Barbara, 1975 (180) 1.35 1.65 1.41 1,49

Gilroy Array No. 2, Coyote Lake,
1979,(050) 1.36 1.93 2.00 1.86

i
Gavilan College |
Holl i s ter, 1974 (567W) 1.61 1.55 1.62 1.93 j

Melendy Ranch Barn, Bear Valley, i

1972 (h29W) 1.45 1.96 2.18 1.98

Mean = 1.7i Median = 1.64 Range = 1.35 - 2.18

O
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TABLE 4-4

O
SCALE FACTORS NEEDED TO ACHIEVE 9 = 4.27

a) Due to 6.5 - 7.5 Richter magnitude earthquakes

Model Structure Frequency
Earthquake Record

(Comp) 8.54 Hz 5.34 Hz 3.20 Hz 2.14 Hz

Olympia, WA., 1949 1.56 1.54 2.61 3.75
(N86E)

Taft, Kern Co., 1952 1.25 1.65 2.05 3.38
(569E)

El Centro Array No.12 1.56 2.29 2.10 2.14| perial Valley, 1979,(140)

Pacoie.a Cam 1.70 1.86 2,67 3.89San Fernando, 1971 (Sl*,a,)

Holly. cod Storage PE Lot, 1.94 2.50 2.60 2.05San Fernando, 1971 (h30E)

El Centro Array No. 5 2.38 2.66 2.33 3.45Imperial Valley, 1979,(140)

Mean = 2.33 Median = 2.22 Range =1.b5-3.89

b) Due to 4.5 - 6.0 Richter magnitude earthquakes

Model Structure Fre:uency
Eart* nake Record

(Comp) 8.54 Hz 5.34 Hz 3.20 Hz 2.14 Hz

UCSB Goleta 1.52 2.05 2.05 1.96Santa Bartara, 1978 (153)

Gilroy Array No. 2, Coyote Lake, 1.56 3.85 4.36 3.031979,(050)

Gavilan College 2.84 2.97 2.71 8.49Hollister, 1974 (567W)

Melendy Ranen Barn, Bear Valley, 1.89 5.48 5.16 3.36
1972 (N29W)

Mean = 3.33 Median = 2.91 Range = 1.52 - 8.49

9
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TABLE 4-5

,

COMPARiduti 0F RECENT STUDIES (REFERENCE 26)

WITH AMENDED RIDDELL-NEWMARK PROCEDURE

t

:

!
!

A.. ended +

Riddell-Newma rk [e erence 26
~

Median Range Median RangeMagnitude Range u

!

6.5 < M < 7.5 4.27 2.22 1.25 - 3.89 2.24 1.28 - 3.92 {

4.5 < M < 6.0 4.27 2.91 1.52 - 8.49 2.89 1,41 - 5.94 !

6. 5 < M < 7.5 1.85 1.47 1.11 - 2.19 1.49 1.14 - 1.92 f
e
'

4.5 < M < 6.0 1.85 1.64 1.35 - 2.18 1.84 1.21 - 2.69 .

i

I

|

O
.
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TABLE 4-6

Structure: Reactor Building

Failure Mode: Shear Failure of Containment Wall

|

Factor Median 8 8 8
R U C

F.S.

Strength 11 0 0.22 0.22

Inelastic Energy Absorption 2.0 0.24 0.18 0.30

Spectral Shape 2.1 0.18 0.12 0.22

Damping 1.0 0.10 0.10 0.14

Modeling 1.0 0 0.15 0.15

Modal combination 1.0 0.03 0 0.03
Combination of EQ Components 1.0 0.01 0 0.01

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0
Method of Analysis 1.0 0 0.05 0.05-

-

Total 46 0.32 0.36 0.48

Median Acceleration Capacity = 46(0.12 )9
= 5.5g

TABLE 4-7

Structure: Concrete Internal Structure

Failure Mode: Failure of Secondary Shield Wall

Factor Median S S 8
R U C

F.S.

Strength 12 0 0.23 0.23
Inelastic Energy Absorption 1.7 0.18 0.14 0.23
Spectral Shape 1.0 0.15 0.10 0.18
Damping 1.0 0.08 0.08 0.11

Modeling 1.0 0 0.18 0.18
Modal Combination 1.0 0.01 0 0.01
Combination of EQ Components 1.0 0.01 0 0.01

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0
Method of Analysis 1.0 0 0.05 0.05

Total 20 0.25 0.35 0.43

tiedian Acceleration Capacity = 20(0.12 g)
2.49=
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TABLE 4-8

Structure: Concrete Internal Structure

Failure Mode: Shear Failure of the Primary Shield Wall

Factor Median S 8 8
R 0 CF.S.

Strength 13 0 0.25 0.25

Inelast'ic Energy Absorption 1.7 0.18 0.14 0.23

Spectral Shape 1.0 0.15 0.10 0.18

Damping 1.0 0.08 0.08 0.11

Modeling 1.0 0 0.18 0.18

Modal Combination 1.0 0.03 0 0.03

Combination of EQ Components 1.0 0.01 0 0.01

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0
Method of Analysis 1.0 0 0 .05 .05 -

Total 22 0.25 0.37 0.44

Median Acce!eration Capacity = 22(0.12 g)
2.69=

TABLE 4-9

Structure: Control Building

Failure Mode: Shear Wall Failure

Factor Median s 8 8
R U C

F.S.

Strength 4.9 0 0.24 0.24

Inelastic Energy Absorption 1.7 0.18 0.14 0.23

Spectral Shape 1.0 0.16 0.10 0.19

Damping 1.0 0.08 0.08 0.11

Modeling 1.0 0 0.19 0.19 j

Modal Combination 1.0 0.07 0 0.07

Combination of EQ Components 1.0 0.04 0 0.04

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0

Method of Analysis 1.0 0 0.05 0.05
,

Total 8.3 0.27 0.36 0.45

Median Acceleration Capacity = 8.3 (0.12 9)
* 1.0g

NOTE: Load redistribution after yielding of this wall was not accounted
for in this study such that the reported median acceleration capacity
is conservative. See discussion in Section 4.2.2 4-53



1ABLE 4-10

Structure: Auxiliary Building

Failure Mode: Shear Wall Failure

Factor M n S 8 8
R U C

Strength 8.6 0 0.23 0.23

Inelastic Energy Absorption 1.6 0.16 0.12 0.20

Spectral Shape 1.0 0.15 0.10 0.18

Damping 1.0 0.09 0.09 0.13

Modeling 1.0 0 0.19 0.19

Modal Combination 1.0 0.04 0 0.04

Combination of EQ Components 1.0 0.04 0 0.04

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0
Method of Analysis 1.0 0 0.05 0.05_

Total 14 0.24 0.35 0.43

Median Acceleration Capacity = 14 (0.12 9)
1.79=

TABLE 4-11

Structure: Intake Screen House

Failure Mode: Shear Wall Failure

Factor Median S a 8
R u C <

F.S. '

Strength 9.2 0 0.22 0.22
Inelastic Energy Absorption 1.3 0.09 0.07 0.11

Spectral Shape 1.0 0.05 0.03 0.06

Dampin9 1.0 0.02 0.02 0.03

Modelin9 1.0 0 0.16 0.16

Modal Combination 1.0 0.05 0 0.05
Combination of EQ Components 1.0 0.03 0 0.03

Soil-Structure Interaction
Soil Amplification 1.0 0 0 0
Method of Analysis 1.0 0 0.05 0.05

Total 12 0.12 0.29 0.31

liedian Acceleration Capacity = 12 (0.129)
1.49
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TABLE 4-12 i

Structure: Intermediate Building

Failure Mode: Shear Wall Failure

Factor Median S 8 8
R U C

F.S.

Strength 7.1 0 0.22 0.22
'Inelastic Energy Absorption 1.6 0.16 0.12 0.20

Spectral Shape 1.0 0.11 0.08 0.14

Damping 1.0 0.06 0.06 0.08
Modeling 1.0 0 0.18 0.18
Modal Combination 1.0 0.01 0 0.01
Combination of EQ Components 1.0 0.06 0 0.06 |

i

Soil-Structure Interaction |
Soil Amplification 1.0 0 0 0 :
Method of Analysis 1.0 0 0.05 0.05_ '

Total 11 0.21 0.33 0.39 !

Median Acceleration Capacity = 11 (0.12 g) I

1.3g=

i t

TABLE 4-13 i

IStructure: Diesel Generator Building

Failure Mode: Structure Impact Due to Sliding (Southward) |
|
i

Factor Median 8 S 8 |g U CF.S.
I

Strength 11 0 0.41 0.41 |
Inelastic Energy Absorption 1.0 0 0 0 |

|

Spectral Shape 1.0 0.19 0.06 0.20 '

Damping 1.0 0 0 0

Modeling 1.0 0 0 0

Modal Combination 1.0 0 0 0

Combination of EQ Components 1.0 0.13 0 0.13

Soil-Structure Interaction
Soil Amplification 1.0 0.01 0.05 0.05
Method of Analysis 1.0 0 0 0

( Total 11 0.23 0.42 0.48

liedian Acceleration Capacity = 11 (0.129)
1.39 (0.66 lower bound cut-off)=

4-55
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TABLE 4-14

Structure: Borated Water Storage Tank

Failure Mode: Buckling of the Tank Wall

Factor Median B 8 8
R U CF.S.

Strength 6.3 0 0.33 0.32
Inelastic Energy Absorption 1.0 0 0 0

Spectral Shape 1.0 C.22 0.15 0.27
Damping 1.0 0.08 0.08 0.11
Modeling 1.0 0 0.15 0.15
Modal Combination 1.0 0.02 0 0.02
Combination of EQ Components 1.0 0.02 0 0.02

_

Soil-Structure Interaction
Soil Amplification 0.83 0.03 0.13 0.13
Method of Analysis 1.0 0.02 0.10 0.10-

Total 5.2 0.24 0.43 0.49
Median Acceleration Capacity = 5.2(0.12 g)

h0.629=

_

O
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5. EQUIPMENT FRAGILITY !.u

!

i

This chapter describes the fragility development for the seis-
mically critical equipment within the TMI-1 Nuclear Power Plant. PL&G )

has identified those equipment items which are essential to plant safety
;

during and after a seismic event. Based on a review by PL&G of the |
seismic hazard curves for the TMI site, frequencies of earthquakes greater !

than about 1.0g are so low that they could not result in system failure !

frequencies that apprcach what can be expected for other initiating events.
Consequently, components exhibiting a median ground acceleration capacity
(A) of 1.0g or greater will have a negligible impact upon risk associated

,

with the THI-1 plant operation. Therefore, plant-specific fragilities were
,

not derived for those components which could be shown to possess an 5 greater
{

than 1.0g and for which there was a high confidence of a low probability of
'

failure of at least 0.4g. The remaining list of TMI-1 equipment which could j
not be shown to possess an inherently high capacity had their fragilities
derived in two phases. Phase 1 consisted of using conservative lower bound [
values for the component fragilities based on the past PRA fragility data

,

base and on actual earthquake experience. These conservative fragility des- I

criptions were then run through plant system models in order to determine
governing accident sequences. From these accident sequences, critical

,

components which dominated core damage and the plant risk were identified. ;
Phase 2 consisted of developing plant-specific fragilities for only those

f
components that dominate core damage and risk. Updated plant-specific
fragilities were used together with the balance of conservative fragilf ties i

from Phase 2 in conducting the final risk analysis. ;

;

Section 5.1 contains a general description of the equipment
fragility methodology with a more in-depth treatment than was provided in
Chapter 3. Section 5.2 presents a set of representative example fngility I

derivations which provide the reader with further insight into the equipment
fragility determination process. Section 5.3 presents the resulting equip- ,

ment fragilities for the THI-1 plant.
;

'

;

:

!
'
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5.1 EQUIPMENT FRAGILITY METHODOLOGY

Fragility as used in probabilistic seismic safety studies is
defined as a conditional probability of failure for a given hazard input.
In this case, the fragility of a component or system is defined as the
failure fraction as a function of effective peak ground acceleration.
The development of these fragility levels combined with a discussion of
the available infonnation sources and the selection of equipment cate-

gories are all part of ti;e equipment fragility methodology. Section 5.1
describes and defines the derivation procedure for equipment fragilities.
Section 5.1.2 describes the methodology used in Phase 1 to develop the
conservative fragilities for Phase 1 of the TMI risk study. Section $.1.3
specifies the information source fram which component fragilities are
typically derived.

5.1.1 Fragility Derivation

The procedure used in deriving fragility descriptions is similar
to that used for structural fragility descriptions, wherein, f actors of

~

safety and their variability are first developed for equipment capacity
and equipmeni. response. These two factors, along with the factor of
safety on structural response, are then multiplied together to obtain an
overall factor of safety for the equipment item.

E=FEC ' ER ' SR (5-1)

k is the capacity factor of safety for the equipment relative to theEC
floer acceleration used for the design, F is the factor of safety

ER
inherent in the computation of equipment response, and F

SR is the
f actor of safety in the structural response analysis that resulted in
floor spectra for equipment design. Sections 5.1.1.1, 5.1.1.2, and
5.1.1.3 of this report contain a more thorough explanation of these three
factors (IEC* k , and FSR),respectively. The overall factor ofER

safety, I , is then cultiplied by the reference earthquake peax ground
E

acceleration to obtain fragility in terms of peak ground acceleration,

k=FE* A (5-2)SSE

O
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I

|

.

.

where:

k Median ground acceleration capacity=

|

ASSE Peak ground acceleration of the safe=
,

shutdown earthquake i
.

In most instances, the SSE was used as the reference earthquake; however,
,

the OBE was used as a reference for those cases where the OBE acceptance [
criteria governed the equipment design.

The logarithmic standard deviation, 8, for each of these f actors
is obtained us'1g the logarithmic standard deviations for each of the
above f actors and based upon the lognormal model (Appendix A).

E " (8kC + BER + 85R) (5.3)8

where SEC 8ER, and BSR are the logarithmic standard deviations of
p the equipment capacity, equipment response and structural response,

respectively. The logarithmic standard deviations are further divided
into random variability, S , and uncertainty, S , as described in

R U
Chapter 3.

.

5.1.1.1 Equioment Capacity Factor

The equipment capacity factor is defined as the failure threshold
divided by seis h design level. For the purposes of this study, the ul-
timate f ailure threshold is the accekration level at which the component
ceases to perform its intended function. This failure threshold could
consist of a breaker tripping on a motor control center, excessive deflec-
tion of the control rod guide tubes or a support failure of the reactor
vessel. Where several failure modes pertaining to the same component are
found to have roughly the same capacity level, all significant failure
modes are analyzed and reported.,

O
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The f actor of safety for the equipment seismic capacity consists
of two parts:

1. The strength f actor, F , based on theS
components static strength and

2. The ductility f actor, F , related to they
equipment's inelastic energy absorption
capability.

FEC = F3F (5-4)y

The logarithmic standard deviation on the capacity can be derived
by taking the SRSS of the logarithmic standard deviations on the strength
factor and the ductility factor. The randomness and the uncertainty por-
tion of the variability can each be derived individually from Equation
5-5, by substituting the random or the uncertainty for the strength
f actor and the ductility f actor (i .e., 8 for 8 and S for B , etc.).

3 3

S EC " (8s+S) (5-5)p

5.1.1.1.1 Strength Factor - The strength f actor, F ,13 derived from
3

the equation:
;

P P
C N

bb
F3= p p (5-6)

T N

D b
i

where PC is the median limit state load or stress, Pn is the normal
operating load or stress, P is the total normal plus seismic load orT

stress and P is the code design allowable load or stress.D

|

I
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Alternatively, this equation can be written:

P -P
C N

F (5-7)3= p
SSE

where PSSE is the seismic load or stress corresponding to the safe
shutdown earthquake. The normal and the seismic loads (PN and PSSE)
are typically derived from the seismic qualification reports and the
other information sources described in Section 5.1.3. The calculation of
the collapse or limit load, P , is a function of the failure mode for

C

the specific equipment item. Equipment failures can be classified into
three categories:

1. Elastic functional failures.

2. Brittle failures.

3. Ductile Failures.

O
Elastic functional failures involve the loss of intended function

while the component is stressed below its yield point. Examples of this
type of failure include:

1. Elastic buckling in tank walls and component
supports.

2. Chatter and trip in electrical components.

3. Excessive blade deflection in fans.

4. Shaft seizure in pumps.

The limit state load for this type of a failure is defined as the load or
stress level where functional failure occurs.

O
D
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|

Brittle failures are defined in this study as those failure modes
which have little or no system inelastic energy absorption capability. ;

'

Examples of brittle type failures include:

1. Anchor bolt failures.

2. Component support weld failures.

3. Shear pin failures.

Each of these failure modes have the ability to absorb some inelastic
energy on the component level, but the plastic zone is very localized and
the system ductility for an anchor bolt or a support weld is very small.
Thus, the collapse load for a brittle failure mode is defined as the
median ultimate strength of the material. For example, consider a trans-

fomer structure whose anchor bolts have been determined to be the criti-
cal failure mode. Under seismic loading, the massive transformer will
typisally be stressed well below its yield level while the bolts are being
stressed well above the bolt yield level. The amount of system inelastic
energy absorption provided by the bolts' plasticity is negligible when
compared to the seismically-induced kinetic energy of the transformer
structure, and thus, these bolts will fail in a brittle mode once the
ultimate bolt strength is reached.

Ductile f ailures coir. cide much more closely with the structure
failures which were described in Chapter 4. Ductile failure modes are
those in which the structural system can absorb a significant amount of

energy through inelastic defomation. Examples of ductile failure modes

include:

1. Pressure boundary failure of piping

2. Structural failure of cable trays

3. Structural failure of ducting

4. Polar crane failure.

O
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9

.J The collapse load for ductile failure modes consists of the median yield .

strength of the material for tensile type loading conditions. For ;

bending type failure modes, the yield point is defined as the limit load [
or stress to develop a plastic hinge. The ductility factor will then
quantify the inherent safety f actor above the yield strength to the
failure threshold.

;

Each variable within Equations 5-6 and 5-7 has an associated
lognomal probability distribution to express its combined randomness and
uncertainty. To find the overall variance on the strength f actor, a
technique commonly referred to as the "Second Moment Method" is utilized. |
The mean and variance of a function comprised of lognormally distributed f
variables can be derived utilizing the moments (i.e., the mean and
variances) of the logarithms o# the distribution of each variable

,

(Reference 29). The resulting equation for the logarithmic standard !
deviation on the strength factor derived from Equation 5-6 is given below:

O ,

P*C
2V P

.2 ., ,

.,5
(pC-P) (PT-PNN

(5-8).

- ,

(PC-P) P Y2T N , ,2

(PT-P)2 (p, ~
g 'N

.

where: ;

1

BC Logarithmic standard deviation on the col- |
=

lapse or limit load (stress).

ST Logarithmic standard deviation on the total=

load (stress).

BN Logarithmic standard deviation on the normal=

load (stress).

Iv
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Similarily, the equation for the logarithmic standard deviation on the
strength factor derived from Equation 5-7 is:

.

Y
85= P* . 8* + (P -P ) '8SSE + P[ . 8 2 (p -P ) (5-9)N C C N

where:

Sc and By have previously been defined, and

BSSE = logarithmic standard deviation on the seismic load (stress).

5.1.1.1.2 Inelastic Energy Absorption Factor - The inelastic energy
absorption capability of a piece of equipment is quantified by the
inelastic energy absorption factor (or ductility factor). Brittle
f ailure modes and functional f ailure modes typically have a ductility
factor of 1.0, while ductile type failure mo6 . have ductility factors
which are a function of a deamplification factor. Section 4.1.2 of this
report describes in great detail the methodology utilized in deriving an
appropriate ducu ' t ty f actor for THI-1. The ductility factor is based on
the Riddell-Newmark methodology presented in Reference 7, but is has been
updated to reflect the correlation between earthquake magritude and
system ductilicy. The median ductility factors and their variabilities
were established in Section 4.1.2 as a function of the component's natural
frequency, and are summarized below:

|
a. For the 2 Hz to 8 Hz range, |

1

"
( q +1 ) * u *-q (5-10)F =y

1

9
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( where

q = 3.0xj
;

r = 0.48xj !
'

j = percent of critical damping to be used.

u* = effective ductility ratio
;

= 1.0 + CD (u-1.0) '

'

C D = factor accounting for the earthquake duration;
for TMI equipment, this factor equals 1.1. |

This differs from the CD = 1.0 which was ,

reported in Chapter 4 for shear wall structures
.

because of the different hysteresis character- t

istics of the two types of components.
!

b. For the rigid range, -

F = u* 0.13 (5-11)
-

y
t

where u* is as previously defined,

c. For the range 8 Hz < f < rigid range.

A linear interpolation utilizing log-log paper is i
applicable for ductile equipment with natural

.

frequencies in this range. A point at 8 Hz should be '

plotted using F from Equation 5-10 and another point '

should be plotted at the lowest unamplified (rigid)
,

frequency for the floor spectrum using Equation !

5-11. A line drawn between these two points on
log-log graph paper trill uniquely determine the
ductility factors within this frequency range.

The variabilities for these median ductility f actor derivations are evalu-
,

ated by estimating a 1% probability (-2.33#) that the actual ductility |

factor is less than 1.0. Thus, the following equations determine tne ;

composite variability, randomness and uncertainty, respectively.
|
|

h in(F )s =
y

8
9
R "C (5-12)

CQ 8, 0.6 x s=

5-9
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The ductility ratio, u, itself is based upon the recomendations
given in Reference 6. This reference gives a range of ductility values
to be used for design. The upper end of this range is considered to be a
median value. Engineering judgment was utilized to match the applicable
category from Deference 6 to a particular failure mode for the equipment
component.

5.1.1.2 Equipment Response Fe.'.or

The response f actors are an estimate of the conservatism or
unconservatism that may have existed in the computation of seismic
response during the design pro e ss. In this section, individual response
factors are described for both plant specific and generic equipment.
These factors differ according to the seismic qualification procedure
which was used in the equipment design.

There are three types of seismic qualifications which were
performed for TMI-1 plant equipment:

1. Dynamic Analysis.

2. Static Analysis.

3. Testing.

For equipment qualified by dynamic analysis, the important
variables that affect the computed response and its ' dispersion are:

1. Qualification Method (Fgg)

2. Spectral Shape (F33)

3. Modeling (effects mode shape and frequency
results) (Fg)

4. Damping (F )D

5. Combination of Modal Responses (for response
spectrum method) (FMC)

6. Combination of Earthquake Components (FECC)

O
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For equipment qualified by static analysis, two subdivisions
must be considered. For rigid equipment, variabilities due to spectral
shape, combination of modal responses, damping, -and for the most part,
modeling errors are eliminated. If the equipment is flexible and was
designed via the static coefficient method, the dynamic characteristic
variables and their variability must be considered. This involves
estimating the range of frequency of the equipment and introduces a much
larger uncertainty in quantifying the response factor.

Where testing is conducted for seismic qualification, the
response factor must take into account:

1. Qualification Method (FQM)
2. Spectral Shape (F33)

3. Boundary Conditions in the Test vs Installation
;

(FBC) |

|4. Damping (F )D '

5. Spectral Test Method (sine beat, sine sweep, com-
plex waveform, etc.) (FSTM)

6. Multi-directional Effects (FMDE)- I
"

i

IThe overall equipment response factor is the product of each of
;

these variables. The overall variabilities (uncertainty and randomness)
are calculated by taking the SRSS of the individual logarithmic standard
deviations for each of the variables. A brief description of each of the
variables used to develop the equipment response f actor is provided

below. A more detailed discussion is contained within Reference (30).

5.1.1.2.1 Qualification Method Factor - The qualification method factor

is a measure of the conservatism /unconservatism involved in the scismic
qualification method used to seismically qualify the component. Analyti-
cal qualifications can be separated into static analysis and dynamic

I

O :
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analysis techniques. The inherent safety factor in using these qualifica-
tion techniques is discussed below, while the variability on this factor
is generally accounted for within the damping, modeling and mode combina-

tion f actors (i.e., #g =# = 0.0).
'

5.1.1.2.1.1 Static Analysis - The static coefficient method is intended

to be a conservative upper bound method by which simple components may be

qualified. Typically, the peak spectral acceleration is multiplied by a
coefficient and this product is multiplied by the weight of the component
to determine an equivalent static load to be applied at the subsystem
center of gravity. If the component is comprised of more than one lumped

mass, the same procedure may be applied at each lumped mass point in the
static model or may be applied as a uniformly distributed load on the
static rnodel . If the component is rigid (i.e., its fundamental frequency
is above the frequency where the response spectrum returns to the zero
period acceleration), the degree of conservatism in the response level
used for design is the ratio of the specified static coefficient divided

by the zero period acceleration of the floor level where the equipment is
mounted. If the eqaipment is flexible and responds predominantly in one
mode, the degree of conservatism is the ratio of the static coefficient
to the spectral acceleration at the equipment fundamental frequency.

5.1.1.2.1.2 Dynamic Analysis - Response spectrum, mode superposition
time-history and direct integraticn time-history dynamic analysis methods
may be applied in subsystem response analyses. If response for a single
degree-of-freedom model with best estimate material properties and damping
are computed by the response spectrum method, the mon superposition

time-history method or the direct integration time history method, we
would expect to obtain equal median centered results assuming that the
response spectrum and time-history inputs are compatible.

The response spectrum method was extensively used for dynamic

analysis of components and systems within the TMI plant. If the appli- )
cable TP: ficor response spectra were utilized in the design analysis,

|

9|
|
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the qualification method f actor, Fgg, is equal to unity and the vari-
ability is zero. If conservative generic spectrum were used to seismi-

cally qualify a component, Fgg is the ratio of the spectral acceleration
from the generic spectrum divided by the spectral acceleration from the
TMI site-specific spectra evaluated at the components' fundamental

s

frequency.

5.1.1.2.1.3 Testing - In vibration testing, the test response spectrum
generally envelopes the required response spectrum by approximately ten
percent or more depending on the frequency range. If the test response

spectra are available within the test report, the overtest safety factor
will be accounted for in the strength factor. The qualification method
factor (Fgg) and variability (#gg) will therefore be unity and zero,
respectively. If the component fragility is being based on testing where

the test response spectra are not available, FQM and #QM account for
the overtest safety factor and variability on a generic case-by-case
basis.

(D
V Fragilities derived on the basis of generic U.S. Army Corps if

Engineers shock test results (see Section 5.1.3.6 of this report) have
the following fragility parameters:

FQM = 1.04

BQMR = 0.0

#QM = 0.11u

These values are based on the data within Reference 30.

5.1.1.2.2 Equioment Soectral Shaoe Factor - The TMI floor response spectra

were computed by means of a simplified time-history (T/H) seismic analysis.
The overall dynamic response of each of the critical buildings was modeled
by lumping the mass of the structure and rigidly attached components gener-
ally at each of the floor levels. The conservatism /unconservatism involved

OV
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in developing the floor response spectra from the ground response spectra
is quantified with the equipment spectral shape factor. The conservatism /
unconservatism involved in using the specified THI design response spectra
in lieu of median Safe Shutdown Earthquake spectra is quantified in develop-
ment of the spectral shape factor associated with the structural response

f actor (See Section 5.1.1.3).

The response spectrum method is often referred to as being con-
servative, however, the conservatism compared to a time-history analysis is
primarily due to the method of developing the spectrum. Spectra used for
design purposes are generally smoothed and the peaks are widened such that
the resulting design spectrum is conservative. In addition, conservatism
is generally introduced in the development of the artificial time-history.
The combined effect of the two conservatisms make up the equipment spectral

shape factor.

5.1.1.2.2.1 Peak Broadening and Smoothing - The effect of smoothing and

peak broadening varies with structure, elevation, frequency and damping.
For any particular frequency, this peak broadening and smoothing safety
f actor can be computed from Equation 5-13 below.

Sa (broadened and smoothed)F
33 (5-13).

1 5 (unbroadened and unsmoothed) __3

where:

F
SS1

Spectral shape factor due to peak=

broadening and smoothing

S Spectral acceleration value=
a

The variability in this factor is a function of how well the frequency
can be defined. If the frequency can be defined within a certain range,

then the variability can be established by calculating the range of F33
1

9
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() values for this frequency range. Since the variability, BSS, is due to
|

the shift in the frequency, it is considered to be all uncertainty. '

5.1.1.2.2.2 Artificial Time-History Generation - Studies have been con-
ducted which show that conservatism is involved in the current practice
of generating floor spectra in structures using artificial time-histories.
These artificial time-histories result in response spectra that conserva-
tively envelope the applicable ground spectra. For instance, Reference
33 indicates that the average industry-geraerated artificial time-history
tends to introduce about 10 percent conservatism except at high frequen-
cies for which the conservatism is about 20 percent at 33 Hz. )

i

The floor response spectra for TMI-1 were generated using the
Biggs' methodology in Reference 34. This simplified methodology utilizes
the ground response spectrum and the results of the response spectrum
analysis of the supporting structure. Mode shapes and frequencies from
the supporting structure are used in conjunction with amplification curves
obtained from a model which was subjected to four actual strong motion

- earthquake time histories. Comparison studies within Reference 34 shows

the Biggs method to be slightly conservative throughout the frequency
range. A median f actor of 1.1 is judged to be appropriate, which f s
identical to the f actor of conservatism identified in Reference 33 for ;

artificial time history analyses. The lower bound (-1.65 # ) on this |

spectra generation factor is taken as 1.0 since the comparison curves show
this to be the case. The variability is all uncertainty since it varies

with the frequency and it is calculated to be equal to 0.06. ;

The overall spectral shape f actor was generated by taking the
product of the peak broadening and smoothing factor times the artificial
time-history factor.

5.1.1.2.3 Modeling Factor - In any dynamic analysis there is uncertainty
in resonse due to assumptions made in modeling the structure, modeling
boundary conditions and representing material behavior. Modeling of

O
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complex systems is usually conducted using nominal dimensions, weights,
and material properties and is done in such a manner that further refine-
ment of mesh size in a finite element representation will not signifi-
cantly alter the calculated response. Representation of boundary condi-
tions in a model may have a significant influence on the response. The
misrepresentation of '.oundary conditions in the dynamic model by assuming
greater or lesser stiffness or treatiag nonlinear gap effects linearly
cannot be quantified generically and each model must be treated specifi-
cally to detennine a response f actor for modeling. Assuming that the
analyst does his best job of modeling, modeling accuracy could be

considered to be median centered (i.e., FM = 1.0) with the variability
in each of the modeling parameters amounting to variability in calculated
mode shapes and frequencies. The error in calculation of mode shapes and
frequencies then has an effect on the computed response.

For complex equipment which have been analyzed using state-of-
the-art dynamic analysis, the coefficient of variation on response
(approximate logarithmic standard deviation) is about 0.20. For simple
single-frequency systems with fundamental frequencies in the amplified
portion of the spectra, the coefficient of variation is about 0.15. For

single frequency systems with fundamental frequencies out into the rigid
range, the coefficient of variation is 0.0. These variabilities are
considered to be all uncertainty and are based on past experience and
engineering judgment.

5.1.1.2.4 Damping Factor - The basis for the damping factor has been
addrested in Section 3.3.2 of this report. Table 3-1 shows the damping
values used for the SSE design analysis of TMI equipment. Median damping
values and their variabilities are a function of the material, construc-

tion details, size and stress level. Reference (30) suggests that median
damping for equipment at the SSE level is about five percent. Thus, for
single-degree-of-freedom systems the damping factor for equipment is:

Sa (qualification)7 ,

Sa (**dI?")
.
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where:

1

S (qual)a Spectral acceleration using the quali- i
=

fication design analysis damping and '

evaluated at the equipment fundamental
frequency

i

S (median) = Spectral acceleration using tha expected ;a
median damping and evaluated at the
equipment fundamental frequency.

For multi-degree-of-freedom systems, Equation 5-14 can be altered to
reflect the sinnation of the spectral accelerations at each of the fre-
quencies multiplied by their associated mass participation factors.

I
There is variability in damping and associated response that must

be considered. It is indicated within Reference 30 that for a median
damping value of 5 percent, the minus one logarithmic standard deviation
value is about 3.5 percent. The variability in damping results in a

|
logarithmic standard deviation in response equal to:

O
''

#D
'

in (5-15)=

u \S /
a = 5.0%c

where Sa s e pe cen ampe spe a a ce a n an a

is the 3.c = 5% c = 3.5%
5 percent damped spectral acceleration taken at the equipment

fundamental frequency using the applicable floor response spectra. The
resulting logarithmic standard deviation on the damping response factor,
from Equation 5-15 above, is considered to be all uncertainty. An
additional randomness variability estimated at approximately 20 percent
of the uncertainty variability reflects the earthquake time-histories'
effect on the median damping value.

1

O
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5.1.1.2.5 Mode Combination Factor - The modal combination technique

utilized within the TMI seismic design analysis was described in general
in Chapter 3 of this report. A square-root-of-the-surrof-the-squares
(SRSS) methodology was used for all TMI equipment. This SRSS method is
considered median centered.

The response factor for combination of modes is then considered

to be 1.0. The variability associated with mode combination depends upon
the complexity of the model. For multi-degree-of-freedom systems,

Reference (30) recomends that the coefficient of variation due to mode
combination is approximately 0.15. For single-degree-of-freedom flexible
systems, the coefficient of variation due to mode combination is estimated

within Reference 30 to be approximately 0.10. For a single-degree-of-
freedom rigid system, the COV is by definition zero. The variability due
to mode combination is considered to be all random due to the random
phasing of modes.

5.1.1.2.6 Earthquake Component Combination Factor - The TMI plant design
analyses earthquake components were typically combined by the absolute sum
of the worst horizontal plus the vertical components. Two methods of
combining earthquake components have been determined to provide median

centered results. The first method is to combine the components by
square-root-of-the-sum-of-the-squares (SRSS) and the second method is the
100%, 40%, 40% method contained in Reference 13. Reference 13 recomends
that the response can be represented by combining the worst case horizon- i

tal response with 40 percent of the orthogonal horizontal response and 40 )
percent of the vertical response. The SRSS method must be applied to the j

!end item of interest, while the 100%, 40%, 40% method can be applied at
the input seismic load stage or at the stress intensity of interest stage
with equivalent results. For this reason, comparing this 100%, 40%, 40%
methodology to the THI design criterion results in a response factor for
combination of earthquake components. The magnitude of the f actor
depends, however, on the orientation, failure mode and response character-
istics of the component under consideration.

O
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A generic study was conducted to develop earthquake component
combination response factors and their variabilities for common two- and
three-dimensional equipment idealizations. The amount of conservatism /

'

unconservatism and the associated variability on this factor are generally
a function of the following:

1. The number and direction of earthquake components
,

which affect the failure mode under consideration ;

(e.g., piping f ailures can be influenced by all
three directional responses, but a particular
relay can fail due to a particular horizontal

seismic excitation while remaining unaffected by

the vertical and the other horizontal directions)

2. The amount of coupling that exists between
,

directional response (i.e., does an x direction
excitation cause a response in the y and z
directions) t

i

Table 5-1 contains the earthquake component combination response '

'factors for those cases which were applicable to TMI equipment. The
variability involved in the phasing of the three earthquake directional |

'

components was considered to be all random, while the variability due to
the degree of coupling involved between directions was considered to be
all uncertainty.

,

i

5.1.1.2.7 Boundary Conditions Factor (Testing) - The boundary conditions
utilized in equipment seismic testing can be a significant source of
varicbility that depends almost solely upon the diligence of the test
laboratory and the qualification review organization. In general, a i

component that is bolted to the floor in a nuclear power plant and which
is similarly bolted to a shake table for qualification testing, will

|
experience little variability in response factor due to boundary condi-
tions. Carelessness on the part of the various organizations involved in i

.O !U
i.
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design, fabrication, testing and installation can result in a significant
variability. For instance, the lack of a specified bolt torque at the

mounting interface can result in a difference between the testing and
installation condition which could have a pronounced impact on the
response factor.

The variability of the subsystem response due to test boundary
conditions would come primarily from mode shape and frequency shift. The
variability of mode shape and frequency and resulting response due to
boundary conditions varies considerably for different generic types of
equipment. For a large majority of tests conducted by reputable testing
laboratories, the boundary condition f actor is 1.0. Engineering judgment
must be utilized in calculating boundary condition factors for those cases
where the component to test table attachment mechanism is not representa-
tive of the actual in-plane condition. The variability is all uncertainty
and can be calculated based on spectral accelerations obtained from esti-
mating a 90 percent confidence interval on the equipment frequency. The
boundary condition uncertainty is generally estimated to be 0.11 based on
values derived in the SSMRP study (Reference 30).

5.1.1.2.8 Spectral Test Method - Synthesized time-histories are currently
developed directly from the Required Response Spectrum at most testing
laboratories. A much better approach, as recomended in Reference 31, is
to synthesize a time-history that corresponds to a power spectral density
which closely envelopes the RRS rather than make the direct step from the
RRS to the synthesized time-history. This approach tends to smooth out
the input time-history, resulting in less chance for an equipment mode to
coincide with a significant peak or valley. Reference 32 recommends a
spectral test method factor of unity and a total variability of 0.20.
This variability is entirely uncertainly since the use of better equipment
and techniques could eliminate most of the uncertainty.

O
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5.1.1.2.9 Multi-Directional Effects - The multi-directional effects factor
is a measure of the conservative /unconservatism and corresponding vari-
ability involved in testing the three different earthquake directional

,

components. TMI equipment fragilities were developed from plant-specific
and generic test data and are based on two types of testing: biaxial and
uniaxial. Biaxial qualification tests are conducted by exciting the

,

equipment in one horizontal direction at a time along with the vertical ,

direction, using randomly phased input time-histories. Uniaxial qualifi-
,

cation tests, on the other hand, are conducted in each of the three direc-
tions indepe e.atly. Biaxial testing was conducted for most plant-
specific equipment qualified for the TMI plant. The shock tests conducted
during the SAFEGUARD program were, in many cases, single axis tests with .

complex waveforms consisting of superimposed sine beats. Some biaxial
testing data were included when deriving the generic SAFEGUARD fragili-
ties, but were scaled to an equivalent uniaxial input. Thus, multi-
directional effect factors were developed for biaxial testing (used for
fragilities developed for most plant specific TMI testing) and uniaxial
testing (used for fragilities based on generic SAFEGUAROS test data).

5.1.1.2.9.1 Biaxial Testing - There is a slight unconservatism involved in
biaxial testing in that the actual input during a seismic event is three-
dimensional. This unconservatism along with its associated variaoility
is a function of both the phasing and the coupling between earthquake
directional components. The degree of unconservatism associated with
biaxial testing can be defined as the median response vector for biaxial

|
testing divided by the median three-axis response. The resulting re-
sponse factor based on both phasing and coupling is calculated to be
0.853. The variability due to phasing is a function of the earthquake, j
and thus, is all random. The variability due to coupling is all uncei- !
tainty.

|
|

The multi-directional effects f actor and its associated #'s for |

|random vibration biaxial testing are:

A
U
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hFMDE 0.853=

#MDEg 0.08=

#MDEg 0.06=

5.1.1.2.9.2 Uniaxial Testing - A uniaxial test is, in general, unconserva-
tive in that coupling and phasing between the three-directional earthquake
components is not accoented for. The degree of unconservatism associated
with uniaxial testing can be defined as the median response vector for
uniaxial testing divided by the median three-axis response. The resulting
response f actor based on both phasing and coupling is calculated to be
0.769. The phasing variability is random and is identical to that for
the biaxial case, i.e., 0.08. The uncertainty variability due to coupling,
based on the uncoupled case and the 100 percent coupling case being
+1.65d extremes, is calculated to be 0.11.

Thus, the multi-directional effects f actor and its associated

B's for uniaxial testing is:

O
FMDE 0.769=

#MDEg 0.08=

0.11#MDEg =

5.1.1.3 Structural Response Factors

Structural response factors as they relate to structural capacity
for the safety-related structures within TMI are derived in Chapter 4.
The variables pertinent to the structural response analyses used to gene-
rate floor spectra for equipment design are the only variables of interest
relative to equipment fragility. The applicable variables for equipment
from those anelyses are:

|

|

|
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1. Spectral Shape 1

,

2. Damping

3. Modeling

4. Soil-Structure Interaction.

5. Inelastic Energy Absorption or the Building
,

The explanation of each of these variables is contained in
Chapter 4 and will not be repeated here. Note, the combination of earth-
quake components is not included in structural response since that vari- ;

able is addressed for specific equipment orientation in the treatment of
i

equipment response. As discussed in Chapter 4, a totally independent
'evaluation of the capacities of the important structures was undertaken

in this effort. As a result, the generated median structural response
f actor was 1.0 and included its associated variabilities. This independ-

,

ent analysis employed the median ground spectra to define seismic input. I

In evaluating equipment acceleration capacities which are based upon
design analysis results, a spectral shape factor associated with struc- '

tural response must be computed which compares the 5% damped median '

spectrum. The resultant structural response factors pertaining to the !

equipment fragility derivation are included in Table 5-2. Note that the
structural response factors for each particular structure was broken up
into two segments. Equipment with capacities less than the approximate
building yield strength have Structural Response Factors in the "a" row,
and equipment with capacities approximately equal to or greater than the [
structure yield strength have Structural Response Factors in the "b" row. |

The approximate yield level for each of the buildings was estimated by
taking the ground acceleration capacity for the lowest structural failure
mode (see Chapter 4) and dividing it by the inelastic energy absorption
factor.

The structural response factors have been derived on the basis
of the structure being at its failure threshold level. These factors, as
shown in Chapter 4, apply directly to equipment whose acceleration

/

.
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capacities are greater than the buildings acceleration capacity. For
equipment whose seismic capacity level has been reached before the struc-
ture has reached its seismic capacity, these f actors are optimistic.
Reference 13 recommends 10% median damping for reinforced concrete at or

just below the yield condition and five percent median damping for rein-
forced concrete at the one-half yield condition. In addition, the struc-

tures ductility does not modify the response of the equipment unless the
equipment fragility is just above the building's yield level. Thus, for
the condition of the equipment capacity being less than the structure's
yield level, 5% structural damping is considered median and the struc-
ture's ductility f actor is effectively unity. For the case where the
equipment capacity is greater than the structure's yield level,10% struc-
tural damping is considered median and the inelastic energy absorption
f actor (ductility f actor) is appropriate to include.

It should be noted that when the t.uilding goes inelastic that
the actual floor level acceleration will be decreased over that which is
predicted using the elastic structural model. At the same time, the
displacement will increase over that which is predicted by the elastic
model. Thus, equipment which are acceleration sensitive must have their
capacities scaled up (as described in the previous paragraph) to reflect
the actual lowering of the floor acceleration due to building ductility,
and equipment which are displacement sensitive must have their capacities
similarily scaled down. The great majority of the equipment within
nuclear plants are acceleration sensitive. The exception to this are
interconnecting piping systems which run between separate buildings. If

these piping systems are, designed such that differential displacements
between buildings causes a high stress in either the supports or the
piping itself, then it is much more critical to have either structure go
inelastic than to remain elastic. For TMI-1, all of the critical struc-

tures remain elastic up to the 19 cut-off level, except for the control .

l

building. The control building does not contain any critical intercon- ;

necting piping which might be affected adversely due to building inelasti- |
|

O
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city. Therefore, the adverse effects of increasing displacements due to
'

the inelasticity of structures is felt to have little impact on TMI equip-

ment.

5.1.2 Conservative Fragility Methodology
The first phase of the TMI seismic fragility analysis incorpor-

ated fragilities with conservative median values and realistic lower
tails. These so-called "conservative fragilities" were based on the
results of 14 previous seismic PRA's conducted by SMA. The purpose of

utilizing these conservative fragilities was to identify those components
which would not contribute significantly to the plant risk, even when
conservatively low fragilities were run through the plant system models.
This methodology allows SMA to "screen out" components which do not

affect the risk significantly and to concentrate resources on the more
critical components. Actual fragilities are then derived in Phase 2 of
this study for these critical components using the methodology presented
in Section 5.1. The final risk analysis is then conducted using the
updated plant-specific fragilities along with the balance of the conserva-(q) tive fragilities. Sections 5.1.2.1 and 5.1.2.2 describe this Phase 1
methodology in greater detail for the conservative median capacities and ;

the realistic lower bound values, respectively. The Phase 2 actual i
1

fragility derivation methodology has already been presented in Section |

|

5.1.1. 1

5.1.2.1 Conservative Median Values I

As previously stated, the conservative median values were based |

on the results of 14 previous PRA's conducted by SMA. The mdian
fragility values for a particular type of equipment were tabulated for
each of the 14 different studies. The lowest median ground acceleration
capacity of this group was taken as a conservative lower bound, A, on the
TMI componentss median capacity. Table 5-3 contains an example for the

conservative median derivation for Emergency Batteries.
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Table 5-4 contains the conservative fragilities for all of the
seismically critical TMI-1 equipment. Equipment which could be shown to
possess a median capacity greater than lg together with a HCLF (high
confidence of a low frequency of f ailure, i.e., 95% confidence of less
than a 5% frequency of failure) value greater than 0.4 g's are identified
with a > 1.0 g's" in the table. Components with fragilities in this
category are not expected to influence the risk, based on PLG's
assessment of the THI-1 hazard curves.

5.1.2.2 Realistic Lower Bounds
The High Confidence of a low Fraction of failure (HCLF) values

for TMI PRA purposes is defined as the 95% confidence of less than a 5%

failure fraction. For logarithmic distributions like the component

fragilities, this results in the following equation.

HCLF=Exe-1.65(SR+#u) (5-16)

The HCLF values derived for Phase 1 of the TMI-l PRA were based primarily
on the earthquake experience data collected for the Seismic Qualification
Utilities Group (SQUG). SQUG experience data (Reference 35) is derived
from past seismic experiences of conventional power plant equipment. The
Senior Seismic Review and Advisory Panel (SSRAP, Reference 36) has
reviewed the available data base on eight classes of equipment and has
concluded that the equipment installed in nuclear plants is generally
similar to and at least as rugged as that installed in conventional
pl ants. SSRAP has established certain minimum seismic capacities for
these equipment which are judged to be representataive of the HCLF

values. These minimum seismic capacities endorsed by SSRAP had several

restrictions attached to them (e.g., anchorage and functionality must be
verified). SMA conducted a detailed walkthrough of TMI-l in order to
verify that anchorage was adequate and that the equipment types within
this plant were represented by the group of similar equipment from past
PRA's. Operability was established for environments up to at least the

e
'
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SSE during qualification testing. Table 5-4 contains # R and #u values
for all of the critical equiment which have been derived from HCLF values

i

using Equation 5-16.

5.1.3 Information Sources :

Several sources of information are utilized in a PRA from which
to develop plant specific and generic fragilities for equipment. These ;
sources include-

!

!
1. Seismic Qualification Design Reports

'

2. Seismic Qualification Test Reports
i

3. Final Safety Analysis Report (FSAR) '

4. Seismic Qualification Review Team (SQRT) ,

Submittals |
,

5. Fast Earthquake Experience
!

6. Ur.ited States Corps of Engineers Shock Test
Reports

O 7. Specifications for the Seismic Design of
iEquipment
|
r

The first five of these information sources are termed "plant
specific" since they pertain to specific equipment within the TMI plant. )
The remaining three information sources are termed "generic" since they

1constitute data generated for similar types of equipment or are defini-
|

tions of design requirements, in lieu of actual design results. Plant-
.

'

specific sources are preferred since they have been generated for the
specific items in question and their uncertainty level is reduced from '

those of the generic sources.

Depending upon the uniqueness of the equipment, the failure mode,
|

inelastic energy absorption capability and the dynamic characteristics of |
the equipment, a plant-specific or a generic derivation of the fragility
description may be appropriate. The factors of safety relative to the

O
i
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Safe Shutdown Earthquake Are widely variable. In general, flexible equip-
ment such as piping, which possesses the ability to undergo large inelas-
tic defomation, will nave a factor of safety against failure of many
times the Safe Shutdown Earthquake even if stressed to the maximtzn code

allowable stress. Such equipment is a prime candidate for a generic
derivation of fragility descriptions. The increased uncertainty inherent
in a generic derivation does not have much influence on the outcome of the
seismic risk analysis if large safety f actors can be demonstrated. On the
other hand, if rigid equipment with relatively brittle failure modes are
stressed to code allowable for the Safe Shutdown Earthquake, the f actor
of safety against failure may be considerably smaller and a generic
treatment may result in unsatisf actory risk predictions. Fortunately,
plant-specific analyses have shown that most rigid equipment have stresses
well below the allowable and large safety f actors are present.

Each of the seven infomation source categories will be discussed ;

briefly below.

5.1. 3 .1 Seismic Qualification Analysis Reports

Several seismic qualification analysis reports were reviewed in
deriving fragility levels for TMI equipment. Stress and load simnary
infomation are used in deriving the capacity factors and infomation on
the analysis methodology are used in deriving the response factors.

5.1.3.2 Seismic Qualification Test Reports

Some examples of test reports for equipment qualified by testing
were reviewed. Qualification test reports, by themselves, cannot be
utilized to develop fragility relationships unless the equipment has been
tested to increased vibration levels up to failure. Consequently, most
equipment qualified by test was treated generically with the test qualifi-
cation report data (when reviewed) being considered as part of the popula-
tion of test data on similar generic equipment.

|
|

|
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( 5.1.3.3 Final Safety Analysis Report

The FSAR contained very little stress sumary information on
equipment components within the TMI plant. The FSAR infunnation was
primarily utilized in helping to develop response f actors since it
contains some of the qualification criteria and methodology for TMI.

5.1.3.4 Seismic Qualification Review Team (SQRT) Summaries
SQRT sumaries have not been conducted for THI, thus no SQRT

information was used in the seismic PRA study.

5.1.3.5 Past Earthquake Experience

Past earthquake experience is valusle for establishing fragil-
ities for equipment which have historically been vulnerable. Most equip-
ment survives without any apparent damage and the historic experience
must be treated the same as a qualification test. Earthquake experience
has typicc11y been used to estimate fragility levels for off-site power
systems and non-seismically qualified equipment.

5.1.3.6 United States Corps of Engineers Shock Tests
Qualification tests usually are conservative compared to the

required test level, but the test levels are generally not severe enough
te reach a state of malfunction. In these cases and in cases where
gaalification information is not readily available, generic fragility
c;ata from the SAFEGUARD program is a possible source of information. In

the SAFEGUARD program, the U.S. Corps of Engineers conducted fragility

testing on a large number of electrical, mechanical, electro-mechanical
and instrumentation and control equipment, References 37, 38 and 39.

,

Juring the SAFEGUARD program, off-the-shelf equipment was procured rather
than specially-engineered equipment qualified for shock and vibration
environments. The equipment was very similar to equipment installed in
some of the earlier nuclear power plants. Consequently, the test per- .

fonnance of selected SAFEGUARD equipment is indicative of similar
nuclear power plant equipment. In the Seismic Safety Margin Research

O
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Program (SSMRP), the Corps of Engineers test data and methadology were g
used to develop generic fragility descriptions of equipment which can be

utilized in PRA's (Reference 32).

5.1.3.7 Specification on the Design of Equipment
Specifications for seismic qualification of selected TMI equip-

ment were provided by GPU. In cases where plant-specific qualification
reports were not reviewed, knowledge of the vendor requirements plus
generic fragility and qualification test data were combined to develop
fragility descriptions.

5.2 EQUIPMENT FRAGILITY EXAMPLES

Because of the amount of equipment to be included within the risk
model, it is impractical to describe the specific fragility derivation for
each piece of equipment. This section contains selected examples of
fragility derivations which are judged to be representative of the differ-
ent types of analyses which had to be undertaken for TMI equipment. The
equipment fragility derivation categories applicable to the TMI-l PRA are:

1. Conservative fragility derivation with the lower bound
HCLF value derived from earthquake experience data.

2. Plant-specific fragility derivation based on seismic
qualification reports.

3. Plant-specific fragility derivation based on
similarity to an identical equipment item in another
nuclear plant.

4. Generic fragility derivation based on past earthquake
experience (non-seismically qualified components).

An example of THI-1 equipment whose fragility derivation stems from each
of the above categories is included in this section.

O
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O 5.2.1 Examols of a Conservative Fragility Descriptionv -

The diesel generator system air receiver tanks will be utilized
as an example for this category. The air receiver tank fragility data
from past PRA studies has been collected and is shown in Table 5-5. The

minimum value from past PRA d&ta is shown to be 0.68 g's. This minimum

value of 0.68 g's is then utilized as a conservative capacity of the TMI-1
air receiver tank. It is recognized that a plant-specific fragility
analysis of this component would almost assuredly lead to a higher median
capacity level. The purpose of the Phase 1 conservative fragility deriva-
tion is to screen out the non-critical components, not to produce actual
median capacity levels.

The HCLF value for the air receiver tank was based on the SSRAP
recomendations p.avided in Reference 35 (see Section 5.1.2 of this
report). Anchored tanks within conventional power plants have demon-
strated seismic capacities of up to at least 0.3 g's ground accelerations.
This 0.3 g's is judged to be an appropriate lower bound on capacity. In

order to use Equation 5-16 to define BR and pu, an estimate must be made
.) for either one of these unknowns in order to solve for the remaining B

value. The randomness variability is predominantly a function of the
earthquake characteristics and has been shown in the past to be in the
neighborhood of 0.25. Using #R = 0.25 as an estimate, ,S can be

u
calculated to be:

-l
g. 3 \)-0.25
/0

Au" M in

fu = 0.25

The derived fragility parameters ($ = 0.68 g's, #R = 0.25, #u = 0.25) are
showr in Table 5-4.

It should be noted that the SSRAP recomendations applied to
anchored equipment within 40 feet of the grade level. The air receiver

tank anchorage was visually inspected and found to be adequate during a

O
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plant walkdown. The tank itself is located on the diesel generator grot.id
floor. Thus, usage of the earthquake experience data is appropriate for
the TMI air receiver tank.

5.2.2 Example of a Specific Fragility Derivation
The Nuclear Service River Water Pumps (NR-P-1A/B/C) were chosen

as the example of equipment whose fragilities were derived from plant-
specific information. The NSRW pumps are vertical pumps with a 43-foot
unsupported cantilever column. The pump shaf t consists of four 10-foot
lengths connected in series by flexible couplings. These pumps are
located at EL. 308' in the Intake Screen and Pumphouse.

The seismic qualification analysis contained within Reference 40
is the basis for the NSRW pump's fragility. The stress and loading
results within the qualification analysis are utilized without an
independent SMA analysis since complete checking and acceptance of the
design analysis was already required by GPU at the time of the 'ifica-

tion. Conservatisms and uncertainty in the design procedures a . method-
ology (spectra, damping, frequency, mode combination, etc.) are evaluated

and quantified in development of the pump fragility. The Individual
fragility parameters are sumarized in Table 5-6, and each of these
f actors is discussed briefly below.

5.2.2.1 NSi4 Pumo Capacity Factors

An evaluation of the pump qualification report revealed that the
most highly stressw treas were:

1. Motor Mounting Bolts

2. Discht ge Head Mounting Bolts
3. Soleplate Anchor Bolts

4. Pump Column in Bending

5. Top Column Flange Bolts
6. Tube in Bending
7. Shaft Deflection

O
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; Strength f actors were derived for eaci, of these possible failure
locations. The lowest strength f actor exists at the top column flange
bolts and, thus, these bolts will be the governing seismic failure mode.
The following information can be obtained from the stress report:

Pump Column Frequency = 1.1 Hz
Pump Tube Frequency = 2.2 Hz
Top Column Flange Bolt Material = SAE J429 Grade 2
Bolt Yield Strength = 57,000 psi (minimum)

Bolt Tensile Strength = 74,000 psi
Faulted Condition Bolt Stress = 52,300 psi
Upset Condition Bolt Stress = 33,200 psi
Bolt Preload Stress 6,600 psi=

The faulted condition includes SSE loads, normal is is.and bolt
preloads, while the upset condition includes OBE loads in place of SSE
loads. Since the SSE is twice the OBE, the SSE can be calculated as
twice the difference between the f aulted and the upset stresses.

CSS,= 2xcS2.3 - u.a n si

SSE = 38.2 ksi

The normal stress can then be computed from given information to be:

n = 52.3 - 38.2 - 6.6 ksio

I
c = 7.5 ksi !N

l

Note that the bolt preload stress is not considered for the fragility |
analysis since it is relieved once the seismic stress overcomes it. '

O
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The limit capacity stress, cC, is judged to occur when each of
the bolts in the bolt pattern reaches yield. Once the outer bolt in the
bolt circle reaches yield, the neutral axis shifts down into the compres-
sion region and the remaining bolts pick up any further increase in load.
Once all of the bolte reach yield, then the pumo column is capable of
deflecting relatively large amounts for further increases in loading.
This point is felt to be a limit load or failure point because small

angular displacements at the bolted flange connection result in large end-
deflections on the 43-foot long column. Large pump column deflections

are judged to result in shaft binding f ailures.

The design analysis was based on the neutral axis oeing shifted
to the lowest bolt. This configuration is judged to be applicable for
the inelastic condition where a "heel" load in compression balances the
tensile load in all of the bolts. The limit capacity stress is calcu-

lated below:

= 1.25x57x1.33 ksi
C

e = 94.8 ksi
C

where

1.25 Factor to increase the minimum yield strength to the=

median yield strength.

57 ksi = Minimum yield strength for oolts.

1.33 Factor to reflect the increased moment carrying=

capability between the linearly incrt:asing bolt stress
configuration and the constant bolt stress configuea-
tion.

The strength f actor can be derived from Equation 5-7 to be:

p, CN 94.8 ksi - 7.5 ksi = 2.28,

5
SSE 38.2 ksi |

|

|
,

O
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b

i
i

!

The variability on F3 is all uncertainty and is the result of the oC
variable alone since both o and have been uniquely defined in the ig SSE
design analysis. Since the minimum material properties within the ASME |
Code have been defined as 95% confidence values, the uncertainty on the j
1.25 f actor is: i

:

in = 0.1401.25 " !i

i
The uncertainty on the f ailure threshold is judged to be defined as having :

a 95% confidence lower bound of failure occurring when the outer bolt {
first reaches yield. Thus,

,

i

8 .33 "" = 0.17 !"
1 1

The uncertainty on the strength f actor is d.termined by taking the SRSS
of the contributing uncertainties.

:

(0.142 + o,172)'a = 0.22 |s =
S

u i

The top column flange bolt f ailure is expected to be a functional
type failure mode of the long shaft. Thus, very little system ductility [
exists and most of the pump and its supporting structure will remain f
elastic at the point of failure. Therefore, the ductility factor will be j

unity and its variability will be zero. The capacity factor and its vari-
f

ability will then be equivalent to the strength factor and its associated j
variability.

!

i
|= 2.28"

t S

|
B "8 = 0.0 j
C 5
R R 1

!

s =8 = 0.22 1
3

!
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5.2.2.2 NSRW Pumo Equipment Response Factors

The dynamic loads on the NSRW pump supports are generated from a

response spectra dynamic analysis of the pump using the design floor
response spectra. The conservatisms/unconservatisms involved in the

design analysis will be addressed by the individual respor ,e f actors
delineated below.

5.2.2.2.1 Qualification Method Factor,- The response spectrum qualifica-
tion analysis was performed using the El Centro-based design ground
response spectrum. The spectral acceleration value for the design
analysis taken at the pump column 1.1 Hz fundamental frequency is 0.246 .9

The Intake Screen and Pumphouse structure is rigid (24.4 Hz) and the
response at the pump level (303 feet) is essentially not amplified over
that of the ground response. Using the median ground response spectra at
5% damping, the pump spectral acceleration at 1.1 Hz is 0.0936g. The
qualification method factor is then computed to be 2.63.

5 (El Centro)3
F = 2.63= '

gg S (Median) 96g
3

The uncertainty and randomness involved in using the median response
spectra are accounted for within the structural response factors.

F = 2.63
QM

S = 0.0ggp

8 '
0M

'

u

5.2.2.2.2 Spectral Shape Factor - Since the ground response spectrum was

utilized in qualifying this component, no peak broadening or smoothing
was applied for the pump floor response spectrum. Thus, the spectral
shape f actor is unity and the variabilities are zero.

G
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5.2.2.2.3 Damoing Factor - Median damping for the pump response is esti-
mated to be approximately 5% (Reference 32). Since 5% dampin5 das used

in deriving the qualification method factor in Section 5.2.2.2.1, the
damping f actor is unity. Using Equation 5-15, the uncertainty is calcu-
lated to be:

8
0

u

Therefore,

F = 1.0
D

B "
D D

'

R u

8 0 l20
u

5.2.2.2.4 Modeling Factor - Section 5.1.1.2.3 reflects a factor of 1.0
with a coefficient of variation of 0.15 for components such as the long

q column vertical pumps.
U

F = 1.0g

B = 0.0g

8 = 0.15

C.2.2.2.5 Mode Combination Factor - Section 5.1.1.2.5 specifies a median

factor of 1.0 with $R.= 0.10 for systems which respond primarily in one
mode.

5.2.2.2.6 Earthauake Comoonent Combination Factor - The NSRW pump quali-
fication analysis was conducted using the "worst horizontal plus the
vertical" combination of directional components. This is unconservative
for a case such as the cantilevered pump column where both horizontal

components contribute to the failure mode. Case No. 3 from Table 5-1
applies since coupling will not occur on a circular cylinder such as the
pump column.
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FECC = 0.95 g
8 = 0.06
R

8 = 0.0

5.2.2.2.7 Overall Equipment Response Factor - The combined response

factor is:

F .6 x0.95 = 2.50=
ER

S + '
'

ER
R

B
ER

u

5.2.2.3 NSRW Pump Structural Response Factors _
The values presented within Table 5-2 are not applicable to the

NSRW pump fragility derivation since these pumps are essentially anchored
to the basemat and ground spectra are applicable. The structural response
factor is unity since the effects of using the design spectrum in place
of the median spectrum was accounted for in the equipment response factor.
The uncertainty (1d randomness associated with the median ground spectra
are calculated using the methodology presented in Section 5.1.1.3 to be:

|
"

F = 1.0
SR

8 = 0.37
39

8 = 0.26
39

O
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I

( 5.2.2.4 NSRW Pumo Ground Acceleration Capacity

The ground acceleration capacity for the NSRW pump was calculated
using Equations 5-1 and 5-2. I

I = 2.50x2.28x1.0x0.12g = 0.68g

The variability was calculated by taking the SR5S of the variabilities for
each of the three f actors contributing to overall capacity (Equation 5-3).

B = (0.37 2 + 0.12 ) b = 0.39 (randomness)
2

R

S = (0.26 2 + 0.192 + 0.22 )b = 0.39 (uacertainty)2
u

The combined variability, BC , is a measure of the overall variability con-
tributed by earthquke randomness and uncertainty and can be obtained by

taking the SRSS of 9R and B 'u

= (0.39 2 + 0.39 ) b = 0.552,q B
C

,

L]
This value of E , along with the three factors making up the overall |g

fragility (FEC, FER, FSR) are tabulated in Table 5-7 along with the rest
of the equipment which were addressed in Phase 2 of the TMI-1 PRA study. l

5.2.3 Examole of a TM1-1 Comoonent Fragility Based on Similarity

The control rod drive mechanism (CRDMs) have been chosen to be i,

the example of a fragility derived from the qualification data of similar
nuclear power plant equipment. An information gathering trip to Babcock
and Wilcox (B&W) revealed that seismic qualification information was not |
available for the TMI CRDMs.

1

c)
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Since a specific seismic analysis was not available to derive
the TMI CRDM fragility, similarity was judged to be an appropriato data
source. B&W responsible engineers stated that the iMI CRDMs are identical
to the Midland units. They also stated that the ground response amplifi-
cation up to the CRDM mounting locations were approximately the same for
these two plants. Thus, the Midland CRDM design stresses are judged to be
applicable for the TMI PRA.

5.2.3.1 CRDM Capacity Factor

Two sources of information were utilized in deriving the CRDM
fragility:

1. B&W seismic qualification stress reports for Midland
(Structural Portion of the CRDM).

2. Midland FSAR stress strnmaries (Pressure Boundary Portion of
the CRDM).

CRDM Supports and Structure

The most critically stressed point within the finite element
model of the CRDM structure was determined to be Node Number 230. The
resulting bending stresses at this node (taken from Table 5-8 of the B&W
stress report) are:

SSE stress 5,787 psi=

LOCA stress = 20,067 psi
Thermal stress 1,305 psi=

219 psiDeadweight stress =

From this stmaary, it is observed that the CRDM design is dominated by
LOCA loading Since LOCA has a very low probability of coinciding with a
seismic event it is not included in the fragility derivation. Thus, the

CRDMs will ha. > a relatively high seismic capacity since the combined
seismic and LOCA stresses were required to be below the allowable stress.

O
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This allowable stress was not documented in the information which SMA
received, but A36 steel can be conservatively assumed since it is about
the lowest grade of steel utilized in designing critical nuclear compo-
nents.

The limit capacity stress for the CRDM is estimated to be the
point where a plastic hinge is fomed. Any further excursion into the
plastic range is judged to cause control rod insertion problems,

eC = 36 ksi x 1.25x1.5 = 67.5 ksi

where

36 ksi = minimum material yield strength.

1.25 = factor to raise the minimum yield to median

1.5 = plastic section modulus (bending)

The strength factor is then computed to be:

67.5 - 1.57 , 33,4,

5 5.8

The ground acceleration capacity based on the strength factor alone would
be:

I > 11.4 x 0.'ag = 1.37 g's

The remaining response f actors will raise this capacity even higher.
Since PL&G have determined that components with capacities greater than
1.0g will not contribute significantly to the risk, there is no need to
calculate the CRDM support fragility any more accurately.

O
.
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CRDM Pressure Boundary

Table 3.9-22 from the Midland FSAR contains stress smmaries for
the CRDM pressure boundary. The stress sumaries show that the pressure
boundary design is also controlled by LOCA loads. A strength factor was
derived in a manner similar to the one previously derived for the CRDM
supports and the resulting f actor was even larger.

Thus, it has been shown for both the CRDM pressure boundary and

for the CRDM supports that the seismic capacity is relatively large and
that it will not contribute significantly to the TMI-1 plant risk. The
plant-specific fragility based on similarity is recorded in Table 5-7 as
being greater than 19

5.2.4 Example of Fragility Based on Earthquake Exoerience

There are typically several equipment items within the list of
components for a PRA for which no seismic qualification was required.
These components are not designed for seismic loading; thus, they will
generally have a lower capacity and a higher uncertainty than seismically
qualified components. The methodology which has been utilized on the
previous two examples of developing capacity factors, response factors,
etc., is generally not applicable for unqualified components. The
fragility levels for these unqualified components must be derived based
on earthquake experience and engineering judgment. The example which has
been chosen in this category is the station offsite power sytem. Figure
5-1 shows a picture of the offsite power transmission lines and their
supporting stuctures for the TMI-1 site.

Failure of offsite power is governed primarily by failure of
ceramic insulators. Offsite power is also frequently tripped off-line

due to various electrical malfunctions during the earthquake. Reference
35 contains a list of past experience data for conventional power plants
which have been subjected to an earthquake. A probabilistic assessment

of these data concluded that the median ground acceleration capacity for

O
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( the offsite power system is approximately 0.39 The high confidence of a

low frequency of f ailure point is estimated from this data to be 0.1g.

Variabilities of SR = 0.25 and B = 0.50 are derived from these values. 1u

5.3 EQUIPMENT FRAGILITY RESULTS

Table 5-4 contains conservative fragility descriptions for all
of the equipment which were selected for this P(A study. Conservative
fragility derivations were conducted for each r,f these components and are
reported for those items which have a ground acceleration espacity less

than 1.09 Equipment with ground acceleration capacities greater than
1.0g and with a high confidence of a low frequency (HCLF) of f ailure
greater than 0.4g are not expected to contribute significantly to the
averall plant risk.

The conservative fragility descriptions within Table 5-4 were
run through the plant system models. The results of these preliirinary
runs determined the dominant accident sequences and the corresponding

coi@onents which were critical to core damage and risk. PL&G identified
the following components as potential major risk contributcrs and
requested a more detailed evaluation where possible,

,

t

1. Offsite Power System ,

2. Reactor River Pumps j

3. CRDM and Assemblies |

4. RPV Internals

5. Nuclear Service River Water Pumps

6. Borated Water Storage Tank

7. Control Building
8. Diesel Generator Fuel Oil Day Tank

.

O
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All of these items were reanalyzed using additional information
except for the offsite power system. The offsite power system fragility
is based on actual earthquake experience data and the values given iri
Table 5-4 are judged to be appropriate for the TMI PRA. The control

| building and the BWST are addressed within Chapter 4 of this report. The
I remaining critical equipment have their derived actual fragilities listed

in Table 5-7. All of the median ground acceleration capacities increased
when the plant-specific information was utilized, which was expected since
the initial values were conservatively low. A brief description of the
fragility derivation for each of these components is documented below.

5.3.1 Vertical Long-Column River Water Pumos

Three river water pumps were analyzed using TMI-1 plant-specific
infomation.

1. Reactor River Pumps (RBEC System)
2. Nuclear Service River Water Pumps (NSR System)
3. Decay Heat River Pumps (DHR and CC System)

Figure 5-2 shows the pump motor assembly for one of these long-
column pumps. The motor is securely anchored to the pumphouse operating
floor. Figure 5-3 shows the vertical long-column as it penetrates the
operating floor and extends down into the river.

All three of these pumps were designed and manufactured by
Peerless Pumps. These pumps have unsupported-cantilevered columns

extending 40-feet or more down into the river water. This large column
length produces natural frequencies in the 1-3 Hz range which is well
below the amplified acceleration portion of the spectrum. These pumps
develop relatively large stresses in the pump column and in the top flange
anchor bolts due to seismic inputs. Thus, the resulting ground accelera-
tion capacities (0.58g to 1.16 g's) are lower than those for other types
of pumps typically seen in nuclear plants. Section 5.2.2 contains a
specific derivation example for the nuclear service water pump, and the
remaining two pump fragility derivations are similar.

O
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5.3.2 Reactor Interna'.s and CRDM
,

"
Seismic design analyses for both of these components could not

be located at Babcock and Wilcox. The responsible engineers at B&W
stated that Midland qualification information should be utilized for the
PRA study since the internals and the CRDM for these two plants are '

essentially identical. Thus, Midland stress summary information was ;
'

utilized on the CRDM fragility (see example calculation, Section 5.2.3)
and on all of the reactor internals except for the fuel rods. The j
Midland fuel rod analysis was not available, but the Oconee fuel rods
were stated to be of the same design. Thus, the fuel rod fragility
derived in the Oconee PRA was used in this analysis after correcting for I

differences in the response amplifications which occur at each of the ;

sites. An additional uncertainty was included in the fragility to
reflect the f act that the Oconee derived fragility might not be identical
to that of TMI. '

5.3.3 Diesel Generator Fuel Oil Day Tank

Figure 5-4 shows the support arrangement for the diesel day tank.
This tank had no seismic design and contained no anchorage between the
concrete saddles and the tank. Past earthquake experience has shown that
unanchored tanks do not f are well during large earthquakes. In addition,

the piping attched to this tank has threaded joints which are also
considered to have low capacities during the earthquake. The saddle
itself was stated to have steel reinforcing by GPU personnel and should
have adequate capacity.

!

An analysis for tank sliding was conducted based on the manu-

f acturers drawings. The it,*er bound on the tank capacity was assumed to ;

be the onset of sliding. The meclian fragility was calculated for a
sliding-type f ailure utilizing an unalysis technique derived by j

N. M. Newmark (Reference 24). Soil-structure interaction effects were |

accounted for as described in Chapter 4 for the Diesel Building founda-
tion.

i

O
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A median ground acceleration capacity of 0.6 g's is calculated |
.

Ifor the diesel day tank as shown in Table 5-7. The median ground accel-

eration capacity of the day tank could be increased by retrofitting the
unanchored tank and properly analyzing the threaded piping.

O

O
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TABLE 5-1

EARTHQUAKE COMPONENT COMBINATION FACTORS

ABSOLUTE SUM OF (Hj + V)

fCase Description
ECC R U

6 8

1 3D Case - All 3 directional components contribute
to failure 1.09 0.12 0.01

2 2D Case - Median Coupling - Both horizontal contribute
to failure 1.00 0.10 0.04

3 20 Case - No Coupling - Both horizontals contribute
to failure 0.95 0.06 0.0

$ 4 2D Case - Median Coupling - I horizontal and the
vertical contribute to failure 1.12 0.09 0.03"

5 2D Case - No Coupling - 1 horizontal and the vertical
contribute to failure 1.17 0.03 0.0

'

6 1D Case - Any one of the directional components alone
is responsible for the failure 1.0 0.0 0.0

7 Systems of components for which any one of the above
cases could apply (piping, cable trays, ducting, etc.) 1.05 0.12 0.07

]

;

,

1
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TABLE 5-2

STRUCTURAL RESPONSE FACTORS FOR EQUIPMENT

,

BUILDING GROUND ACCELERATION F O OSR SR SRRANGE (g)* R U

Control Building a) <0.59 1.81 0.21 0.24
b) 30.59 2.11 0.17 0.22

Auxiliary Building <l.0 1,68 0.15 0.24

Reactor Building <l.0 1.40 0.27 0.25

Containment Inter- <1.0nal Structure 1.86 0.18 0.22-

Intemediate a)<0.85 1.69 0.13 0.26
Building b) 30.85 1.91 0.13 0.26

Diesel Generator
Building <1.0 1.24 0.04 0.31

'

Intake Screen House <1.0 1.32 0.05 0.18

* Acceleration value shown reflects yield capacity of structure

|
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TABLE 5-3>

CONSERVATIVE MEDIAN CAPACITY DERIVATION
'

FOR EMERGENCY BATTERIES AND RACKS

|,

I
PLANT GROUND ACCELERATION CAPACITY FRAGILITY BASIS

1 1.01 g's S
,

2 1.37 g's G

3 1.56 g's G

4 1.09 g's G

5 1.17 g's G
'

6 2.29 g's S+G
7 2.56 g's S+G

*

8 >2.0 g's S

9 1.28 g's S+G
'

10 0.95 g's S

11 5 .' 6 g's 5+G
-12 >3.0 g's S

13 1.74 g's S

i

MINIMUM =0.95o's=d

1 S = plant specific data source
G = generic data source4

S + G = combination of specific and generic data'

1

a

O:
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TABLE 5-4

CONSERVATIVE FRAGILITIES FOR TMI-l EQUIPMENT

l'SYSTEM COMPONENT (ID) A S Sg U

ECCS BWST 0.53 0.25 0.44

(Emergency HPI Makeup Pumps >lg -- --

Core
Cooling Isolation Valves >19 -- --

System)
LPI/DHR Pumps >lg -- --

DHR Heat Exchangers 0.75g's 0.25 0.31
/ Decay Heat Closed j
\ Cooling Heat Exchangers/

Isolation Valves >lg -- --

Dropline Valves >1g -- --

Piggyback Valves >lg -- --

Reactor Building Sump >1g -- --

Isolation Valves >1g -- --

Reactor Bldg RB Spray Pumps >1.0g's -- --

Spray
Spray rieader & Nozzles >l.0g's -- --

Motor Operated Valves >1.0g's -- --

Reactor Bldg -Reactor River Pumps 0.36 0.25 0.17
Emergency
Cooling Cooling Coils 0.99's 0.25 0.42
System

Isolation Valves >1.0g's -- --

Fans and Motors >1.0g's -- --

Emergency Motor Driven Pumps >l.0g's -- --

Feedwater
System Turbine Driven Pumps >1.0g's -- --

Flow Control Valves >l.0g's -- --

Block Valves (MOV's) >l.0g's -- --
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TABLE 5-4 (cont.) ,',

O !
'

,

s,

SYSTEM COMPONENT (ID) A S' O
R U

ESAS 1) Sensors 0.8Sg.'s 0.25 0.40 !,

2) Actuation Cabinets A & B 0.4/0.8 0.25/0.25 0.48/0.34 |
rd

Sa r
Actuation 3) Engineered Safeguards Relay i
System) Cabinets 0.4/0.8 0.25/0.25 0.48/0.34 :

4) Bistable Cabinets 0.4/0,1? 0.25/0.25 0.48/0.34 |
.

!
1

Reactor Pro- CRDM's & assemblies 0.66g's- 0.25 0.34 i

tection System |
!

Electric Power . ;

A. AC Power 1) 4160 Switchgear 0.4/0.8 0.25/0.25 0.48/0.34 |
-

2)4160/480 Transformer 0.73 0.25 0.29 !.

3) 480 V Switchgear 0.4/68 0.25/0.25 0.48/0.34

4)480VMCC 0.4/0.8 0.25/0.25 0.48/0.34 ;
_

:
'

B. DC Power 1) Batteries 0.95g's 0.25 0.56 ;

2) Chargers 0.499's 0.25 0.60 |
l 3) Inverters 0.499's 0.25 0.60, |

4) DC Distribution Panels i

1A & IB 0.28g'sf4) 0.25 0.26 |
5) DC Subpanels lE,1C,1H,lD, [

1F and 10 0.28 's(4) 0.25 0.26 j9

6) Vital AC Instrument Buses i

VBA/B/C/0, ATA/B, TRA, PRB 0.4/0.8 0.25/0.25 0.48/0.34 I
I

7) 120 V Transformers 0.73g's 0.25 0.29 i

|
C. Offsite Power Ceramic Insulators, etc. - 0.39's 0.25 0.50 |,

t
'

i

,

O |.

'
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TABLE 5-4 (cont.)
i

. 1.2 |
SYSTEM COMPONENT (10) A B Sg U

D. Emergency Diesel Generators (Everything
Power on the skid) 0.75g's 0.25 0.44

Air Receiver Tank 0.68 's 0.25 0.259

Fuel Oil Transfer Pump >1.0g's -- '-

Air Start Compressor >1.0g's -- --

Batteries for Air Start Comp. 0.3 's 0.25 0.319

DG Control / Breaker Panel Functional
0.37 0.25 0.42

Structural
>l.0 -- --

Fuel Oil Day Tank 0.3 's 0. 2.5 0.31'9

RCS Reactor Pressure Vessel >1.0g's -- --

(Reactor Reactor Coolant Pumps >1.0g's -- --

a Pressurizer >1.0g's -- --er
Steam Generator $1.0g's -- --

RPV Internals 0.499's 0.25 0.18
Pressurizer Safety Valves >1.0g's -- --

PORV >l.0c's -- --

R.C. Drain Tank 0.79's 0.25 0.40
Aux. Spray Line >l.0g's -- --

CBVS Normal Supply Fans >1.0g 's -- --

mergency Supply Fans >l.0g'snt, -- --

System) Chilled Water Supply Pumps >l.0g's -- --

Air Operated Dampers >1.0g's -- --

Booster Fans el.0g's -- --

Return Fans >l.0g's -- --

O
.
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!

!

TABLE 5-4 (cont.) [
t

O !
1,2 ;

.
SYSTEM COMPONENT (10) A S Sg U

!

I
NSR & CCWS 1) NS River Water Pumps 0.36 g's 0.25 .. 0.17 f
(Nuclear Service 2) NS Heat Exchangers 0.75 g's 0.25 0.31 .

d
Co$n 3) Inter. Closed Cooling Water 0.75 g's . 0.25 0.31 {Wa er
Systems) Heat Exchanger j

4) Nuclear Service Cooling > 1.0 g's NA NA e

Water Pumps -

'5) Nuclear Service Surge Tank 0.7 g's 0.25 0.40
I 6) Supply & Return Isolation > 1.0 g's !-- --

'Valves
!

i-

Decay Heat 1) Decay Heat River Pumps - 0.36 g's 0.25 0.17 - j
'd

.

Co$kn 2) Decay Heat Service Heat 0.75 g's 0.25 0.31 jWa er Exchanger ;'

Systems
'

3) D. H. Closed Cooling Water > 1.0 g's NA NA |
Pumps !

4) D. H. Removal Heat Exchangers 0.75 g's 0.25 0.31 !
Closed Cooling j

5) D. H. Surge Tanks 0.7 g's 0.25 0.40 |
6) Supply & Return Isolation i> 1.0 g's -- -- .

Valves | | ;

!
'

* !

!Main Steam M.S. Safety Valves > 1.0 g's -- --,

! System Atmos. Dump Valves > 1.0 g's -- --

> 1.0 g's
_ ;

Turbine Bypus Valves j-- --

i MSIV > 1.0 g's ;-- --

Main Steam Lines > 1.0 g's i
-- --

Turbine Stop Valves > 1.0 g's
|

-- --

Turbine Control Valves > 1.0 g's ;-- --

!,

i !

! !

4
;

;

. O |
.
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TABLE 5-4 (cont.)

O
*

SYSTEM COMPO!1EliT (ID) A S 3g g

Containment 1) Containment Purge Valves 1.0 g's> -- --

IO" > 1.0 9's2) Letdown Isolation Valves -- --

3) RCP Seal Isolation Valves > 1.0 9's -- --

Air Systems 1) Air Bottles (2-hr Emergency) 1.0 g's> -- --

2) Regulating Valves 1.0 g's> -- --

3) Piping 1.0 g's> -- --

O

I

Intermediate 1) Inter. Cooling Pumps | > 1.0 g's -- --

ed ol ng 2) Surge Tanks 0.7 g's 0.25 0.40

3) Intermediate Coolers 0.75 g's 0.25 0.31

4) Isolation Valves 1.0 g's> -- --

O
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NOTES FOR TABLE 5-4

f

!

i
1. Iisaconservativemediancapacitylevelwhichhasbeenderived, i

from the results of past SMA PRAs. !
I

2. Fragilities labeled "> 1.0 g's" are not expected to influence the i

risk, based on PL&G's assessment of the hazard curves. These f
components or structures have a high confidence (95%) of a low |probability of failure (5%) at 0.4 g's or greater, i

,

3. Electrical components may have two values given in the attached I

These two values "a" and "b" represent !table,i.e.,(c"a/b". hatter and trip) and non-recoverable failures, ;recoverable
respectively. .

i
4 The values given for the DC Distribution Panels and the DC Subpanels ,

are recoverable failure levels. The non-recoverable levels are !
> 1.0 g.

8

O
:
i

. I
J

!

f,

!4

'

|
!

|c

|
!.

!
'

i t
J |

f-

|
.
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TABLE 5 5

PAST PRA DATA ON AIR RECEIVER TAf4KS

PLANT NUMBER d S S SPECIFIC OR GENERICg g

1 >2 g's NA NA G

2 1.17g's 0.19 0.49 G

3 >2 9's NA NA S

4 >2 g's NA liA S

5 0.68 's 0.29 0.40 G9

6 >2 g's t{A NA S

I0.689'sMinimum ==

O

.

O
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b/ TABLE 5-6

FRAGILITY DERIVATION OF NUCLEAR SERVICE RIVER WATER PUMP

MEDIAN RANDOM UNCERTAINTY
SAFETY VARIABILITY VARIABILITY
FACTOR S Sg U

Capacity Factor (FEC)

1. Strength Factor 2.28 0.0 0.22

2. Ouctility Factor 1.0 0.0 0.0

Combined : F .8 0.0 0.22
EC

Equipment Response Factor (FER}

1. Qualification Method 2.63 0.0 0.00

{'') 2. Spectral Shape 1.0 0.0 0.00
3. Damping 1.0 0.02 0.12'-

4. Modeling 1.0 0.0 0.15
5. tbde Combination 1.0 0.10 0.0
6. Multi-Directional Effects 0.95 0.06 0.0
Combined : F 2.50- 0.12 0.19

ER

Structural Response Factor (FSR) 1.0 0.37 0.26

Ground Acceleration Capacity ( A) 0.68g's 0.39 0.39

(~h
L]
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hd APPENDIX A
1

t

CHARACTERISTICS OF THE LOGNORMAL DISTRIBUTION :
!

-

I

|

Some of the characteristics of the lognormal distribution which
are useful to keep in mind when generating estimates of A, 8 , and s areg u j

suanarized in References Al and A2. A random variable X is said to be
lognomally distributed if its natural logarithm Y given by- '

I

Y = in (X) (A-1)

is nermally distributed with the mean of Y equal to in i where i is the
median of X, and with the standard deviation of Y equal to 8, which will '

be defined herein as the logarithmic standard deviation of X. Then, the !

coefficient of variation, COV, is given by the relationsPip: !

O ;

COV=Yexp(S)-1 (A-2) !
2

!.

For S values less than about 0.5, this equation becomes approximately:

COV = 8 (A-3) f
!

I-

and COV and B are of ten used interchangeably.
|

For a lognomal distribution, the median value is used as the
!

characteristic parameter of central tendency (50 percent of the values -

are above the median value and 50 percent are below the median value), i

The logarithmic standard deviation, 8, or the coefficient of variation,
COV, is used as a measure of the dispersion of the distribution. '

|

|
3 ,

'J

A-1
1
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The relationship betweer the median value, i, logarithmic
standard deviation, S, and any va'.Je x of the random variable can be
expressed as:

x = i * exp (n*B) (A-4)

where n is the standardized Gaussian random variable, (mean zero, standard
deviationone). Therefore, the frequency that X is less than any value x'
equals the frequency that n is less than n' where:

in(x'/i)n, (A-5)B

Because n is a standardized Gaussian random variable, one can simply enter
standardized Gaussian tables to find the frequency that n is less than n'
which equals the probability that X is less than x', Using cumulative
distribution tables for the standardized Gaussian random variable, it can
be shown that i * exp (+s) of a lognormal distribution corresponds to the
84 percentile value (i.e., 84 percent of the data fall below the +S
value). The i * exp (-8) value corresponds to the value for which 16
percent of the data f all below.

One implication of the usage of the lognormal distribution is
that if A, B, and C are independent lognormally distributed random vari-
ables, and if

I

A" * Bs
0= 4 (A-6)t

C

:
|

9
A-2



~\
(Q where q, r, s and t are given constants, then D is also a lognormally

distributed random variable. Further, the median value of D, denoted by
6, and the logarithmic variance 8 , which is the square of the logarith- ;

mic standard deviation, 8 , of D, are given by:0
l

i

6= r*Bs
q (A-7) l

gt !

i

and

2
g 22 22 22

0=rBA*888+tSC (A-8)

where d, B, and 6 are the median values, and S * 6 , and BC are the loga-A B

rithmic standard deviations of A, B, and C, respectively.

1

The formulation for fragility curves given by Equation 2-1 and I

shown in Figure 2-1 and the use of the lognormal distribution enables easy
development and expression of these curves and their uncertainty.
However, expression of uncertainty as shown in Figure 2-1 in which a range
of peak accelerations are presented for a given failure fraction is not
very usable in the systems analyses for frequency of radioactive release.
For the systems analyses, it is preferable to express uncertainty in terms
of a range of failure fractions (frequencies of failure) for a given
ground acceleration. Conversion from the one description of uncertainty
to the other is easily accomplished as illustrated in Figure A-1 and
sumarized below.

With perfect knowledge (i.e., only accounting for the random
variablity, S ), the f ailure fraction, f(a), for a given acceleration a

A

can be obtained from:

f(a) *[tn(a/d) (A-9)=
8

( R )

O
.

A-3
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in which #(*) is the standard Gaussian cumulative distribution function,
and S is the logarithmic standard deviation associated with theR

underlying randomness of the capacity.

For simplicity, denote f = f(a). Similarly, f' is the failure
fraction associated with acceleration a', etc. Then, with perfect

knowledge (no uncertainty in the failure fractions), the ground acceler-
ation a' corresponding to a given frequency of f ailure f' is given by:

( f')]a' = d exp S (A-10)#
R

The uncertainty in ground acceleration capacity corresponding to
a given frequency of failure as a result of uncertainty of the median
capacity can then be expressed by the following probability statement:

."'UP A > a"| f' =1# g (A-11)
.

in which P[A > a"|f'] represents the probability tha the ground accelera-
tion A exceeds a" for a given f ailure fraction f'. This probability is

shown shaded in Figure A-1. However, it is desirable to transfonn this

probability statement into a statement on the probability that the
f ailure fraction f is less than f' for a given ground acceleration a", or
in synbols P[f s f'la"]. Tnis probability is also shown shaded in Figure
A-1. It follows that:

P[f s fla") = P[A > a"If'] (A-12)

'

Thus, from Equations A-10 and A-11:

~ '

in "/dexo
. .

8 t~l(f')
P[f s f' | a") = 1- t - R - (A-13)

g
U _

e
A-4
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from which:
_

(f')jin(a"/dexp
~

S 4p
= t (A-14)P[f>f'la"] j3

which is the basic statement expressing the probability that the f ailure
fraction exceeds f' for a ground acceleration a" given the median ground
acceleration capacity A, and tha logarithmic standard deviations Sg and

'

B associated with randomness and uncertainty, respectively.
U

As an example, if:

d=0.77, eR = 0.36, 80 = 0.39

then from Equation A-14 for typical values of f and a",

P[f > 0.5 |a" =0.40g]=0.05

O which says that there is a 5 percent probability that the failure
frequency exceeds 0.5 for a ground acceleration of 0.40g.

|

O
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APPEhDIX C

SPATIAL INTERACTION TABLES

|

GENERAL DESCRIPTION

The tables that are put together as part of the spatial interaction ,

'analysis are presented in this appendix. The tables are grouped by
buildings and organized in ascending order by their fire zone (or area)
number. For each location in the plant, three tables are presented:
(1) location inventory codification table, (2) source and mitigation

,

table, and (3) scenario table. For some scenarios that are judged to be 1

important, an impact table is put together.

These tables and the sources of information supporting them are described 1

in Section 3 of this report. Table C-1 describes the abbreviated system '

designators used in the location inventory and impact tables. In the
location tables, the symbol "X" is used to minimize entering the same
information several times. For example, if a valve appears in a fire
zone the valve name is given under the column "valve" and the associated )power and control cables are shown by "X." The references are given in
several ways; they are described in the following section.

All the tables have gone through several rounds of iteration. In these
iterations more attention has been spent on the important scenarios.
These are the scenarios that are suspected of having a significant impact

L on plant risk. Therefore, they are presented in greater detail than the
other ones. Similarly, there are some variations in the level of detail

lincorporated into these tables.

REFERENCES

In the location inventory and sou.'ce tables the sources of information
are referenced using the following symbols:

"1" refers to the Fire Hazards Analysis Report and Appendix R,e

Section III.G, Safe Shutdown Evaluation of TMI-1; Section 3.11, List
of Equipment Required for Safe Shutdown,

"2" refers to the Fire Hazards Analysis Report and Appendix R,e

Section III.G, Safe Shutdown Evaluation of TMI-1; Section 3.10,
Valves Re c1 red for Safe Shutdown.

e "4192-C-302-nnn" are P&ID designators.

"Fire Hazards Report" refers to the Fire Hazards Analysis Report ande

Appendix R, Section III.G, Safe Shutdown Lyaluation of TMI-1.
!

"1-FHA-Onn" are layout drawings of the Fire Hazards Analysis Report.e

'

e "T3.11-nn" are Tables 3.11-15 through 3.11-31 of the Fire Hazards
Analysis Report.

1
C-1 |
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e "T3.10-nn" are Tables 3.10-1 through 3.10-6 of the Fire Hazards
Analysis Report.

e "FHA" is the same as the Fire Hazards Analysis Report.

e "Plant Visit" refers to information obtained from onsite inspection

of the location by the analyst.

e "E-nnn-nnn" are piping isometric drawings,

e "C. Adams Lettr:r, 6/19/84" refers to a letter from Charles Adams of
GPU to D. L. Acey of Pickard, Lowe and Garrick, Inc., dated
June 19, 1984,

e "C. Husted" refer: to personal communications with C. Husted of GPU
and J. K. Liming of Pickard, Lowe and Garrick, Inc.

"Color Coded Drawings" refers to cable tray and conduit drawingse
color coded by T. O Connor of GPU.

e "5/31" refers to tables in Attachments 3.5 and 3.6 of Fire Hazards
Analysis Report transmitted to Pickard, Lowe and Garrick, Inc.,
May 31, 1985.

O

O
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C/ TABLE C-1. AB8REVIATED SYSTEM DESIGNATORS

Abbreviation Definition

AN air handling systems throughout the plant

BWST borated water storage tank

CF core flooding tark
CST condensate storage tank

DC decay heat closed cooling water
DH decay heat removal system
DR decay heat river water

EF emergency feedwater
ES electric power system

FH fuel handling related systems
FW main feedwater

IC intermediate closed cooling system

MCC motor control center
MOV motor-operated valve
MSIV main steam isolation valve
MU make up and purification system

NS nuclear services closed cooling water
NR nuclear services river water
NI nuclear instrumentation

PORY power-operated relief valve
PSV pressurizer safety valve

RR river water for reactor building emergency cooling
RS reactor building spray system
RCP reactor coolant pump
RC reactor coolant system
RPS reactor protection system

TBV turbine bypass valve

O

C-3
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SOURCE AND HITIGATION TABLE

Location has 4 He t Fach r 2er Vfi .l

Designator: M-TI-T ^
'i

Sullding: Auntilary Building

Source Description Mitigation of the Source

Source Type ' ' " ' " 'Mits ativeDescription Ass g tfons Reference Referenceg

Fire and smoke Cabilee Fire Icelzation Ffre Two cable trays on top of the walkway(relative 1 Nazards ftre haards of the tunner,
clean roca{l Report Detectors Report

Portabk '

Ory theefcal
Fire fatin-
gulsher

Fire Mose
Station

NoaJire
Eated
Reinforced
Concrete
Wall s

Flood Pipe sections. 1-FMA-025 Walts and All pipe penetrations are sealed
Heat Enchangers. 3-fMA-031 Floor Do completely.
Fire Mose Station hot Nave Any

Opentag except All valves are at least 5 feetO at Northeast off the ground.*

Corner toward7 the Corridor Pipes are at least 1-foot in diameter.
m 10 feet Above

the Floor

Room Has Sump
and Sump Pump
at bortheast
Corner

Spray Pfplag Does not have signtficant tapact except
for isolated MOV motor failure.

moderate Pfplag Impact is judged to be einfmal andEnergy overall ef rect similar to floods.Lfne break

Missiles Transient Room Welding generally is done by using
Pressurized Soundaries arc-welding methods.
Cant sters are sub-

terranean

041% Dol 7tmEENR
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SCENARIO TABLE

Location Narm: Heat Exchancer Vault
Designator: Ama z-i
Building: Availlary Building

Sheet 1 of 2
Scenario Summary of

Synopsis Constdered Quantification3 g
of the Paths of Prcpagatton for Further Results and Remart s

Type Source Source Portion Mitt atton Analysis (yrd) Further
# ' "

Type To Ac tions

Fire and Cab 11ag or I. Cable burnfug tocalf red No becauss 10-3
Smoke framstent I due to an only cables only durjag dolcing are thevalves c osed and have

Fuel | ele:trical effected and to be opened, and all three
shcrt or all valves are reagterpumpshavetorun--
traistent in normal 10 - (fire) a 5 a 10-3fuml. operating (delcf ag) a 0.1 (conservative

position and unavailab}lfty).no hot sherts - 5 a 10- -not
possible. signiffcant.

2. tagul flag. Stafra AB-FZ.4 No, severe fire 10 5 A subset of AS-FZ-4
*to Pipe mould not have scenario 1.

Tunnes any further
damage than

i scenario 1.

Flood Pipe 3. Pfpe break . de Propa- Iso, no serious 2 a 10-5 For frequency evaluation.Secticas, from a iteited ' gation impact on it is assumed that a pipe
Heat source other plant safety. break leadsag to another
Exchangers, than decay pipe break by shipping has
and coolant orn. Fire Mose nuclear congttional frequency of

10 .,

4 -* service.
I
W No other may a flood can lead

to adjacent system failure.

Pfpe 4. Pfpe break Tunnel First Yes. 10-6 NR. N5 and Flood say also get f ato
Sections in nuclear Floor of (10-4 IWP5 Lost AS-FA.1 and AS-FA-2 f f theand Heat rfver. Aust1- large (comparison) manmay covers are lef t open.
Enchangers fary and fl Ia This is such less likely and

Fuel (10- not constdered.Sulld- operators
fags not Nuclear service deprived of

shuttfag cooltag medlun.
off the
source) MUp5 peamp area flooded.

No impact on Cables. Nttl
take - 3 hours to fill
the room. Susp level
alares in the control roce.
targe flood frequency is
used.

Missile- Transfent 5. Sottle cap locallaed Yes. 3 a 10-5 No action- Fr qa 10- is product ofPressurfred breaking and E f fec t impact is 3 (frequency ofBottles bottle altting judged to be betjle in the room) and(e.g., for pipes and heat Italted to one 10- (conditionalmelding) enchangers. pfpe or heat frequency bottle acting as
enchanger, a missile).
and these are
covered.

i

.

04I9G065786tEMR
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SCENARIO TABLE (continued)

location Name: Heat f achanger Ved
Desfgnator: W-fz-1
But iding: Availlary Butiding

Sheet 2 of ?
Scenarfe Summary of

Synopsis Considered Quantification$,, g
7of the Paths of Propagation for Further Results and ReserksTy e Source Source Portion Mf tf atton an.iysts . (yrd) Further

"
Type To Actions

-

ont Yes. 3 a 10-5 No action: On1 one train of decayFlood Decay 6. Decay coolant
Coolant or heat AlfZ-1 (see dominated by Coo ant lost.
Pipe or enchanger belowl other causes
Neat break. of loss of
Enchanger decay coolant.

Pipe or 7. Nuclear only Yes. 3 a 10-5 (syste All of nuclear service lostheat service pipe AS-FZ-1 (8 a 10-6 because headered.Enchanger or heat pfpe break) Volume of water spilled
enchanger a 4 (pfpe very small compared to
b reak. pieces) AS-fZ-1 dimensions.*

'3.000 gpm spill util take about 3 hours to fill AS-FZ-1 (- 600.000 gallons up to top of the stafrs).

O.
unusuS

I
4

i
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4

6

4

. LOCATION INVENTORY CODIFICATION TABLE
I

tocation llame Isakeup and Purf fication Pump A
, Designator: "AB-tz-za
i Sullding: Auslllary Sullding

i

' Train Cables
''f*I *Systee or safety Pump valve seference memoriits/ AssumptionsCabinet ' ***

. Division Power Control Instr uentation
|

seu seu-PI A x x pg,g., y w ,,, ,,,,,
sIU-P2A I I 5-31
sep-P3A 3 g.33

i

1

1
4

I f
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SOURCE AND HITIGATION TABLE
tocation mane: Ma6Ilf t*p and Purf ffcation Pump ADestqnatcr: *I-za
Bullalag: TJITTTT/y Sullding

Sourte Description Mttigation of the source

'
[ Mitigative *

Description Assumptions Reference * "Feature

Fire and $reke Cabling Fire Hollou Fire HVAC duct opens in thl8 room and En
hazards Metal hazards the MU-P-lO pump roce.
Report touvered Report

Door in
West Wall

Pisap OfI 14HA-026 IonizationSystem Fire Detector

North. Fire
South, and Hazards
East Walls Report
3-Nour
Fire Rated

Locattsn
AS-FZ-4 :
Fire Hose
Station

Loca tion
AS-4 '-5:O Fire hase-

Station-

8

* Portable
Dry
Chemical
Entfe-
gulsher

flood Pipe Section Walls- Door has louvered grfil at the hcad.DoorIs Flood detector in the floor draf ateg
mot Water- DI3.2 gpe).
tight and

Opens into
A54Z-4

Nigh Enerp Pfpe t.eak Wells Ofscharge and suction pfpes are short.Pipe treat

Waterjets Pipe greak Walls
Spray Pfpe Break Wall s

Missiles Transtent Sources Walls
tfke Pressur?aed
Cantsters

0439Ght1166ttNR
,
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SUNARIO TABLE
tocatten Name F.atene and Partficat8vn pume A
Designator: E rz-Z' ,

Osffdfag: W i Butidde.g i

,

Sheet I of 2
Scenerte Sammunry of

Synopsis Consth' Quaettffcation%,
Fr w y ;of the Paths of Propagetfen for furth.9 Desults and Romert s iType Sourca Source Portis nitt

f'*tfon Analysis Ifl ~'I Further*Type To
,

Actless '

if re and Cabling er I. Cabl- burning
Caoke Pump Oil - due to en

Systes electrical '
short er
transtant
fuel. |

i

Engulfing Duvr As-FZ-5 Ves. 10-4 us action; only Failures in As-FZ-5tha room. IRPS effected. anymented with this rene.
)ara-I is envy a smell fractlen

afvAC & *t AS-FZ-2C 2.7-3 per of equipment fetis.
esmans. Bayertant cables in

AS-FZ-5 are for from the
door to AS-FZ-2.

LFleed Pfpe 2. Pip' Deer AS-FZ-l. Fleer fes. 3aj0-0 (camperfsen) P'ee break at the sinale5ectlen dur .. 43 flowey AS-FZ-S drains maj (10 Three IEF5 single drop itse of SEST issporett m. Open pipe be able to event) s peeps laeper- deemed very uniftely* nmel carrg ths (3 m 10-2 able because . comoared te velve and.
3rlpping spils rate ne ficad Olf5T is gaAet problems.n Sean to f-en matteep steppage) opened.
AB-FA-1 .ank. Flece frew as a small

.
,

As-FA-2 ONR and fractlen of la<aa flood in
,

8 andN betIdfag aust11ery buildsag because
FN-FZ.5 spray pumps all the egutpment that may

i N Fleeded. cause flooding is tested
and monitored closely.

Ogerators have plenty of
time to stop the splul and
save WIR and buildlag spray

(Se + 123W )7( s..2 pump heightsi 9a
(3.29-3) = 66.000 gallons;

to fall SIR and besidtag| spray pueys. A small frat- ''

tien of spill fate SNd and
3butIdtag spray pump rees.

Overall centeur of the plant
is flat; sloped toward Jrain I

holes. Initially makeup I

tant will centribute. The
, operator will apen SWST

sectlen valve and empty that
tant into pump room. Only
feu faches of unter en the
floor. Becay heat and *

| butIdf ag spray peeps ur-
affected because manhole
is covered and leakage is
slev.

,

,

'
.

selgsesl7esttuR
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SCENARIO TABLE (continued)
locatfon Nare: Mateep and Purtf tcetton Pump A
Designa tor: 3d-FZ-Za
Sutiding: Auslitary 8v114 fag

sheet 2 of 2
Scenario Summary of

Unopsis Considered Quantific"tfon
Source "

of the Paths of Propagation for f urther Results and Renarts
(pr*I)Type Source Source Portion Mtilgation g..y ggs Furthery

Porifos
Type To Mttons

flood Pipe 3. Pipe break Doer AS42-5 Tes. 10*I MUP5 lost. Contents of the SWSI may be
Section during hfgh Manway Pipe (3 a 10-2 Dim 1est. emetted.

pressure Open Tunnel Busi Butiding
injectica. Drfpping rectrce- spray lost.

j Down to lating

|
AS4A-1, test) a No actles;

9 A&-F A-2, (I a 10-4 subset of
g and pipe or scenario 2.

FN-F Z-1 otheri

failure)i

(3 a 10-2
failure to
stop the
sptill

Nigh Pipe 4. Localtred Door A8-F"-5 Ves. 2 a 10-7 no action; Water jet f s assumed not
Energy greak mechantcal Drates Aus{1lary (e a 10'' sfullar to f atitas any malls.

Pipe damage; water Opening Butrdtog pfpe scenarf o 2. Mechanical damage is
failurel locallzed.Break escape. Sump
(3a10'fAs-FZ-1

AS-TZ 4 operatorg
error to.

shut off)-a
1

03 5. He:' fat;ure; tall AB4Z-28 Yes. 2 a 10-9 be action; Pipe sections are very
wa wr. Door AB-FF5 (8 a 10-0 very sh rt. Mastmum damage, one9

Ama t itary pipe unithely. wall failure only.
Building fallsre)2a
Sep (3 a 10- Water jet la AB-FZ-5.
A8-F Z-1 operator)
AB-FZ-4 error) s Loss of one well f ategrity;

(.01 vall most Itkely well is the
.

fallure) one meat to discharge side
of makeup pop.

Sprays pipe 6. Impac t No. Part of
and mater greak local t zed. scenarle 2.
Jets

Misstles Transtent 7. Transfent Localfred Ves. 3 a 10-5 ho action | only Only one makeup pump
one pump ost a f f ec ted.Sources source. to the

Room and very
unitkely.

8. Transient Door AS-FZ-5
sSurces. AS-FZ-4

_

d

04tK.061786EthR
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i LOCATION INVEN10RY CODIFICATION TABLE '

k

*
1ocaties llame: Mokeup and ,erif fCa*fon Pump 8
DesIgnater: as-rz-za ;

>Sutiding: baillary Sat 1df ag
L

I'

System er ety Pump Valve neference Remerts/Assumptiess
tDivisten Power Control Instrementation

IIW E PIS I I Pfplag 1 flakeup pump. i
feU-P2s x x 5-31

,

E P-3s I 5-31 '

!'

l

1
;

I

!
,

'
.

O
.

M

| f
'

s @

1

1 |

!
?

l
4
i .

)

|
.

t

i :
1 r

i ,

d
i
i
!
4
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;

i

i
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SOURCE AND HITIGATION TABLE

toca*.len Name: Nkeu and Purf f fcation Pump 9
Dastgaator: W- -4
gullein : Anal 314ry Building,

Source Description Mitigation of the $wurce

Source Type | [ Remark sg g ,,g
I, Descripties Assumptfees Referenc e Reference,,

.

Same as for AS-FL-te.

d

.

emus

I

O

.
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i SCENARIO TABLE t

Locatten name: IIsteep and Purtffcation Pune S
Dest as+I-m
s.uE' tors umny e.nei.:

Sce rs. 5 -.ry .f
Synopsis Coast ered quantificattomSee 7, ,
of the Paths of Propagetton for Further Results and Somert s

Type Source Source Portjen Nitigation Analysis (pr*yI Further,

j Type is Actless ;
.

Same +4 f x AS-FZ-2a. ,F

t4
'

9

I

b

P

b
t |

I

i

t

b.
'

amme
'

8 e
a
d

s

(

4 !

'
,

4

4

x

|

i i

l 1
-

;

1 1
1
1
!

4

f

4

|
<

} USS|fMW
1

I

,___
__ _. _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ __._ .



O
.
8
:
I
:
4
*

I' 8
.

1-

.
U
t
2 ::;"- -

a aa
_

6.
,

kl
J 8co :< *

W

"1=
O

h.w
H A
6 .
- -

-
6 1 2M W W M MC 8
8 "

-
Cr
O
W s -.
b " a ""> -
Z
w

Z
O 3hgm
'"" W$

"

m
u , e

. -

b
:

@ W
5 I I 44
2, s is'I

i *
,

tub b5
72 33%.

22: * 3i
e l "6 3-

2n< e

..I se -

3 .. E*i! 3 EaE
535

j
i

O

C.1-12



_. _ _ - . . _ . _ . _ . _ . - . . .m___._. . _ . _ _ . _ _ .._ .m. . . . . . . -

I

r

SOURCE AND MITIGATION TABLE

Location llames senkene and Purf fIcattom pine C
Designeters m -rz-zc .

Bellefag: M y Balletas

..

Source Descrfptfea Mitlpailen of the Soune

5eurce ispe
_

esmert sMitteetiveDescription Ass 4tless Reference Seference,,,
y

Same as for AS-FZ-Ze escqt that floods commet occat slag moraal operetten.
t

*
;

4

3

i

| !
T

r

T

i e

,

1 n.
,i-
'i $

a

! i
4

!

.
I

}

i
-

I
,

+

,

;

.
.

i
'

i
.

4
-

, .imi,
I
i <

'

.1

'
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SCENARIO TABLE

Location name: Makeup and Purf f f cation Pump C
Designator: W-F Z-2c
Su11 ding: Amalilary Building

Scenario Summary of
Synopsts Constdered Quantification3 ,, ,of the Paths of Propagation for Further Results and Amert sType soorte Source Portfon Mttigation Aralysts (Fr*yI Further

Type To Actions

same as for At-FI.2a except durf3 floods. moraal operation is not poss8ble because pump is valved out.

.

.

M

|
-

9 0419G061786ttMA
-
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SOURCE AND HITICATIOri TABLE

Location bane: Valve
W-TThGa I rDestgnator: J

Su!Idlag: TJsTTTary Sutidtag

Source Descrfption Mittgatim of the source

source Type ''"'I'ett ttgative
Descriptten Assumptions Reference Reference

F f re and Sache Cabling Fire het.2 forced Fire
hazar6s Concrete Nazards
Report Walls Report

(three)

lostzation
F1re
Detectors

Location
AS-FZ-4r
Fire Hose
Protectten

Rfsulles Transtent Walls
Source Opeatag

to AS-FZ-4

Flood MLP S ta
Pipfnj FZgto

Nigh Engergy Energized MUP5 kalls enO Ltne treah Pf; tag below Three Sides
* Elevation 295' and Concrete
[ Slab Above

$ Waterjet Energized 80P5 Walls en
Piptog below Three Sides
Elevation 295* and Cencrete

Slab Above

.

! kN

_- - _-_ - __
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SCENARIO TABLE

Location Name: Valve G,ller
Destgaator: Ms~r
Bufiding: WITTGry f atig

Scenarte Simanary of
Synopsis

, Considered Quantification7, ,of the Paths of Propagetton for Further pesults and Romert sType Source Source Portlos n en Analysts IF''yI Further
Type le Ac tions

Fire and Ca63 fag I. Cable burning Ves. 3 a 10-5 (comparison) MuP5 fasts by failles powerSmoke due to en
'

small and valves V4. V5. and V32.
(area is or control to makeupelectrical

short or normallytraastent roped eff)
feel.
Localized.

2. Engulfing. Open Area AS4 Z-4 Tes. 10-5 us action;Open Area AS42-5 Isee subset of
abovs) AS42-4

scenarie 1.
Missiles Transient 3. Transteet nochantcal AS4Z-4 Tes. I a 10-6 se action; Steam has me impact. sSources sources. Damage AS42-5 (worters subset of Steam would be generatedtocaltaed are scenario 5 f a f f letdous Ifnes areSteam er malikely terms of impact severed.Flood to bring and less isolatfon of the breakthrough large frequeet. will be automatlc.Jpentags aressurfredn bottles.

f ast, del-

1 4. Transtoat open Area
At42-5

FZ-4 Tes. I a 10-6 No action;"
sources. as subset of

AS4Z-4
scenarlo 4.

Flood MUPS Pfptog 5. MuP5 peep in open Area AS42-4 Tes. 3 a 10-6 (comperfson) Same scenario as AS4Z-2makeup mode. AS4 Z-5 (1 m 10-, scenarlo 2. Same frequencyFM47-5 floodl a 6W51 emptied.
(3 a 10-2 Loss of MuP5 SMR. andOpen ASJ A-3 operator buildlag spray.ha tch AS4 A-2 error la ho damage from water jets,eftigatlag steam. or water spraythe flood) because of no mean eeutpment

and no esposed contacts. *

Pipe eelp may fall other6 MuP5 fa test open Area AB-FZ-4 B0. frequency MuPS pfpes and ealve.mode takfag AS4I-I much smallersuction from AS4Z-5 than scenario 4
DUST. FN42-3 sface sely a

fracties of theWe ASJ A-l time booked to
Ma tch As-F A-2 SW5T.

high MhP5 P8plag No.Energy Impact steller to flooding
Pfpe scenarios 6 and 6.
Break<

Spray MUP5 Piplag F. M W5 to test Opentag AS42-4 No. part of Not important becauseor monaal flood components la the area areoperettag scenarios.
mode. generally not susceptible

to sprays.
Water MuP5 Pfplag 8. Part af No. Impact Ifmited, sistlerJets

sce.na.rfes 5 to scenario 7.an .
,

041gG061786([NR
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LOCATION INVENTORY CODIFICATION TABLE

Location Name: Penetra
Designator: IIF-TT-1{f on Area
Salading: Ausfilary Building

Sheet I of 3
Train CablesIM r alSy s tem or Safety Pump valve Other

* '"' M2ference Remarks / AssumptionsDiefston Power Control Instrumaatation *

MU A E VI4A E I 2 BWSIIsqlat{en
(normally csosed).

8 MU-Vl48 E 1 2 BW5i Isolation
(normally closed).

A MU-Vl6A R I 2 MPI fejeC- Located
tion valve. aboveO MU-V168 I I 2 'sh e
MPI injec- grating
tion valve. nearA MU-72A MS-P2A T3.II-19 the

reactor
building
mall.

MU Mv-V-18 I 5-31MV-V-217 I I b-31
MU MU-V20 T 3.11-20 Fall closed typeMU-VIF

pn(umatic valve.

MU MU-V -36 1 E V-32 6-31O
. E 's-37 I 5-31

"I MU E V-IA 5-31
I MU-V-18 5-31m E V-2A I 5-31

E V-28 X 5-33E V-3 1 5-31
DC A DC-PIA 1

ti5 A us-PIA
1 ,

h4 8 WR-PIB 5-31 Control indicator.
DM DN-V69 I3.10-1

DN-V3 I E 2 Dropline isolation
valve outside the
containment.

A DN-V4A E E 2 Injection Located
valves flow aboveB DN-V48 I I 2 pressure). grating

near
Injection reac tor
valves (Iow building
pressure). mall.

A DN-V7A X X 2 Pfggyback connections.
B DN-V78 I I 2 Piggyback connections.
A DN-PIA I

35 4 85-VI A x a C. Adams
Letter,
6-19-84

0439Gobl186ttha
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locatten Name? Penetretten Area
Des 19 mater: M-g
Butiding: avallfary Sutiding

Sheet 2 ef 3

**System er ety Pump Valve soference Romerts/ Assumptions
Dietsten Power Centrol Instrumentatten

3 BS-VIS I I C. Adams
Letter,
6-19-84

IC IC-V3 I C. Adams Air operated (thermal
Letter, barrter cooling).
6-19-44 Fall spes if 80 Is
5-31 lost. rett closed ifA IC-PIA I air is lost.

f5 A 400V EST T 3.13-16 Isot shorts may octor8 CC 1 A FNA f a centrol circuits.
AN A EE-1 A 5-31

B Ass-E-IS 5-31
EF IF-V-53 I 5-31

EF-V-54 I 5-31
EF-V-308 5-38
EF-V-300 5-31

FW FM-V-5A I 5-31
fW-V-58 I 5-33O FN-V-92A I

1 5-38-

FN-V-928 I 5-31
8

Col DN-V-54 1 5-31g DN-V-6A I 5-33

DN Sul-V-76A 5-33
DN DN-V-12A 5 35

DN-V-128 5-3I
est-V-75A 5-3885 B5-V-3A I 5-3185-V-28 I 5-31IC lt-y-IA I 5-31 fe0V-letdous cooler

1selatten .
I IC-V-18 5-31 seDV-letenue cooler

fselatten.
IC-V-2 1 5-31 se0V-letdema cooler

1selatten.
IC-V-4 5-31 neacter betiding

tseletten; on talet
header; pneteetic
valve.'

1
IC-V-79A 5-35 BCP-1 A Isolation.IC-V-798 b31 ar.P-Is ssetatten.
IC-V-79C 5-31 A9 -IC tselatten.IC-V-790 5-31 RCP-10 cooler

tseletten.
E5 Ir5 o-IA e,-3 3

t 1

0439G061806EENR
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SOURCE AND MITIGATION TABLE

tocaties hamet Pent 1_r_aties Aree
Designator: K-FT-4
Sellding: b lIIery Butiding

h% UU
Source Descript$en Mitigatfen of the Searce

* *MttIpatfweDescription Assenyttens Reference neference,,

Fire and $aste tabling Fire morth and Fire caen to aWacent fire zones ,

Nazards South balls hazards Al-fl-S and f d-f 2-3.
Report 3-Neur Fire Seport

Rated *

Ionising
,

Ffre Setector
!

Fire Isose
Station '

Steel
Perseasel,
Access ustch
to Fleer to
A8-9A-2

,

Deluge Meter,

; 5 pray Systes
! (arosad

perimeter of
same)g

.

w Locaties
I AE-fi-5:
PJ fire Nose, "

; station

) Portable
try Chemi-,

cal Extfe-t

golsher

| F16-f 2-1:
Portani.
Dry Cheel-
cal Entte-
gbt sher

flood Pipe Section mome to
Contale the'

Meter

Nfssiles fransient home
' sources'

I

*on seeth benadery acacent to the matemp pas, cescle.

,

&

i

! G41%0617t6ttNR
;
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SOURCE AND HITIGATION TABLE (continued)

location Name: Penetretfee Area
Der s gaa tor: AT-FT 4
Sullding: TunTTT3ry tullding

Sheet 2 0 2
Source Description Mitigation of the Source

Source Type ' " ' * *Mitigattwe
De uriptfoe Assgtless Reference Reference

Nigh Energy MUPS Piping and Nome
time Sreaa DM Drop Line

= hem fa Normal
Not Leg Rectr-
colation

Waterjets MUP5 Piptog scne

Spres of ing (MUPS, homee pray
and CHAI

Steso DHR P1 pes
during hormal
Not teg Coollag

O
.
M

8

N
N

041 M 417eu tMR
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SCENARIO TABLE

tecetten Names Penetratten Area
Desigutors m-e s-a
entising: 11srttfyry guilding

Shoet 1 of 2 r

Scenarte Summary of
Synopsis Considered Quanttftcationa

' "
i of the Paths of propagatten for Further Results and Remark s

Type source source Portion set tigaston g igggs (yr*Il Further
Type To Ac tions

$ Fire and Cabitag. 1. Cable burning Open AS41-5 Tes. 2 a 10-6 Damage state: Damage to [5V-CC 1 A and
Smoke Transient due to an (3 a 10-3 3M (til. IB cables.

Fuel electrical /yr fire)
short er n (0.3 Hot short causing spurious
transient ;,eemetric actuattee of equipment.
fuel. facter) a (See Impact Table.)

| (0.5 fatt

(E [
severityl
a 10.1 hot
short5 ta
ma-V-5
circuit
and f ailure
of IC-V-3
or IC.V-2) r

2. Engulflag. Open Areas AS47-3 Ves. 3 a 10-6 de action; Issact the same as
on fast. AS42-5 il a 10-3 less Itkely scenario 1.O South, and TH42-1 for than scenario 1;*
West severity however, moreY Soundertes and non- cables test

m (no well suppression than scenario 1.
ta construc- facter)

; tian)
1

Stalruell

r flood Pfpe Section 3. Pfpe break in Openings A842-1 Tes. 10-5 (comparg son) 12 pipe pieces pose the flood 6

| section side AS4Z-5 12 a toss of MUP5 hazard fer this sCenarte. .a 10 gpiping oncept AB-FT-3 GW5T. decay
for those FM4Z-1 per year heat and State safety trade pipes a
pipes that a84 A-1 tettdtag used, frequency is 8 a 10 p

, are connected AS-fA-2
d

spray. per year.
to the primary
eessel.

3 valve leak from
I valve DM-v can have '

, the same input.
1

-

let ssfle s 4 Transtent opentag AB-FZ-5 Ves. 3 a 10 6 me action; dam- Breaks cables near thei sources. (3 a 10-3 age state 3M; cettlag.
; opening fu42-1 af sstle more cables or
'j source in equivalent lost treaks valve operators.

the areal than scenario 1;
a( n imelle r -

10- ) frequency. I

accident '

. generates
the
missile)
a 10.1,

cable
fragilitJ)

>

041MTF18Me
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SCENARIO TABLE (continued)
tocation name: Penetration Area
Destgaator: W-T M
Sulleine: TJETTTJ v Sutiding

Sheet 2 of 2
Scenarte Sumery of

Synopsis Considered Quantification, ,, ,of the Pat >s of Propagetten for Further Results and RemarksType Source Source Portfoe Mitigatio* Analysis IJF I Further
Type Te Actions

utgh 5. MuP5 pfptog er Lacalfred Ves. 10-5 Damage state Pfpe fattere frequencyEnergy DMR pipes unee (two JM. ho =Cttee; 1s conservative becausetime to operetten. pfpes) stellar to pipes are better than
treat scenarie 4. those in data base

for 8.0-6.
Waterjets 6. MUP5 piptag. Open Area FM42-3 Ves. 0-5 g,,gggbilar Iseletten valve operatles

two tapac t may be damaged.
pipes) to scenario 3.

Frequency conservat!ve.

7. MUPS pipfeg. Open Area 4842-6 Tes. 10-5 {cq,pertses) no significant fattares
Itme puniding spray, at FN-52-l.
pfp? ) DNS, and MUPS

g effected. In aedition to MUP5
tsolattoa valves. DNR and
betidsag spray isolatten
valves affected.

Spray 8. Pfpfeg. Localfred me. I a 10-5 only a few valve motors
r. y itmo pf pe may be af fected. Thus.

sec tions) tapact very lla'ted.-

I

$ Cables are not susceptfble
to a spray.

Steam. 9. DNR pipe break Openings FN-T2-1 Tes. I a 30-6 lcomparison) MUP5 fallye due te isola-N1gh durIog normal AS-f2-b (two p1pe b56enar6e ef a Iation yaive-opera urEwwrgy het leg recir- AS-FZ-3 sec tions) MUP5 matal fallare.Line colation. a (0.5 in isolation.Break, het les DH4 and butIdtag sprayspray recirce. MUP5 failure. fatlere.and Jets lation)

Sutidtag spray
and OHR
failure.

Mt h 30. Letdown Ifee Steam AS-FZ-5 Tes. I a 10-5 (comparison) MuP5 fatlure ene Dnat
Energy bre ak . through AS-f2-3 f two pipe V-scenarte sf a and bellatog spray fatlureLine Opentogs FN423 sections) DHE until Iso- from selve-operator failgrg .
B reak . lattom.
Steam. Ptpe
Spray trh t p MUP5. belldfagand Jets tocal- spray, and

taed ChR failure.
Jet er AS42-5
5 pray or
Opening FN42-3

04 i7
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v.) IMPACT TABLE

Location Name: Penetration Area
Designator: AB-FZ-4
Building: Auxiliary Building

Scenario Summary: Fire; Scenario 1; Fire on the Floor or in Cables;
Affects Cables Near the Ceiling; Propagates to AB-FZ-5

Systems lost Components Affected by the Hazard

NR All Trains Hot short in the control cables of NR-V-5 (or
normally open MOV). This valve is controlled
from 480V-ESV-1A. Recovery of this valve not
possible because fire in operator's path. System
recovery is possible by opening bypass valves.

RCP Thermal IC-V-2 (a normally open MOV) f ails closed
Barrier Cooling .>ecause of a hot short.

RCP Motor Cooling Affects motor cooling and letdown cooling.
,

,

'') Letdown Cooling Damage to control or power cables of MU-V-14A |(

MU All and MU-V-14B (normally closed MOVs). ;

BS All Damage to control or power cables of BS-V-1A ,

and BS-V-1B (normally closed MOVs). 1

IC All IC-V-3 would fail closed if copper tubing of air
line to air operator ~ ils from the fire; hota

short in control cab' es of IC-V-2.

AH V-1B and Hot short in the control cables of these valves
AH-V-1C (MOVs, normally closed) may open the valve.

MU Train A and C Power cables to pumps MU-P-2A and MU-P-2C.

480V ESV-IA and Power feeds to these two electrical cabinets.
ESV-1B

CF Trains A and B Power cables to AHE-1A and AHE-1B in this fire
Zone.

HL-1 Valve DH-V3 power cable in the ared can be
recovered by manual operation of the valve af ter
the fire is put out.

HL-2 Valves DH-V7A and DH-V78 power cables in thee area, can be recovered by manual operation of the
valves after the fire is put out.

0419G061886EEHR C.1-25



LOCATION INVENTORY CODIFICATION TABLE

tocation Name: Gearrel Area - Elevatloa 281'-0*
Destgaator: K-TT->
Butiding: Amalliary Building

Sheet I of 2
I'''' Cables

11ectrical Other$ya tee or Safety Pump Valse Reference Senarts/ Assumptions
Cab 1 net ItemsOlvision Power Control lastrimentation

DW A DM-VSA I I 2, 6-3I Suction valves (MOVs)
of the DHk pu g ;

DH S DN-V58 I 1 2, 5-3) aormally open.

DM 8 I

DH DH-3-(Il i Eveat mosttortag
DN-4-L12 I cables.

Mu C Mu-P2C I
MU-Plc I

m V-148 Suction valvo (MuV) for
MU-V-160 pg C. Discharge valve
MU-V-160 (MOV) fer pump '.
MW-V-17
MJ-V-217

DC A I

IC A I

NS A I
(")
- na e ma-P.ls i

k (P S 460V AC I
m EST CC-18

AM S I

SS S Assumed

f:U MU-V-32 5-31
MW-V-37 3 5-31 Seal water retera

cooler.
FU-V.IA 5-31 Mut letdown isolation.

E V-2A a 5-31 MOV letdown isolation-
MU-V-23 1 5-J1 MOV letdown tsolatloa.

E V-8 5-35
m V-IIA 5-3*

MU-V-11B E 5-3I

EF EF-V-308 5-38 Flou control valve;
falls closed.

EF-V-300 5-31 Cross-comaect ADV;
f atts closed.

(F-V-53 1 5-33 Isolation MOV.
EF-V-54 I 5-31 Isoletton MOV.

FW FW-V-58 5-31
IW-V-928 h 5-31

1

ouss00nesuun
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LOCATION INVENTORY CODIFICATION TABLE

Locat se name: General Area - flevetten 283'-0*
Desfgnator: AB-FI-5
Sellding: Aemillary Sof1 ding

Meet 2 et 2
' *System er ets Pump Valve Reference Romarts/Assenyttees

Divisten Power Control testrumentatten
i

i DN DN-V-48 E-38 Dische MOV
(mores closed).

lDM-V-6A 5-31
Sump suctfen MO.Vi - ii,.iese >-

DN-V-te X 5-31 Samp Section MOV
(aernally clo ud).

85 SpV-14 5-31
N SPV-JS 5-31

SS-V-2A 5-31
! SS-V-28 5-38
I DN SM-V-758 5-31

SM-V-7tS 5-31

V"- I
; IC-V-2 I ~31 Inboerd Iselatten MOV.
1 mermelly open-
,

# IC V-798 5-33
i ,0 IC-V-198 5-33

--* NR W-V-IS 5-314 8 m-V-5 5-31N'
" M-V-4A X 5-31

ma-V-48 I 5-33
mm-V-6 5-31

! 1 M-V-IS 5-31
1 un-V-104 5-31

}'
m-V-IOS 5-31
W-V-154 5-31

| M-V-158 2 5-31

I

,

L,

,

.

.

'

,

, 6

.

1 i

.
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SOURCE AND MITIGATION TABLE

tocatten kame: General Area-Clevatten 28i'4*
Destgaator: 30# I-b
Bulldlag: Avalilary Building

Sheet I of 2
Source Descriptise Mitigatten of the Seerte

Source Type ""''I*M1tigatIve
Description Asseptions Reference Reference,

Fire and Smoke Cabling Fire Steel Fire
f tre Letter kasards Persammel hazards
Outside the MUrs se t Access Match Report
Pump Room A I NAM 6 la Fleer to

A84A-1

Fire lesse
Statten

Dry Cheetcel
Fire tatte-
guisher

tenfratten
Fire Detec-
tion

Location
AS-F Z-4 :
Fire hose
Protectien

9 FN-FZ-11
Fire Mese_

a Protecties
N
cD Portable

Dry Cheel-
cal Eatts-
guishers

South Wall
3-Hour fire
Rated

Three
Hellow Metal
touvered Deers
f a f ast Wall

Fleed Pfpe Sectica of as afeer Opes to This fire gene is a ceIIecties of rooms
Closed Leops mater Loops As-F2-3 that de not generally contain componeets
and Tanks to the Area AS-FZ-4 important to safety.

AB-FZ-3
AS-FZ-2 A
AS42-28
AS41-tC

.

m

-
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SOURCE AND MITIGATION TABLE (continued)
,

Lecetten mese: Generel Aree-tievetten 28I'-0*
Designeter; TT-FI-5
Sellelag: TmITTTery setteine

sheet 2 et 2
source Description settfgetten of the Searce

* # *#ettigettveDescription Assusyttens Reference Seference a

Steee Lee Pressere In t%e
1 Steam-1 psis Corrieor and

Seethern IIstf
of the 2eme
and Weste
Eseperator
teams

impleston Hydrogen (fee teor f s
in the femteep termelly
Tent Cab $cle Closed.

but connet
Conflee
sterogen

snac sects

Fire one Transtant i5make feel

high Ile Pipes that
Energy Carry Fields

f Line treet Above 275*F
' or 200 psig ie-

: This Area
to
so Spray Piptog er

Tanks

soetorfred Accidental All Critical
Dehicle Iepect of Itses are

festerfaod leelt shove
fehlCles the Fleer

(such as
cables) er
lastes Sepe-
rate Rooms

'
of th Cencrete
teolls (such
as SIMPS
M s)

IIIssiles Treestent
Sources

,

!
-

i

L

a

b

043MIIthEElG'
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SCENARIO TABLE

Locatlee Name: General Area - Elevatf on 28)*-0*
Designator: As-n-S
Suilding: IsaTTTary tullstas

Sheet I of 3
Scenarlo Sumuary of

$ynopsis Considered Quantification,of the Paths of Propagation for Further Results and RamartsType Source Source Portion Mitlga tion Aaalysis IJ''yI Ftether'**Type To Ac tions

Fire and Cabileg 1. Cable bu.1efag Tes. 3 a 10-4 (comparlseal The loss of all of talSand e due to an (3 components does met lead toelectrical 10 g/vr any ma{or events eacept forshort er firef a loss or several staneytransient (C.I traf as needed for LOCAfuel. Local- spurious attigation. LOCA nottred near actuation possible free thls 2one.
A8-F 7-4 of two

valves)
2. Near the Open FN-72-3 Yes. 3 a 10-4 (comparison) Pon..e cables to ESV-18,boundary. the (3 feu-P-20. JC; Ah- -18. and 85-P-3810 g/yrpassageway AN-E-18; eD%ted. See lupactfree FN-fZ-1 fireJ m 480V-AC-L5V >J Jo.*

to AS-72-b. (0.5 and CC18;
sportous 85-P- 18.
actuattom
of two
valves)

O 3. heas the Open AS-FZ-4 Tes. 10-3 no action;boundary, subset of"

b AS41-4
scenario I.O

4 hear the Doors AB-FZ-28 Tes. l.4 m (comparison) See Impact Table.boundary. and C 10-4 7 480V-AC-CC-18;
a 10'g/yr AN-E-18;
fire) x DH P-13;
(0.2 MU-P-2C 3C;
geometric B5-P-18.
f actor) a
(0.5
failure to

severf ty )

6. Near the open AB-FZ-1 he bec ause
bow dary. onlyMovcables

are ef fected,
and MOVs ere
normally la
operattonal
pos t tf on.

041960b178btEha
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SCENARIO TABLE (continued)

tocation Same: semera Area - tievation rSi -0-Designator: .W-TI-b .

Sulldfag: Aum"Jiary Sufidfag

' Sheet 2 of 3
Summary of !Scenarfe

$ ,
Synopsis (sestured Quantificationgof the paths of propagatten for Further Sesults and SamartsType Source Source portion I F'yIMitigatten Analysts F Further

Type Te Actless

Flood pipe Section 6. pfpe break of Openfrg AS-FZ-1 Yes. 10-4 (systems) The manhole covers forer Tank close1 loops AS4A-3 (10-2/yr OMk and the tofldfag spray and St*S
or is ts. AS4 A-2 flood) a buildfep spray peep rooms normally Closed.

AS4 2-4 (0.1 peups f sooded. All ammillary buildlag floodsAS42-3 manPele elther Can be isolatedFM-FI.) covers are remotely or de not haveAS42-2A open) a large water capacity saurce.
(0.3 fleed

AS4 Z-29 not stopped
AS4Z-2C en t's >)

Steam Steam pipe F. Steam pfpe Openings nest of Ves. 10-5 (c rfson) The equipment susceptiblerupture Aunftfary -AC-E5V-CC- to this scenerte are E5V -(S-f ach line. Sufldlag IC. IA and IS. CCs which are very far from6 psig steam and Fuel the source. The operatorpressure). Hand 11mg that is on watch 2* * sure
a day on Elevat' " d*
will notice th' m.
Conservattwe' ,ssumed as

O.
. affected.

Implosion itydrogen 8. Inadvertent Door Filter NVAC No only one It is as d that--a time un the release of Seems exhaust in makeup pump is esplestJe ses not occur

oom oc n arry
*

a' or IId Nn s rn y or w' "
HVAC. pump the esplosion. and 18 a.; 1stact.

Soom Mydrogen Ilse is not
normally pressurized.

NVAC AS-FZ-3 Empleston The bottle is isolated.Section Inside contained It is e ed onl once
every couple e{r days perthe in the

Ventila- ventilatten year (- 3 days) totfon equipment pressurize hydrogenDucts room. plenum le the tant.
and If is judged that
freatu- explosion would not cause
ally

i f ailure of MU-p-1A. IS
Enside suction Ifne and pumpthe cau t tation .
Vestfla- It is judged that hydrogen
tien propagation beyond the
Filters filter and slurry puma

room would lead to
--

041 M 1886(IMS
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SCENARIO TABLE (continued)

location Name: General Area - Elevatten 281*-0*bestgaater: W-TT-s
Sutiding: Auslilary Butiding

Sheet 3 of 3
Scenarfe Summary of

'" P888Source Considered Quantificationof the Paths of Propagatten for Further desults and Remark s
"'#

IFP' Source Source Pertton ._ Mitigation g,,y gg, (pr- ) F ur thery
. attonType To Actions

9. NWAC exhaust Door Filter Walls and ko,because it dilution below 44 bydoes not uork Rooms door only sepacts volume,and hyeropen and contain the makeup tank
touches erf in Slurry empleston. and assectatedthe peep room. Pump piping.

,

I
Room

Spray Pfplag 10. Pfptng he, layacter Tanks springing a similar toleak. Slallar flood of
to Ccenarfe 1. scenarlo I

and most sbal .

cab tha t
can ulthstand
sprays; tMR
and buflding
spray pits
need to be
flooded.

9 Motorized Accidental II. Leads to so.
-

VehfClos Impact of flooding. Verg unifkely for motorizeda

Motorized dolsfes er Carts to be
() Vehicles on erought to this arsa. These
ro Pipfeg vehicles de not ruz fast

enough ce be able to cause
Missiles Transfent 12. Pressurfred Open Area AS-FZ-4 Tes. 10-5

damage to piplag.gea, ,,j g,,)Sources bottle acting f u42-1 !1.0 4 wv,.Ar tsv-(0-
as 3 missile;

bottle in 14. IB, and IC;released near
u(10ga)the a IvJ-P-7C;AS-FI-4.

g5-P-IA;Damages equip- eC'fdept y.H l-48;ment alsove
the DHR and occursg g5-P-15 and

a (IS" $5-P.l A.end butiding
trajectory

spray vaults;
ends in f s twad

FN-F -1 near AD4 2-|
i

a ~
|the C-10

vi jcabinet. cables a e s

impac ted)

_

O

e

. _ _
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IMPACT TABLE

.

Location Name: General Area - Elevation 281'-0"
Designator: AB-FZ-5

~ '

Building: Auxiliary Building

Scenario Summary: Fire; Scenario 1; Localized Fire near AB-FZ-4

Systems Lost Components Affected by the Hazard

ESV/B Power cables for 480V-CC-1B load center power and
MU/C control for train C of MVPS and suction and

discharge valves of the C-train (MU-V-16C,
HU-V-16D, and MU-V-14B).

ESV/B Power cables for 480V-CC-1B load center power and
MU/C control for train C of MVPS and suction and

discharge valves of the train C (HU-V-16C,
MU-V-160, and MU-V-148

OC/A Power cable for DC-P-1A.

NS/A Power cable for NS-P-1A.

DH/B Power caole for DH-P-1B and D3-V-48

BS/B Power cable for BS-P-10.

Fire cannot have adverse impact on DM-V-5A and
DM-V-5B except for failing them as they are.

Sump Recircitletion Sump suction valves (DH-V-6A and DH ','-6B).

Failure of builaing spray valves, BS-V-2A,
BS-V-2B, BS-V-3A, and BS-V-33 under fire

,

conaitions does not impact building spray,

NR/All Spurious cicsure of NR-V-S.

IC/All Spurious closure of IC-V-2, power c.ai)le for
IC-P-1A.

AH/B Power cable to AH-E-18.
-

0

0419G061886EEHR C.1-33
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IMPACT TA81.E

Location Name: General Area - Elevation 281'-0"
Designator: AB-FZ-5
Building: AuxiTEry Building

Scenario Sumary: Fire; Scenario 2; Fire in Passageway between TH-FZ-1
and AB-FZ-5

Systems Lost Components Af fected by the Hazard

ESV/B Power cables for 480V-CC-1B load center power and
MU/C control for train C of MUPS and suction and

discharge valves of the C-train (MU-V-16C,
MU-V-160, and MU-V-14B.

DC/A Power cable for DC-P-1A.

NS/A Power cable for NS-P-1A.

DH/B Power cable for OH-P-18 and DH-V-4B.

BS/B Power cable for BS-P-18.

Fire cannot have adverse impact on OH-V-5A and
DH-V-5B except for f ailing them as they are.

Sump Recirculation Sump suction valves (DH-V-6A and DH-V-6B)

Failure of building spray valves BS-V-2A,
BS-V-28, BS-V-3A, and BS-V-38 under fire
conditions does not impact building spray.

'

NR/All Spurious closure of NR-V-5.

IC/All Spurious closure of IC-V-2, power cable for
IC-P-1A.

AH/B Power cable to AH-E-18.
- ._

O

C.1-34
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IMPACT TABLE

Location Name: General Area - Elevation 281'-0"
Designator: AB-FL-5
Building: Auxiliary Building

Scenario Summary: Scenario 4. Fire Near the Boundary with AB-FZ-28- ;

and AB-FZ-2C :

Systems Lost Components Affected by the Hazard

- DH-V-SA and DH-V-58 cables affected, but valves--

remain open.

ESV/B Power cable to ESV-1B-480V AC-CC.

AH1/B Power cable to AH-E-18.

'
MU/C Power and control cables to pump MU-P-1C and

related. valves and pumps.

t DM/B Control cable for DM-V-48--normally closed
B-discharge path will remain blocked.

Other components of location table judged to be
outside the zone of influence of this fire
scenario,

c,

|

..

O
%/

.

C.1-35
0419G061786EEHR ,.
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locatten llame: Ogefneralizers an. Motor Control Center A
S..ign.ator AS-#,4, -eDes . :l m ..,, ....

.

-t.,,

**System er ety Pump Valve Reference Romerts/AssumptfensSivisfee Power Centrol Instrumentatten

SS 95-V-3A I 5-33
IC IC-V-1A 5-31 Itermelly open luGVs;

IC-V-794 6-31 thermal berrlerIC.V-798 5-35 cooline retare
IC-V-79C 5-31 Isolatlen.
IC-V-798 5-31 *

me tR-V-4A I 5-38
E-V-4 5 31
In-V-ISA 5-38:| M-V-108 5-38
In-y-ISA 5-31
M-V-158 5-35

iP EG-V-18 5-33
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.
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SOURCE AND HITIGATION TABLE

Location mano: Deaf aeralizers and Motor Contrel_(ater A
Destgaater: 15 F2-6
Building: Amalilary Bulldfag

Source Descrfptfon Mitigation of the Source

' "
Mitigative

Description Assemptions Reference Referencep

Fire and Smoke 1A Engineeree 14MA-027 Fire 14MA-027 Area is god of gueral compartments,Safeguards Valves Detection one of ( .s totaesy isolates from
and Heatlag Systes the rest.
Control Center
(I A 15 CC) Fire Mose 14MA-027

Station

Cabling Deluge 3 4NA-027
%ystem

1A Aunillary 1-Nour Fire 14MA-027 util separate the two trains of
soliding Barrier hall engineered safeguards valves and
Heating Control hw thet- heating Control Centers.

Fuel Mandilag lenizatton 14MA-027
Butidtag Heating Detectors
and Vestflation
C Atr$1 Center I A
.nd 13

Portable Fire Oppostte end of zone.
O tutta= Nazard*

gufshers Report,

g (dry chemical
u and 00 )2
Cn

Location
AS42 g:
Fire Mose
Protectfee

portable
Dry Cheefcal
fatleguisher

flood Pfpe sections for it is assumed that nuclear service
nuclear Service over pf ptng is located around the sof tchgear.
(8-inch linel the
Empfneered Safeguards
Caolnet Makeup; Core
Flood and RCS Sample
on Other 51da ef
Wall

Spray Pipe Sections Opee
Areas

high (nerp Mup5 Piptog
Line treas

Mitslie Transient Sources

Steam to Sourtes
Could to
Identif fed

uttregen 600-pstg
u,Line on
Other Side of
Wall

041gGObl186tLMA
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SCENARIO TABLE

tocation llame: Deafneralfrers and Motor Control Center ADesignator: M-#I-4
Sullding: 'EiiTTTary Sutiding

Sheet I of 3
Scenarle 5emmmary of

Synopsis
, Considered Quantification, ,of the Paths of Propagetten for Further aesults and assertsType Source Source Portfon Ritigat1** Analysts (pr-3) Further"Type le Action s

fire and I. Fire Ves.
(IOgo-5
3a (event tree) E5V-CC-IA affected. SeeSmoke in orIeInates IEEC Damage impact Table.harthern es0V-E5V- in 480V E5V. rire) a state D. _Part IA (0.03 het
short in
as-V5 be-
fore loss
of power).

2. Large fire fire Door AS42-6 Tes. (IO*gg-6Ia tot taportant. E5V-CC-] A and ESV-CC-18and Smoke. Open affected. Door fatlure
fire) uniskeTy because At-fz-se
a.(10-2 not a passage for fire

a (10 g) f$ghting. See Impactseveri
Table

door lett I
open or
barrier
failure)

o. Transtent 3. Engulfing. Open Areas Eleve. Tes. 3ajo-6 mot important. Impact the same asFuel
tics) 0" (IO* scenarfe I.JUS . severityI of Aux- factor)(*8

* tifary (Mferences
. Sullding same as

scenario 1)
4. Large. Stairs Eleva- AS42-4 Yes. (80'go-6Ia (no action) Very unistely chate ofand ties FN-FZ-1

Grating 281)-O' events since the fire hasfire) a to propagate donnusard. AIlent to of Amm- (severity difficult event since it isTendon Illary f ac tor) open under the grating andSheft and Fuel
handling the floor below is a good

distance amey (has to heat
ButIdfags up the Cables under the

floor slab).
Flood in nuclear 5. Pipe break. Doorway AS42-7 Yes. 2 a 10-5 (event tree) It is conservativelytorthere service Spraying AS-f2-g (several Dest pumps; assumed that 15V-CC-1APart Piping may af f ect pfpe break buildfag is deenergized,electrical stairs AS42-4 potentials) spray pumps. It is assmed that theswi tchgear. MS/all. door to AS4Z-6a has aOpeningf

curb several faches high.

5

,
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SCENARIO TABLE (continued)
.

Locatten Name: Deelnereifzers and Motor Control Center ADesignator: AB-fl-6
Omfleing: M ry Bu11 ding

Sheet 2 of 3
Scenarfe Summary of

Synopsis Considered Quantiffcation,of the Paths of Propagatten for Further Results and RenartsI P' Source Source Portfo. Mitigation Analysts IJF II
Further'"

Type To Action s

It is assumed t* tat
cabinets are watertight
from above.
It is assumed water would
not collect high enough
Ia AS42-7 to damage the

'assmed nuclear
service is test
because of the break.
The RSS and DHR pump rooms
are closed of f and no mater*

gets la to damage pumps.
Frescoard Ia suafI$ary
befidtag drals tank ts
40,000 gallons.

Flood and ptFS Pfpfsg 6. Pipe breat. Open FN42 2 Tery thick Yes. 104 (systeel Pfpe movement may damagePfpe Wnty walls can (pfpe 5eal f ajection MuP5 seal f ajection andin protec t breat) and 8EJPS one trate of high-headmorthere cables and fejeCites; one fejeCtfoe.h Part cablasts trata.
from the

I pfpe move-A meet.O
Mfssile franstent 7. Dettles areaks AS424A Tes. 10-0 he action (very May fall reacter befldf agto Sources brought la by Door r (30.0 unifkely to vent ifne.morthers malatemance Mall bottle f a break through N M, gas bottles7Part crew for the are,a) the etridtag reeled 4 this roomrepair fall, m (10'' sall). to get to maste gas valve

bottle not room,
em cart or
no cap on)
x (10"
bottle has
the worst
damage)

4. Bottles Doorway A8-72-7 Tes. 10-6 g, ,cggen.
brought le by (see (sub et ok
maintenance scenarte 7) scenarfe II).crew f or
repair fall.

04196061786tikR
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SCENARIO TABLE (continued)

Locatfee kame: Deafneralfrers and Motor Control Center A
Designator: au-#I-6
Befidtag: EiTTrary sufidf ag

Sheet 3 of 3
Scemer1o Smry ef

Synopsis -

Consider.4 Quantificatten, ,,of the Paths of Propagatten for Further Sesults and Romeris
(yr*yI;

Type Source Source Portten esf tf{ tion 3 ,3ygg, Further
Type Te Actless

9. Settles Doorway AS-FZ-9 Ves. IO-' apo actfen*
brought in by (see (subset eI
malatenance scenarle 8) scenario III.
crew for 5

6repair fall.

All 10. All sources. No. All hazard scenerfes
Sources orfelnatteg from thfsSouthern part do not tapact
Part of layertant opfpment.
the Fire -

Zone

Missile Transfeet 11. Bottles in Localized Tes. I a 10-5 (event tree) Impact of the dettle ento Sources the area by (I bottle espy-AC-ESV-CC. castnet may Ises to relaymorthern maintenance e le the IA. Chatter. shis couldPart crew. eroa per emergize control circelts.
year) 2 If m.v.5 closes, all*

n (10- nuclear service traf as'bottle met would f all.O
en a cgrt)'

s (10-7 bottle
u *e,,odi
a

i

:

4
I

.

l
i ,

i
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IMPACT TABLE

Location Name: Demineralizers and Motor Control Center A
Designator: AB-FZ-6
Building: Auxiliary Building

Scenario Summary: Fire; Scenario 1; Fire Originates in 480V-ESV-1A;
Localized to the Zone

Systems Lost Components Affected by the Hazard

NS/ Train B and C Power cables to pumps (train C is wrapped in
1-hour fire barrier).

DC/ Train R Power cable to pump.

IC to at least Hot short in at least one IC-V-79A, IC-V-79B,
One RCP Thermal IC-V-79C, or IC-V-790, power cable to
Barrier pump IC-P-1B.

480V-ESV-1A Ignition of cables or other insulators.

NR/All Trains Hot short in control circuit of NR-V-5 before
480V-ESV-1A is deenergized (within the cabinet).

RCP Motor Cooling Hot short in control circuit of normally open

MOV NS-V-4 (wichin the cabinet).

MU/All Power cables to normally closed injection valves
MU-16A, MU-168, MU-16C, and MU-16D affected.

RCP Seal Injection Control cable to fail closed type pneumatic valve
MU-V-20 af fected.

LPI/A Control cable for DH-V-4A lost.

BS/A Power and control to BS-V-3A lost.

O

C.1-42
0419G061786EEHR
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IMPACT TABLE

Location Name: 'Demineralizers and Motor Control Center A
'

Designator: AB-FZ-6
Building: Auxiliary Building

Scenario Summary: Fire; Scenario 2; Large Fire in AB-FZ-6; Affects Power
Cables Near the Ceiling and the ESV-1A Cabinet; Door
to AB-FZ-6a Opens and Lets Smoke In

Systems Lost Components Affected by the Hazard
,

480V-ESV-1A Fire damage to 480V-ESV-1A.

480V-ESV-1B Smo>e damage to 480V-ESV-18.

DH/All Trains Decay heat valves 4A, 48, 5A, and SB fail as is
(normally closed MOVs) because of ESV A and B
failure.

BS/All Trains Building spray valves 1A and IB and decay heat
f) valves SA and 5B fail as is (normally closed
v MOVs) because of ESV A and B.-

,

MU/All Trains Makeup valves 14A,148,16A,16B,16C, and 160
(normally closed MOVs); powered from ESV A and B.

NS/ Train B and C Power cables to NS-P-1B and NS-P-1C.

DC/ Train B Power cables to PC-P-18

IC/ Train B Power cables to IC-P-18. 1

!
1

M

O 1

l

i l

i

C.1-43 !
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IMPACT TABLE

Location Name: Demineralizers and Motor Control Center A
Designator: AB-FZ-6
Bui! ding: Auxiliary Building

Scenario Summary: Missile; Scenario 11; Accidental Release of a
Pressurized Bottle Hits MCC 480V-ESV-1A Several
Times; Frequency 1 x 10-5 per Year

Systems lost Components Affected by the Hazard

NR/All NR-V-5 closes because of relay shatter before
loss of 480V-ESV-1A.

480V-ESV-1A Loss of bus due to mechanical failures.
NOTE: No other relay chatter events lead to

important system train failures other than
those af fected by 480V-ESV-1A.
.

O

O

C.1-44
0419G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE

tocatie. m-e: De.i er.ilm d noter Co trei C.ter S
Designators MS-FZ-6a
SetIding: L illary Sullding

** '* #System er ets Pump Valve Reference Romerts/Assumptfensg
afvistan Pomer Centrol Instrueretatten

EP 4Sov E5V I E l-FNA-027 Emetasered safepres
C0-1B ealves and heating

centrol coster.
AN ten- UsIk Down

tale-
meet #

SMC

see I E P-2C 5-33
E V-148 I 5-31
E V-16C E 5-33
IIG-V-Ite 3 6-31
E V-37 3 5-33
feu-V-2A I 5-31
E V-28 3 5-33

fu F M-V-M X 5-35
Fu-V-928 I 5-31

GH8 SM-V-48 5-31
BIl-V-58 I 5-38
SM-V-68 I 5-31

85 I SS-V-38 5-31
"

{ 85-V-28 5-31
* IC IC-V-IA E 5-31

BC-V-2 2 5-33
IC-V-798 5-31
IC-V-798 5-33

se NR-V-48 I 5-33
te-t-ISA 5-38

IIR-V-I SS X 5-33

!

'l

.

!
1
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SOURCE AND HITIGATION TABLE

Locatten kame: Deelnerglj{ers and Motor Control Center 4
Designator: AT-TT-la
Sell sing: T ETTfFy guilding

Source Descriptfen Mitigation of the Source

*
N1tigativeDescrip t f ee Assumptions Referenc e Reference

Itre and Smoke 14 Radiation Waste 1-fMA-027 lentzattee 54 hA-027
Control Center Detector

I-Nour Fire will separate the tue trales of
Barrier Wall * engf aeered safepwards salves and
t hypothe- heettag .
tical)

Ca61183 Locatten
AS42-6:
E f re Hose
Protecties

IS tagineered Fortett e
Safeguards Valves Dry Cheet.
and Meeting Centrol cas Entfe-
Center golsher

CD, E n-
tf &get sher

tocatten
O AS42-9:
* Portable
Y Dry Cheet-

cal Eatta-3
m golsher

C0, En.
11&guisher

Nissfle Transleet Sources

*tacompasslag a Clas s 8 personnel door and a 3-1/2 hear rated fire desper (Fire Mazard Report).

043 WAl1%Elma

.
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SCENARIO TABLE

tocation Name: Engf aeered Safeewards Meter Center 3
Des 9gaater3 AB-5Z-be
SellGlag: AuslBlary Sulldlag

Scenerte Summary of
Synopsis Considered Quantificattee,
of the - paths of propagatles for f urther Sesults and Samart sippe Source Source portten Nitigatten Analysis lyr*yI Further'*"

Type is Actfees

Fire and Cabilmg. 3. Ffre erfgt- Tes. 10-3 (comparlsen) Het shorts may cause IC-VISante Iramstent mates la the 400V-AC-155-CC- close end fall IC.
Fuel electrical 18.

cabinet.

4e0V-E5V-18 2. Large. AS-FZ-6 Tes. 3 a 10*6 set leportant- Nigher frggmency for "door
(3 400V-mL-L5v-d.- levt open is used because
30- r IA saa IS lost. the door has to be opened
fire a for fire #1 ting
(0.2 purposes. e damage to
severtty) cablast IA. Samke damage
n (0.5 wery unlikely because of
deer is moderate voltage egulpment
lef t open) and opeatags la AS-f2-6 to
a (0.01 ether aroes. Fire f fptf agsaute mishaps also met likeep to
esmoge to danese E5V-IS because of
E5V-IS) special precastlenary

measures. See tapact Table.
O Missile Transiest 3. Settles of Opea em AS-FZ-6 Tes. 3 a 10'I des action *5earces pressurized say (30.0 (subset eI
*

7 gas fall. bottles la AS-FZ-6

n (10'y)the ar scenerle 3).y
y

bottle met
la a cart
er me cap)

a (J m10-
bottle
ets-

headleg)
m (10-
mall fall-
are and
IA MCC
cabinet
fattare)

Missile framstent 4. Settles of Localized teel;s Tes. 3 m Ilr5 Ile actlen- Frequency of bottle
|
-

Sources pressurized (subseteI etshandled smaller them
gas trans- scenerte I ja scenarie e of As-F2-6
perted terms of because caly movtag
through the lapac t). through,
area fall.

i

t

0419G06tiabitHS *
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IMPACT TABLE

Location Name: Engineered Safeguards Motor Center B
Designator: AB-FZ-6a
Building: Auxiliary Building

Scenario Sumary: Fire; Scenario 2; Large Fire Fails Cabinet 1A; Door Is
Opened to Fight Fire; Smoke Damages Cabinet 1B.

Systems lost Components Affected by the Hazard

480V-E SV-18 Heat damage.

480V-ESV-1A Smoke damage.

DH/All Trains DH-V-4A and DH-V-48, DH-V-5A and DH-V-5B powered
from ESV-A and ESV-B (normally closed MOVs).

BS/All Trains BS-V-1A and BS-V-1B, DH-V-5A and DH-V-5B powered
from ESV-A and ESV-B (normally closed MOVs).

MU-All Trains MU-V-14A and MU-V-148, MU-V-16A, MU-V-168,
MU-V-160, and MU-V-16D (normally closed MOVs)
powered from ESV-A and ESV-B.
NOTE 1: No hot short is possible from smoke

damage.
NOTE 2: No initiating event.

IC-V-2 Hot short may close this valve, but RCP failure
or stoppage would not occur.

O

C.1-48
0419G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE

tocaties Raurs tieter Heat Demoval and nuclear Service Closed Crcle Coellas pump Area
Designa tor llE-r 4-i
Sullding: MTary Buildig

.- - _

**'System er ets Pump Walee Reference homerts/Assemptless
pleisten Penser Control Instremuretattaa

10 IC-PIA X 1 Intermediate closedIC-FIS X 1 cycle coollag peeps,
h5 us-PIA E I

as-Pis I I muclear service closedus-PIC -

a I cycle cooling peups.
M DC-PIA E I Decay heat closed cycle

DC-PIB I I coollag peeps
m1 II5-WMA I C. Adams Air.centrolled. located

I Letter, aheve the concrete slab
6/19/84 en top of the pumps.

ms-t%e C. Adams
Letter,
6/19/04

It IC-V4 1 3 Alr-operated.
AN I X AN-E-l % E-333-833 Wentilatlen for peeps.

I I M E.150 E-311-833 One pump sermelly
runnlag.

9 self 5 t-29 5-38 If this fails,
a operators have several
3 hours to start theA

ether one. Fans step$O
by temperature serttches

t le the ducts.
.

$

=

HI%Q61186Llha
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SOURCE AND HITIGATION TABLE

tocattee same: Decaf Mest Penovel and Nucteer Service Closed Cycle Coollne Pump Area
Destynator: W-ez-s
Outleleg: hiilary Butiding

.

Source Descrf atten Mitigattee of the Source

* ""' 'MitigattreOescrfptfen Assemptfens Reference Reference

flood Pfpe Sectless treat a t Eguf pmen t
any Pelet se Pedestals

Staf rwell la
tocatten
As-FZ-6 where
Water Can
Flow Dews
and not
Accumulate

fire and Sk34e Csollaf 14MA-027 lamizatten 14MA-02 F
Detectors

Pump 013 1-mour Fire Ffre
Systems garrier; Mazard Report

Enciessres
Festectfag
fraps and
Condutts

Non-Ra ted
f Concrete Walls
a

Concrete All the pump cubicles are open te a
un Cabicles c- cefling area.
O

tocattee
AS4 I-6:
Fire Mose
Protecties

Portable
Dry Cheet-
cat tutle-
gulsher

00g Es.
tingelsher

Locatlea
AS4 Z-g:
Portable
Dry thee8-
cal Entf a-
get sker

C07 La-
tinguisher

Missile Pumps. Tressfeet Pump Missfle
5eurtes, and Would te Cee-
Two settles of talmed gy Con-
Air attached to Crete Mall att
Reactor Sullding Cellfag arous4
Wall the Fumps

high toergy W ifeg Lines
Pipes

0419W61146&tha
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SCENARIO TABLE

tocatten namer laecar heat Rome,el sad nucleer Service Closed Cycle Caellne Pump AreaDesignators as-e4-i
Buildlag: LsTTTUry put (3

_
_ Sheet I of 2

Scenarte 5emamery of
3amepsis, Constdered Quantificattom,, ,of the Paths of Propagation for Further Results and Senset sIJPe Source 5eurte Porties atittpatten Analysis IF#~yI Further

'**Type To Actless

Fire and Cabileg I. Localized Tes. 3 a Ig-5 (event tree) faas have temperatureSaute some place (severe An-1.IM. Ibs. sof tches at the ductsPump Sil le reos that fire dounstream te stop theSystaes increases because fans. five seuld triggerreos tempera- air thf s sof tch,
ture. handtlag Concrete valls separating

emits meII pusys.
aheve the
fleer) Note: If one leVAC malt is

lost. the aperators have
several tours to start
the other one.

2. Localfred Tes. 10-5 (event tree)fire en top (0.3 for Afs-t-ISA. ISS.
of stab. Smacces-

sibility)

3. Large fire Yes. 10-4 (system) lasfee containment pumpsoutster the (0.1 for Inside contain- are located outside theO stalls. severity) meet pumps. stalls. i

"8 4. Laree fire hs. 10-4 (system) Other s (DC and IC)behind the3 (0.1 for huclear are not facted.stalls that severfty) serefte pumps.affects the
cables above
the concrete
slab.

Fleed Pipe 6. Ituc eear fes. 10-5 (tystge) The only spray faCf h tsettles service pipe (pipe AL-P-n A. It that can get to threebreat can break) DC-P-IA. pumps slaultaneously.flood place.

Spraying Preslef t,y Adjacent Cencrete Other spray scenarios areand small Pump barriers met deemed 19tely tovolume surroundlag eamage more than one pump,spilled. pumps.

Substantial. Spes Area AS42-o Egefpment util run doun the stafrs.AS4 I-9 1s of f but valves under thestatrueII AS4 2-4 preemd and stairs are spray proof.As-FZ-3 ststreell
As-fA-I leads to
AS44-2 lemer level.

6. Inside Cee- Prontetty Ves. 10** c rf see)talament ' (0.3 for C A. ISptplog spray- sprayBeg DC-P-IA. 18.889 en decay
I at bothcoolant peeps. penys)

:

DelgG46t?setLMA -

I
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SCENARIO TABLE (continued)

tocatten Name: har heet Removal and Muclgar Service Closed Cycle Coolf an Ptsap Area
Destgaater: la-14-1
Sullding: TEETTlary estidtag

Sheet 2 of f
Scenarie Summary of

Synopsis Considered Quantification, ,of the Paths of Propagaties for Further Reselts and Renart s
IJF"yIIJP' Source Source Portion Mttigattee analysis Further

Type la Actless

Ittssiles Transient 7. Impact on Ves. 10-5 (comparison) Intermediate cooltes pumps
Sources caeles above (0.03 kaclear service meste be affected because

slab, missile s. they are outside the
source la ay coolant stalls,

a (10'ga)
t%e or pumps A and B.

alssile
source not
protected)
a (seerte
is mis-
handled
0.03)

3 m go-6 compariscal Impact stellar toDC or IC 4. Impact en at fes.
pumps least two (10- C-y-IA. Is; scenarie 5.pumps inside precedley 4(-F-IA. 13.

stalls by scenartel
beuact a (0.3 for
around as pumps

O coolant pumps severely
- as searce and damaged)-* sffecting tuo
8 1etermedIato
$ cooling pimps

er one later-
mediate
cooling pump
(a hi
pump)gh speedaf f ec t-
tag decay
coolant pumps.
pumps.
-

/

e419ualiseums
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j LOCATION INVENTORY CODIFICATION TABLE '

t= .te.e.or3
n : Este s.s esc., f 4 asse. ria ts.e w_e-

!Ifes $pte m-fi-o
; sesme : umary ,em

,

a frate w

Cables
I *I5pstem er safets Pie, yet.e

Aeference asemees/Assemptsees
. ....s.- - c.at, . ,es - t.t m

he cespossets of letorest la this locattee. *
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LOCATION INVENTORY CODIFICATION TABLE

tocattsd home: Seesteder of Elevaljpe K)*
Designeter: JN-FT-9
telleleg: M ry Sullding

' 'ISy s tem er ety Pump volve Reference gemerts/Assasuptions
Diefsten Power Centre' Instrumentatten

W aIU-T-8 6-33

.
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SCENARIO TABLE

t.catsee m e: =~ noer of ve,. ties w
Destgaater: IK-FT-v
Selldleg: 1.Mry Sulldf ag

Scenerle Summary of
Sreepsis

, i Constdered Ossettfscattee,, ,of the paths of propagettee for Further Aesults and Resort sType Searce Searce portfew aftigattee anag gg, (pr"y)y Further
Type To Actf ans

ftre and Ca68 top 1. Cable bareleg
Seon e due to an

elec trtCal
short er
trans f es t
feet.

'a.t=.golfles.|Opeanroe
AS42-4 me, subset of

teerth AS4 Z-6A As42-6 f dres,
e.ii)

tuplestem Iqydrogee We hydroge n
wtIIbeelleted
sufficteetly
af ter escaplog
the valve
Poem.
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j LOCATION INVENTORY CODIFICATION TABLE
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LOCATION INVENTORY CODIFICATION TABLE

tocaties base: (W a y Me
~AE-TT-T~W~esevjl Pt t A

. Des. t ga.a terz. .. e,: 1. m .,....d.e5

.,71, '*'"r;; > g-,,s - ,.y . 1.e ,e,.,_ e ,s rt.A_.pt,essDtvislee Pomer Centrol Jestrumentatlee

su A
ON-C-la 3-ThA-025 Decay heat removal

coster.
tn A tel-PIA E E l-fMA-026 Decay heat removal .

4

DM-t-6A E E S-JI pump.
41 4 85-Pl4 (fe E I l-FNA-02b Reacter betidleg35-V-3A belldfag I I b-JIspray spray pump. Assammed

ress) le buildtag spray
room.

De pu-v6A E E 2
Im DN-V-75A I 5-38Dh-5-76A I $-31
81 35-93A E I Secties S-9 seitslag spray pump(#ssmed

le decay Operattees sectlee essee from the
Plant steesel Suit er reacterheat pump

room) betteleg sump.
Assamed to decay heat
pump room.

DC
O. 00-v2A I C. Adams Afr-operated salve -

Letter, telet to decay beat-*

8 6/19/84 removal coolers t3 atM fatis to eagleeered
N safeguards posttlee

es less of air.

OVMA I C. Adams Afr-cgerated valve -
Letter, bypass tw decay beat
6/19/84 removal coolers that

fatIs to engfreered
safeguards posities
se less of atr.

16 EG-t-13 6-31
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SCENARIO TABLE

location Name: Decay Heat Removal Pit A
Desfgnator: as-en-a
8vilding: Au4ulary Butiding

$cenarfo Sunnary of
Synopsts Considered QuantificationF%g
of the Paths of Propagation for Further Results and Remarts

Type $ource Source Portion Mitigation Analysts IYr''I Further
Portion

Type Te Actions

Fire and Cab 1 f ng 1. Cable burning
Smok e Pump Oil due to an

System electrical
short or
transient
fuel. 011
leakage can
ignite.

Localtzed to Yes. 3 a 10-4 ( sy stem)
decay hast (small and DN-P-1 A;
pump room. f nacces- BS-V-34.

sible
room)

2. Engulfing. Equipment A8-FZ-4 ho, a subset Propagation beyond AS-FZ-4
Hatches of A8-FZ-4 is judged to be veryn. Open fires. unit hely .

c-
8 Closed Incapa-

G Hatches ble ofC Propa-
gation

3. Localf red f f re 4o subset
in the bulld- of build-
fag spray ing spray
pump room, f atture rate.

Flood DNR Pump 4 CHR pipe Open A8-FZ-1 Yes. 2 a 104 (compari son) BwST emptied. jArea or RS$ failure or R8$ Hatch AB-FZ-4 (tuo pipe Impacts the MUPS pumps una*fected. IPump Area pfpe failure. AB-F Z-5 f a11eres) building Pipe f atiu 1of 8 s 10 qe frequencyA8-F A-1 spray and * per year is
4

(R&$ decay heat used because of safety grade Iside) pugs only, construction. I

AS-F A-2 8WST empty.

Missile Translent 5. Transtent Localfred ho very Imact is confined to oneunItkely; pump or heat enchanger,(any one $ource sources.
of the 1xallzed
areas) tapac t.

0419C072187E[HR
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10 CATION INVENTORY CODIFICATION TABLE
' Location kame: Decay heat Removal Pit 8

Designator: As-tA-c
Sulldfag: Aumillary Sullding

|Train Cables
C 'N 'System or Safety Pump Valve Reference Remarts/ AssumptionsE" I"I *Ofvision Power Control Instrumentation

DN 'JH-CI S 14hA-025 Decay heat removal
cooler.

DN DN-PIB I X 14hA-025 Decay heat removal4

Pump.

0N DN-V-758 X 5-31
DN-V dos X 5-31

85 E S-P-1. X X 14hA-025 Seactor building
a spray pimp.

*

,
DM DN-V68 X X 2

3 85 85-V38 X X 5ection 8-9 Sullding spre pg
i Operations section valve.

Plant Manuel

DC DC-V28 X C. Adams Alr-operated valve -
;ter. Inlet to decay heat

.d9/84 removal coolers that
falls to engineered

g safeguards position
on loss of air..

d a

I DC-v658 X C. Adams Alr-operated valve -m Letter, bypass to decay heat"
6/19/84 removal coolers that' falls to engineered

safeguards position
or loss of afr.

i

!

s

i
i

)

i

,

h

i
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i SOURCE AND MITIGATION 1ABLE
| Locatica kame: Degay Mast itemoved ep1

De'.1gne ter: A5-7A-2,

SutI48sg: Es TTIry guildtag[
i

$ource Description Mitigation of 47e Source |,

* # *M?ttgativeDescription J.sSeyttons Reference R' t *#*"C 'Feat m
.-

hae as for Zone AR-F A-1 w4th the additfoe of the west wall belag 3-hour fire rated.
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SCENARIO TABLE '

Location Name: Decay Heat kemoval Pit 3
?Desfgmator: As-f4-4

Sullding: 'KiDilfTery entidtag !

Scenar1o vSammary of
Synopsis i

* Umstdered Quantificatlos
] of the Paths of Propegation for Further Results and Asmart sType Source Source Portjen Mitigatica Analysts IJF' I. Further_

| Type 10 Actless '

same as for Zone AB-FA-I with the additten of the mest mall befag 3-kour fire rated.,
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LOCATION INVENTORY CODIFICATION TABLE

tocation Name: Turbine pulldine
Designator: TB-FA-1
Sellding: Turbine Building *

Sheet 1 of 13

* * *or ty Pump Valve 4ef er enc . Pamarts/Assumptfons
Olvtston Pouer Control Instrumentation

met In-P-18 I aut-P-It (1R-33)

ma mR-P-le 1 mR-P-is (1R-26)

seu MV-P-2s 1 Mu-P-2s (CS-112)

seu MV-P-3s I sai-P-3s (ED-5022)

AH i 1 All-E-IC (reactor
building vent-
flatton unft)
(CS-551)

EP X l 4160V ES SWGR-10
(IS-1,2)
(offsfte pouer)

EP X 3 4 160V ES SMGR-1E
(IE-1.2) (off stte
power) (Revision 11.

EP IC-ESV-88U Plant Vf sit
O RC E I Pressurtzer Heater*

Group 8.g

b RC I
~

l Pressurfrer Heater
Group 9.

stS MS-V-3A X C Adams Turbine bypass valve
letter (A0V.)
6-19-84

MS MS-V-38 1 C. Adams Turbine bypt.ss valve
letter (A0V.)
6-19-84

MS IIS-V-3C X C. Adams Turt,f ne bypass valve
letter (A0V).
6-19-84

Mu MU-V-3 5-31

MS stS-V-eA I 5-31

MS M5-V-88 I 5-3s

MS
.

MS-V-4A 5-31

MS MS-V-48 5-31

0414G030786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)
Location Name: Turbine Bullding
Oesignator: 15-tA-I
Butiding: Turbine Sufid h

Sheet 2 of 13

' ' *
or ety Pump Valve Reference Remarts/ Assumptions
Division Power Control Instrumentation

MS MS-V-30 X C. Adams Turbine bypass valve
Letter (ADV).
6-19-84

MS MS-V-3E I C. Adams Turbfne bypass valve
Letter (A0Y).
6-19-84

MS MS-V-3F X C. Adams Turbine bypass valve
Letter (A0v).
5-19-84

C0 CO-C-1 3-FHA-002 Main condenser.

CO CO-T-2 1-FMA-002 Miscellaneous drafn
collecting tank.

IA IA-P-2A 1-FMA-002 Backup aumfif ary
af r compressor.

CO CO-C-2A 1-FMA-002 Feeenater pump
c ondenser.

O C0 CO-C-28 1-FMA-002 Feeesater pump*

condenser.g

b LO LO-L-2 1-THA-002 Feedsater
turbine of
Condttfoner.

CO CO-P-2A l-FNA-002 Condensate booster
Pu'P.

C0 CO-P-28 1-FHA-002 Condensate booster
PM.

CO CO-P-2C 1-FMA-002 Condensate booster
PM.

LO LO-P-8 1-FMA-002 011 recirculation
Pue9-

MS MS-V-28 5-31

MS MS-V-10A 5-31

MS MS-V-13A 5-31

0414G030186EEMR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Tur*.ene 8.11g
- Designator: W gF- -

' Sulldf ag: Tu~rcine Dutiding

Sheet 3 of 13

* *
or afety Pump Valve Reference Reesrts/ Assumptions
Division Power Control Instrumentation

FW FM-J-7A 14MA-002 12th stage exterfor
drafn cooler.

FW FW-J-70 14HA-D02 12th stage exterfor
draf n cooler.

IA VA-P-1A 14HA-002 Inlet condenser
vacuum pumps.

VA-P-IS 14HA-002 Inlet condenser..

vacuum pumps.

LO LO-L-1 1-FMA-002 8emin turbine of f
condltIoner.

!
CO Co-P-3A 1-FMA-002 Powdem back wash

Pump.

CO C0-P-38 1-FHA-002 Poudem back wash
Pump.

CO CO-P-1A 1-FMA-002 Condensate pump.

p CO C0-P.18 1-FMA-002 Condensate pump.

7 C0 CO-P-1C 14HA-002 Condensate pump.

M0 MO-P-1A 1-FHA-022 Motsture separator
drafn pump.

fe0 fe P-1B 1-FNA-022 Mositore separator
drafn pump.

M0 MD-P-!C 14NA-022 Motsture separator
drate pump.

NO MD-P-1D 14HA-022 Motstore separator
drafn pump.

M0 MD-P-1E 1-FMA-022 Motsture separator
draf n pump.

As AS-V-4 5-31

DM DN-V-l I 5-31

DH OH-V-2 X 5-31

DM DH-V-3 5-31

*. >

e

0414G030786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Location Name: Turbine Buf1 ding
Designator: 15-F A-1
Building: Turbine Bulldfaq

Sheet 4 of 13

' 'or 5 ety Pump Valve Reference Renarts/ Assumptions,
Diefsfon Power Control Instrumentation

MO MO-P-lF 1-FM-022 Motstare separator
drafn pesup.

M0 MO-T-1A 14M-022 Motsture separator
drafn tank.

M0 MD-T-18 1-FHA-022 Motsture separator
drafn tank.

M0 MD-T-1C 14HA-022 Motstare separator
drafn tank.

M0 MD-T-10 14M-022 Motsture separator
drafn tank.

M0 MO-T-1E 1-FMA-022 Motsture separator
drafn tad.

No MD-T-IF 1-FNA-022 Mositure separator
drafn tank.

L0 LO-P-1 14HA-022 Turbine lube oft
pump.O

-
SC SC-P-1A 14MA-003 5econdary services7 closed cooling

a pumps.

SC SC-P-lO 1-FM-003 Secondary services
closed coolf ng
pumps.

SC SC-P-1C 14MA-003 Secondary services
closed cooling
pumps.

SC SC-C-1A/B 14MA-003 Secondary services
closed cooling heat
exchanger.

SC SC-C-1C/D 14NA-003 Secondary services
closed cooling heat
exchanger.

AN AH-E-1C 5-31

041%030786EEE
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: LOCATION INVENTORY CODIFICATION TABLE (continued)

tocation Name: Turbine sufidfM
Designator: IS-F A-1
Butleing: T5r5fne sottofnq

Sheet 5 of 13

*or ety pump Valve Reference Remarts/Assumptfons
, g

Dfulsion power Control Instrumentation

SA SA-p-1A 1-FMA-003 Service afr
compressor /
recef ver.

SA SA-p-18 1-FMA-003 servfce af r;

{ compressor /
' recelver.

MS MS-V. 1-FNA-004 Maf n steam stop and
control valves.

M0 M)-T-2A 1-FHA-004 Motsture separator.

No MO-T-?B 1-FNA-004 Motsture separator.

M0 MD-T-2C 1-FNA-004 Motstare seperator.

FW FW-p-1A 1-FHA-004 Turbine drivon Feed-
water pump.

FW FW-p.18 1-FMA-004 Turbine driven feed- .

water pump. !

,

O FW Fy-V-l'A 1-FMA-004

7 FW fW-V *6A 1-FMA-004

FW FW-J-64 1-FHA-004 Feedseter heaters.
$ FW FW-J-68 1-FMA-004 Feedeater heaters.

M0 MO-T-2D 1-FHA-004 Motsture separator.

M0 MD-T-2E 1-FHA-004 Mositore separator.
il
'

Mo MD-T-2F 1-FMA-004 Motsture separator.

TR T4 1 1-FNA-004 Transmitter rack.

TR TR-2 1-FHA-004 Transeltter and
f ostrumentation rack.

N5 NS-V-52C 5-31

N5 NS-V-53C 5-31

NR NR-V-18 5-31
A

RR RR-V-3C 5-31

i

e <

0414G030786EEMt



LOCATION INVENTORY CODIFICATION TABLE (continued)
Location Mane: Turbine Su11 ding
Designator: T5 r A-1
Building: T W5Tne ButIdfan

Sheet 6 of 13

*
or Se ety Pump Valve Reference Remarks / Assumptions7
0$ vision Power Control Instrumentation

EN IC PEC 1-FMA-004 Inside containment
turbfne control
center.

LO LO-T-3 3-FMA-004 Turbfne ett reservofr.
CO C04-4A 1-FM-004 Condensate filter /

tank.
CO CO-F-48 1-FMA-004 Condensate filter /

-

tant.
I

CO CO-F-4C 1-FMA-004 Condensate filter /
tank.

CO C04-40 1-FNA-004 Condensate filter /
tank.

TR TR-11 1 -FMA-004 Transmitter rack.
G5 CS-C-1 1-FMA-004 Gland seal exhauster.
AM AM-P-5 1-FMA-004 Pump.

b EX EX-T1 1.FMA-004 Low pressure moistareN separator.
I

C' LO LO-T-2A 1-FMA-004 Feedseter pisap tur%fne
1mbe-ofled reservoir.

LO LO-T-29 l-FMA-004 Feeenater pump turbine
1mbe-olled reservoir.

AN AM-P-48 1-FHA-005 vacuum pump.

C0 I 1-FMA-005 Powdez panel.

CO CO-P-6 1-FMA-005 Powdes staney feed
pump.

CO CO-F-4E 1-FMA-005 Condensate filter /
tank.

EP EG-SGES-1D 5- 31 Sus duct.
EP ED-5EES-1E 5-31 Bus duct.,

__.
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Turbine Sufidine
Designator: 15-F A-1
56 1dsag: TiaT W Butidfne

Sheet 7 of 13 -D

'
or ety Pump Valve Reference Remarts/ Ass g tfons

tOletston Power Control Instrumentation

CO CO-F-4F 1-r4A-005 Condensate filter /
tank.

CO C0-P-30 1-FMA-Oc5

CO CO-P *A 1-FMA-005

CO CO-E-l 1-FHA-005

CO CO-T-3 1-FMA-005

SC SC-C-3 1-FHA-005 Isolated phase bus
duct cooling unit.

EN I 1-FMA-005 Reactor coolant pump
A and C electric
panel (I A 6.900V
switchgear).

EN I 14HA-005 Reactor coolant pop
B and D electric
penet (18 6,900V
swt tchgear).

*
EN I 1-FMA-005 1 A 4,160V switchgear.g

b EN 3 1-FMA-005 IS 4.160V switchgear.

EM X 1-FMA-005 1C 4,160V switchgear.

EN 1 1-FMA-005 1C 480V switchgear.

EN I 1-FMA-005 IJ 480V switchgear.

EN I 1-FMA-005 11J 480V switchgear.

EN I 1-FHA-005 Excitation switthgear.

MS X 1 -FH A-006 High pressure turbine.

MS I i-THA-006 Low pressure
turbine A.

i t a4

~

b

0414G030786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)
Location Name: Turbine Sullding
Oesfgnator: 18-F A-1
SufIdlag : MTnT RutIding

Sheet 8 of 13

*
or ety Pump Valve Reference Remarks /Assumptfons
Division Power Control Instrumentation,

Ms I 1-FMA-006 Low pressure
turbine 8.

M5 I 1-FMA-007 Low pressure
turbine C.

Fw FM-J-4 A 1-FMA-006 Fee &ater heater
(8th stage).

Fw fD-J-48 1-FHA-006 Fee & ster heater
(8th stage).

Fw FM-J-5A 1-FHA-006 Feedsater Leater
(10th stage).

Fw FW-J-58 1-FMA ,,e Feedvater heater
(10th stage).

HD le-T1 1-FMA-006 6th stage draf n
Collection tank.

TR TR-8 1-FMA-006 Transmit *er and
instrumentation tank.O

'

MS CIV-4 1-FHA-006 Turbine control /g
e f atertept valves.

Ms CIV-5 1-FHA-006 Turbine control /
f atercept valves.

LO L O-P-7A, 1-FMA-006 Turbine bearing Iff t
LO-P-78 pumps.
LO-P-7C.
LC-P-70,
L O-P-7E .
LO-P-7F

MS CIV-2 1-FMA-006 Turbine control /
*stercept valves.

MS CIV-3 1-FMA-006 Turbine control /
f atercept valves.

M5 CIV-1 1-FMA-007 Turbine control /
f atercept valves.

9 0414G030786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)
location llame: Turbine putseing
Designator: IB-tA-3
ButIdfag: Turbine Buf1 ding

Sheet 9 of 13,

or ety Pump Valve eference emerts/ Ass tions
t tDivision Pouer Control Instrumentation

MS C1 r-6 14 hA-007 Turbine control /
f atercept valves.

LO LO4 G, 14HA-007 Turbine bearing Ilft
t0-P-7N, pumps.
LO-P-71
LO-P-7J

SC $C-T-1 1-FNA-007 Secondary services
surge tank.

My X 14hA-007 Turbine room heating
j and wentilatten

control panel.

AM X 14MA-007 Turbine room supply
afr fan relay cabinet.

EH X 1-FMA-007 Transformer.

[N 5-3-A 1-FM-007 Core monttor.

I l-FMA-007 Turbine generator.
O
- yg Fif-J-1A 14 HA-010 Feedseter heaterN (2nd stage).I .

*
FW FW-J-18 l-FMA-010 Feeduater heater

(2nd stage).

X l-FNA-010 Turbine rous crane.

FW FW-J-24 14NA-Cll Feeesater heater
(4th stage).

FW FM-J-28 1-FHA-011 Feeduater heater
(4th stage).

FW FM-J-3A 1-FMA-01) Feeesater heater
(6th stage).

FM * FW4 -38 1-FMA-011 Feeesater heater
| (6th stage).

1

i

1

j
'

1.

i,

0414G031186f tM -
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LOCATION INVENTORY CODIFICATION TABLE (continued)
Location Name: Turbine Sufiding
Des 1 nwtor: TB~-F A-i9
Bullaing: Tv3TneButletw

Sheet 13 of 13

*or ety Pump Valve Reference Remarks / Assumptions

Olvision Power Contr )1 Instrumentation

AN AHE-100A 14MA-040 Feeesater pump cooling
fan.

AN AME-1008 14MA440 Feedeater pump cooltag
fan.

AM AHE-1000 1-FMA-040 Feeenater pump cooltag
fan.

I 14HA-040
| Local f a.atcation andalare panel on mall

|' outside reactorbutiding personnel
access hatch.

AN AH-E-9A/S 1-FMA-040 Penetrations cooling
unit.

RC I 1-FMA-041 Pressurfrer heater
cabinet 1 A.

RC I 14HA-041 Pressurf rer heater
cabinet 15.

O
- HV I 1-FMA-041 Reactor building
N heating / ventilation
b contrci papel.

NV I 1-FHA-041 Reactor buf1 ding
heeting/wentilation
contros panel.

NV I 1-FMA441 Reactor befldf ag
heating /wentilation
switchgear,1E - 480V.

MV I 1 FMA-041 Reactor bef1 ding
heating /wentilation
switchgear. IF - 480V.

Fu FW-V-12A E-304-085

0414G0307MEENA
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Location llame: Turblee Sullding
Designator: TB-f A-I
Sullding: TurbTiie tuttelse

Sheet 11 of 13

''
or Sa ety Pump Velve lie erence llemerts/ Assumptions,

tDivision Power Control Instrumentation

FW FW-V-IFA E-304-Oe5

FW FM-V-16A E-304-085
l
'

FW FM-V-160 E-304-005

FW FW-V-92A E-304-085 A0V.
1

FW FW-V-920 E-304-005 A0V.

FW FM-V-5A E-304-085 MOV.

I FW FW-Y-4 E-304-005 MOV.,

FW FM-V-3A E-304-005 MOV.

FN FW-V-30 E-304-005 MOV.

FW FN-V-13 E-304-005

FW FW-V-98 E-304-%2

FW FW-V-10A E-304-082O
FW FW-V-108 E-304-082

*

N
8 FM FN-V-94 E-304-082i

FW FW-V-7A E-384-082

FW FW-V-79 E-304-082

FW FW-V-11A E-304-082

FW FW-V-Ilt E-304-082

C0 COV-3A E-304-082

CO Cov-3F E-304-082

FW f FW-V 2 4 E-304-082 MOV.

FW FW-V-2B E-304-082 MOV.
.

FW FW-V-6 E-304-082 MOV.

I

!

i
1

f 4

0414G03Il86EENA
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LOCATION INVENTORY CODIFICATION TABLE (continued)
location Name: Turbine Bef1 ding
Designator: TNTA-i
Suf1 ding: Turbine Soliding

Sheet 12 of 13

' *'or 5 ty Pump Valve Reference Renart s/As somptions7
Olvision Power Control Instrumentation

FW FW-V-1A E-304-084 MOV.

FW FW-V-18 E-304-084 MOV.

FW FW-t-8 E-304-084

FW FW-V-14
.

E-304-084

CO COV-9A E-304-084 MOV.

CO COV-98 E-305-084 MOV.

FW FW-V-15 E-304-084

MS MS-V-11 A, E-304-01I Manuai.
&V-I l t ,

MS-V-IIC,
MS-V-Ito,
MS-V-Ilf,
WV-IIF

MS MS-V-12 A, E-304-011 Manual.
MS-V-128

O MS-V-12C,
- MS-V -12D ,
N MS-V-12E,
8 MS-V-T U

N
ns Cv .), 4192- Mlah pressure tertilne

CV-2, C-302-011 tafet control valves.
CV-3,
CV-4

MS SV-l , 4192- Nigh pressure turbine
SV-2, C-302-011 f alet stop valves.
SV-3,
SV-4

M5 TD-V-1 A, 4192-
TD-V-18, C-302-011
TD-V-1C.
TD-V-10
TD-V-IE

MS TD-V-2 4192-
C-302-011

MS TD-V-34, 4192-
TD-V-3B C-302-011

MS TD-V-4A, 4192-
TD-V-48 C-302-011

MS TD-V-5A, 4192- MOVs.
T3-V-55 C-302-011

- . _ _ -
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;- LOCATION INVENTORY CODIFICATION TABLE (continued) *
I

I

Locatten Meme: Torbine Outletas
Designeter: TU-F a- g
Sul14 fag: Te45ae Outleine

; Sheet 13 ef 13
>

*er ety Fump Velve Deference Somerts/Assumptfens,
, Otvisten Power Centrol Instrumentation
$
-

M5 ses-V-5A, 4192-
'

,
W V-50 C-302-011 t

i

1 M5 II5-V-564, 4192 !
; MS-V-seo C-302-Oil ;
i

;
M5 885-V-574, 4192-

. Its-V-5M C-302-Ott
a

'!
MS EX-V-72A, ) 4192

EI-V-720 C-302-Oll ,

MS EX-V-734, 4192-j EX-V-72 C-302-Olt .!

{ CO CO-V-404, sgVs.
- CO-V-400,

CO-V-40C,,

j CD-V-4W ,
- CO-V M
i

| CO CO-V-4tA, sevs.
f CO-V-410, '

O CO-V-4IC, !
<

| CO-V-440, |
*

g
, , CO-V-4lt

,.
- -

.,

.

w CO CD-V-51 A0T.
,

CO Co-V2-A, gets.
Co-V2-0

.
CO CD-V-34, pgVs. ,

,

; Co-V-30 )

CO CO-W4 geV. [
. .

I

I '

h
a

!

i

a
'

.

a,,

; '{
I
<

j n' = 4 .
-

i, , ,

.

I

,
.ii

4

a

_ , , , , _ . --.cr, , .c,N,,-~w - - - , , - -- 's -



SOURCE AND HITIGATION TABLE

Location Name: Tur6f ne Suf tding
Desfgnator: TT-r a-
Suf idt ag : _TulCgst iding

___
Sheet I of 3

Source Descriptfon NItfgation of the Source

Source Type *
MitigativeDescriptf on Assumptions Ref erenc e Ref erenc e

7

Fire and Smoke Electric Cables I,and Automatic 1,and Elevatten 305*0* entire elevation
1 -F MA-002 aiet Pfpe 14MA-002 except condenser f t area. Elevatfon
through sprinkiers through 322'0" - entf re e evation except
14MA-016 14HA-016 condenser bay and switchgear room.

Sultchgear Cabinets 1,and Automatic I,and Elevation 305'0* - for main turbine
14MA-002 Deluge Water 1 -F MA-002 of t reservoir and conditioner,
through Spray through freesater pump tcr%f ne oil reservoir,
1-FMA-016 1-FMA-016 and generator Ity%es seal oil enf t.

and Automatic I * an d Elevation 305'0* - for main turbineLube Oil Systems
I'FMA-007l Deluge kater l4MA-002 oil reservoir and conditioner,
through Spray through fecesater pump turbine of t reservoir,
1-FMA-016 1 -F MA-016 and generator Itydrogen seal of t unf t.

Transtent Fuels 1,and Manually 1, and Elevatf on 322'0* - turbine fecesater
1-FMA-002 Actuated 1-FMA-002 pump bearings.
throug h Preaction thrergh Elevation 355'0* - esta tertine
14MA-016 Systems 1-FMA-016 bearings.

Amallf ary Steam C. Musted Fire Mose 1,and Located on all elevations.
Soller Feel 011 Stations 1-FMA-002

O through
* 1-FMA-016g

b Portable 1,and Dry chemical, halogen, C0 , mater7
y Fire 1-FMA-002 extinguishers located on all

Entin- through elevations.
gutshers 1-FMA-016

Ventilation 1,and 880,000 CFM capacity for smoke removal.
14MA-002
throug h
14MA-016

Doors I,and
1-FMA-002
through '

14MA-016

0434G030786EENA
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SOURCE AND MITIGATION TABLE (continued)

Location Name: Turbine tulldfne
Designator: 15-+ A- u
Building: Turbine Sufiding

Sheet 2 of 3

,
Soorte Descrfptfen M1ttgatten of the Source

'
Mitigative

Descrfption Assumptfens Reference Ref erenc e

Wall s 1. and
I-FMA-002
throug h
1-FM-016

Flood Pfpe Breat la 14MA-002 Sump Pumps 1-FMA-015 SD-P-1A. 50-P-18. 50-P-5. Bo11mp
Feed System. through door opens en high water level la mala
Condensate System. 1-FMA-016 condenser pit.
er Cfrculattag
Water System

A c f de stal
I at tla!!en e'

| Fire %sppress's e
Systems

i Steam Pipe Breat in I-FMA-002 Ventflatten 1 800 CFM capactty.
4 sta f n steam through Sump Pumps 1-FMA-015 50-P-1 A. 5B-P-18. 50-P-5.

er Feeeenter I-fha-016
Systems

4 Mfssfies Gas Settles. 14MA-002 Walls. 14MA-015
fertine Rotattag through Fleers.n. Ilament Faflure. I -FMA-016 Cet t f ngs.

to Pump Failure Other
i Equfpment

W
-

Emplesten ikdrtgen. Weste I-FMA-402
Gas Emplesten through

1-FNA-016
,

Caustic Attack Spill of Caustic l-FMA-002 West 11ation 1 800 CFM c fty.
Flutd Free througS Samp Pgs 1-FMA-015 50-P-1A. P-15. SD-P-5.
Storage Tanks 1 -FMA-016

Falltag Objects Crane Crane Bece. 14MA-010 Floor / Plat- Plant Vfstt pelattvely few crane operattens durf ag
er Lifted I-FMA-012 fore plant operatton; more eering outages.i

Object I-FNA-015 Gratings.
Falls 1-FMA-016 Other

Equipment
i
a

5

4

, s .

0414GO W 86EENR
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SOURCE AND HITIGATION TABLE (continued)

Location Name: Turbfne Saffdfag
Designator: 15-#A-i
Bulldf ag : MW Butiding

Sheet 3 ef 3
Somete Description Mitigation of the Source

* ' *
MftigativeDescription Assumptions Reference Reference

Pipe Whip Main 5tese Plant Vf stt Pipe Plant Visit
Supports

Main Feeesater Plant Visit Walls Plant Vistt

Ausfilary Steam Plant Vf sit Walls Plant Visit

O
.

I
a

@

9 0414G030786ftHR
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SCENARIO Tp8tE

tocation Name: Turbine Sullding
Destgaatar: 15-#A-I
Sulldlag: IurDIne Buildfan

Sheet 1 of 5
Scenarte Summary of

Synopsis Considered Quantif tcation, ,
1 of the Paths of Propagation for Further Results and Remart s
! Iype Source Source Portion Mitigatten Analysis IJF'yI Further'*"

Type To Actions

5agu-5 (comparison) It is assumed that allfire and Cables. I. Locallred - (see Yes.
5mune Sul tchgear affecting Source end (10- LO5P. ha-P-lS safety cables are in close

Cablaets, safety-related nttigation overall cable,t$v.1C grealetty.
Lube Oil cables la table) frequencyl cable. Mv-P-10 at is assumed that esta
Systems. turblae a 0.0b and AH-t-lC feed-related Cables not la
Transtent buildtog. geometric cable. the area.
fuels f tre at eleva- factor)

tion 322' neer a (0.5
the control severity
buildlag, factor)

2. Locallred - Tes. 10-2 (compartson) Note: Turblae trfp any be
j causes turblae impeded if control DC ground

trip only. Is lost. TS valves fall
mesr male closed or loss of etr. TS
feed pumps. | valves far free the mala

i fecesater pop.

3agu-5 (comparison)3. Large fire. Yes.
engulflag most (10- m II and LOSP
of TB-f A-l . 3 a 10-3.n severity

N factor)
e
"

4. Fire propo- Yes. No actioni Fire may damage theN gating to deemed ,s very corrugated metal wall
a(jacent unilkely, to reactor building entry
bullelags. area. but ts not deemed to

lead to damage beyond that
, potet.

Flood Ctrculation 5. 105 spa teak Centrol Yes. 3a104 no actica; Unitkely for mater depth
Water- spill; rollup Through butId- (3 a 10-3 subset of la the chflier room to be
Related door operates Waderneath $ng very sCesario 16. of suf flCtest height to

propersy; no Doors stelr- targe damage chillers.
f apact en bus well and flood) Depth of water in the
bars from fuel n (10-2 turbine building 85 estf-
amaillary hand 11ag operators mated to be about I f oot.
station bettee fall to
transformers. floor stop

FN-FZ-6. spill)

Leak Change
Througl- area fuel

*landerneath handllag
Doors and teto

contral
vent 9-
lattom
chiller
area.

!
!
i

|
1

1

I

0414G061780LLHR
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SCENARIO TABLE (continued)
Location kame: Turbf ne Butiding

Destgaator: 154 A-1
Buildf ag: Turbine Butiding

Sheet 2 of 5

Scenarfo Susumary of

Synopsis Considered Nattf fcatf on
g #

of the Paths of Propagation for further Results and Remarts
Typ* Source Source Portion Mittgatton Analyst s IJF''I Further

'"
Type To Action s

6. Same as Leak Change Chiller Tes. 3 a 10-5 C8-HVAC. Likelfhood of leakage
scenario 5 Through area fuel room has (3 m 10-3 the control building and

except that Underneath handling drales very into control ventflation
rollup door Doors and into that are large chiller area is large.
is not control normally flood) See calculation f a
operating, ventf- open. m (0.1 relation to FM-FZ-6.

lation fa11ere of Depth of water is judged
chflier No auto- rollup to be 1 foot f a the chfiler
area. 'matic doort a room to damage chflier

trip signal 0.1 opera- pumps.
for CCW tors f all
pumps f rom to stop
an expan- spfll)
sten joSt
rupture.

F. Same as Leak Change Tes. subset 10-5 08-HVAC.
scenarfo 6 Through area of scenarfo 16 (10-2
except that lindernea th fuel large
spfl1 rate is Doors hand 1tmg flood) x

O about 30.000 and into (0.1 door
- gpm. control failurg)
N ventf- n (10''
8 1ation operators

chflier fall tom area. stop spill)

Flood / Fire Protec- 8. Fire protec- Ves. 5ago-* (comparfson) Normal system actuation
Spray tfon Pfplag tion-related (10- LOSP + T1 is judjed to be unittely to

pf pe f at tere many pipe lead to bus bar f atlure.
or system sections) Turbine trfy is assumed to
actuation n (0.05 occur. Flood must spray

that f alls geometric onto both bus bars near the
the offsite f ac tor) control bu11 ding from a
power bus f ailed pfpe or valve to

ba-s by contr*1 this damage.
04F 89 88

9 04I4G030786tEHR
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SCENARIO TABLE (continued)
location Hame: Tv-btne Building
Designator: T'.-p a- 3
Bulldtag: Turbine Sullding

Sheet 3 of 5
Scenarfo Summary of

Synopsis Constdered Quanttftcation, ,
of the Paths of propagation for Further Results and Romert s

Type Source Source Portion Mittgation an.iygg, (yrd) Further
'"

Type To Actions

Steam the of Main 9. Pipe bred in no Propa- Tes. 2 a 10-3 (comparison) Whtpping effects nonsafety.
and Steam Lines steam Ifnes pation to (6 m 10-3 Loss of main related equipment.
pipe between the that uhty Other steam line steam, Loop, Breds out utadeus or blows
Whty later- around and Buildings bred) x and Ti. out roof fan openings

mediate failure of encept (0.3 loss to other butidtags (eacept
Building turbine for Some of offstte for a portion of the later-
and stop butiding Minor poetr, mediate butidfag).
Valves utadows, steam given Hote that the B bus bar for

doors, and todage steam) auntilary station trans-
structure into Fuel former is esposed a shorter
because of Mandlfag distance to this steam
pipe movement Sufiding environment.
and steam through
(spect the
(pressure). Reactor
Parts of Bulldlag
turbine Entry
batidfag Change
fly into Area
tuttchyard

() area. Also,
. may break
to other nearby
I steam
-"

lines, thus
O depriving

the main
freeenter
and turbine-
drfven
amergency
feeesater
pumps.

Missfles 10. Turbine- Yes, in Turtine missiles are
related Section-. addressed in Sectica .

elements. Other sources of missF
cannot penetrate walls into

(comparison) adjacent batidfags.
Onsy failure fs soss of
offstte power by damaging
bus bars,

11. Gas bottles, No Prop- Yes. 5 x 10-0
pump failure. agation 20ago-3to Other a 10- 3t

ButIdfags (0.03
misslie
with enough
energy and
at correct

I angle)

9 *

* 0414GDW86(EM
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SCENARIO TABLE (continued)
Location hee: Turbine But14 tag
Destgnator: Is-rA-s
Butiding: TirbT W BufIdfag

Sheet 4 of 5
Scenario Summary of

synopsis Considered 0"*"I'#i'**I'*, Fm mof the Paths of Propagation for Further Results and Remarks

"$$*" Analysts (yrd)Type Source Source Portion Further
Type Te Actfons

Emplosion 12. Hydrogen, gas no Prop- Tes. 10-4 (comparison) no adjacent batidtags are
e4plesten, agation (3 m 10'3 LOW e TT. affected.

to other hydrogen Of fstte power bus bars are
gSutidtags explosion) assumed as f ailed. Must.

n (.03 be a severe emplosion and
fire fire to fall both bus bars.
ensues and Other vttal Cables are
is estin- far and would not be
guirN d a f fec tml.
afts it '

is very
severe).

*Caustic 13.Spl11 ef No Prop- Will be ho cannot A subset of
Attack caustic Fluid agation contalned faII any com- fire scenarios.

from caustic to Other by the ponent taper-
storage tanks. Butidings curbs tant to safety.
If ac1d tank around
also falls, the tanks.
violent

O reactions can
* take place.

b Fallfag 14. Crane No. Crane is the only source.
o Objects Cannot drop an offstte power

bus bar because they are near
the walls.
It is judged that objects
will not go through and
damage sultchgears.

Pipe 15. Main Feed Open Gret- Reactor steam would Tes. 10-5 (comparison) Impact on offsite power
Whip and Pfplag ing on the Buildfag not fall (pfpe bus bars.
Steam Floor Personnel bu1Idfag fatlure Impact on IC-ESV and other

Main feeduster Access walls but frequency) cables that are nearby.
pfpe break Open Roll- Area maybfew No impact in FN-F2-2 on
between con- up Door out uf adoes. Important cables or
tafnment wall Fuel equipment.
and check Pandifng ,

vs FW-128.
5. - operator FN-FI.2
s: aill

fl .:_ eackwards
out of this
hole. f;me r-
gency feed-
water =f11
come on and
continue
steaming.

Flood 16. Flood of any Confined Yes. 10-2 (comparison)
severity. to Turbine (bly turbine

Building trip.

M14G031186EEM
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IMPACT TABLE

Location Name: Turbine Building
Designator: TB-FA-1
Building: Turbine Building

Scenario Summary: Steam; Scenario g; Main Steam Line Break

System Cost Components Affected by the Hazard

MS One of four steam lines break.

MF Proximity to steam line break location, steam
environment, or pipe movement af fects susceptible
components of main feedwater pumps and auxiliaries.

LOOP Steam buildup throughout the turbine building gets
inside the bus bars, carrying power from auxiliary
station transformers; also, the debris from building
may fall on transformers or other offsite
power-related components and cause shorts.

TT Turbine will trip on loss of steam.

,

|

1

0

C.2-22
0414G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE
i

*

Locatfee Name: 1R Swttchaear Area
. Des.ign,ator: s W I,-1. 14 .,= 1.. e ,een and P.m. -s.

Sheet 1 of 7

' #8'er ety Pune Valve Reference Rommets/Assgtfons
Ofwlsion Power Control lastrementatlan

M

RR PG P-h I I 1 Reactor buildf ag
emergency coolleg
rf ver meter pesy-

EP 1R-400V I 1-FNA-046
Swftchgear
E5G

EP I A Control I I 1-FMA-046 t
, Center

{ (CC-1A)

IT-400v
Swt tchgear
ESG IS-CC-HCC

,

i

RR RR-V-15 I I 2 AR-P-10 of scharge
4192 C-302-202 valve.

d

SR ha-V-10B I I 2 AR-P-le
4192 C-302-202 recirculatfonn 5

v.i.e.

y DR BR-V-14 Table 3.10-5
of FM

M M-P-1 A I I Plaat Vfsit Changed iabels.>

'

nit M-V-1 A I I Plant Vistt Changed labels.

MR M-5-1A Plant visit Changed labels.

DR DR-P-IS I I Plant Vistt Changed labels.

DR OR-P-29 I I Plant vistt Changed labels. ,
DR OR-5-18 Plant Visit Changed la%1s.

4

NOTE: 4-P-1C, M-V-IC, 8 DR-P-1 A f as reported in IRfG 81E-168-02-002 and FMA) relabeled as M-P-1 A, IR-V-1A. and DR-P-18.

4

,
4

,

i
!

0417G022ee6Ellet
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: IR Lef tchgear Area
Designator: 17 H-P l-I
Suf1 ding: Intake 5creen and Pug House

Sheet 2 of 2

'
or $a ety Pasqr valve Reference Remarks / Assumptions

tDietston Pouer Control Instrumentation

5R SR-P-10 I I Plant Vfstt

SR SR-V-18 Plant Visit

SR 58-5-15 Plant Visit

SR SR-P-IC I I Plant Visfi Changed labels.

$A SR-V-1C I I Plant Visit Changed labels.

5A 5R-5-10 Plant Visit Changed labels.

SW SW-P-IS I I Piant Visit

SW SW-P-28 I I Plant Visit Changed labels.

SW SW-5-15 Plant Visit Changed labels.

F5 F1-P 2 I I Plant Visit Electric motor
fire pump.

NR I NR-F-13 5-31

p NR NR-V-3 5- 31 /

Y OR DR-V-13 5-31

RR *R-blA 5-31.

EP EG-CCE55M- 5-31
IS

NOTE: NR-P-lC, NR-V-1C, 8 DR-P-1 A (as reported in pWG 11E-168-02-002 and FMA) relabeled as NR-P-1A, NR-V-1A, and DR-P-18.

s

041 ?G0307MELHR
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| SOURCE AND MliIGATION TABLE

Lacetten home: 18 Sof tchecer Aree
Destgester; nrna r-i
Sof tefag: Nreen end Pump seosse

| Source Descriptfen settfgetten of the Scene

Soune Type d'
#ftigettve

Oescription Ass g tfees Asference esterence,

,1

Fire and Seate Cabtfag Fire Automatic Fire leezerds
Iterords teet Pfpe Report
Deport Sprinkler.

Systee

Pump ofI 1-tisA-ees portabse
Systems Bry Chemical

Estle-
,

sf shers (tus) '

3 P.!i'.';t"'
W %.ie

' ' ' " "

. ,e,te
i C0p Entf n-

golsher

Portable,

Isoter
-

*
4

Estla-
, getsher
i

o Seers Ef f re
rating A).

t.d
' Itolls - NDe-W Fire Rated

j Concrete

} To be added:
j herth Mall

,

Wd
to 3-Isser *

Fire '

j Berrier

Class A.
i nelley Boer

,

le North t
IInilg,

4

i

| t
,

6

i
;
!

!
4

I 4 i ' l'
| .i

t
4*

.

h

NIWWEO,

1
,

t

i
i
?
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SOURCE AND HITIGATION TABLE (continued)
_

Location Name: IE 5=f tchneer Aree
Des 1gaater: TWW-TT-i
Suf1dfag: TETMreen and Pieup unerse

Sheet 7 of f
Soorte Descriptfoe Nitigatfon of the Source

' # " I
NftigativeDesc ription Ass g tin s Ref erent e Ref erenc ep

Flood Pfpe $wf tchgear cabinets protected
Sectlen by splash guards.

Fire Hese and Wtt
Pfpe Sprf ater/ Deluge
5ystems

n
.

I
4=

04I M022886EEMR
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SCENARIO TABLE

tecetten name: le Switthgear Area
Designator: syn-p r-i

Bulldtag: TnTde kreen and Pump House

Sheet I of 2

Scenarte Summary of
Synopsis Considered Quantification, ,
of the Paths of Propaptles for Further Results and Asmart s

(pr*Il FurtherType Source Source Partion %g** Analysts
Type To Ac tfens

dFire and Cabling, 1. Cable buratng Confined (see Searce Tes. Iago (comparison) Fire falls barrier and
Smok e due to as to Room and settfee- (10' reaches cables well above

Pump Oft electrical only ties table) m 0.1 above the fleer (see tapact
Systems, or short er geometric table).

trenstent feel, ractoa10-gSut tchgear
Cabinet Localtred in severity)

middle of the
room.

3m}0-6 (compartson) lepact the same as scenarte I2. Localfred Tes.
near the east (10' / except that centrol cables
wall, year a 0.3 for si switchgear and power

tric for 1R.

. J'S
severity)

3. Engulfing. Open West 15Pel-FI-3 Tes. us actlen;
Deers subset of

(") scenarie I.
* Closed la-y Boers capable
m of

propage-
18en.

Fleed pfpe 4. Pfpe breat Locallred Tes. 10-4 (comparison) It is assumed that 3 feet,
and Spray Section can fleed 6 taches water en the fleer

place. falls puqs and suttchgear.
Mater wouse drate back f ate
river threep open manhole.
Water betidup very unittely
to reach electrical cabinets
er pumps. Spray any fall
the adjacent pumps. It 1s
assumed that preat is la at
pfpe and sprays ever to RR
and DR pumps,

s

0417G030786tDe



SCENARIO TABLE (continued)

location Erw: la Sof tchgear Area
Dest gna tor: IV H-Fl-3
Sufidfag: Intake 5creen and Pug House

Sheet 2 of 2
Scemarfa Sommary ef

Synopsis - - -

T C'"5 ' 8'"d 0"*at'f 8 cat'*aw g'
#of the Paths of Propagattee for Further tesults and Renart s

I P' Source Source Portion " y g ** Analysis IY''I FurtherJ

Type Te Actions

10-5, (comparlson) It Is assumed that 3 feet,5. pfpebreat to Open Doors ISPN-FI-2 (quipment Yes.
large river I SPN-F I-3 fs on (10' 6 faches water en the fleer
water pfpfeg. pedestals door leat falls pumps and sultchgear.

so that severfty Water would drain back late
water level factg river through open machele.
would have a 10~ ) Water buttdup eery un1ftely
to reach tG reach electrical cabinets
at least er pumps. Spray may fall
2 feet. tre adsacent pumps. It is

assumed that break is la 52
pfpe and spreys seer to 22
and DR p g s.

O
.

f
CD

0417G030786E! *
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IMPACT TABLE !

t
,

F

Location Name: 1R Switchgear Area j
Designator: I SPM-F Z-1

'

,

Building: Intake Screen and Pump House [
!

Scenario Sumraary: Fire, Scenario 1; Severe Fire in the Middle'of the' Room {
!

I.

i

'! System Cost Components Affected by the Hazard I
i

.

| 1R and IT Impacts cables near the ceiling control cables ;

Switchgears for 1R switchgear and power cables for :

1P switchgear. |

Several other components are affected. Thei r
impact is assumed to be the same as loss of both >

switchgears. !

|>

|

O -

|:
1 ;

i
'

r

f
I
!
!

4

; :
I !
.i i

!
. i
'

l

i !

):

1 . j
i
i

j - !

i>

i
i i

'
,
,

C.3-7
, _ _ --- _. ..._..._ 0417G061786EEHR.
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LOCATION INVENTORY CODIFICATION TABLE

tocaties hame: If %f tchgear Area

.Destgastor: me,T- zT71rJ
. 1. .,: ,e ... ...e

s,eet t e, 2

* *
or $a ety Pump Valve Reference Remarts/Assumpt;ons
OfafsIon Power Cestrol Instrumentation

NR M -PI B I I 1 Nuclear Serefte Rtver
Water Pump.

I Contret 1 NR-P-IC,

NR mR-V-lp

BR NR-V-2

NR MR-V-7

at NR-V-3

RR RR-PI A I I 1 Reacter Sulldf ag

et Re-V-1A Emergency Cooltag
River Water Pump-

RR IT-480V I 1-f MA-046
54R E5G

RR IS Centrol I I 1-FNA-046
*

Center
(CC-IS)n

~

EP 12-480 V
i suc.R

CD 1A-480V
ICC

RR BR-V-1 A I I 2, RA-P-1 A discharge
8192 C-302-202 valve.

RR RR-V-10A I I 2 RR-P-1A rectrCelatfee
4I92 C-302-202 valve.

uk mR-V-1A I I 2, MR-P-1A ef scharge
4192 C-302-202 valve.

NR NR-V-19 I I 2 ha-P-38 ef scharge
4f92-C-302-202 valve.

ut NR-V-3 I I 2, Header valve.
4192 C-302-202

-

0 0417G031186fEWR
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SOURCE AND HITIGATION TABLE

tocatten blame: IT $wf tchwer Area
Designator: w n-FI-Z
B ut iding: Tntane 5creen asd Pump Movse

Soune Descrf ptfon Mf tigatfon of the Source

Source Type ' '
Mfttgattve

Desc rf ption Ass g tfons Ref erenc e Arf erenc e,,

Same as ISPM-TZ-1 except that there are ne portable dry CheefCal eatinguf shers for mitigation.

O
.

I
a

O

9 041 K.0228% E EMR
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SCENARIO TABLE

Locatten Name: IT 5=f tchgear Area
Designator: w n-fi-z
Setidtag: Tatake screen and Pump Mouse

Sheet I of 2

Scenerlo Samanry of
Synopsts Considered Quantification

*
ef the Paths of Propagetten for Further Results and Remart s(,r-')5ggg- A.ai,,.s1,Pe 5 ,ce Sc.,ce ,e,tten , ., t.,e,

Type To Actless

Iag8-6 (comparison) Fire falls barrier andFire and Cabitag. I. Cable burntag Cantined (see Searce Ves.
Smoke due to as to Room and Mittgs- (10~ reaches to cables well above

Peup Ofl electrfcal Only tien table) a 0.1 above the floor (see tapact
Systems, or short er geomekstc table),

factotranslent fuel, *
a 10 gSwitch ear9

Cabinet localtred in severt ty)
ofddle of the
race.

3ag0'' (comparison) Impact the same as scenarte 12. Localtred Yes.
near the east (10' / encest that control cables
wall. year a 0.3 for IT switchgear and power

trfc for IR.

10
severity)

'

3. Engulfing. Open West ISPN-FZ.3 Tes. No acties;
Deers seset of

O scenerte I. ,

*
Closed in-

I Doors capable
-n of

propage.-

tfee.

Fleed Pipe d. Pfpe break Localtzed Tes. 10-4 (compartsen) It is assumed that 3 feet.
and Spray Section can flood 6 f aches mater ce the fleer

place, falls pesys and sof tchgear.
Water would drain beJt tote
river through spee maahele.
Water betidup very uniftely
to reach electrical cableets
er peeps. Spray may fall
the adjacent s. It is
assismed that is ta um
pfpe and sprays over to RR
and DR pumps.

.

041?G030786 tite
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SCENARIO TABLE (continued)

locatlan Name: IT 5mf tchgear Area
Designator: Iv M-FI-Z
OstIsteg: TiraTiTreca end pe=p no.se

Sheet 2 et 2
Scenarte 5.gunary of

Synopsis Considered Omaatsficatlee'
#of the Paths of Frepagatten for Further Results and Remart s

Analysts (7F''IType Source Source portion M es Further
Type To Actt:as

-

10-5, (compartsen) It is assumed that 3 feet.5. Pfpubreak .a Open Doors IsPn-tr-2 Ege f pment Yes.
f aree river ISPII-FZ-3 1s em (IO~ 6 taches water en the floorwater pfplag pedestals door leak falls pumps and switchgeer.

se that severity Water weeld drafn back fatewater level
factg) rfver through spee eenhole,

would have a 10 Water butin.p very enlikelyto reach to reach electrical cableets
at least er pumps. Spray may fall2 feet. the adjacent pumps. It is

assumed that areak is in NR
pfpe and sprays over to ER
pad DR pumps.

O
.

8
-

N

|

|

\
|

9
0417G010786(EMt
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LOCATION INVENTORY CODIFICATION TABLE -

j tecetten name: Trash este and Screen Area I

q Ses9pasterI nrn-F I- J

4

setteles: Tetde screen and Pump senese
,

|

j
Train Cables;

4 SysteW tiectrical Otheror Safety Pump valve aeference Romants/Assumptfens| Trate , ,' Ofotsten Pomer Centrol Instnmentatten

se cassensets of f atorest le this Iscatten. *
,

?
d

I !;

i

1

$.

.

I
J

i

!

1 !
4

. y
|
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. i
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1 M
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1 i
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t
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1
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- SOURCE AND HITIGATION TABLE

Locatfe Eame: Trash Pete sad Screen Aree
De.ftwater: TWGi3
Sofldfag: Ta'Y3TWreen end Pump Nous,

Source Descrf ptlen Rf tf gattom of the Source

Seurte Type *
RfttgativeDesc rf ption Assumptfees Seference pef erenc e

p

fire and Sed e lab 11ag 1-EMA-035 Ref Jeeted Fire la addittee to the f oer f>asic walls.
Centrete Marseds there are else two subetyldf ag walls.
Walls Report

Class A
Doors

Automatic
Wet Pf pe
S rf atlerP
System

portable

LugEstle-
geisher

Portable
5 0 fatta-7
gefsher

Thermal
n Detectors f e
- Eskanst
W Ductuert
8
a

h

0417C077886EtMR
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SCENARIO TABLE

tecetten mese: Tresh Eghe and $ Crete Area
Destgester: nre-FI.3
Soffdfag: TeYahe 5creen and Puey Meuse

Scenerlo seemory of
Synopsis Considered GeestificettomSme ,
of the Paths of Propagettee for further Results and Segert s

IfP' Seene Seerce Portfee 18ttfgettes Am.3ygg, fyr-Il Further
Type To Actless

Fire and Cobling 1. Cable berefag
Seet e due to se

electrfcal
short er
treestost

1 feel.

I la. Tegelf f og. Open Aree ISPe6-TZ.Z Ves. Its actfee;

subset of
15PM-TZ -1
scenertes.

F, tegelf f og. Open test ISPI6-FZ.1 Tes. No actfesa
Deer subset of

ISPts-FZ.1
; .cenerf.s.

,

Ciesed Incepoble of prepagettee.
Seers

f 3. Localfred. Bo; fopect Operettee of screen esesh!

w testgetffcent. escheefsms not crectal to
e safety to short term.

* Ut
I

i

i

,

.

4

1

, *

1

04|Nn0ZZ886ElnR

!

- _ - - - . - _ - . - - - . . . . . - _ _ _ - - - - - _ - . . --. -. .,. .-. .... _ . . . . - , - - - . - - . . - . - . - - -



LOCATION INVENTORY CODIFICATION TABLE

tocatten kame: Ofesef Fire Pump Poeg
De,s t ga.a tor: m ..-#A-7

15FH
.e..., e m ,ee. e .. , ~ ,.

or ety Pump Valve eference Remart s/ Assumptionsy
tDivision Power Control Instr e tatten

F5 F1-P3 1-FIUL-04 Ofesel ftre pump.

.O

9
-

O

0415027886tDe
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locatten same: Fuel Men.lf a, ButIdf an Seswat

. Des. t ga.a tc,: T.Y-F,I- s .. .
. l .. .,. l. : .e m.

meet ,.,5

*
or ets Pump Valve Re,erence Remert s/ Asstane ttens
Ofstsfee Power Coetrol Instrumentatten

MU E P-34 5-31

Md MU-P-38 I 5-31

MW MU-7-3C 5-31

MU EU-12 I 5-31

Mg MU-t-I4A 5-31

Me E V-145 5-31

Me 945-t-16 A 5-31

Ms MU-t-168 5-31

AN AN-t-IC AM-{-1C FMA

t ent All F nA
Moe1tertog Chemmels

Mu Mp-v 16C 5-31

MU sW-t-160 5-31
s.
8 MU ET-18 5-31N

fW E V-20 5-31

MU E U-32 5-31

MW MU-V-36 I 5-31

MW se5-T-37 5-38

9W MU-t-IA 5-31

MU I MS-y-13 S.31

MU EV-2 A 5-31

MW MU-t-29 5-31

MU MU-t-3 5-31

Ms MU-t-4 5-31

MW 84-T-8 5-31

MW MU-V-4 A 5-31

040%D610%fI>A
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Escattee esmer feel needifme autiding passeret
Destgester: TNTT-i
Detidtag: _TeiF Wav @ y . g

5heet 3 of 5IIrein Cables
I' "'er Safety Pump Velve "'

" '"'I neference asse,ts/Assamptions
Divisies power Centrol testrimentatten

NW HU-V-48 5-38
EF EF-V-304 5-31

- IF EF-V-308 5-33
EF EF-t-30C 5-33

a EF EF-V-309 5-35
EF EF-V-52 I 5-33

(F EF-V-53 I 5-31
IF E.F-V-54 I 5-31

EF EF-T-55 I 5-33
fu FN-t-5A I 5-33f

fu th-i-58 5-31
I fu FN-V 92A I 5-35o

*
fu flf-V-929 5-31y

b M5 II5-V-an I 5-31

#5 IIS-y-48 I b31
#5 E U-2A 5-33
145 E V-28 5-31
Del Bel-V-I I 5-31
8 81 M-T-2 I b33
8 88 W-V-3 I b31,

8 88 m-V-44 5-31
8 81 On-V-45 5-31
M m -V-5A 5-33
Set hl-V-58 5-38
8 18 Su-U-6A 5-31 i.
SIl; BII-V-68 5-31

|

- , ,

. ecomestee6ttest

i

I

a
1
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locattes name: Fuel pend 10mg Butiding Basement
Designator: IT-II-I
Se11dleg: Fuel h aditag ButIdfeg

Sheet 4 of S

*
or ety Pump talee Reference Reeert s/ Assumptions, g
Dietstem Power Centrol Instrumentation

85 85-V-3 A 5-33

25 85-y-38 5-31

85 SS-V-2 A 5-31

55 05-T-28 5-31

DM Dis-t-754 5-31

DM DN-V-758 5-31

DN DN-V-76A 5-33

DM DN-T-768 5-31

SC IC-T 1A 5-31

IC I IC-9-18 5-31

BC IC-5-2 5-35

IC IC-T-3 5-31g
^

4 SC IC-V-8 E-34
e

4 AN AN-S-38 5-31

kB WR-P.lC g 31

as est-e-IA 5-33

ma ast-y-18 5-33

at mR-y-IC 5-38

at us-s-3 5-31

an un-y-5 5-35+

ma ma-t-4A 5-31

58 BR-T-48 5-31

h4 I 18-1 18 5-31

he mR-T-10A 5-31

54 NR-V 108 5-38

DA DR-T-14 5-33

0409G061086tENR
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LOCATION INVENTORY CODIFICATION TABLE (continued) I
.

tecetten Namor Fuel tenediles OutIdfas Desemset [Destgester TT_TT-3*
.$Sofldtag: 6 19mg suffelnsa

*

!
'

,| 1heet i et 5 *

" ' " "System / tiectrical Scheror we., e, .ai- .e,-e m .i .e. ,t.o,,,,, , ,,,,, ,, ':ptetsten Pomer Centrol Instrummetetten

SR 83-9-18 5 38
#R ge-t-IA 5-33

'.

!I 88 M-9-IS 5-35 '
1

98 M-V-IC 5-38
as as-y-5 3 5-33 !.

3 (G EG-T-IS E 5-31 !

EE EG-CCESU-IC 5-33

i !

; .

1

4 '

)

J >

n.

. -

8 |"
t

E

,

b

P

P

h

I

>

f

i

,

$
t

I
'

t
t
|
1, . . . . . .

) eesssastee64telt
<

l
t ,

1
- _ _ . .- - - , - - . _ . - - - - - - - - - . - . . . - - - . . _ _ _ - - - - - - _ _ - - _ . - . - - - - - . . . , . - - . , - . - . - - - - - - - - - - - . -



SOURCE AND HITIGATION TABLE

tocatten kame: Fuel Mand 11ag Bulldf ag Baseeret
Destgaater: Nr7-i
telldf ag: TwDeadilag Befidfag

Sourte Descriptfee attigattee of the 5eurte

' #" *
mitigativeDescrfptfem As:umpt1 ens Se Ferent e Re foreat e

Fire and 5swde Cahliog 1 AutametIc Ffre
met Pf pe Mazards
Sprfakler Report
Systee

IC (55 Valves and Fire be
Meeting Centrol Protection
Center

leefsatten
Ffre
Detector

Portable
Dry
Chemical
Fire
Estfe-
putsher

Locatten
O AS-FI-4
*

Fire Nesep Protectfee
* Flood Fire fosse Stattom, Opes Areas

ACP 5eal Injectfee to A Belldfug
Pfplag (levatten 201'

Steam Austlfary Steam Line Opeatsys to
Other rerts
of Fuel
Handifog and
Ama119ary
Suffdfag

missile Transteet Soortes

nyeregon Hydrogee Lf ars The Pf pe Is
Emplestem is use On'y

a few tiers
per heet For
a few
afantes

0409G030786tENR
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SCENARIO TABLE

tocatfon mee: Fool Headlfag Sullding Sesament
Desfgaater: Fil-FI- 3
ButIdang: 1157111Ead11ne sefIdfeq

5heet I of 2
Scenerle 5emory of

Synopsis Cassidered Quantification* #ef the paths of Propopettee for Further Results and Demort s
Type Scene Seene Portles (** Analysts IFF I Further

Type To Actless

fire and Cabiley, 3. Catte burnfag Tes. 10-5 gc ,,,,g,,,y
Sant e Cableets, der te (It'3

or electrical a 30-2 ggy, ,,,les o,fA. S tra
,,gg ,,

Transteet short er severtty service lost
towel tressfeet facter) and a nuclear

feels local. river trata.
fred to center
of east sell.

2. Localtred to Tes. 18-5 gg,,,,,g ,,, g
center of the A. S. and C
ffre rene, tratos of 14 fps.

a trate of
meclear service,
and many others.

3. totalfred Tes. 3m (comparfsen) Less of both sof tchgeers
near FN4A-7. 110- Less of all le screen heese and both

a 10-2 nuclear reactor befidfag spray trales.
O severt ty trales.

m 0.3.

p geometry)
* 4. totalfred to Tes. 10'3 (comparison) Locallaed to 480V458-IC.

the
48Df45V-lC.

3m}0-6 gc ,,,,,,,,35. dery large spee Areas Elevetten Tes.
f*re meer 305'-0* (IO~
east sell, of a 10-2

Assilfary severity
and feel a 0.3
headtlag geometry)
Bettelegs

steam Asaftlerv 6. sagitfs ffrst opsa llevatten Tes. 10-5 (system) only 440t451-IC is
steam flesr of f # 288*-0* IC-asEC45t e f fec ted.
Pipes han lleg an( of Feel Steam concentratles level in

aus.18ery nondling other parts of betidt
betidfags. and Aen. Insefffctent to casse gr.

fiferg
Detlevag<
(804Z-5;
AS4Z-4)

Flood Ftre F. pipe breek. Open AS4 A-3 Tes. 10** (system) lapacts DNR and reeCter
I protectfee hatch AS4 A-2 (many See and Wildf ag spray pumps sely.

System searces) reacter
Open AS-TI-4 bellelag.

Seal AS42-5
Injectlee AS42-1
Cooling
Pfpes

e i

040%C3078Hise
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SCENARIO TABLE (continued)

locatfee same: Fuel Mandifag Softdfag Basement
Destgester: FN-52-5
Sulldfag: M adtfag Sufidfag

Sheet 2 of 2
Scenerfe 5 m ry of

Synopsis
, Ceasidered Omaatt f f ca ttee,of the paths of Propagattee fee Further Resells and Remart sType Seurte Source Portfen Mittgettee g ,yygg, (yr-I) Further

Type le Acticas

Rfssfle Transfest 8. Transient localfred res. 10-0 (comparisoal by fall cableet IC-fCC-EST.Seurt es saurtes. (10.0
m 10-2 my fafl cables,
a 10-3
e 10-I)

toplessee nydrogen 1. Hydrogen leat me. Hydre e pf s are m- i, ff fied .8t et<<- the
pfpf*g and
emplesfee. bydrogen.

Area arewed the pfpe is very
large, and a lean would be
dfleted very rapf dly.

O.

I
CD

0409G0228%EIMR
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V) IMPACT TABLE

Location Name: Fuel Handling Building Basement
'

Designator: FM-FZ-1
Buidling: Fuel Handling

Scenario Summary: Fire, Scenario 4; Fire Localized to
Cabinet ESV-480V-CC-1C

Systems Cost Conponents Affected by the Hazard

ESV/C gg Fire Power Cables above or near the

NS/B NS-P-18

AHYC AH-E-1C

MU/B MN-P-1B and Associated Valves

Instrumentation Instrumentation

O

g
%,

0409G061786EEHR
'

.



LOCATION INVENTORY CODIFICATION TABLE

tocatfoe kamp: Fuel Man.lf ag Sofldf at at tievetion 305'

Des. i. gn.a ter :
#H-fI-7

.. . - . .., ......,

'''"

3;,*;' ertt, <';r;l =; .e,e _e ., A. . t. .,, . 1.e

Otetsten Power Centrol testrueretatten

AN I AM-0-39 thA Fatts close. en less
of air, which is not
sigalf8 cent.

MW C MU 8 -IC fMA

MU MU-VI F FMA

DC B DC-P-IS FNA

IC S IC-P-IC fpA

e5 C MS-P-IC FMA

RR S RR-P-38 FMA

DN 8 DM-P-38 FMA

DE S DR-P-I S FMA

ht e NR-P-3C

IP e ea05-E 5W-MLC fha
g IB
.

to
e IP S 4809 AC-5N- FRA

1%CC-li"

O
AN AN-t-18 fha

AN AN-t-18A FMA

AN AN-t-188 ThA

MW ses-P-2C 5-31

Ms Mu-P-X 5-31

MU Bti-t-l et 5-31

Ms MD-9-16C 5-31

MW 948-5-168 5-31

MW MU-V-18 5-31

MW MU-W-237 6-31

MW MU-W-20 I 5-31

MW 4 5-32 5-31

MW MD-V-37 5-31

0409GD610MitHS
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SOURCE AND MITIGATION TABLE

i
Location Name: Fuel Hendifne Su11 dine at Elevation M5'
Designator: Fu-H-Z
Soliding: Fuel Handilag Sullding

Sheet I of f
See*te Descrf ption Mitigation of the Source

ds
MittgativeDescrfption Assumptions Reference Referencep

Fire and 5seks Cabtfi9 I Reinforced Fire Nalards
Concrete Report
Walls

E: 3-Nour
Fire-Rated
Adjacent to
Control
Temer

5: 3-Nour
Fire-Rated
op to Fuel
plandling
Butidtag

rating
oor

Class A -
Rated Rollup
Fire Doors

O on North.
* South, andp East Wells

2 Rolita
Concrefe
Rfssile Door
on West Wall
(re11 road
entrance)

Steel Match
Access Air -
Intak e
Tunnel

Automatic
Met Pige
Sprink ier
System

Carbon
Dioxide Fire
Extingulsher

Dry Chemical
Fire
Extingelsher
Location

t Tertine
fulldfag
Fire Nose
Protectfon

. r # '

, ,

.

0409G061086EENR
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SOURCE AND HITIGATION TABLE (continued)

Location name: Fuel Handifne Buttdtng at Elevation 305'
Desfgnator: PH-tE-2
Suftdfag: TueTTindlf ag 8vildf ag

Sheet 2 of 2
Source Description Mitigation of the Source

* #8Mitfa ttveDescr.pttsa Assumptions Referenc e Reference

FN-El-1
Fire Hose
Protection

FN-TZ-3
Fire Hose
Protection

AB-fl-6
Portabfe
Dry Chee!-
tal Entin-
gutsher
(0, Fire
Eatin-
putsher

Steam Asaf tfary Steam Open Areas
PfgIng

Flood Fire Protection Open AreasO Lines

f Missfies Transfest sources Walls

[ Fallfag Objects Crane Floor Slab

.
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LOCATION INVENTORY CODIFICATION TABLE
,

Location Kame: Fuel Mandling Butidf aq at Elevation 305*I

! Designator: En-iz-z
Sullding: TJeTEdifnq Suf1df ag

Sheet 1 of 2

# "" *
or Saf ty Pump Valve Reference Renarts/ Assumptions
Olvision Power Control Instrumentation

MU MU-V-IA 5-31

MU MU-V-28 5-31

MU MU-V-8 5-31

MU MU.-V-6A 5-31

MU MU-V -68 5-31

MG MU-V-11A 5-31

MU MU-V-118 5-31

[F EF-V-53 X 5-31

EF EF-V-54 5-31

FW FW-V-58 5-31

FW FW-V-928 5-31

MS MS-V-8A 5-31g3

"S= MS MS-V-88 5-31
B
- MS MS-V-4A 5-31
Zs

MS MS-V-48 5-31

DH DH-V-1 5-31

DH DH-V-2 5-31

DH DH-V-48 5-31

DH DH-V-58 5-31

DH DH-V-68 5-31:

85 85-V-38 5-31

85 8 5-V-28 5-31

DH DH-V-758 5-31

DM DH-V-768 5-31

IC IC-P-18 5-31

IC 'C-V-1A 5-31

IC IC-V-2 5-38

It IC-V-794 5-31

IC IC-V-798 5-31

IC IC-V-79C 5-31

0409G022886EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Fuel Handifnq Oufiding at Elevetton 305*
Destyister: FN-FZ-2
Bellafag: TiiFT~M3hdItag Sutiding

~t,.,,

*
or Sef ty Pump Valve Reference Romerts/ Assumptions
Blutslon ' Power Control Instrimentation

IC IC-V-798 5-31

M M -E-IC 5-31

h
M M-E-190s 5-31

M M-P-84 I 5-31
Aff-P-3

m All-P-94 X 5-31
All-P-93

M All-8-38 5-31

NR NR-V-1C 5-31

set Ist-V-5 5-31

IIR Ist-V-40 5-31

NR In-V-6 5-31

NR let-V-154 5-31
*

g NR nil-V-158 5-31
I

|- DR OR-V-18 5-31Un
iRR RR-V-18 5-31 ^

EG EG-Y-18 5-31
!

EG EC-CCESV-lO 5-31 ''

!
EG EG- 5-31 [CCES91-

-iIS *

|

i

;

|

',,

!

I
*

,

E, ,F- j. g

[
>

0409G030786EENR
,

4

l

- - - - . , . - . , -----.__-.--..--.-----~....-.m - ~ . - - - , - - - _ - , - . . . - + -.....-.---..--.-.._-m ,*.-,-----._.,-.,-,.-.---,--,-*..,.-.-..---.m- - . . . - . . - . - . . . _ . - ,



LOCATION INVENTORY CODIFICATION TABLE

Location flame: Fuel Handifng Butiding et Elevation 305'
Designator: FN-az-J
Bullding: Puel Handling Buf1 ding

.

or Sa ety Pump Valve Reference Renarts/ AssumptionstOlvision Power Control Instrumentation

W MU-P-2A 5-31

MU MU-P-36 5-31

IC IC-P-18 5-31

O
.

L
o,

0409G022886EENR
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LOCATION INVENTORY CODIFICATION TABLE
!

I tocation llame: Fuel Mandifag Sufiding at Elevation 305*
l Desfgnator: IN-FI-4
I Sullding: T p hdifag Sul141no
a
1

|
'#* CablesSystem / Electrical" '# '

! Train Cabinet Items eme @ w tfons ,
Division Power Control Instrumentation,

i

j IIe twts of Interest in This locatlen ,
4 . !

!

{4

:
5

)
:
f

I
.

;

s
,

4 t
'i

O
i -

.
O4

1 I
a

- ,

*
'

I
'

! -

i !

i,

a

4
I A

1 i
.

:

i

S

! t

a

4
'

f

4

i
~

i

5

f
1

I -
o40eco m astrum

1
9

4

_ _ _ _ _ _ _ _ _ _ . . _ - - ._ - __ - - - . -- - -- _,e-- - - - .



LOCATION INVENTORY CODIFICATION TABLE

Location kame: featrol Ba'ilding Patto Are a '
Destgaator; F H-F I-b
Building: Feel Handilag Suilding

Sheet I of 5

# # * 'or ty Pump Valve Reference Renarts/ Assumptions,
Division Power Control Instrumentation

DR DR-P-1B

NR NR-P-18

HR-P-1C

RR RR-PJ S

CHR/CRIM DN-P-15 Control 1-fMA--35 Elevation 338' 6*.
Rod
Drive
Mecha n-
tsa
Power
Supply
Trt p
Breaker

Control 1-FNA-035 Elevation 338' 6*.
Rod
Drive
Mecha n-
tsa9 Induc-

a tion
a

Control 1-FMA-035 Elevation 338' ;'.-

CD Rod
Drive
Mecha n-
fsa
Trans-
formers

AN I I AN-E-94A Control bu11 ding
hallway booster
fans (Elevation
380' 0*).

AN I I AH-E-948 Control butidf ag
hallway booster
fans (Elevetton
380' 0' ).

AN I I AH-E-93A Control batiding
ballway supply
fans (Elevation
322' 0*).

AN I I AH-E-938 Control buildlag
hallway supply
fans (Elevatloa
322' 0*).

0409GO61086EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Location Name: Control Building Patto Area
Designator: Tirtz-5
Building: Fuel Handling S 11 ding

Sheet 2 of 5

', *
or ety Pump Valve Reference Remarks / Assumptions
civision Power Control Instrumentation

IC IC-y-1A 5-31

IC IC-V-2 5-31

IC IC-V-79A 5-31

IC IC-V-79B 5-31

IC IC-V-79C 5-31
.

|
IC IC-V-79D 5-31

AN I M-E-88A Fall open on loss
of air, which is
not significant.

AH I AM-E-888 Fall open on loss
of air, which is
not sfgnificant.

ES C I At Elevation 333' 4*.
W assume IC-480V ESF

n valve control center.

'A AH B AH-E-18 Color Coded it is assumed that power
a Drawings cables for the fans
-*

j are in trays
C (Elevation 380').

AN aN-E-4 FMA It is assumed that power
cables for the fens
are in trays
(Elevetton 380').

AN AH-E-18A FHA It is assumed that power
,

tables for the fans
are in trays
(Elevation 380').

AN AH-E-188 iHA It is assumed that power
cables for the fans
are in trays

(Elevation 380*).

Instrument A X

Instrument 8 X

EP 480V ACSM-
ES-CC-II

1

MU C MU-P-1C MU-P-3C FNA

MU 8 MU-P-28 FMA

MU MU-V-17 FMA

MU MU-P-38 5-31

j 0409G061086EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location d : ControlBdtidingPattoAraa- *

Designator: Fu-tz-5
Bulldfag: fuel Handlfag Building

Sheet 3 of 5

* ' '
or f ty Pop valve Reference Remarks /Asseptions

| Control InstrunentationDivisten Power

AM AN-P-8A 5-31
AH-P-88

AN AH-P-9A 5-33
AH-P-98

AN AH-D-28 5-31

AN AH-D-38 5-31

AH X AH-D-39 5-31

AN AH-D-41A 5-31

AN AN-D-41B 5-31

AN AH- M 3A 5-31
AN-D-44A

MU E V-148 5-31

Mu MU-V-16C 5-31

MU MU-V-16D 5-31
u

Mu MU-V-18 5-31{
O E V-217 5-31MU

MU MU-V-32 5-31

MU E V-37 5-31

MU EV-1 A 5-31

MU MU-V-1B 5-31

MU MU-V-3 5-31

MU E V-8 5-31

MU E V-6A 5-31

MU E V-68 5-31

MU MU-V-11 A 5-31

MU SV-118 5-31

EF X EF-V-30A 5-31

EF EF-V-308 5-31

EF EF-V-30C 5-31

EF EF-V-30D 5-31

EF EF-V-53 5-33

0409G061066EEHR
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i LOCATION INVENTORY CODIFICATION TABLE (continued) ,

t

Eocation Ilme: Control Su11 ding Patto Area
Oesfgnator: Fu-# 4-5
Se11 ding: Fuel Hand 11eg Sullding ;

!
Sheet 4 of 5

* 'or ety Pump Valve Seference Somerks/ Ass g tless *
4

Olvision Power Control Instrumentation
i

EF EF-V-54 5-31 t
,

EF X X EF- 5-31
MSPS-A

i EF X X EF- 5-31
M5PS-S

( EF X I EF- 5-31
NSP5-C

EF X X EF- 5-31
NSP5-0

FN FWV-5A 5-31

FW FW V-58 5-31

4 FN FM-V-92A 5-31

FW FW-V-928 5-31

M5 885-V-SA 5-31 [n
h MS MS-V-SS 5-31 f
I i

i N MS MS-V-4A 5-31 !
< a

MS 915-V-48 5-31 i
1

| MS It5-V-28 5-31
, *

AS AS-V-4 5-31- i

DN ON-V-1 5-31

DN E V-2 5-31

DN E V-3 5-31
'' ON ON-V-48 5-31

6

DN E V-58 5-31 >

j DN EV4B 5-31' I

j SS B5-V-38 5-31
|

} SS SS-V-28 5-31
' {1

- ..
i

DN . RJ-V-758 5-31
a

j ON E V-768 5-31

AN E E-198 5-314
'

AM - E O-438 5-31
*E O-448

< ,
V e9

i
:
7

0409G061096EEle
,

i
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Location hame: Con *rol 84 II(Watto AJ -
*

Desfgnator: TE -Z-5
~

Sullding: W eT Yinating autsdtng

Sheet 5 of 5
'"or ty Pump valve Reference Remart s/ AssumptionsDivision Power Control Ins trumenta tion

MS
NS-V-52C 5-31

NS
NS-V-53C 5-31

NR ast-y-lO 5-31
NR

NR-V-IC 5-31
hR

NR-V-5 5-31
NR

NR-V-48 5-31
NR

NR-V-6 5-31
NR

NR-V-15A 5-31
NR

est-V-153 5-31
DR DR-V-15 5-31
RR

RR-V-18 5-31
RR

O RR-V-3C 5-31
-

RR
stR-V-5 5-31

k fG [E-
N 5-31

CCE55M-15

!

04agco6 o86ttmR

e 9 9
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SOURCE AND HITIGATION TABLE

tocation Name: Control Butidfnq Patto Area
Designator: IR-pl-)

Butiding: f uel Handif nq Sullding

Sheet 1 of 2
Source Description Mitigation of the Source

Source Type "*
Mittgative

Description Assunytfons Reference Reference7

Fire and Smoke Cab 11ag i Elevation Fire Hazards
322*-0*- Report
Three Class
A Doors
on East well

' Control Dutidtag Elevation
Heating 338*-6*;
Contros Center Two Class A

and Onea

Class B Door
on East Wall

1G 480V Settchgear Elevation
Reactor Plant 35S'-0*;

One Class A
and One
Class O Door

j en East Wall

IL 480V $wf tchgear Elevat{onO Reactor Plant 300*-0 ;
One Class 8O and Two Un-

k rated Doors
1 w on East Mall

1A Reactor Two Fire
Plant Control Center Hose

Stations .a
f ach test ,

Except the
300*-0* Level
with One
Station

| Control Red Elevatton
Drf we Mechee.lse 322*-0*
Transformers and 338*-6*;

Portable Dry
Cheetcal
Entfagufshers

Control Rod Elevation
a Drive Mechanf se 355*-0*;

Induc tf on Portable
Dry Cheet-
cas Eatin-
gas ther7

s.0) En*
tingut sher

Elev'tfon
se0 -0 ;;-
Portable
Water Ex-
tlnguisher

> .022 rE,.
i

l
!

. _ _ - - - - - - - - _ _ _ _ _ - - _ - _ _ _ _ - - _ _ _ - _ _ _ _ - - _ _ _ - . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ - - _ _ _ _ - - __ .



SOURCE AND MITIGATION TABLE (continued)

Lochtfon Name: d atrol Butiding Patto Area
Designator: T1f-t z-5
Suf1 ding: F uel Handi f nq Sufidf nq

Sheet 2 of 2
Source Descrfption Mf tfgation of the soorte

' # "* *MitigativeDescrfptfon Asseptfons Reference Ref erenc e

Dry theef-
cal Eatin-
gulsher

Flood Fire Protectfon Grating
Floor

Hallst
Doors
Womally
Closed

Steam Ausf tf ary Steam Grating
tfne Floor

Doors
normally
Closed

Fa11tng Crane Grating
Objects FloorO Can*

Hol df 200 PopdsPer Ftm
4m

Mfssfles Transtent Sources Gratfeg
Can Hold
200 P dsPer Fyt

Malon

Pfpewhly Auafilary Steam
Lfne

' 040%022886EENR

O O O
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SCENARIO TA~i:

Location Name: Control Sutiding patto Area
Desfgnator: FH-FZ-5
ButIdfag: TiiWigndling Sullding

$heet I of 3

Scenarfo Summary of
Synopsis Considered Quantification*
of the paths of propagation for Further '" # 8esults and Semark sType Source Source portion (** Analysts I Further

Type To Actions

Fire and Cabtfag* 3. Cable burning Localfred Yes. 3 a }0*4 (system) AH-E-184 and 18 affected.Smok e ese to an (10'electrical n 0.3 for
short or geometrtC
translent factor)fuel.

Fire on Eleva-
tion 380*-0*.

2. Fire on Eleva. Yes. 3 a 10-4 (system) AH-E-ISA and 188 affected.tion 355'-0*.

3. Fire on Eleva. Yes. 3 a 10-4 (comparison) AH-E.184 and 188 and eventtfon 338*-6*. monitoring affected.
d. Fire on Eleva- Yes. 10-5 (comparison) All FN-FZ-5 cables affected.tion 322*-0*. (10'3 senclear

a 10-2 river pump 18

f geometric and 3C lost,
factor)

7 5. Fire on Eleva- Open East CS-FA-2g Yes. 10-5 (comparison) Smoke does not fati cables.m tfen 322*-0*. Doors for CS-FA-2c (10'3Ui smoke a 10-2 100 impact to 08-FA-2g.propage. Aws
fon

| ((addittenal
open)

doors open
in areas
mentioned
would
result fa
propagation
thr t
level

6. Fire on Eleve- Open East CB-FA-3c Tes. 10-5 (comparison) no tapact in C8-FA-3c.tien 338*-6" Doors CB-FA-3d (10'3or below. (additional a 10-2 5.aoke damage on cabinetsdoors open see above) only.fa areas
mentioned
would
result in
propagation

Even though the area covers four elevations, fire and smoke can spread fairly eastly sf ace each floor is only composed of steel grattag.

8 .
,

Ca09G030786EEHft

1

l

|

. .. . . . - .
.



SCENARIO TABLE (continued)

tocation Name: Control Se13 ding Patio Area
Designator: IH-72-5
Suilding: Meditag Set 14 tag

Sheet 7 of 3

Scenarfo Suunary of
Synopsis Considered Quantificationg
of the Paths of Propagation for Further Results and Remarks

Type Source source Portion Analysts IY'" I Further'"

Type To Actions

F. Fire on Eleva- Open East C84 A-4. Tes. 10-5 (comparison) Smoke damage on cabinets
tion 355'-0* Door (see only.

or below. (additional above)
doors open
in areas
mentioned
would
result in
propagation
throw hout
level

460V 5=ttch. 8. Fire os fleva. Open East C8-FZ-Sa No. Items in CS-FA-5a and 5b not
gear (IL.1G) tion * K'-0* Doors CS-FZ-5b sensitive to smoke, escep*

or below. (additional may suck smoke into other
Control doors open containment building areas.
Centers in areas
(IA. 18 mentfoned
reactor would
plant and result ing control propagation

,

bei1diog throughoutA
I heattag3 level)
ru
m Control Rod

Dr1ve
Mechanical
Transformer

Control Rod
Drive
Mechanical
Inductfen

#
Flood Fire 9. Pipe break. Crating FN-FZ-2 Yes. 10 (08-HVAC)

Protection FN-F Z-6 (many
Piping sources)

Steam Ausf18ary 10. Pipe break. Grating F N-FZ-2 Wo. Judged that
and Pipe Steam (steam) FN-FZ-6 steam cannot
W>tp FN-FZ-3 falI exposed

localfred Change components.
(p1pe Room 1acludIng
whip) Chillers in

FN42-6; pipe
uhtp cannot
damage cables
because steam
pipe is far
from cables.

Oa09G022886([HR

O O O
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SCENARIO TABLE (continued)

location Nene: Centrol 9991 ding Patto Area
DesIgaater: F N-y I-5

Butidfag: # eel Ha'dling Softdfaga

Sheet 3 of 3
Scenarle Smry ofSynopsis, Considered Quantification,,of the Paths of Propagation for Further Results and RomertsIYP' Source Source Portion M (0* Analysts (yr-3) Further
Type To Actions

Falltag Crane 13. Heavy object No. grating may Assgtfen - objects carriedthjects dropped from stop Wop. or by crane on equipment fromcrane, breattaq cbject may go control butiding and notgratfag fia r. threegh open objects containing hazardous
,

>ttch and land materfals,
en floor.
Also, crene Damage cable.seldom used
derIng plant
operetion.

Missfles Transtent 12. Pressertzed Grating FN-FZ-2 Yes. (10.0 bet- (no actlen) Only cables are damaged.bottles. t?e ?g t*.* Subset of
area scenarte 4.
a 10-2 May lead to fire protection
a 10-3 pfpe failure but not

m 10-2) considereJ as credible.

O.

4
N
N

w

0409G022806(ENR



LOCATION INVENTORY CODIFICATION TABLE
Location Name: Chfiler Room
Desfgnator3 FH-El-b d 4 i e

8

Butiding: Fuel Handling Building

Sheet I of 3

#
or ety Pump valve Reference Remark s/ Assumptions
Division Power Control Instrumentation

AN AH-P-3A I I l-F MA-034 Chilled water supply
pumps.

AM AH-P-38 I I 14HA-034 Chilled water supply
, maps.

AN AH-C-4 A I I 14HA-034 Coatrol buildlag
water chfliers.

AN AH-C-48 I I 14HA-034 Control butidtag
water chillers.

AM AH-P-8A I I 14HA-034 Control tower
f astrument air
Comp 1ssors.

AN AH-P-88 I I 14HA-034 Control tower
instrument afr
compressors.

AN AH-P-9A I I 14HA-034 Control tower
tastrument air
compressors.

h AM AH-P-9B I I 14HA-034 Control tower
3 instrument air
I compressors.
ro
03 N5 NS-V-108A I I C. Adams nuclear service

letter, water to control
6/19/84 building

weattlation.

N5 MS-V-1088 I I C. Adams & clear service
letter, water to control
6/19/84 building

ventilation.

MS NS-P-1 A Plant
visit

HU 84J-P-1 A Plant Assumptions:
Visit These cables are

in Conduits.

DM DH-P-1 A Plan t Train B and C
Visit parallel to these

conduits but under-
ground.

Conduits about 8 fee
above the floor.

5 Hany control and
85 fi-P-1A Plant Instrumentation

visit cables are probably
In these conduits.

[P 480V ACE 5V- Plant
IA Visit

IC IC-P-1A Plant
visit

0409G061086EENR
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; LOCATION INVENTORY CODIFICATION TABLE (continued)

I Location Neme: Chiller lloom
pestenator: r u-u-o,

Soliding: puel Mandling Building
,

Sheet 2 of 3

or Safety Pump Valve Reference llemertLs/Assemyttons

{ Division Power Control Instrumentation

*
AN R E-1A

P1Nt1 VI E

NU Ini-P-18 5-31

4 MU MU-P-2A. 5-31

] IIU V P-3A 5-31

MU NU-V-14A 5-31
< u

MU IEl-V-16A 5-31 ,
4

i !

.] MU les-V-let 5-31

MU sel-V-36 5-31
'

MU IEf-V-1B 5-35,

MU IEl-V-4 5-31 - k

l EF EF-V-30A 5-31
) 9 EF EF-V-52 X 5-31

j f EF EF-V-53 5-31
,

. m
so EF EF-V-54 5-31 -d

LF EF-V-55 X- 5-31

MS MS-V-8A I 5-31

MS MS-V-8B X 5-31

M5 ftS-V-2A 5-31 ,

M5 885-V-28 5-31 |

j DN SII-V-4A 5-31-

DN DN-Y-bA 5-31

1
0 18 Bet-V-6A 5-31

'

85 SS-V-34 5-31

? SS BS-V-2A 5-31
'

DII BI6-V-75A 5-31 ,

Oss Dee-V-76A 5-31-

IC IC-V-3 5-31 Protected.

IC IC-V-4 5-31 Protected.

25 us-P-1A 5-31,

k V k.r

i

[ 0401eG44174eEENR

i

4
- i

'
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Lecatfon hane: Chiller Rote
D'signator: TFTT-6
Befidfag: Fuel Hand 18ag 8vliding

Sheet 3 of 3

or f ty f Pump Valve Reference Remarks / Assumptions,
Division Pcwer Control Instrunentation

MS
'

uS-P-38 5-31
M4 NR-P-1A 5-31
NR NR-V-1A 5-31
ma NR-V-3 5-31
ma 1st-V-4A 5-31
NR MR-V-18 5-31

na NR-V-10A 5-31

mR NR-V-108 5-31

OC DC-P-1A 5-31

02 DR-P-1A 5-31

DR DR-t-1 A 5-31
RR RR-P-1A 5-31O

'
RR RR-V-1A 5-314

b EG EG-CCE5V-1C 5-31O
EG EG- 5-31

CCE$$N-1A

>

|

0409G061086EEMR
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SCENARIO TABLE

tocation Name: Chf11er Room
Destgaator: pu-pt-6

Sullding: Fuel liandtlag Sulletag

scenario Summary of
## ' Considered Quantificattomsource | Fnwy
of the Paths of Propagation for Further Results and Remark s

an,y ,g, tyrd)Iyp* Source Source Portion Hitigation y Further
' **

Type To Actions

Fire and Cabilag and 1. Cab!e heraleg Localf red FN-F2 2 Yes. 10-3 (CS-HVAC) Affects both chillers or
5 mute Transient due to an (fire) FN-72-5 pumps only.

Fuel ele:trici.I Openings
short er (smotel Cables are only partially
transient '

af fec ted.
fuel.

gag 0-i (comparison) CS-NVAC affected and2. Large fire Localized FN-FZ-2 Ves.
affectlag (fire) FN-FZ-5 (10 / trata A of all safety
cables. Opentags year fire) equipment; spurious

(smoke) a (0.3 closure of etther
geometric IC-V-3 or IC-y-4
tactor
n (0.2
fatlure
to sup-* press) a
(0.03
severity)
a (0.5g
spur 1ous,

actuatton)y
I

w 3. Lar.e fire Open East Smoke la he, subset of 3 a 30-5
affattlag Door Stalr- scenario 2 sad (3 a 10-4N
cables. (access to well me tapact by large.

stalruell) the smoke. fire)
a (0.1
door lef t
open)

Flood Nuclear 4. Pieups fall Door Control Ves 2 a 10-5 (CS-NV AC ) Pumps for the chillers
Service or from 3-foot tullding (tuo pipe af f acted.
Fire deep water ia 5ta f r. pieces) |
Protection the room. well

.-Iu w.

- - --- -- - -- --
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] LOCATION INVENTORY CODIFICATION TABLE

1,
tocation name: factosed Room within FNJZ.1 (lub-fcant storage room)
Besignator: FN-FZ4

* SeiIding- Fli4TNEndiing Su9Iofog
}
1

' ' * '- Systes/ tiectrical Other" # ' * "#' * * ''d Train Cattnet Itses
i Ofefslon Power Control Instrumentation
I

<

Ho Camponents of Interest in This tocation

j -

i

8
-

I
t
j
,

M

!

2

O.
b

a'

i 4.4
I

i
i

i

b

i
'

|
2

4

!
)
J

,

1

1

- t

.i

i

|j 0409G0 M786EENR '

A |
2

4 ,
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SOURCE AND HITIGATION TABLE

locatfon Nam : fn lo'ed 2 es wf tnf e FN-FT-1 (t ubrfcant Storege Roce)
Designator: TT -77-F

-

Bufiding: Tuft Rindla ng Sut t J3

Source Descrfption Mttigation of the Source

Source Type
Remark sMitigativeDescrfption Ass g tfens Peference Ref erenc e7

Fire and Sade Transient Feel. Fire Reinf orc ed Fire
Cable, and tubrfcants Hazards Concrete Hazards

Report Wall (one) Report

Class A
Door

Automatic
Wet Pfpe
Sprinkler
System

Iontration
Fire
Detector

Locatten
FN-FZ-1

Ffre Hose
Protection

*

Portable4
1 0'T
ca Cheefcal
A Eatfe-

gufshers

0409G022886EEHR
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LOCATION INVENTORY CODIFICATION TABLE

tocation Name: Valve Gallery and Penetration Room
Designator: Is-pl-g
Butlef ag: Tatermedf ate Sulldf ag

e

M eet 1 of 2

**
or ety Pump Valve Reference Remark s/ Assumptions
Olvision Power Control Instrumentation

AR RR-V-3A I I 2. FNA.
3.10-3

RR RR-V-38 I I 4192 C-302 Inlet valves to AH-E-1 A.
610 AH-E-18. and AN-E-1C

(MOVs) normally open.

At RR-V-3C I I 4192 C-302- Inlet valves to AN-E-1A.
610 AH-E *B. and AH-E-IC

(MVs3 normally open.
RR ER-V-4A I I 4192 C-302 Cooler outlet valves

) 6l0 normally closed. NOVs.

j en RR-V-48 I I 4192 C-302- Cooler outlet valves
610 normally closed. NOVs.

p. AR-V-4C I N 4192 C-302- Cooler outlet valves
610 normally closed. NOVs.

AR RR-V-40 I I 4192 C-302- Cooler outlet valves
610 normally closed. MOVs.

9 RR RR-V-5 I I 4192 C-302- Mov.u, 610
3
~ RR AR-V-6 I I 4192 C-302 Air-operated, f all

610 open type.

MS NS-V-52A I I 4192 C-302 Fan motor cooling
610 water valves, pneumatic

valves.
MS MS-V-528 I I 4192 C-302- Fae motor cooling

610 water valves. pneumatic
valves.

MS MS-V-52C I I 4192 C-302- Fan motor cooling
610 water valves, pneumatic

valves.
NS us-V-53A I I 4192 C-302- Fan motor cooling

610 water valves, pneumatic
valves.

N5 NS-y-538 I I 4192 C-302- Fan motor cooling
610 water valves. pneumatic

valves.
NS tr$ V-53C I I 4192 C-302- Fan motor cooling

610 water valves, pneumatic
valves.

MS MS-V-22A E-304-014 Emer9ency fecesater
relief valves on steam
supply.

MS MS-W-0228 E-304-014 fuergency feeesater
relief valves on steam
supply.

0422G030586EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Valve Collery and Penetretton Room
Designator: I5-72-1
Sullding: Tatermediate auf14tne

Sheet 2 of 2

*
or ty Pump Valve Reference Renarts/ Ass g tfons
Dietsten Power Control Instrumentatica

EF EF-V-53 X 5-31

EF EF-V-54 X 5-31

FW FW-V-58 I 5-31

Fu Fy.V-928 I 5-31

EP Eg-y-18 5-31

o.
t

N

O 0422G030586EEHR
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SCENARIO Tf:3LE

Locatfoe kame: Valve Gallery and Pektratfon Room
Desfgnator: 15 4 I-1
Sufidf ng: Intermedfate gaffdfag

Scenarle Sussmary of
Synopsis

$ , Considered Quantiffcatismgof the Paths of Propagatfee for Further Results and RemarksType 5,,,r e source Portf on Mffigatfo* Analysis IJF''I Further
tfonType To Actfens

Fire and Cab 11ag Cable burning due Conserva- Smoke is assumed to notSmoke to an electrical tively. ne Impact equipment although jtshort or transfeet credit to say spread througfeoutfuel. fire protec- butidfag.tf on equf p-
meet (upper Fire is assumed not to belevel) fs able to get up the staf rs.gfven.

1. Localfred. Tes. 10-3 (tysteel
2. Engulfing. Openings IS-FZ-4 Ba, very

in Wales IS-FZ-3 uniftely to
IB4Z-2 propagate

because
1. Cellfag of

IS-FZ-a f s
hfgher thas
IB-FZ 4.

O 2. Doors are
* eormally
m closed.

g 3. The smallA cubicles
near the
reacter *

batidfeg
that have
door to
IB-FZ-2 are
wty and
saatten ed.

Flood Pfpe Section Pipe breat can
flood place. teacter river is just

standtag water matf1 cooltag
requfred.

3. Sebstantist Floor 18-FI-3 First, the Me. set enough See attached page forreactw rf re- Openings IS-FI-2 alligator mater ia volume calculatsens.,r av;1 ear | and Wall 1842-4 pft nuclear serviceserv *ce pf e Opeatags 11842-8) to be spiked to Flow water es nuclearf
breai. would have cause damage. serefce Ifne to reacter

to fill and rf ver would alars theoverfirme. centrol room f e case ofSecond. the reacter river pipe break.
equfpment
is se
pedestals.

422G030586ffMA
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LOCATION INVENTORY C00IFICATI83 TABLE

Locatten hame Turtf a-Ortedm incf Feff Mter Pune RoomDestgaators 75 TT F
Sulldfag: herardfateBuf1 dine

Sheet 1 of F
* # *or ty Pump Valve Reference Remart s/Assumptfens

Ofelsfon Power Centrol Instrumentation

EF EP-P-l I I Turbine-drfven
emergency f eee.ater
pump.

EF EF-V-1B I I 2 to emer9ency feeesator
MOVs.

EF EF V-88 I C. Adams Af r-operated valve
letter metatained f a the
6/19/84 f ailed open posttion.

M5 915-V-4 A I C. Adams A0Vs.
Letter,
6/19/04

MS MS-V-48 I C. Adams A0Vs.
Letter
6/19/04

M5 E V-13A I C. Adams A0Vs fall egen:
Let ter, emergency feeesater,
4/19/04 turbing-erf ven pesupg and steam supply waives.

'

MS MS-V-138 I C. Adams A0Vs f all open:m
g

Letter emergency feeesater,m
6/19/84 turblae-drivem pump

and steam supply vaIves.
MS MS-V-10A I I C. Adams MOV DC-eperated.

Letter
6/I9/8I

M5 @ V-108 I C. Adams DE)V DC-operated.
Letter
6/19/04

MS MS-y-6 I A0V f all open type.
Assumed based on P4fD
faspectIon.

MS MS-V-1A I FMA MOV.

MS MS 'l-28 I FNA M0V.
3 MS MS-V-8A I I FNA

] MS MS-V-80 FNA

i
~RR RR-V-3A I talet se)Ts to AM-E-1A.

EE-18, and AN-E-1C,i

normally open.
I Assumed, based on PSID

faspectfen.

PE RR-V-38 I Inlet MOVs to AN-E-1 A,
AM-E-18. and WE-IC.
normally open.

, t 1 Assumed, based on P8!D
faspectica.

0422G030586EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

tocatfon Name: Tvrtf ae-Df f wen fuerveaty Fec&ater Pump Poom
,

Desfgnator: 7542-2
Building: TaleGdf ate Suf1df ag

Sheet 2 of 2
* "or f ty Pump Valve Reference Remarts/ Assumptions

Ofvisfon Power Control Instrumentation

RR RR-V-3C I

E-214-025| AN-E-18, and AH-E-IC .
Inlet MOVs to AH-E-14

Reefsten
nor aisy oPen.
Assumed, based on PSIO
f asroction.

AR RR-V-4 A I E-214-025 Oviet .alves normally
RevfrfonI closed MOVs.

AR at-V-48 I E-214-025 Oulet valves normally
RevistonI closed MOVs.

RR RR-V-4C I E-214-025 Oulet valves normally
Rev159on ! closed MOVs-

RR RR-V-40 I E-214-025 Oulet valves normally
Revision I closed MOVs.

RR RR-V-5 I E-214-025 MOV.
RevisionI

RR RR-V-6 I

E-214-025| A0V. feel outlet.
fievisionO

*
ms us-V-52A I[ E-214-025 Pneumatic valves, f an

RevisionI motor cooltag.
N5 k5-V-528 I E-214-025, Pneumatic valves. f an

tsvtston 1 motor cooltag.
us NS-V-52C I E-214-025 Pneumatte valm. f an

RevistonI, motor cooling,
us us-V-53A I E-214-025 Pneumatic valves. f anRevisionI motor cooltag.
N5 NS-V-538 I E-214-025 Pneenatic valves, fan

RevisionI motor cooling-
us NS-V-53C I E-214-025 Pneumatic valves, f an

RevisionI motor coollag.
EF [F-V-53 I 5-31
EF EF-V-54 I 5-31
FW FW-V-58 I 5-31
FW FW-V-928 I 5-31
A5 AS-V-4 5-33

0422G030586EENE
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SOURCE AND HITIGATION TABLE

tocation Name: Turbine-Oriven fuergency Feekter Pume Room
Designator: 15-#4-I
Soflefag: Tatermedf ate Sullding

Seurte Descrfption Mf tigatten of the Source

Source Type
Remark s

Descriptfen Assumptions Reference Reference,

Ff re and Smoke Turbine Searfag Off I-FMA-039 len9tation Fire
'sy st em Fire Nazard

Detector Report

Caeling Fire tecetten
Nazard IS-FZ-5
Report (upstafrs)

Contafas

gmie
Entfe-

Pe,mie

Es fa-

2 "'
pose Pre-

tectfen
(tueI

n Steam Steam Pfptng Asqr Broek F1re
for the EFM Wystream of Nazard.

i til Pump Top Steam Report
I A M ssfeeN

Valves

Flood Pf_pe Sectfoe Agr treek 2
EFW Pfptng upstream of

Pump

Missfles IFW Tertine Wells and Plant *

Pump 4 Missfle Vf st t
Shield
Guarding
Opeatag' .

I
to
IS-FZ-3

i

d Pfpe Whfp Steam Pfpfeg Aqr Breet
Upstream ef

i Top Steam
A M ssfee
Valves

$i ! i
'

'

0422G030586EENR
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SCENARIO TABLE

tocatles same: Turbine-Ortve9 taergency Feed.ater Pump poom
Des tgr.a ter: ITTT-7
Outldfag: ]LermediateBuilding

sheet I of 2
Scenarfe Summary of

Synopsis Considered Quantification
7 ,of the Paths of Propagetfee for further Results and itemark s

IJP' Source Source Portfoa Mitigatfoe M alysis fy r-Il f urther
**

Type To Ac tions

Fire and Turbine I. 011 leekage Conserva- Ves 10'3 (comparisoa) Smoke is assumed not to
Smok e Bearing from turbine tively, so impact equf pment although it

Oil System pump can creef t to can spread throughont the
ignite; damage fire protac- buildf ag.

Cabling turbine pump tion equip-
and electrical meet (apper
c at ies. level) is

99 yea.

Localfred.

2. tegulfing. Opening IB4 Z-4 No. very 1000 reasonable to assamme
in Walls

1842.3
uniftely to the fire util get up the

33428 propagate stairs.
because
1. Cellfag of

194 Z-1
higher than
184Z-4.

g 2. Doors are
oormally.

closed.m
a 3. The small
03 cubicles

near the
reactor
baf f df ag
that have
door to
1542-1 are
normally
empty and
unattended.

Flood Pipe Section 3. Pipe break
upstream of

EFW Pfplag Pump can flood
piece.

CST 5ection
Substantial. Floor 194l-I First, the fes 2 a 10-5 (system. Alligator pit can handle

Openings 1842-3 alligator (three about 300.000 galicas;
and Wall att pfpe about the same as one CST.
Openlags (IS-FZ-8) sec tions)

would have
to fill and
overflou.
Seceed. the
equf pmen t
is as
pedestals.

G 0422GD61086 fema
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SCENARIO TABLE (continued)

location Name: Turbine-Drf een Emereency Feessater Pune poem
Designator: Io-FZ-2
Oulidfag: Intermediate Buf1 ding

Sheet 1 ef 2
Scenarle 5 unary of

$pnopsts Considered Omantf ficatten,of the Paths of Propagation for Further Results and aemarts
TFPe bource Source Portfen Nftfgatten Analyst s IJ F I Further

tfonType To 4 tfens

Tes. 2 m 10-5 (compartsen)Steam - Pipe Sect en 4.
*bre4fatne|(no pfpe 4ain Ste e main steam (four towhlp) Ifne to the sta pfpg
torbtne-drivee settfensI
pump can of s- n (0.5 ne
chage very pipe uhly)
large amounts
of steam fate
the room.
creating a
high humidity
environment.

Substantfat. Wall Whole
Openings Deflding

e

and
Gratt s
Est ng
the
Nefght ofO the*

SetIdino

b Nisstles Turtfne of 5. A missfle can totalfred Rfssile Tes. (no action)Pump be generated shfeld and lapact the
by the rene wells kame as
agat t f ary serve to scenario I andfecesater localize of low
turblar. the tapact. frequency.

Pipe unty Steen Pfpe 6. Break fa main localfred Zone mells Tes. 2 m 10-5 (comparf son) Assumed that BR valves areand Steam Sections steam pfpfag. to Zane, serve te (four to .usceptible to the pfpeBut f n localfre sfs pfpe whty.
lene. the lapact. settleet)
ComidGet 5 team in a (0.5 EF pumps are pIffled to
Cabiles all renes. pfpe whip) operate in this
along ensfrennent.Celling

2

. *

0422G030586EING
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LOCATION INVENTORY CODIFICATION TABLE

locatfee Naar: Motor-DrfIce (sereency FeeMter Pue;, Area
Destgester: 15-al-J
Batisfag: Intermedfate puftstag

Saeet , e, 3

* *
er t;r Pump Valve Reference Remarts/Assumptfees
Dfelsten Power teatrol Instrumentation

IF EF-P-2A I I I Mater-driven amergency
feeesater pumps.

EF [F-P-28 I I I Motor-drfven emergency
feedseter pumps.

EF EF-V-1A I I 2 Normally open emergency
feedester MOVs.

EF EF-t-2A I I 2 Normally age emergency
feeesater esJus.

[F [F-V-29 I I 2 Normally opee emergency
feeesater MDvs.

[F [T V-30A I 2 Normally open energency
feeerster throttle
valves-f all open se
less of af r and to
old-position se less of
control sfgaal.

IF [F# *05 I 2 Ne emergency feedseterO throttle valves--f all*
epen on less of air and

',# to old-posittee on less
of centrol sfgaal.a

O
1A-T-1A 14MA439 Air recetvers.

IA-T-1B 1-FMA-039 Air receivers.

I I 1 A-P-1 A 3-FMA-039 !astrument air
compressors.

I I 1A-P-1B I4MA-039 testrument af r
compressors.

I I IA-P-?S 4692-302-272 Bactop fostrumeet
air compresser.

I I I RM-A2 14MA-039 The IA-P-2A is showe se
14MA-039, but sf ace it
centradicts with
1-FMA-002, the 23
compressor, tt f s
assumed ie this
Iscatfoe contaf ument
atmosphere mostter.

R$ NS-T-55A I C. Adams Atr-centrolled; fee
letter, veetflattee coeltag.
6/19/84

R5 NS-V-558 I C. Adams Air-contre 11ed; fee
tetter, veettlatfee coeltag.

6/19/J4

042K.030586EIMR
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LOLATION INVENTORY CODIFICATION TABLE (continued)

location Name: Notor-Drives Emergency F2eesater Pump Area
Desfgnator: IR-FI-J
Buftding: Inf ermedf ate Svflding

Sheet 2 of 3 '

or afety Pump Valve Reference Remerts/Assumptiona
Sfvtsfon Power Castrol lastrumentation

EF EF-V-30C 5-31

EF' EF-V-300 5-31

EF El * -i2 5-31

EF EF-n-53 5-31

EF EF-V-54 5-3i
RR RR-V-3A I AssumeJ ba

faspectIce. sed on P&IDNormally
eyes feV. RR 1seletten.

RR RR-V-M I Assumed ba
f aspectlen. sed on PSIDNormally
open NOV. RR isoletten.

RR RR-V-3C 1 Assumed bafaspectlen. sed on P4ISNormally
open feV. RR isolatten.

RR RR-V-44 I E-214-025 moraally closed MOV.O Revistoaj RS isolation.
'i" RR RR-V-48 x E-2i4-025 morm.ily ciosed n0V.Revistenj RS 1selation.a

RR AR-V-4C I E-214-025 Normally closed MOV.Revistenj RS isolation-
g

RR RR-V-40 I E-214-025 Normally Closed MOV.
RewfsfoeI RS Sselatten.

RR RR-V-5 I E-214-025 hermelly closed ROV.
RevisfeaI RS isolattee.

RR RR-V-6 I E-214-025 Normally closed MOV.
Revisfon\ R8 tselettee.

MS NS-V-52A I E-214-025 Normally o p , pneumaticRevittenI RS fan coeser valve.
MS NS-V-528 I

E-214-025}
moraally opea, oneumatic

Revtsien 'RS f an cooler valve.
N5 NS-V-52C X E-214-025 hormally e p . pneimmetfc

Revisten\ RS f an ceoser valve.
W5 us-V-53A I E-214-025 hormally . pneumette''

Reveston1 R$ f an coo ealve.
B5 NS V.53R X E-218-025 Wormally opea. paeemetic

RevisionI RS f an cooler valve.
us us-V-53C X E-214-025 morme11y opes, pnemmetfc

Perfsfon1 RS f an cooler valve.
EF EF-V-55 X X *

5-31
l

n

!
0422G030586EENA
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LOCATION INVENTORY CODIFICATION TABLE (continued)
~

locatles Name: Motor-Drf r=e Emergewy FeeMter P Area
Designator: I5-#I-J
Befidfeg: Intermediate Bulldf ag

Sheet 3 of 3

* wtr al r
or ty Py Valve Ref erence Reesets/Assumptfensy, ,
Division P.w Control Instrumentation

FW FN-V-58 I 5-31

fW FW-V-9?B I 5-31

MS MS-V-SA I 5-31

MS MS-V-48 5-31

ks MS-V-2A 5-31

MS MS-V-10A I 5-31

MS MS-V-108 I 5-31

MS MS-V-13A 5-31

M5 I . MS-V-13e 5-31

AN I I AH-(- 5-31
27A/AH-
E-24A

AN I I AH-E- 5-31
f 248

<n
i
m

h

22Go30586ttHR
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SOURCE AND MITIGATION TABLE
&

Locatten Name: Moter-Drfven fuergency Feessater Pume Area
Destgester: 354 2-J
Befiding: Intermediate suf f dtne

Seurte Descriptfen M1tigatten of the Source

*
Mfttgative

Descrfptfen Assemptfens Reference ~ u't'''"c'FMm

Fire and Smoke Cabling Fire lenfratten 14MA-039
Mazard F1re
espert

Pump and Compresser
tube Of1

Flood Pfpe Section Asy Greek 1,2 i

faraftfery feetseter) Upstream of E-304-8
Nc;1 ear terufs.e Pump
Pfpfsg

Missfle, Afr Compresser Walls
Campenents

Assumed that Ng
Analyzer nos en
Assectated N2 8'III'

O
.

1
a

N

s

>

|

|
|

.

|

|

|

.

0422G03054HENR
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SCENARIO TABLE

Location Namer Motor-Drf ven Emergency feeduster Pump Area
Designator: Tif-e d-J
Butiding: tnt 4niedfate Butiding

1 .:sfo Sumanary of
Synopsis Considered Quantification, gof the Paths of Propagation for Further Results and Remark sIyP' source Source portion Mitigation Analysts (yr-y) gurther

Type To Actions

7fre and Pump and Oil leakage can Conserva- fes. 10-3 (comparison) 5moke is assumed not toSaut e Compressor Ignite. tively. ne impact eqefpment although itLehe Ott credit to can spread throughout3. Confined. Promfatty Adjacent fire pretaC- building.Cabitag Pump tion equip-
meet upper Not reasonable to assaane
level is fire could get upstairs

89 ves. (see frpact table).

2. Engulffng. Opentog in I842-2 80. because:
Idalls 10-72-4 1. Very large

1841-d area.
2. Doors are

normally
closed.

3. Outside
corridor
has low
fuel loading.

O Flood Pipe Section Pipe breat
- (or upstream of peeps
[ nuclear could flood place.

service)s

b
3. Substantial Floor 184Z-1 Ffrst. the Tes. 10-4 (system) Note: If emergency feedwaterspray on Opeatags 18-72-2 alligator (pfpe toergency pipe had to fall emergencyemergency and vall ptt break or feedwater feedwater system would befeecheater Openfags (1842-4) lean s pumps are 31st.

pumps. .would have directed af fec ted.
to fill and toward a The C5Ts are about 300.000overflow. target) gallcas (utthin the capacity

, second. the of the alligator piti,
equipseet
is en
pedestals.

Missiles Air d. Missfies can Localtred Geometry of Yes. 3 a 10-6 (no action) Missile affects cables atCompressor be generated. to Air the walls (0.3 Same impact both ends of the room.Camponents Compressor segregating a 10- a as scenario Iand Hg Quarters the equip- x 10- ) and with IomerBottle meet pre- frequency.
vents any
impact en
the meter-
drivea
MTetRCy
fee &sater
pumps.

-_

--
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(nv) IMPACT TABLE
r

'

Location Name: Motor-Driven Emergency Feedwater Pump Area
Designator: IB-FZ-3
Building: Intermediate Building

j Scenario Summary: Five Scenario 1 ;

System Cost Components Affected by the Hazard

EF/2A,EF/2B Motor-driven pumps, associated power control cables,
valves, and piping.

Fan Coolers Reactor river valves for emergency function of the
fan ecolers; cable failures in normally closed

- valves RR-V-4A, RR-V-48, RR-V-4C, and RR-V-40.

Nu: lear service valves are normally open; fire can--

only fail their cables, and MOVs fail as they are.

Main feedwater valves in 'the area do not' impact main--

feedwater function.

Main steam valves in the area do not impact main
~

I

--

steam function.
i

i

i

i
i !

;

)

|

|

i
,
~

1.

|

O

i 0422G061886EEHR C.5-15
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LOCATION INVENTORY CODIFICATION TABLE

t..,...- . -.... . .,I,...,,.. ,,5

. Des.gn.ator: T. T-F I-4.. . ., ... _ ...te .... .,

M 8I
or ety Pump Valve owr

Reference Remerts/Assenettomsy
ItmOlvision Power Centrol Instrumentatten

I Pfpfeg Plant Supply for emergency
from ifaltdown fee h ter pines.
Seth
A and 3
C57s

IF EF-T-308 5-31

IF (F-t-300 5-31

IF EF-V-53 x 5-31

EF EF-T-54 I 5-31

FW FW-V-58 I 5-31
'" FM-T-923 I $-33

16 (G-T-79 $_33

O
.

I
a
O

%2G030586tt e
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SCENARIO TABLE

tocatf oe same: emmet * *r of fievattee 295*
Designator: TE-f l-a
Butlef og: TaTeineofate softefan

Sc enarf e
"

I 5esmary of
Synopsts Coast dered Osaattf scatten
of the Paths of Prspegattee for Forther fesults and Remort s

Tyye Searse 5eerte Fort 1en nGIgatIen Analys1s Ifr'yI forther

Type To Actfees

Ff re and Catling / 1. Cole berslag Deestys 1842-1 he, me major The smote is not cessf E4
Smok e N due to se la Wals IS-FT-2 sources of feel to f apact the equipment le7

s ecem6 f ner elec trical 1842 3 la the areal the bef.dfag although ft cas
Centrol short er may have large travel threaghout.
Panels / Pump transteet tressfest feel.
14e Oil feet /off but reos empty

testage free and doors
semp peanps closed to other
cas Spelte, areas.
engulflag the
area feest
Iftely the
northwest
corner, based
on what is
known!.

Flood Pfpfag 1. The reacter tratings Alligator to. The capacf tp of the tue CSTs
rfeer er Ptt is about 300.000 gallons a
emergency ( IS-F Z-S I MM capacity. stick theO f eeees ter all9gstor 98i is desIgoed ie*
pfpfag breats. bandle. The reacter rfver[ pfpfeg has staewteg water

saless the Coolers ares

m needed.

.
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SOURCE AND HITIGATION TABLE

t c tio m e: 1.ee-vi te estseem .ipe.tfen m-
Destgaator: W--b
Betidtag: TiteWdtete sesidtag

searco Descriptfee Mitigatten of the Source

Source Type "'*
Mitigative

Descriptfee Assumptions Ref erenc e Ref erenc e,

Fleed Pfpe 8 reeks treacter Plant
river water, fire Visit
protection)

ftre Transtent Feel

O.

I
N
O

0422G030586ttle
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SCENARIO TABLE

tacation m.= : 1. 2n.tivst e .: timtfe 305-2
Designator: .

Belletag: Interv edtate De Idf ag

Scenarfe Summary of
synopsis Considered Gesattftcation, y
of the Paths of Propagettee for Further Geselts and Somert sdi FortherIFPa Source 5eerce Portfan settigation Aaalysts (p r

"
Type To Actieas

t

- Flood Piptag 1. Seacter Stafrs Alligator be. Believe that sely standtag
i river pipe Pft water is la piptog h to

break. (IS4Z-8) 1selatten valves. so IS-FZ-8
could handle capactty.

2. Feedseter peup Stairs Alligator No. Only if the diesel-ertwee
pipe break. Pit feeesater pegs sere te

(IB4Z-8) start and peep more than
300.000 gallons could thfs '

be a concern.

Fire 3. Localfred Localf red us, tapact is
ffre. Itef ted te

nessafety
casquensets.

4. Large fire. Seeruws IS-FZ-1 no very
and Stairs IB42-Z unIftely and

184Z-3 fayect steller -

IS4Z-4 to fires lan the zones te.

(,rs nefch prope-
8 gated.
to
-

t

I

1

+

|

1 |

|
'f

|
1

1

04Z2G0305eMDen |
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I
'

'
|

|
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LOCATION INVENTORY CODIFICATION TABLE

tocattes Name: f ate wdf ate 9efldf aq et flevetf on 322*
Desfgneter: TITT-6
Buf14fng: Tatermediate entidias

-t . o, ,

* **
or ets Pump Valve Reference temart s/Assasyttees
Olvfslon Power teatrol Instrumentation

M5 MS-V-17 A E-304-014 Male steam atmospheric
relfef valves.

M5 MS-V-17s E-304-014 Mais steam atmospheric
relief valves.

MS MS-V-IFC E-304-014 Mate steam atmospheric
relfef valves.

MS MS-V-170 E-304-014 Mate steam atmospheric
relief valves.

ms NS-T-ISA E-304-014 Mafe steam atmospheric
reifef valves.

M5 MS-V-18e E-304-014 m fe steam atmospherfC
reifef valves.

M5 NS-V-18C E-304-014 Male steam atmospheric
relief valves.

ns MS-V-180 E-304-014 Male steam atmospheric
g relief valves.

h MS M'-V.19A E-304-014 Male steam atmospheric
e relief valves.

N
N R5 MS-T-198 E-304-014 Male steam atmospheric

re19ef valves.

M5 fts-V-19C E- 304-014 Male steam atmospheric
relief valves.

MS M5-V-190 E-304-014 Mafe steam atmospherfc
f relfef valves.

R$ MS-y-204 E-304-014 Male steam atmospheric
relfef valves.

R5 8t5-V-20s t-304-014 Male steam atmospheric
relief valves.

I
R$ M5-V-207 a E-304-014 Male steam atmospheric

reifef valves.

R5 96-V-200 E-304-014 Maf a steam ateospherf c
relief valves.

M5 R$-V-21 A E-304-014 Mafe steam atmospheric
relfef valves,

as ses-V-21V E-304-014 Main steam atmospheric
relief valves.

m5 err #-1A Plant Vf sit Mafe steam Isalatfen-

valves (the controls
f ar the valves pone
through the Cefilog
late IS-FZ-7).

n

0422G4 2 46( W
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locatten Name: fatermedfate Deffdine et tievetten 377*
Destgaater: W-TT-6
Belletag: Talsraeefste solletan

Sheet 2 of F

' * '
or ets Pump Valve soference memnets/Assemptfensy
Blvisfon Pouer Centrol Instrumentation

N5 MS-V-lO Fleet Visit 80mle steam tselettee
valves ithe centrols
for the selves peke
through the cetging
fate 3042-F).

MS MS-V-IC Plant Vfstt state siges fselettoa
valses Ethe centrols
for the velses pote
W the cefilag
late sS 4 Z-F).

N5 WV-lO Plant vistt state steem fselettee
selves (the centrols
for the selves gene
y the cef alag
fate sS42-T).

FM FW-V-54 I I 5-33

FN FN-V-928 E I 5-33

ses E V-84 5-33
O

R5 6 V-88 X 5-31-

b N5 W V-4A 5-33

MS EV-23 5-38

N1 @ V-104 5-31

N5 EV-334 5-33

As AS-V-4 5-31

Y

.

b1

f
0422G03050ME8e
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SOURCE AND HITIGATION TABLE

t.catsen e: i.tr.-df.te e.sidf as . ne,.iten 32r-
Designator: TT TT4
Butlefog: Tsleraiedtete EstIding

Source Descrfptlen Mitigatten of the 5eene

* ' '
Mitigative

Description Assagttens Referenc e Referenc e

Fire and 5 mete Cabling I-t mA44 8 setaforced Fire
Cencrete Mazards
halls Repor t

Fres (.M-t-73, f tre nose
A M4 4, and Af * 48) Protecties

Electrical Dry
Pumps ( AM-P4A end Cheetcal
AM-P48 ) EatIa-

geisher

Industrial Cooler,

Cfnulatt Ms( M-P-2A , -eS)
*

Flood Pfpe Section 1- % 4 41
(high pressure IGM
and low pressure
f f re protectfen)

Stese Pfps Sectlen Plantg
shigh pressere vistt.

male stese) E-304-414m
I (aust1tary steam)
ru
A Pfpe Whip Mainsteam/Feeerster Plant

Pfplag Tfstt

Missiles M Analyzer Fleet2Battles Visit
f

0422f.061086EENE
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SCENARIO TABLE
,

locatten name: Intermediate Sellefoe et Elevatten 322*
Destgester: 15-TT-6

' Sellesen: Terernardtate setid8_an

Sheet I of i

! scenerse Summary of
Sreepsis Considered Quentificettee, Fr w y

5 of the Paths of Propogettom for Forther Roselts and Somert5 :

an g gg, (pr-3) 'IJP' 5earce Source Pertten eH tt ties y Faither
Type To Actless

Fire and Cablius Cable turning due
Smoke to electricas

short er transtemt
feel..

l. Esgulflog fire leo. Sepact em 5 mete met cessfeered
* coeffned to the equfpment te effect the equ$pment.

area. set 9mportant.

2. Lagulflag. > gle to very s>le effects egulament
Stafrwell seulding onIlkely; deers not laterested fe;
and oncept isolete not feestble for 1& to
Erattsps for a emergency feed- travel esus tuo fleers to

Feu Areas unter pump and where other equipment
Isolated valve rooms. resters.
by toers,

fleed. Pfpe Sectles 3. fiefe feed Stafrs IS-FZ-3 3.The Tes. 10-4 (camperfsen) Allianter mit designed to
S team, pfpe break (aerthwest) elligster headle as IWW p8pe break. I

and Pipe could flood corner) pft Mater useld met collect9 ship place and and Even lit-FZ-4) en setermediate betIdfag*

gy steam shele teor to useld fleer.
; e befiding. IS-FI-3 have to

to tesestafrs fill and
LFT Gratings everfles.4

at All 2.1 gulp- All three emergency fecestter
Levels meet is pumps can seresse through

om steam entiresummet.
pedestals.

Pipe movemmet may fell the
steam supply llee to
tarttee-drives emergency ,

feehter pump.

Steam state Steau 4. Pfpe break en Grettags Entire les. Id (compartsen) E.mergency feeemeter pumps
and Pipe Piplag any Isee. Gefldlag have passed emetrommental
Whip Stairwells escept qualificatsens test for

for this scenarte; report
of a few 580424. Air compressors
Reems are assemed failed. Cables

- utll surefve the steam
i ensfremment. Same cables
'

meer the break pefst may be
q severely damaged

O

I

b
.

I 9g

|

1

D422G44118b(110R

n
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SCENARIO TABLE (continued)

Eccetten llame: lat p dfate Suf1 dine at 11evetten 3??*
Destgaator: W-GE

-

Suf1dfag: Internedfate OufIdfag

Sheet 7 of T
Scenarfe Summary of

Synopsis Considered ()uattificattom,
of the Fettes of Propagatten for Forther pesults and Eemart s

IJP' Seurt e Seurte PortiGa af tigation Analyst s (prd) Further'"
Type To Actfees

alssiles sa Analprer 5. fly bottle is If It Tes. (se actfeel valves en hfgh pressurey
settles dropped and Meads to Sasset of safe pfptng are not considered

empiedes. Catling, fecesater If ne source of missfles.
Can breat er mala
Get Amm- steam 11ae
fIf ary break.
Steam
Pfplay
(to TDP)

Scenarte
them
teet s
1fto
Steam
Breat

Compressed 6. Dropped and If It Tes. (no actles)
Afr empiedes, needs to Same as
Cylinders Celling, absee.O Can*

Get
m, Ste.m
n and
@ Iee d-

Water
Pfpfeg t
(far
wall
has
f ee d-
water
Pump

Lfplag).enarie
them
Leet S
Lf4e
Steam er
Fleed
Breat

0422G03058611r12

- -



- - . - = - - - - _ _ - . . - - _ - _ _ - . . - _ . . _ . - - _ _ . ._ - . . _ .. _ -. . - . .- -.

LOCATION INVENTORY CODIFICATION TABLE

I , Lacetten homes latermed8ete BettdIne et fleestfee 355*:

Destgesters 15-FI-i
iDefidtag: Intermediate Dettelma

.

I'
' '"fastem/ Electrical Other

'r $*f't# P* v*i" to erence Senarts/AsWiensinfo MfM IhDivisfee Power Centrol Instrementatten

18 5 5 W-88 5-33
ksti SV-25 5-3I 6

18 5 W W-10A 5-31 '
a

se5 WW-13A 5-31

)
]

|
'

i

i,
'
< .

; 8
i to
1 M

|
.

!

1

!

,1

.

k

!

i
e

!

f
, :
4

4

1

:
1 - , ,

i *

1 ;
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4

1
!
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SOURCE AND HITIGATION TABLE

TTtrwdf ate Duf tdtpa et Elevotten 355'fatLocation name:
FI-iDesf gnator:

soliding: TiWdf ate Buf1 ding

Seerce Descriptfen pitigattaa of the Seerte

* #" atttgative
Descriptfen Assumptfees Ref erent e Seference

,

F1eed Fire Hese Staties I-FMA-042 Very little esposed pipe et this level.

O
.

9

PJ
CD

0472G030586EENS
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SCENARIO TABLE

Wgryrdfete SelJ11em et flevetten 355'fattecetten meses
F7 JDestgester:

Sellefag: _TdTF G efe 4 fof14 3

Scenerte Seery of
Sreepsis Considered Seestificettee3 7 ,
of the Paths of Prepapettee for further Sesults and Seeart s

Type $ ,,,te Seurte Portfee 100 tigettee Amelysis IF F'yI Further
"

Type To Actfees

flood Ftre Mose 1. Pipe breet. Steine11s Altipater me very 19tely Alligeter pf t is destgeed
Stettee et Each Pit to be dis- te headle cepetity of a

tevel cswered before f acenter Ifee break
' serfest emespe. febest 300,000 gallems)
( se only 9f f fre protectica
j

'
diesel peups ge es, does se*

faf fette seerte entst thati

i could get emergency
feehter pumps; emeld take
lee 0 t9ee ese to small size

fP pe asetleble et this level.
I

O
.

I
N
40

.

0472G030506ffMR

,
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LOCATION INVENTORY CODIFICATION TABLE

Letettee hear: Allt stor Pit Arewed the Centainment
Destgaeter: 4
Sulldfes: TsTsT=adiate sulleles

*
er ety Pump Walee Reference Remorts/ Assumptions
pleisten Power Centrol Instrumeetatten

EF (F-t-30A 5-33

iF EF-V-300 5-31

17 LF-9-52 E 5-31

IF EF-t-55 I 5-31

FW 6E-e-5* 3 5-31

iW FW-V-54 3 5-33

7W Fw-r-92A E 5-35

iW Ft3-T-929 3 5-35

O.

O

t.J
C,

0422G061096(EMS
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LOCATION INVENTORY CODIFICATION TABLE

Location Mane:
Designator: WC --

4

5affdfag: InteenTdfa'e 8Jfidt gt

1

l
. Train Cables
J Systas/ Electrical Other ,

Resort s/Assenytfons,, g , , ,
'''" '"IDivision Power Control Instnmentatten

_

No Camponents of Interest f p this Location
8 I e _ _ _ .

$

$

1
A

. I

4

.

1

(.m)
a

| ,

4
'

b

4

I
e

4

S

<

$

i
!
t

i
! i
j

)
,

i * *
,

,

i

t

; . 0422G0305M EENR
i
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LOCATION INVENTORY CODIFICATION TABLE

location Name: Olesel Generator A Buf1 ding Area
Designator: DG-F A-3
Suf1 ding: Blesel Generator Batiding

** * "
System / Electrical Otheror Sqfety Pump Walve ' " "'' *** '"'Train Cabinet ItsesOlvision Power Control Instrementation

EG I 14HA-044 Olesel generator relay
cabinet 1.

EG EG-P-1A 14HA-044 Air Compressor.

EG EG-T- I-FMA-044 Air receiver.,
IA-1

EG EG-T- 1-FHA-044 Air receiver.
IA-2

0F DF-P-1A 1-FMA-044 Feel pump. i

0F DF-P-18 l-FMA-044 Feel pump.

OF DF-T-2A 14HA-044 Olesel Fuel day tank.

EG EG-V-1 A 3-THA-044 Olesel generator $nf t A.
^

1
AN AN-E-294 14HA-044 Air supply thf t A.

EP E50-$GES-10 I 5-31

O EP I EG-T- 5-31 I
*

1A

b EN EN- 5-31
BPE50G-
10

'
I

04I3G022686Ellut
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SOURCE AND HITIGATION TABLE

Location Hame: Olesel Generator A Butiding Area
Desfgnator: 11C W -a
Su11 ding: DFesel Generator Building

Source Description Hitigation of the Source

Source Type *
Hitigative

Description Assiamptions Reference Referenc e

Fire and Smoke tube Oil 1 Cutmtic 1 14H24
044

IIFHA-044 et pe 4 HA-0
1-FMA-045 5prinkler

$ysten

Fuel Oil 1 Deluge Water 1.1-FMA-044
(day tank 14HA-044 5 pray
DF-1-2A and I-FNA-045 System
fuel pfplag)
Transien t
Material

1 Dry 1.14HA-044 Two in OG-FA-1
1-FNA-044 Chemical
14HA-045 Fire

Eatin-
gulsher

1 Fire Hose 1. 1-FMA-044
14HA-044 Station
1 -FHA-04 5

0 1 Yard 1.14HA-044 Three avellable for additional hose
1-FMA-044 flydrants protection.*

p 1-FMA-04 5

N
1 Thermal 1. 1-FMA-04 4
1-FHA-044 Fire
1-FMA-045 Detectors

1 Rupture 1. 1 -FNA-04 4
1-FMA-044 Alarm for
14HA-045 Diesel Fuel

Day Tank

1 Walls. I . 1 -F NA-044
14HA-044 Door s
1-F MA-04 5

Hissiles Olesel Missiles 1 FHA-044 Walls 14HA-044
1-FHA-045 1-fMA-045

Explosion Diesel Emplosion I-THA-044 Walls 14HA-044
1 -F MA-04 5 14 HA-045

Fuel Oil Emplosion 1-FNA-044 Walls 1 -FMA-044
1.FNA-045 1-fMA-045

Flood Deluge Systes Wet 1-FHA-044 Walls and 1-FMA-04 4
pipe Sprinkler 1-FMA-045 Doors 1 FMA-045
System

Steam Coollag Water or 1-THA-044 Ventilation 1-FrA-044 It is judged that the worst leak cannot
the Engine while 1-FNA-045 14HA-045 generate sufficiently dense steam
Engine is Running environment for damaging equipment.

0413G061086EEHR
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SCENARIO TABLE

Location Ilane: Diesel Generator A Bulldtag Area'
Oestgnator: Dr.-f A-I
Bulldtag: UTeseTT.enerator autiding

Scenario Summary of
Synopsis Constdered Quantification, ,
of the Paths of Propagation for Further Results and Remart s

IJF'8I Further%IIO" AnalysisType source Soc 7e Portion M

Type To Actions

2 a G-2 (systae)Fire and tube 311 1. Localtred. (See Source Yes.
soote and Mittge- ry

Fuel 013 tion table.)

2. Doorway. DG-FA-2 (See source leo, fire has Fire in the two relay
Transient and Mitiga- to travel a cabinet rooms.
Material tion table.) long distance.

Missiles Diesel 3. Conffned to (See Source leo, part of very uniftely to break
Missfles DG-FA-1. and Nitiga- diesel genera- through walls and doors to

tion table.) ter fatture DG-FA-2.
frequency.

+

Emplosion Olesel 4. Wall failure DG-FA-2 (See Source llo, very very unittely event because
Explosion or double and M1tf ge- onlikely. malls are tornado resistant.
Fuel Oil door failure. tfon table.)
Explosion

.

Flood Deluge 5. Doorway. DG-FA-2 (See Source 10 0 very Flood severe enough to get

O.
Systes anJ Mittga- unIttely,the over the curb into relay

(fon table.) gap under the cabinet area. Unittely
G doors must be because door at other end

8 left clogged has large opening under itW for this event. to let water out.

I

t

i

4

1

.l

i

,

0413G022686EEMR
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LOCATION INVENTORY CODIFICATION TABLE

Location hame: Ofesel Generator B Butidleg Area
Designator: DG-FA-Z
Butiding: UTei3TT.enerator Butidtag

or ety Pump Valve Reference Remarts/ Assumptions
tOfstsfon Power Control Instrumentation

EG X l-FNA-044 Diesel generator relay
cabinet 2.

EG EG-P-15 1-FMA-044 Air compressor.

EG EG-T. 1-FNA-044 Air receiver.
18-1

EG EG-T. 1-FNA-044 Air receiver.
18-2

DF DF-P-1C 1-FNA-044 Fuel pump.

OF DF-P-10 1-FMA-044 Fuel pump.

DF DF-T-28 1-FNA-044 Diesel fuel day tant.

EG [G-V-13 1.FNA-044 Diesel generator Unit 8.
AN AH-E-298 1-FMA-044 Afr supply Delt B.
AN I l-FMA-044 Sackup emergency afr

cylinders.
*

EP E50-SGE5-1E X 5-31

h EP I X EG-Y- 5-31
IB

EN EM- 5-31
DPESDG.
10

0 0413G022686EENR
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SOURCE AND HITIGATION TABLE

Location Name: Diesel Generator B Building Area
Designator: Di.-t A-z

Butidtag: UTeieTT.enerator Building
Page 1 of 2

Source Gescription Mittgation of the Source

Source Type Ht tigative
Description Assumptions Reference Referenceg

Fire and Smoke tube 011 1 Automatic I,14HA-044
1-FMA-044 Wet Pipe I-FMA-045
1-FMA-045 Sprinkler

System

Fuel 011 1 I , 1 -FM-044
l-FMA-044 1-FMA-045
1-FMA-045

Transient Material 1, 1, 14HA-044
1-FHA-044 l-FMA-045
14HA-C45

1, Deluge 1,14HA-044
14HA-044 Water Spray 14HA445
1-FMA-045 System

1 Dry Chemical 1,14HA-044 Tuo in DG4A-2.
14HA-044 Fire Extin- 1-FMA-045
14HA-045 gulshers

1, Fire Hose 1 , 1-FMA-044
1-FMA-044 Station 14HA-045

9 14HA-045

[ 't . Tard 1, 1-FMA-044 Three available for additional hose
m 14HA-044 Itydrants 14HA-045 protection.

1-FMA-045

1 Thermal 1,1-F%A-044
14HA-044 Fire 1-FMA-045
1-FMA-045 Detectors

1 Rupture 1, 1-FMA-044
14HA-044 Alars for 14HA-045
1-FHA-045 Diesel Fuel

Day Tank

1, Walls 1,14HA-044
14HA-044 14HA-445
14HA-045

1 Doors 1,14HA-044
14HA-044 1-FMA-045
14HA-045

Hissiles Diesel Missiles IJhA-044 Walls 14HA-044
f-FNA-045

Backup Emergency 14HA-044 Wells 14HA-044
Air Cyltaders 1-FMA-045

* Emplosion Diesel Empleston 14HA-044 Walls 3-FMA-044
3-FMA-045

Fuel Oil Emplosion 14HA-044 Walls 14HA-044
3-FMA-045

i 4 6

0413GDZ%&86LEHR
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SOURCE AND MITIGATION TABLE (continued)

Location Name: Olesel Generator 8 Butidtag Area
Designator: DCTI-2
Building: Utesel r.enerator Buftdtag

-

Page 2 of 2

Source Descrf ption Mitigation of the Source

'
Mf tigative

ksartpt.on Assug tfons Reference Reference
,

I
Flood Deluge System Wet 1. FHA-044 Walls 1 FHA-044

Pf pe Spr1nkier 1. FHA-045 and Door
System

Steam Cooling Water of the 1-FHA-044 Walls 1-FHA-044 Judged to be f asfgnificant for any
Engine while It Is 14HA-045 and Door damage.
Runntng

O
.

I
G

0413G022686E[HR
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SCENARIO TABLE

Location Name: Diesel Generator 8 Building Area
Designator: DG-FA-7
Buf1 ding: Ulesel Generator Dutiding

Scenario S m ry of

Synopsis Considered Quantification
7 ,

of the Paths of Propagation for Further Results and Remart s
IFr~iI FurtherType Source Source Portion Mitigation Analysts

Type To Actions

2 x y{2 (system)Fire and tube 011 1. Localfred. Yes.
Smoke ry-

Fuel 01) 2. Doorway.i

DG-FA-1 No very Fire in the two relay
Transtent unlfkely. A cabinet rooms.
Matertal large open

area must be
enveloped in
fire.

Missfles Diesel 3. Coeffned to No, part of very uniftely to break
Missiles DG-FA4 DG fatture through walls because of
Backup frequency. thick well design and
Emergency bottles harnessed by bars
Air and chain.
Cylinders

Emplosfon Diesel 5. Wall failure DG-FA-1 Not '''I
; Emplosion or double unsikely. All

door fatlure. Concrete walls.
O Fuel oft

* - Emploston
Ch

( Flood Deluge 6. Doorway. DG-FA-2 No very Flood severe enough to get
System unIlkely. The over the curb fato relay

gap under the Cabinet area.
doors must be
clogged.

i

1

k 0413G022686EEHR i
4
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LOCATION INVENTORY CODIFICATION TABLE

Location Name: Control Sellding Health and Physics lab Area
Designator: CW-TA-s
Butiding: Control Bulldfag

Sheet 1 of 6

* ' *
or Sa ety Pump Valve Reference Romerts/ Assumptions
Divisfon Power Control Instrumentation

M A E P-1A X 1

KJ A M-P-3A X 1

Mu 8 EP-18 1

Mu C 3Rf-P-3C 1

Emergency A EF-P-2A 1
FM

Fuergency 8 EF-P-28 1
FW

DC DC-P-1A 1

DC 8 DC-P-18 1

IC A IC-P-1A 1

IC 8 IC-P-18 1

MS A NS-P-1 A 1O
NS S NS-P-IS 1

+

Y
8

NS C NS-P-1C 1

RR A RR-P-1A 1

DN A DN-P-1A 1

DR .A DR-P-1A 1

NR A NR-P-1A 1

Electrical A 416vV FS Table 3.11-16
SWElt-10 of FM

S 4160V ES Table 1.11-16
SWGR-1E of FM

' A 460V AC ESV Table 3.13-16 i
CC-1A of FMA

! e 460V AC ESV Table 3.11-16
CC-It of FM

A 460V AC X Table 3.11-16
Screen of FHA
House
ES-Sis.R-1R

J

8R3 E P-2A $.31

MU MU-V-12 5-31
,

MU MU-V-14A 5-31

<

0412G030786EENR
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LOCATION INVENTORY CODIFIr,rION TABLE (continued)

location Name: Cont 41 Bu jdin g sith a v fnysics lab Area
Designator: TETA C
Sulldtag: EinW Butiding

Sheet 2 of 6

*
or Safety Pump Valve Reference Remarks / Assumptions
Division Power Control Instrumentation

Mu MU if-16A 5-31

MU MU-V-168 5-31

Mu MU-V-20 5-31

Mu MU-V-36 5-31

MU MU-V-le 5-31

EP A 460V AC ES Table 3.11-16
CC-IA of FMA

EP e 460V AC E5 Table 3.11-16
CC-18 of FMA

EP A 125/250V DC Table 3.11-16
ES-1A of FMA

EP B 125/250V DC Table 3.11-16
E5-18 of FMA *

EP A 125/250V DC Table 3.11-16O ES-DG-IP of FMA

Y EP O 125/250V DC Table 3.11-16
fo ES-DG-10 of FMA

EP 125/i50V DC Table 3.11-16
ES-1E of FHA

EP 125/250V DC Table 3.11-16
ES-IF of FMA

EP A and 5 120V AC Vital Table 3.11-17
Distribution of FMA
Panels

EP A VBA Table 3.11-17
of FMA

EP 8 VB5 Table 3.11-17
of Fh t

EP A V8C Table 3.11-17
of FMA

EP O V80 Table 3.11-17
of FMA

EP Battery Table 3.11-17
Chargers of f MA

EP A 1A Table 3.11-17
of FMA

EP B 13 Table 3.11-17
of FMA

0412G030786 EENA



{~%
T-

& %. .

LOCATION INVENTORY CODIFICATION TABLE (continued)
|

Location name: Control Butidf ag Health and Physics lab Area
Designator: Es-FA-i
Duftdfag: Control Butiding

sheet 3 of 6

or f ty Pump Valve peference Romerts/ Assumptions i

Olvtston Power Control Instrumentatlon

EP A IC Table 3.11-17
of f MA

EP 8 IO Table 3.11-17
of FMA

i EP A IE Table 3.11-17
| of FMA

i EP B IF isble 3.11-17
( of FM
l

i Inverters A 1A Table 3.11-17
I of FMA

i 8 IB Table 3.11 17
1 of FnA

A IC Table 3.11-17
of FMA

B ID Table 3.11-17
of FMA .g

( '

IE Table 3.11-17
3 of FNA

'W
Battery A Battery-1A Table 3.11-17

Charger of FMA

A Battery-1C Table 3.18-17
Charger of FNA

8 Battery-18 Table 3.11-18
Charger of FMA .

5 Battery-10 Table 3.11-18
Charger of FM

AN A AM-E-1A

AH B AM-E 18

AN A AN-E IG4

AH B AN-E-l8B

f48 MU-V-4 5-31

i EF EF-V-52 X 5-31

EF EF-V-53 5-31

EF EF-V-53 5-31

EF EF-V-54 5-34

EF EF-V-55 X 5-31
'

,

I L

0412G03786 EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

tacation Name: Control Building Health and Physics lab Area
Designator: [B-F A-I
Sullding: CoWsT Suf tding

,

$heet 4 of 6

* or Sa ety Pump Valve Reference Renart s/ Assumptions
Divtsfon Power Control Instrumentation

FW FW-V-5A 5-31

FW FW-V-92A 5-31

MS MS-V-8A I 5-31

MS MS-V-88 X 5-31

MS MS-V-2A 5-31

MS MS-V-28 5-31

MS MS-V-10A X 5-31

MS MS-V-108 X 5-31

MS X MS-V-138 5-31

DH DM-V-4A 5-31

DH DH-V-5A 5-3)

DH DM-V-6A 5-31
*

85 85-V-2A 5-31y

b DH DM-V-75A 5-31

DH DH-V-76A 5-31

IC IC-V-3 5-31

IC IC-Y -4 5-31

IC IC-V-79A 5-31

IC IC-V-79C 5-31

AN M-E-198 5-31

AN AN-0-27A X 5-31

AN M-D-24A X 5-31

AN AN-E-248 X 5-31

AN AM-P-84 5-31

AN AM-P-88 5-33

AN AH-P-9A 5 -31

AM AN-P-98 5-31

AN AH-D-101 5-31

AN AH-0-102

NS 45-V-52A 5-31

9
412G030786EINR0
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LOCATION INVENTORY CODIFICATION TABLE (continued)

.

Locatten llame: Centrol Sulletag Nealth and PhysfCs lab Area, ,

Designator: [s-Fn-u
tutIdtag: C5Elr T 9utiding

Sheet 5 of G +

*or Se ety Pump Valve Reference ' temaets/Assemptfens
Plotsten Pouer Control Instrumentation

MS MS-V-523 5-31 f

us NS-V-534 5-31

N5 MS-V-538 5-35

NR IR-V-IA 5- 31

NR M-V-3 5-31

NR NR-V-5 5-31

Na NR-V-4A 5-31 [
>

Ist NR-V-18 5-31

NR NA-V-104 5-31
~

NR W-V-10s 5-31

RR RR-V-1A 5-31

Rd M-V-34 5-31.n
'

RR M -V-38 5-31u
I i
(II RA M-V-4A X 5-31

'
RR AA-V-4J I 5-31

at M-V-4C I 5-31
!

RR RR-V-40 I 5 31 .&
v

EG 'X EG-V-1 A 5- 31 I

'*
EG I EG-V-18 5-31

EP EE-5GES X 5-3s
-

EE-5GES-15 5-31 'iEP

EP EG-E55-1 A - 5-31
*

i

EP EG-ESir-10 - 5-38 |

EP EG-E 5r-IC 5-31 ,

EP E55M-la 5-31

EP EG-8P-ATA - 5-31 _.

!
EP. ' EG-er-ATs 5-31

EP EG-OP-VBA 5-31 i

EP EG-gP-Ves 5-31

EP ,EG-SP- E 5-31 - t

0412G030786 i
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Cont vl Bu.3dfLocation Name:
CBTaC

LHe nith ews Physics Lab Area
Desfgnator:
BulIdtng: CFat?5T Sullding

Sheet 6 of 6

or 5 ety Pump Valve Reference Remarts/ Assumptions
DIeisfon Power Control instrumentation

EP EG-DP V80 5 38

EP EM-INV-1A 5-3?

EP EM-IKV-18 5-31

EP EM-!KV-IC 5-31

EP EM-INV-10 5-31

EP [N-INV IE 5-31

EP EN-CP-1A 5-31

EP EM-DP-18 5-31

EP EM-DP-IN 5-31

EP EN-CPE S-1E 5-31

EP EM-DPES-IF 5-31

EP EM-CPE5DG-IP 5-31

~
8

Om

*
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SOURCE AND MITIGATION TABLE

Location Name: Control Buf1 ding Health Physics and tab Area
Dest p tor: ts-# A-a

Sullalag: CoETroT au1Iofng

Sheet 1 of 2
Source Description Mf tigation of the Source

' # *Mitiga tive
Description Assumptions Reference Reference

1. Fire Cabling Fire Reinforced Fire The area is used for health physics
above False Celltag % rards Concrete Nazards related activities.

meport Malls Report

Health Physics. Class A
Related Materfals. Doors to,

4 and Equipment FN-FZ-2
and North
Control
Sulldfag
Sta f ruell.

Atomatic
Iset Pipe
Sprinkler
System
(yellow
falso
cellfag).

Fire
o Suppression

gEquipment.

M at Location
$ FN-FZ-2

,ortahie
Dry
Cheetcal<

'
Eatin-
gutsher

j Planning
. to Add
i Iontration

Detection4

i above the
False

] Celling
b

2. Smoke See Fire Sources Wal;. and .
* Doors
j Mentfoned *

| In (1)

NVAC Ducts
to FN-FZ-2

HVAC Ducts
to Upper,

Parts of
Control
Building

NVAC Heat
Exchanger
System to

* t ahaus t , vISnake Out

0412G030786EENR
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SOURCE AND MITIGATION TABLE (continued)

location Naaa: Cratr A Suilding & alth Physics and lab Area
Designator: CIT?-F --

Butiding: Control Butiding

Sheet 2 of 2

Source Descrf ation Mitigation of the Source

* #" Mitigative
Descrf pt f oe. Assumptions Reference Reference

3. Flood Laundry and Bathroom None
factittles Water-

Tight
Laboratory 5taks Doors

to FN-F1-2
and North
Control
Sulldfag
Sta f ruell
Walls

.

4. Water Not considered because critical Items
Spray la the area are cables and no other

cascading effects can be identiffed.

5. Falling Not constdered because critical :tems
Objects in the room are above the false ceiling.

6. Emplosion Acetylene or Walls,
Propane Gas Release Door, and
and Emplosion Falso
in the tabs Cellfag;g

Large.

FloorM
Area

7. Missiles Translent Sources

.

0412G030786EEHR
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SCENARIO TABLE

tocation Name: Control Su11df ag Nealth Physics and tab Area
Designator: Es-FA-s
Building: Control Butiding

Sheet I of 2
Scenario Summary of

Synopsis Considered Quantification
of the Paths of Propagation for Further Results and Remart s

%on Analysis (yr-3 )Type Source Source Portion N Further
Type To Actions

3 m g0-0 (comparison) All fire scenarios also mayFire See (1) fn 1. Severe enough Ves.
Source Table to damage (10- fn faclude scenario 5. Smoke

cables above the area) Impact is not important since
false cettlag. a (0.1 smoke sensitive equipment not

above in the area.
false
ceiling)
x (sever.
f ty and
location
.03 )

2. Ffre large Open Nest FN-FZ-2 Wo. 10-0 No further If any door is open off the
enough to Door (10-3 to analgsts. statruell, then the fire
propagate the area) Smal+ frequency could spread to that level.
outside. x (0.1 and subset of

near the FN-FZ-2 fires
door) 2 since no
a (10- serfous fall-
severe and

ures mak occurl from9 affects in CB-F
y cable in this fire since
I both areas) wital cables
e above concrete j

celltag, not
,

the doorway.

. 3. Fire large open North Stafr- No; fire in
enough to Door well stafrwell doesa

propapte not have any
outsise. fapact on

equfpment.

4. Fire large HVAC Ducts FN-F Z-2 No; subset of If pressure of hot gases Is
I enough to put Other the preceding not large, the hot gases util
j hot gases into Points scenerfes. end up {see Drawing C-302-

HVAC system of 842) in the amallfary build-
(not an Control tag exhaust fan system.
emplosion). Building

Smoke See (I) in 5. Smoke to fuel Doorways FN-FZ-2 No. Impact on Cables not -
Source Table handilag CS-FA-1 Important.

building and
control
building.

Flood See (3) fn 6. Flood is large Door Grat- FN-FZ-2 Tes. 10-5 (C8-HVAC) I?m3 in FN-FZ-o would
Source Table enough to tag from FN-F Z-6 (10-2 damage chfller pumps (see

travel to FN-FZ-2 flood) Source Table) for FN-FZ-6. I

FN-FZJ . s (10-3
'

not'
Door North detected) If flood spflis equally in

5talr- two directions (FN-FZ-2 and
well Fh-FZ-6), it will take more

,

|
than an hour at 100 gym to 1

Door from FN-FZ-6 damage chiller pumps. j
Stairwell -

2 0412G030786ftNR
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SCENARIO TABLE (continued)

location Mane: Control Bulldtag Health Physics and tab Area
Designator * c5-F A-5
Butiding: MF6T Bufiding

Sheet 2 of 2
Scenario Sismary of

Synopsfs Cons 1dered QuantIfIcet1on,
of the Paths of Propagation for Further Results and Resart s

Type Source Source Portion M$$'8 Analysis IJF' I Further
Type To Actions

3 x 19-5
Emplosion See (6) In 7. Acetylene or Door and All of Yes. Ilo action Falls false cefling - sets

Source Table propane line NVAC Ducts (3-TA-1 ry' (same Impact as out a large fire that putsleak In (3 a 10 scenario I. but hot gases under the cefling,
secondary for emplo- smaller fro-
plant sampling sfon to quency),
room. occur)

x (0.1 for
severftyI

nfssfles Not con-
sidered as
likely
events in g

the area.

O.

I
a

O

O
04I2G030786ECMR

_ _ _ _ _ _ _ . _



- py

%./ u

LOCATION INVENTORY CODIFICATION TABLE

Location hane: Control Sufidine IP Switcheear Room
Destgaator: Es-#A-za
Sullding: {snTFETtutidtag

Sheet 1 of 4

*
or ty Pump Valve Reference Remark s/ Assumptions

g
Division Power Control Instrumentation

RR A RR-P-1A X

ON A DN-P-IA X

l
NR A NR-P-IA

EP OIG 5et X I-fMA-035

l EP A 1 A 400V AC X X 1-FNA-035
l 1HG 5FCC

EP A IP 480V X 1-FNA-035
SMGR ENG
SFGD

AN X AH-D-28 Falls closed on loss
of alr, uhtch is
insignificant-

AH X /dt-O-31; Falls Closed on loss
of air. which isg

, significant.

N -

e [F A EF-P-2A 1
-

DC A DC-P-1A 1
"

DC A DC-P-1A 1. 5-31

IC A IC-P-1A 1

IC A IC-P-1A I

feu A IIG-P-1A I

80 0 A SIU-P-2A
1

ftU A flu-P-3A feu-P-3A

feu 8 94f-P-1B X

! N5 A I NS-P-1A 1

NS 8 B MbP-lO I

N5 35-P-1A 1

Electrical A 4160V (5 Tele 3.13-164

5MER-lo of FNA

' A 400W AC X Table 3.11-16
Screen of FNA
Mouse
SWGR IR

EP A 400V AC Table 3.11-16
E5VCC-li. of FNA,

0412G061086fENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Location name: Control Butiding IP $=1tchgear Room
Designator: 05-fA-Za
Bellding: l'oiiF 1 h1141ng

Sheet 2 of 4

or fety Pump Valve Reference Remart s/ Assumptions

Division Power Control Instrumentation

EP A 125/250V Table 3.11-16
DC ES-DG ofFMA
Distribetton
Panel IP

EP A 125V AC Table 3.11-16
Yttal of FMA
Distributton
Panel VSA

EP I20V AC VBC Table 3.11-16
of FMA

AH A AH-E-1A AM-E-1 A Table 3.11-22
of FMA

AM A AH-E-18A AH-E-18A Supply F-311-892
Duct
for
the
Fans
Dedt-
cated

O to This
Floor*

[ (AH-
E95A.8)-

DR A DR-P-1A Table 3.11-28
of FHA

m) E V-14A 5-31

MU MU-V-16A 5-31

MU MU-V-168 5-31

MU MU-V -36 5-31

Mu MU-V-3 5- 31

MU MU-V-4 5-31

EF EF-V-2A X 5-31

EF EF-V-30A 5- 31

EF EF-V-300 5-31

EF EF-V-52 X 5-31

EF EF-V-55 I 5-31

AM X AM-D-27A 5 -31

AH X AM-D-24A 5-31

AM AH-P-8A 5-31

0 0412G030786EENR

. . _ _ _ - - _ _ _ - _ - _ _ - _ _ ---__-- --



_ .

O 3 O
LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Control Butiding IP Seritchgear Room
Desfgnator: 05 -F A-Za
Sutiding: C6E V6T Butidsnq

Sheet 3 of 4

'
or Safety Pump Valve Reference Remarks /Asseumptions

tOlvision Power Control Instrmatation

AH M-P-M 5-31

AN I M-D-28 5-31

AH I M-D-30G 5-31
,

AN I AH-0-31G 5-31

! AN M-D-41 A 5-31
1 -

! M M-D-101 I 5-31

NS NS-P-1C 5-31

NS NS-V-52A 5-31

MS MS-V-53A 5-31

M M-V-1A 5-31

! un M-V-IC 5-31

un M-V-3 5- 31g

h M M-V-5 5-31
I4

-- Int MR-V-4A 5-31
(.s>

int NR-V-18 5-31

) int M-V-104 5-31

int NR-V-los 5-31

DR DR-V-1A 5-31

FW FM-V-5A 5-31
:

FM FW-V-92A 5-31

ses MS-V-8A 5-31

+ MS MS-V-as 5-31

"
ses MS-V-4 A 5-31~

MS MS-V-24 5-31

MS MS-V-29 5-31
,

MS MS-V-10A 5- 31

MS MS-V-134 I 5-31

DM DN-V-4A 5-31

DM DM-V-5A 5-31

DH . DN-V-6A 5-31 y,

i

0432G030786[[NR3

,

iw 'e--re erew+-e- -mw-4 ere w ,-mewg- e- -o-w +w- se ve v--ap -w-turt-y-e-he sep-t W v 7 +ie ter ww n 'wwW-3 wyeg-,yy-is -y,g g-y- -c.,--eg u is g geq ggs 99 9w +-e yy. -sp- een.h gi>9-m> r- g-.g -y w ,.p,-._ -



LOCATION INV' NTORY CODIFICATION TABLE (continued)d

location name: Control Butiding IP Sultchgear Room
Designator: 05-#A-za
Building: Control Building

Sheet 4 of 4

*
or f ty Pump Valve Reference Remarks / Assumptions

Olvision Power Control . Instrumentation

85 85-V-3A 5-31

BS B5-V-2A 5-31

DN DM-V-75A 5-31

DN DN-V-76A 5-31

IC IC-P-18 5-31

IC IC-V-3 5-31

RR RR-V-1A 5-31

RR RR-V-3A 5-31

RR RR-V-4A I 5-31

RR RR-V-4C I 5-31

EP I EG-V-1A 5-31

9 EP ESV-1A 5-31

f EP ESV-1C 5-31
-
A EP EG-CCESSN- 5-31

1A

EP EM-1KV-1A 5-31

EP EM-INV-1C I 5-31

EP [H-IEV-1E 5-31

EP Battery 5-31
Charger 1A

EP Battery 5-31
Charger 1C

e

0412G030786EEMR
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SOURCE AND MITIGATION TABLE
. >

) location hame: Control ButIdlns IP Sarltchgear Room
Desfgnator: . Es-en-za

,

4 Building: C6mTr6ThutI4 tag
.

i \

1

| Source Descriptten Mitigation of the Source ' '

' #M *
set tigative

JescoIption Assumptions Reference *;pference' .
p p

1
-

; Fire and *,moke Cabling 1-FNA-0M Class A Fire
i Doors Nazards ;

Reporta

Control Refeforced
4

Center (IA 440V Concrete
i ENG.5FCC) lan11s

] (three)
and netal,

': Panel (one)
l
i

'

Sarttchgear NWAC Secti

(IP 48DW Smoke

SerItchgear Detecters
1 ENG SFw ) i

Motor Generator Set Locatten
j FN-FZ-5

f Fire Nose
Protectlen; o ,

j b Portable ,

{ 3 Ces Entfe- }
j gulshers ,'

"

M
,

s Stair Tauer !

.a

j Portable !

C Eatin-
Su sker ,

M
I

| Bry
1 Chemical
I Eatin.

gufsher

{ flissiles noter Gseerster Set Hall s .
; Catastrophic Fatlure

! Transtant Sources-
$
j
1

'.,

1 ,

: |
'

1

-
- , 1 r i

4

I
0412G030706EElst *
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SCENARIO TABLE

Location Name: Control pullding IP Sultchaear Room
Designator: N-tA-za
Building: E&iU6TBuilding

Scenarle Summary of
Synopsis Considered Quantification3 7, ,
of the Paths of Propagation for Further Results and Remarts

IJF"yI furtherI pe Source Source Portion Mitigation AnalysisJ
'**'

Type le Acticas

Fire and Cabling la. Conffned. Proalmity Adjacent Ves, but needs I a 10-3 (comparison) Smoke could get throughout
3 control building and fuelSmoke Suttchgear Equip- tedependent 10g/rror fransient ment events. handling building via venti-

Fuel firef a lation if ventilation is
(0.3 not stopped, or fire
spurtous dampers f all to close.
signal )

Ib. Large fire. NVAC CS-FA-2b No. < 10-5 Fire does not fall the
Cutting Intake ducts of NVAC system.

(See impact table.)

3 a 1{4 Outlet damper closes. Inlet2. Ingel'Ing. Closed Does Not No, a subset
Doors Propa- of scenario I. ry' damper f alls to close smoke

gate bacas up, spills into other
zone.

2. e ngul* f ag. Nest C54A-2b Tes. m (c g rf m ) Fire afM wn he
"' "#*

Fire (3 a 10-3O
* Fightf ag g gg,3

geometric
i f actor)

a (0.5w

os nonsup-
pression)
a (0.2
severity
factor)

4. ingulfing. Open South C54A-2d Ves. 1.5 a 104 (temparison) Impact almost the same as
Door scenarlo la because cabt-

nets in C84A-24 are not
readily susceptible to
smoke .

Missiles Catastrophic 5. Missile hits No. unlikely (Fallure Intake duct of HVAC system
Failure of a the NVAC ducts event. to rue = is damaged.
Motor and damages 1.4 a 10-3
Generater them. Elss0Ie
Set or

-10*gationgene
Transtant
Sources -10-5)

NOTE: FnA claims fire despers at every opening. NVAC drautags indicate ne dampers between Cs4A-2a and C84A-2b. Smuke could lavolve both rooms if there
are ne fire dampers.

0482GObl1%1LHR
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IMPACT TABLE

Location Name: IP Switchgear Room
Designator: CB-FA-Za
Building: control Building

Scenario Sumary: Fire, Scenario la

System Cost Components Affected by the Hazard

NR/All Spurious closure of NR-V-5; also, other
NR-related equipment is affected.

MU/A and MU/B MU-P-1A and MV-P-1B power and control
cable and MU-V-14A, MU-Y-16A, and
MU-V-168.

EF/2A EF-P-2A power cable."

DC/A DC-P-1A control cable.

IC/All IC-P-1A, IC-P-1B, and IC-V-3 control[S cable; power cable for IC-P-1A.

NS/All Power to NS-P-la; control to
NS-P-18 and 10.

RR valves RR-V-1A, RR-V-3A, RR-V-4A, '

and RR-V-4C are normally open, and
the fire would fail them as they are.

RR/A Power cable for RR-P-1A.

DH/A Power cable for OH-P-1A; control for
DH-V-4A.

DR/A Control cable for OR-P-1A, OR-V-1A
(normally open).4

AH/1A Power and control cable for AH-E-1A.

Train A of Electric Power Power cables to 10, IR, lA, and IP
switchgear.

O

*
0412G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE

Location Name: Ontrol Butiding 15 Switctigear Room
Designator: EFTK'7b
Butleing: (53YF6TButiding

Sheet 1 of 5

' ' * '
or ety Pump valve Reference Remarks / Assumptions
Dietston Power Control Instrumentation

MU MU-P-1C E P-IA 5-31 MU-r I A cable to be
protec ted.

MU MU-P-18 MU-P 18 5-31

MU I MU-P-2C Table J.ll-19
of FHA

MU MU-P-3C E P-3C Table 3.11 20
of fha

EP 18 480V I I l-FNA-035
EEMG

EP SGE S-IP l-FHA-035 To be protected

EP A 15 480V I 14HA435
SEREE
5FGO

EP S 4160V E5 SER
1E

O EP S 480V SM ES'y SER IT
8

EP S 480V E5V-*

CD CC-18

EP 125/250V DC Table 3.11-16
E5 DG
Distribetton
Panel IQ

EP 120V AC Vital Table 3.II-17
Distributton
Penel V88

EP 120V AC Vital Table 3.11-17
Otstributton
Panel VBD

AH I I AM-E-95A E-311-842
~

Booster fan control
bu1Idtag ventilation
for second floor.

AN I I AN-E-958 I-311-842 Booster fan control
building ventilation
for second floor.

AN I AH-D-101 Fall closed on losg of
str. which $5
significant for second
floor.

AN I AH-D-102 Fall closed on loss of
air, which is
significant for second
floor.

AM I AM-D-30F Fall closed on loss of
atr.

0412G061186ELHR
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LOCATION INVENTORY CODInCATION TABLE (continued)

Location Name: Control tulldtag 15 Sultchgear Room
Destynator: CB-F A-2b
estIdeng: E5iEYF6T tufidfee

Sheet 2 of 5

f[ty5 t I "*'
Pua , Valve - Reference Remarts/Assemaptlenser

Diviston Power Centrol Instrumentatica

AN I AN-D. Fall closed On 30ss of
30G cfr.

AN E M-D-31E Fall closed on less of
air.

AN M-E-18 Table 3.11-22

AN AN-E-ISB AN-E-105

AN Electrical Cable Tray
Trafe C Orautags

EP 125V DC Vital Table 3.11-17
Ofstributlen
Panel V9D

DC DC-7-IS X 5-31

DC IC-P-1A 5-31 if fil be protected.

IC IC-P-Ib I I
O IC IC-P-1A 5-31 util be rarved from*
y this locat !.r.,

8
us N54-10 i

N5 us-P-1 A 5-31

NS N54-18 5-31
*

NS NS-P-IC 5- 31

RR RR-P-le 1

DN 80f4-1B 1

CR DR-P-It Table 3.11-28

DR OR-P-1A 5-31 To be p.otected.

Dk ge-V-15 5-31

RR Re-P-IA 5 31

88 RR-V-1B 5-31

Re AR-V-3B 5-31

RR Re-V-4A 5 31

Re Re-V-45 5-31

RR AR-V-4C 5-31

RR R2-V-40 X 5-31

EP EG-V-14 5-3I To be protected.

[P X (G-V-IB 5-31
1

0412G030186EEle
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LOCATION INVENTORY CODIFICATION TABLE (continued)

decatten tame: Coetrel the 15 Switchecer Room
Destgaator: ITTT-N e
sellateg: to wnesiding

sheet 3 of 5 |

|E*ectrical
~~1 rata CablesSystem / Other, , ,' " ' " C*" * I ***Di,Iston Femee Control Instrumentation

EP I I EE-5615-IP 5-31

tr ES-t-16 5-31

(P ($-V-IC 5-31

EP 1G-CC15V-IC 5-31

EP (G-CCtisN- 5-31
18

iP EN-luv-1B I 5-31

EP LN-INT-19 5-31

1P EM-8C-18 5-31

(P EE-8C-lO 5-31

Att As-t-248 1 5-31

AN j AN-P-SA I 5-33

9 AN W P-98 I 5-38'

[ AN AH-D-24 5-31 Fall Closed es less of
to power, single element
O e cutset for CS-NBAC

| | fault tree.

AM AH-O-30C 5-31

M AN-D-33C 5-31

AN AN-D-30E 5-33

AN I AN-D-31E 5-31

AN I AH-a-3L4 5 33

AN 1 AN-D-3tf 5-31

AK X AH-D-306 5-33
AH-D-31G

M AN-D-41A 5-31 Fall Closed om less of
power; male supply
tselation dampers.

AN AH-D-418 5-31 Fall Closed en less of
power; ease sm 9 y1

15elattee dampers.

AN I X AM.D-lOl 5-31 Fall Clesed en less of
power; mais supply
isolattoe dampers.

AN I I AM-D-102 5-31

b5 RS-y-523 5-31

D412GChllDbitM8
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LOCATION INVENTORY CODIFICATION TABLE (continued)
'

.

location hee: Centrol Su114f ag 15 Sultchgear Reen
Destratcr: CB-FA-7b
3e.Ilding; resf/31 % fidtag

Sheet 4 of 5

or Sa ety Pump valve ' ' . * ' Reference samarts/Assumptfees
Divfsfon Power Centrol Instrumentatten

K5 NS-V-535 5-31

NR M-P-1 A 5-31

M NR-P-lC 5-31

NR NA-V-lC 5-31

ma M-V-5 5-38

NR NR-V-44 5- 31

M NR-V-48 5-31

NR M-V-18 5-31

Na NR-V-158 5-31

M5 3 MS-V 330 5-31

DM DM-P-IA 5-31

DM 4 M-V-44 5- 31 Injecties nov.
**

Ept BM-V-48 5-31 Injection HOV.g

M M-V-5A 5-31 SNST Sectien nov.

DM M-V-50 5-31 ONST Section noV.

M M-V-6B 5-38

SS B5-V-3A 5-31

85 85-V-38 5-38'

85 35-V-28 5-31

i DN DM-V-754 5-31

DN M-V-76A 5-31

IC IC-V-1B 5 35
'

It ! IC-V-2 5-31

IC IC-V-3 5-31

IC IC-V-4 5-31

M AN-E-1A 5 31
1 AN M-t-184 5-31 To be protected.
!

AN I AN-t-19s 5-31
<

MG I49-V-12 5-31

Pal MU-V-14 A 5-31 - To be protected.
- - .

0412GOM786tENR
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LOCATION INVENT 0Rf CODIFICATION TABLE (continued)

"ocation Vree: Control sutletag 15 Switchgear Doom
Desf gnatsr: Nb ~

Selldtag: C wTreaDutidtag

Sheet 5 of 5
Trafn Cablessyster/ Electrical Other,, 3, g g, ,, , , , ,

* ,, , ,,,,, ,,,
D1,1 sten Power Control lastrumenta tion

MG MU-V-145 5-31

W MU-V-16A 5-31

MU MU-V-168 5-33 To be protected.
MU MU-V-16C 5-31

W MU-V-160 5- 31

MU MU-V-18 5-31

Mu I W-V-20 b31
W MU-V-36 5-31

MU 4-V-37 5-31

MU MU-V-18 5-31

MU W-V-2A 5-31

I MU
'

W-V-28 5- 31g
*

Mu W-V-3 s-31y

b EF EF-P-28 5-31~
[F EF-V-29 5-33

EF I (F-V-308 5-31

EF EF-V-300 5-31

IF EF-V-53 I 5-31

IF EF-V-54 I 5-31

M5 MSV-8A 5-31

M5 M5V-88 5-31

MS MSV-4A 5-31

MS M57-29 5-31

MS MSV-108 5 -31

EP fu-at-lO 5-38

EP I N-BC-I D 5-31

(P EN-DP-1M 5-31

W MU-P-38 5-31

MU MU-P-3C 5-31

IF (F-P-2B 5-31

EF (F-V-23 5-33

043 ?G0307ME!65
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SOURCE AND MI TION TABLE

tocatten name: Centrol Building 15 $mitchgear Room
Desfarator: TE~TA 7b
3ellofag: Esatrol gulldtag .

Source Descrf atten Mittpation of the Source

' s
Mftigative

Descrittfon Assumptions Reference Referenceg

Fire and Smoke Cat ' f r I-FMA-035 Refeforced Fires
Concrete searards
teelIs (tue) Repert
and natal
Panel (ene) e

Centrol Center Class A
fle 480V (MG Seers
MCC or AC
transtent
switch ar for

'ICVIV5

HVAC Doct
Smoke
Detectors

f Switchgear (15 Locatten '

480V s=f tchgear FN-FZ-5
[NG SFGD)

Fire Nese
n Protectles

b Portable
i Entfe-
] gu sher

Statruell

Portable
COr Estle-
guYsher

pry
Chemical
fatte-
gufsher

Missile Transfest Sources

t

.

& *

0432 m30786ttna
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SCENARIO TABLE

Location tiane: Centrol Buf1 ding 15 Switchgear Room
De51gnator: EE-I A-a
Building: Co Mn11 ding

Scenarle Sussnary of
Synopsts Considered Quantificatten, ,
e f ,e ,am of ,,e,a,. tion fe, f.,1,., .es.its .nd -s

NO" Analysts (yrd)TyP' Source Source Portten " Further
Type Te Actfons

,

fire and 11ectefcal le. Confined to Pronfmity Adjacret Tes. 2 a 10-5 (comparfson) May favolve entire room via
9mok e cabinet er elec trical Cables (3 a 10'3 smoke. heat. Cabinet is

c ables. cabinet a4 fire fa the safe contributor to
e* eve, the cabf- fire occurrence.

netIn (0.2 5evertty mately because
fattere to cables estside the cabinet
suppress) have to fall and cables for
n (0.03 some train A ogufpment util
severity) be protected by barriers.

Sade could get throughout
control batidtag, especially
second floor and feel
handitag buildtag, via
ventflatten. May hamper
fire fighting ef forts.
(See impact table.)

16. Large fire. MVAC CB4 A 4a 5o. < 10-5 Sm4 e, two dampers fall.
Ducting

O 2. Engulflag. Closed me Pre- Yes. 3 m 10-5 to actfee
* Doors pagatten (subset ofy to Other scenarte Ia),
y Zones
D

3 x 1{6 (comparison) Smoke damage to 48)V3. Engulfing. Open East f3-FA-fa fes.
a 10' switch ar f s deemed to beDoor 3s10'g unlike (estimated 0.1 for
n (0.1 open severity factor to cause
east door damage)
to fight
fire; not
most
18tely
path)
m (0.1
smuk e
damage to
cabinets)

4. Engulffog. Open West CB 4 A-2c he (fire < 10-5 Unittely fire growth, little
Door growth very smoke ef fect (malmly cables).

Missiles not com-
s,.e,ed .s
titely.

-
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f) IMPACT TABLE I
J

Location NAme: Control Building 1S Switchgear Room
Designator: CB-FA-Zb
Building: Control Building

Scenario Summary: Fire; Scenario la; Fire Fails Cables and Switchgear
within This Room

'

Sheet 1 of 2
System Cost Components Affected by the Hazard

MU/All Power cables for pumps MU-P-1A and
MU-P-1B af fected, control cable for pump
MU-P-1C affected; the power cable for
MU-P-1A will be protected.

ESV/B, ESV/1E, ESV/1T, 480V load centers ESV-18, ESV-1S,
ESV/1S ESV-1E, and ESV-1T.

ESV/C 480V ESV-10.

Control Building HVAC AH-D-101, AH-0-102, AH-E-95A, AH-E-958,
'

O AH-D-41A, AH-D-418, and AH-D-28 (iselation
s ,/ damper on single air duct).m

.

DC/All Power and control cables of DC-P-1B; control
cable of DC-P-1A (will be protected).

*

IC/All Cables for both pumps in the area (control
cable for IC-P-1A will be protected).

NS/All Power and control cables for NS-P-1B;
control for NS-P-1A (to be protected);
control for NS-P-1C; some additional NS
values in the area.

i

RR/All Control cable for RR-P-1A (to be
protected; power cable for RR-P-1B. -

,

DH/All DHR pumps DH-P-1A and DH-P-18 or valves
DH-V-4A and DH-V-48.

DR/All DR-P-1A control cable (to be protected);
DR-P-18 control cables.

1

.

*'
0412G061786EEHR
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IMPACT TABLE

O
Location Name: Control Building 1S Switchgear Room
Designator: CB-FA-2b
Building: Control Building

Scenario Summary: Fire; Scenario la; Fire Fails Cables and Switchgear
within This Room

Sheet 2 of 2
System Cost Components Affected by the Hazard

NR/All Hot short in control cable for NR-V-5.
Also several valves and two pumps from this
system are affected.

O

O

0412G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location base: Control Dutidini Technical Support Center Area
Designator: CT-F A-Zc
Sullning: C3htrei In ftdintu

Sheet 2 of 3

or ety Pump Valve Beference Besarts/ Assumptions
Division Pouer Control tastrumentation

MU MU-V-36 5-31

MU MU-V-37 5-31

MU MU-V-18 5-31

MW EV-2A 5-31

M3 MU-V-28 5-31

MU MU-V-3 5-33

EF EF-V-30A 5-31

EF X EF-V-308 5-31

EF EF-V-300 5-33

17 (F-V-53 5-31

(F EF-V-54 5-33

MS MS-V-8A 5-31g
*

w MS MS-V-88 5-33

b MS MS-V-4A 5-31
co

DN DH-V-48 5-33

OH DN-V-58 5-31

DH DM-V-68 5-31

85 85-V-38 5-31

85 85-V 4A 5-31

85 85-V-28 5-31

Ad AN-0-28 5-31

AN AH-0-30E 5-31

A4 AH-0-3tt 5-31

AN AM-0-38 5-31

AH E D-418 5-31

An An-t-3C 5-31

AK M-t-188 5-38

AN AH-t-198 5-33

- AM AH-P-9A 5-31

AN AN-P-98 5-31

0412G063186ftMB
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gTIONTABLE(continued) )
LOCATION INVENTORY CODI

location name: Control Buttelse Techatcal Suseort Center Area
Designator: IT-rA-7c
9e1Iding: C3iiTF6TDatIef ne )

U

Sheet 3 of 3

*
or ety Pump Valve Reference esmerts/Assgtlensg
Diefsten Pomer Control Instrumentatten

-

us us-P-It 5-31

M M-V-3C 5-31

ma m -V-48 5-31

nil M-V-IS 5-31

ha m-V-108 5-31

M M-V-158 5-35
t

DC SC-P-3 8 5-33
'

Da es-s-It 5-31

an an-V-18 5-31

EP EG-5EC-IC 5-31

EP EG-CCE5V-IC 5-38 ;

IP EG- 5-31- n. CCE55u-18
N
8 EP EC-lW-19 5-31fo
*

EP EM-3 W-18 5-31

EP I I EN-W - 5-31
III

i

O

1

>
>

.

; h % b

Ml268611MEEm
,
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SOURCE AND HITIGATIC'] TABLE

tocatf es flame: Control Dutiding Technical Support Center Area
Desfgnator CNTK-zc
Sud1dfag: CsnFriTBulletag

Source Descrfptfen Mitigation of the Source

* # *
Mitigatf re

Descrfptfen Assiseptfens Reference Reference

Fire and Sede Cabling 1-f MA-035 Reinforced Fire
Concrete Nazards
(threel and Report
Me tal
Panel (ene)

Reactor Coolant Class A -
Pump PWR Montter Rated Doors
Racks A and S (four) and

Class B
Rated
Door (one)

Decay Coelant MVAC Duct
Panel IM 5ed e

Detectors

Loose Parts Location
Monttorfag Panel FN-F2-5

Fire Mose
Protectles

N Portable
I C0y Estis-y guisher

Decay Conlant Stafrwell
Transfer Suttch
for 14 Portable

CO2 I t8*-guishe'r

Dry
Cheefcal
Entfe-
gufsher

Technical
Support
Center
Surrounded
By Aste-
matic Hales
Fire Sup-
pressten
Sys tem
Ac tuated
by leafas-
tien Fire
Detector
located
faside
Support
Center
Area

missfie Transtent Sources
(

_

0417G030784EE M
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C O O
SCENARIO TABLE

tocation mane: Centrol Dulldine Techetcal Suseert Center Aree
Bestgaater2 cB-F a-R
Sellesag: E5iilhlleine

-

Scenario t e ry of

Syne;61s -- -- Considered Quantificatten
,

of the Paths of Propagatles for Further hesults and Asmart s
#8tI atten Analysis IJF"y)IIP * 5earce source Portlea 9 Further
'*'

Type Te Actless

Fire and Cabling la. In site er Presletty Adjacent Yes 3.5 m (comparlsen) Smoke could get threaghout
Smut e transfest 10-S control batiding and fuel

(10*3s tre)/yr eentilaties and kamper fire
baselles buildlee viafeef

conf 6med.
(0.5 men- flehting. (See sepact
suppres- table. )
stem) m
(0.I
severity)
a (0.3

)

16. Large fire. NWAC C34&2b Ves. < 10-5 lie acties Smoke; tue dampers f all.
(very unlikely
for additlemal
damage).

2. Engulfing. Closed lacqpable Yes. 10-4 IIe actica
beers of rre- (susset of

P pepttee scenarle 13.

[ 3. Engulfing. Gpen East C34&26 Tes. < 10-5 Ile actten
w Door (very onlltely

for flames or-*
het gas dr age

.

4. Engelfing, open morth Statr- us. < 10 S nothing to esmoge.
Deer mell

5. Engulfing. epen llest f>FZ-5 Tes. < 10-5 se acties smoke ettetten; ristag.
Door (smote damage

of Itttle
significance).

6. Engst flag. Open South CS4A-2e les. < ig.5 (compartsen)
9 peer

missiles list com-
sidered as

'
I fiely.

,

f

r

e

.
i . . ,

041 nae 17entilla
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IMPACT TABLE

Location Name: Technical Support Center Area
Designator: CB-FA-2c
Building: Control Building

Scenario Sumary: Fire; Scenario la

System Cost Components Affected by the Hazard

MU/B and MU/C Control cables for normally closed BWST
suction valve MU-V-14B; control cables

for discharge valves for pump C, MU-V-16C,
and MU-V-160 (normally closed); power
and control cables for MU-P-1B and MU-P-10.

EP/1T Power cable for IT-switchgear for screen
house.

Inverters B and D.

Train B Train B of RR, OH, OR, NR.

O

O
.

0412G061786EEHR
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LOCATION INVENTORY CODIFICATION TAF2LE (continued)

Locaties Name: Centrol Sullding, f ast, $attery Charger Aree
De signa tor: II~TA74 .
Building: CoalroThilding

Sheet 2 of 5

*
or Saf ty Pwap valve Reference Semarts/Assumptfens
olvisfon Power Centrol lastrumentation

-

AM B AN-t-ISB 3.13-22 ' To be protected.

De B DR-P-lO To be protected.

Ni A u$-P-lA 5 38

45 S ES-P-18 $-31

as C us-P-IC 5-31 To be protected-

hR A kR-P-IA

me C MR-P-1C

DC A OC-P-1 A

DC g DC-P-1B To be protected.

MU C E P-2C 3.15-19

Mtf A MU-P-3A 3.15-19

f) MU C MU-P-3C 3.11-20 To be protected.

4 MU MU-P-IA
I

MU EP-M

Mt1 MU-V-12

MU EV-14 A

MU E V-148 To be protected.

MU MU-V-16A

NU % V-16E

MU MU-V-16C To be protected.

MU O V-16D

NU RS-T-18

MU 8RS-V-217 ,

MU MU-V-20

Mtf MU-V-37 To be protected.

MU OV-10

MU MU-V-8

MU MU-V-6A

MU MU-V-64

MU E V-II A

MU EV-118

0452LO30786ELNR
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LOCATION INVENTORY CODIFICATION TABLE (continued)
.

Locatten Name: Control Sufidtag, fast, Battery Charger Ares
Designator: EE TT-7d
Sullding: C5nI M utidtag

Sheet 4 of 5

'
or 5 fety Pump Valve Reference Remerks/ Assumptions
Diefslon Power Centrol Instrumentation

55 55-V-79 5-31

IC IC-V-IA 5-31

IC IC-t-1B 5-31

IC IC-V-3 5-38

IC IC-V-4 5-31 To be rectuted.

AN AM-P-9A 5-38 teth cables to be
rerouted

AN AN-P-9s 5-31 Soth cables to be
rerested.

AN AN-9-30A 5- 31

AN AN-D-31A 5-31

AN I AN-D-30C 5-31

AN I AN-D-31C 5-31

w AN I AM-D-300 5-31
8

W AN I AN-D-31D 5 -31m
AN AN-8-413 5-31

AN AN-D-102 5-31

ut WR-V-IC b-31

NR WR-V-44 5-31

et NR-V-45 5-31

NR NR-V-6 5 - 31

ut HR-V-18 5-31 To be protected,

at mR-V-154 5 - 31 To be protected.
m2 mR-V-158 5-31 To be protected.

DR DR-P-1A 5-33

DR DR-V-It 5-31 To be protected.

ER RR- t -18 5-38

RR RR-V-3A 5-31

RR BR-V-38 5-31

RR RR-V -4 A 5- 31

RR RR-V-48 5- 31

9
0412GD30786ftKR
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LOCATION INVENTORY CODI L 4 TIC 3 TABLE (continued)
,

locatten Names Centrol telldf ag East Sattery Charger Area
Cestr,.ater: C5-FA-74
-, t .. m m n ..I..e,

-t l ., 5

or Saf ty Pump Valve - peterence asnarts/Assumptfees
Ofelsges Power Control lettrumentatten,

Re AR-V-4C 5-38

De RR-V-48 5-34

EP ES-5EES- 5-31 Assume to be protected.
19,

EP EB-5GES- 5-31
IE

EP EG-V-IA 5-33

EP EE-5GES- b33 Asses to be protected,
j IP

EP EE-5GE S- 5-31 Assano to be protected.
IS

sp EE-5GES$N- 5-34 Assamme to be protected,
la

EP EE-5GE55N- b34 Assume to be protected.
O ''a

.

3 w EP EG-5EC-IC 5-31
: I

Ca8 EP EG-CCE598- 5-384
Is

i
1 EP I EG-N -ATA 5-31
4

]
*

EP I EG-F-ATO 5-31

3
EP I EG-SP-USA b31

EP E EG-N-Wet 5-31
I-

EP I EN-INE-IA 5-33

EP X X EM-IWW-IC 5- 31

EP EN-IWE-19 5-31

EP E EN-INE-1E 5- 31

| EP I EN-SC-IA 5-31
3 EP I EN-80-IC 5-31

i EP I EM-SP-1A 5-38

EP I E EN-W -IN 5-35

EP I EN-SPE5-lE 5-31

EP EN-SPE 50G-IP 5- 31

1 -

t . , , e -
.

0412GOM796EE88
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SOURCE AND HITIGATION TABLE

tocattoe Name: Control Bulldtng f ast Battery Charger Area
Designator; CB TAJa
Butiding: TEIToThetidleg

5earce Descripties Mitigation of the Source

' #" ' *mittpattee
Description Assepttees eeference Reference

, ,,

fire seJ Smoke Cabitag 1-FHA-035 Detaforced fire
Cencrete Mazard
Walls (two) Report
and Metal
Panels (two)

Inverters
(14. IC. and IE)

AC Distribution Class A -
Panels Rated
(VBA and VBC) Doors

Battery Chargers MVAC Duct
(I A.18. IE ) $sd e

Detectors

DC m fe Portable
Distributfen Dry
Panel Cheetcal

E n tt e-

O.
guts w

4 Diesel Generator

[ Distributten Panel
* missile framstent Sources

sa'I W 3? M ece

O O O
.



.- -

f x

f
\

SCENARI ABLE

tocaties same: Control pullsten test Battery Chareer Argi
Destgesters IY6-
Selletags Tie ~TToTlelletae

5cenerte Seemmary of
Synopsis Censleered Omaattiscasses3 , ,
of the Faths of Propegatles for f urther Results and Bauart s

a, g gg, (pr*y)Type source searce porttee
set tf {ttee y Further

Type le Actions

ftre end Cabalag I Centfeed. Prestetty A(jecent Tes. 5 a 194 (comparison) 5 mete could get throughest
Smoke igulp- 83 centrol butiding and reel

Cable er cat'Jeet meet IF r handlfeg bildtag ef a
buretop due to se fire weettlettee.
electrical short a 10.3
or treesteet feel. goemetry) See tapact table,

a to.2
failure to

sewarSty)

2. Engelfing. Closed locapable Tes. < 10-5 me actice
Deers of prope- (subset of

geting sceserlo II.
Getside

3. Esgul fleg. Open West CS-FA-2e Tes. 2 m 19~0 (comparises) Less of all festrimments.
Deer (3 g Less of all towerters.

O
N severity
I facter forW propagatles

O through
spee door)
a (0.3
geesetrIc
racterI
a (0.2
failure to
seppress)

4. Engulflag. Spee parth CS-#A-la Tes. 2 e 30~0 (compartsen) 5 mete propagstfee (deer
Beer ( 3. aIS"g/ speces to fight fire).

I

year)
a |0.03
severtty
f acter)
a (0.3 deer
is spee and -

smoke
damages
a (0.3

)
m (0.2
tallare to
suppress)

5. Engulf teg. Open Seeth C3-#A-2f Tes. < 10-5 he actice Little ef fect of smoke.
Deer ladditiesel

failures met
supertaat).

missiles met cessteered as Istely.
,

0412GobliebEENR
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IMPACT TABLE

. Location Name: East Battery Charger Area
Designator: CB-FA-2d
Building: Control Building

Scenario Sunnary: Fire; Scenario 1

System Cost Components Affected by the Hazard

NS/All Control cables for all three pumps; cable
for NS-P-1C to be protected.

NR/A, NR/C Control cables for NR-P-1A and NR-P-1C and
several NR valves.

DC/All Control cables for DC pumps; DC-P-1B cable
to be protected.

MU/All Control cables for all MU pumps and several
valves; train C-related cables to be
protected.

IC/All Control cables for IC-P-1A and IC-P-1B (to
be protected) and IC-V-3 and IC-V-4; cables
for IC-P-1B and IC-V-4 to be protected.

EP/ All Control cables to several vital buses.

DC/A Charger and inverter for train A DC loads.

CB/HVAC Control cables for several components;
cable for AH-E-188 to be protected.

O

C.7-400412G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locaties Name: Control Building, niest. Battery Charger Area
Designator: G -FA-7e
Sufiding: Con!F6TDulldtag

i

Sheet I of 3

**' '
or Safe *f Pe p Velve Reference Renart s/ Assumptions
Dfets.on Power Centrol Instrumentation

__ .

MU 80-V -I l 3 5-31

Er tF-V-308 5-31

(F EF-V 30C 5-31

3F EF-N5PS- A 5-31

EF EF-NSP5-8 5-31

Ne NR-V-5 5-31

se NR-V-6 5-31

NR NS-V-15A 5-31

ma NS-V-158 5- 31

IP ED-5GE5-II 5- 31

ft El-5GES-15 b31

g IP EE-5GE590-li 5-31

b. EP E b 5EC-IC b31
4* EP 1G-IF-ATO 5-33fu

(P I E b N -VB8 5-31

EP I EP-CP-VBD b31

(P I I EM-INV-18 E-31 '

EP I I (N-INV-ID 5 - 31

EP I EM-SC-18 5-31

EP R EN-8C-10 5- 31

EF fF-N5PS-C b31
|ff EF-8bP5-0 5-31

MS MS-V-aA b31

MS MS-V-48 5-31

MS MS-V-108 5-31

IC IC-P-18 5- 31

,
IC IC-V-1A 5-31

IC IC V-79a 5 - 33

IC IC-V-798 b31

IC IC-V-79C 5- 31

0417G030786EEMR
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n 1"
LOCATION INVENTORY CODw1 CATION TABLE (continued)

Locatten Names TT-TFJ1flding. West, gettery Chareer AreaCentro
Designeterz 7e
Bu1Idfag: {entrol telldf ag

-t 3 ., 3

#
er ety Pump valve poterence Romerts/Assemyttens
Dietslee Pomer Centrol testrumentatten

IC IC-V-790 5-33

AN All-P-4A 5-33 To be protected-

M All-7-80 5-38 To be protected.

AN E P-9A 5-31

m E P-98 5-31

AN ES-28 5-31

M E S-304 5-31

AN AN-D-33A 5-33

m Ass-8-30C. 5-38
E S-3tc

m m-9-38 5-31

AN Ass-8-39 5-31

m h 8-438 5-31w -

I AN Afe-8-448 5-314m
W IP I E M-N- 5-33

IS
,

EP I EM-SP-385 5-31

EP EN-SPE5-IF 5-33
#(P (N-SPE505- b31

le
_ i

- -

6

( # ->

04l2E861346EllIR

|
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SQURCE AND HITIGATIO TABLE

Locatten base: Centrol Sof f df ag. West. Battery Charger Aree
Designator: IT-E7e
Building: C6atrol Def f dlai

Source Descriptfen Mitigattee of the Seurte

Nitigative
Descripties Assismyttens Ref erenc e Referenc e

Fire and $sese Cabileg 1-Fe&O35 setaterced Fire
Concrete Naseres
Walls (two) Repert ,

had Retal
Penets (tmo)

levertars (IB and ISI

DC Distribetfee Class A
Panel Deers

Diesel Generator twAC duct
Distribellem Panel Smok e

Detec tors

DC nata Portable
Distributten Panel Dry

Cheetcal
1stiegelsher

Sattery

n. Chargers
(IC. ID. and IF )

N
0 (AC ofstribetteng panels vsa a esD7)

Missile framstent Seurtes

Gel %GostleMina

O O O



, . . _ . . _ _ .m __

%

SCENARIO TABLE

tecettee mome: Centrol Sulldine. West. Settery Chwr Aree
Destoneter: TE~rA-7e
Sullding: feWFoTh114teg

sce.orse sammary er
Synopst s Considered ( saattf fcattom, Fr w yof the paths of propagettee for Forther Rosetts and Demort sIFP' Searse Source perties ** Analysis IFF'yI Further

Type Te Actions

fire and Cahilag. I Confined. prealmity Adjacent tes. 2 sle-5 (campertsen) 5mste could get throughestSante electrkel Egesp. (3 s costret belletag med feel
cableets, or uset 80-hycar handifes betidtag wie
transteet fire) seettlettee. (See lopect
feet. e (0.5 table.)

geometryl
a (0.5
fellere to

a
severityI
a (0.3
spurtees
algast in
Ist-t-5 )

2. Engulflag. Closed Incepsble Tes. 10-4 to acties
Deers of prope- (sesset of

gotles scenerle I).
O 3. Engelflag. eyes test CB-FA-2d Tes. 5 a 10-5 no actlee Total less of testrumen-Seer lamstel (subset of tetten.

Y. C5-FA-24..sc-i ii.
4.n

4. Engolflag. apen merth CS-TA-2c Tes. < 10-5 he acties leere testrumentattee is
,

Door (small (seset et lost.
semite CS-F A-2c .
effect) scenerte 63.

5. Engelftag. epee South CS-FA-23 Tes. < IO * no actiesgoer (small fedettlenet
samt e fetieres set
ef fect) tapertent).

fHssiles
est constdered as lltely.

.

Q

0412G06tl86ttle
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IMPACT TABLE

Location Name: West Battery Charger Area
~

Designator: CB-FA-Ze
Building: Control Building

Scenario Sunnary: Fire; Scenario 1; Fail Cabinets and Cables

System Cost Components Affected by the Hazard

DC Train B Inverters and chargers related to DC
train S in the area, along with associated
power and control circuits.

AH-D-30E - no significant impact on
CB-HVAC.

MU/A and MU/B MU-P-3A, MU-P-38, MU-V-6A and MU-V-6B
control cables; also several other MVPS
valves.

Emergency feedwater valves EF-V-30B and
EF-V-300 f ail closed; minor impact on EF
system availability (1/2 of the injection
valves lost).

"R/All Spurious signal in NR-V-5 control cable
(conditional frequency point estimate 0.3);
other nuclear river valves in the area.

E P/B Control cables to train B of electric buses.

ESV/C Control cable to ESV-480V-CC-1C.

Main steam valves effect not important.

IC/B Control cable to IC-P-1B; the control cables
to other valves may spuriously close the
valve, but are very unlikely to disable '?.

Several HVAC coinponents a.e affected, but
HVAC is failed because DC bus B is
failed,

i

O

0412G061786EEHR C.7-45
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LOCATION INVENTORY DIFICATION TABLE

Location Name: Control Butiding. East. Battery Area
Designator: 05- # A-zt
Suftd4g: Control Buildine

Sheet 1 of 3

or Se ety Pump Valve Reference Asmarts/ Assumptions
t |Divisfon Power Control Instrumentation

DC DC *-18 1 Will be protected.

IC IC-P-18 Mill be protected.

EP Sattery I I,1-FNA-035
Rect le

EP Sattery I 1,1-FMA-035
Rack IC ,

EP 125/250V Table J.11-16
DC E5

4 Of strf-
bution
Panel 18

g g I M-D-308 Fall closed on loss of
I M-0-31 A afr. which is signiff-

M-D-318 cant.

AN AH-E-188 Table 3.11-22 W111 be protected.

9 AN Event Monitorlag Cable Tray
y Trafas A and 8 Drawings
t
A MU MU-F-20 Table 3.11-1g* EP '? Table 3.11-19

MU E P-3C 5-33 Will be protected.
MU MG-V-12 5- 31

,

MG MU-V-148 5-31 W111 be protected. [
MU MU-V-16C 5- 33 Mf1! be protected.
MU E V-160 5-31

MU EV-18 5-31

MU MU-V-217 5-31

!C E V-20 5-31

MU MU-V-37 5-31 Wtil be protected.

MU W-V-18 5-31

DES MU-V-8 5-31

MU
.

E V-6A 5-31

MU MU-V-68 5-31

MU MU-V-11 A 5-31

MU MU-V-118 5-31

0416GG31286EfMR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location name: Control Butiding. East. Battery Area
Designator: 05-fA-M
Building: Control Bulldfaq

Sheet 7 of 3

' *'
#,' or Sar ty Pump Valve Reference Remart s/ Assuptionsg

Diel' son Power Control Icstrumentation
___ -

EF EF-V-28 5-31 ally open.

EF EF-V-3DA 5- 31 Crosstle valve.

EF EF-V-30C 5-3:
I

EF EF-V-52 5-31 Normally open.

EF EF-V-53 5-31

EF EF-V-54 5-31

EF EF-V-55 5-31

FW FW-V-5A 5-31

FW FW-V-92A 5-31

MS MS-V-8A 5-31

MS MS-V-88 5- 31

5 MS-V-108 5 -31g

(. I MS-V-138 5- 31
I
Jb DH DH-V-48 5-sl
CD

DM DH-V-58 5- 31

DH DM-V-68 5-31

85 85-V-38 5- 31 Norwally closed MOV.

85 85-V-28 5-31

IC IC-P-1A 5-31

IC IC-V-1 A 5-31

IC IC-V-18 5- 31

IC IC-V-4 5-31 To be rerouted.

AN AM-E-18 5 - 31

AM AN-P-9A 5-31 Will be protected.
AN-P-98

AN AH-P-38 5-31 W111 be protected.

AN I AM-D-30A 5-31
AM-D-31A

AN I AH-0-308 5-31
AN-D-318

AN AM-D-30C 5- 31
AH-D-31C

0416CO31286EEMR
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# -' LOCATION INVENTORY CODIhr,aTION TABLE (continued)
1

Location Name: Control Building. East. Batteiy Area
Designator: LB-F A-zt
Building: Control ButIdtne

Sheet 3 of 3
Train Cables !

I' *or Saf2ty Pump Valve Reference Resorts /Assagttsas' ' "Olvtston' Power . Control Instrumentattom

'
AN AH-0-418 5-31

AN AM-0-102 5-31

NS MS-P-IC 5-33 util be protec'.ed.

4 Ist-P-IC 5- 31

NR sut-V-1C 5-31

NR NR-V-4 5-31

NR NR-V-18 5-31 Will be protected.
INR let-V-158 5- 13 Nfil be protected.

DR BR-P-18 5-31 Mill be protected.

DR DR-V-18 5-31- Ntil be protected.*
,

AR ftR-V-18 5-31

RR RR-V-2 b-31n
"4 RR RR-V-48 5- 31

i 8
~ g RR RR-V-48 5-31 ;

EP EE-SGES-15 5-31
i

j EP EE-SGESM-IT 5-31

| EP EG-CCESSN-18 5-31

| EP EM-OP-IA 5-31
, i

.

:

i

,

n

[

.e s v " -
4 ,

t

0416CO31296EENR
1

4

9
*
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SOURCE AND MITIGATICN TABLE

Location Itsne: Control Sullding f ast Battery Area
Designator: TT-F A-zr
Building: 6 fidfag

Socrce Description Mf tigation of the Source
* Sou.x e Type temart s

Descriptfoe Assumptfees Reference j Reference
7

fire and SawAo Cab 1 fag 1-FMA-035 Reinforced Fire
Cortre te Nazards
Walls (two) Report
anJ Metal
Panels (two)

Batte:7
Racts (IA and IC)

Class 4
&Jors

8trdrogen-

mat ters
la Enhaast
Vestflatf os.
System

MVAC Duct
Icafzstfen
Dectection

selssfles Transient Searces
u 1
B

(n
O

e

0416G031285fEHR

9 9 9~

.
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SOURCE AND MIT TION TABLE

Location Itame: Control Suftding East Battery Area
Desfgnator: CB-t A-2r
Sullding: Control Building

$cenario Summary of
Synopsis Considered Quantiffcation,
of the Paths of Propagation for Further Betults and Romert si

Type Source Source Portion g83 Analysis (yrd)'

Further
Type To Actioas

Fire and Cabling. 1. Confined. Proutefty Adjacent fes. 6m}0-0 (comparison) Smote could get thewghoutSmoke Battery, or Battery (10- per cactrol befiding and fuelTransteet Rack year fire) handitag butiding viaFuel n (0.2 reattlattom.
fatture to
suppress) Very severe fire must take
x (0.03 place to fail protectes
severity) cables. (See tapact table.)

. 2. Engulfteg. Closed Incapable Yes. 10-4 No action
Doors of Prepa- (subset of

.

gation scenario I).
J. E sgul f f*.g. @en IIorth CB-FA-2d Tes. S a 10 5 No actfun Smoke.

Door (seset of
CS-FA-2d.
scenario 53.

4. Engulfing. Opea West CS-FA-2g Yes. < 10-5 No action Direct flame or hot pasDoor
, O (no feportant effect is very unifkely.

d additionala

fattures).
Missiles not consideM as likely.

.

J

1

t

|

0416G03t266EENR

4
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IMPACT TABLE

Location Name: Battery Area, East
Designator: CB-FA-2f
Building: Control Building

Scenario Summary: Fire; Scenario 1

Sheet 1 of 2

System Cost Components Affected by the Hazard

EP/B Train B of electric power, spurious signal
in the control cables.

DC/B Control cable for DC-P-1B (to be
protected).

IC/All Control cable for IC-P-1B (to be
protected) and IC-P-1A.

DC Power 1A, DC Power 1C Battery racks and power cables 1A and IC.

CB-HVAC, Partial Loss Control cables for AH-E-18B (to be
protected ), AH-0-308, AH-0-31A, AH-E-318,
AH-D-30C, AH-0-31C, AH-D-41A, and AH-0-102.

MU/A, MU/C Control cables for MU-P-3A, MU-P-3C,
MU-V-148, and MU-V-16C (to be protected).

DM/B Control cables for DH-V-48, DH-V-5B, and
DH-V-68.

BS/B MOV-BC-V-38 f ails as-is (closed).

AH/B Control cable for AH-E-1B.

Control cable for EF-V-52, EF-V-53,
EF-V-54 and EF-V-55.

Spurious closure of two parallel valves
very unlikely.

NS/C Control cable for NS-P-1C (to be
protected).

NR/C Control cable for NR-P-1C (some other NR
valve control cables in the area).

O

' ' '
0416G061786EEHR
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IMPACT TABLE-(continued) j

;,

Sheet 2 of 2 .i
:

System Cost Components Affected by the Hazard - |
|

. . . . -i

DR/B Control cable for DR-P-1B.~

RR valves are normally open. Unlikely for-
fire to close all valves.

..

!

:
I

l

i

i

!

' I
!
i

!

i

4

'I
a

~

!
i

i

f

d

.a

4

0416G031286 C.7-53
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LOCATION INVENTORY CODIFICATION TABLE

tocation hane: Control Be11 ding idest Eattery Aree
Designator: c5-F A-29
Butidtag: Non rv11dfag

' *
or Safety Pump Valve Reference Raeart s/Assmiptions
Divisfon Power Control testrumentation

EP Satter{ X 3
Ract la 1-FNA-035

LP Se t '.ary E 1,
tact ID 1-FMA-C35

EP 125/250V DC 3.11-16
15
Ofstribetton
Fanel 1B

(P EM-DP-18 5-31

AN I AM-0-30A Fatis closes on loss
AN-0-31A of air, adalch is

significant.

AM reent Muitoring Cable Tray
Tratas A and S Drawings

IF 2 EF-V-308 5-31

EF EF-V 300 5-31
~

85 B5-V-2 A , 5-31

i"

04166061186EDM

O O O
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SOURCE AND HI TION TABLE

Location mane: Control telldine. West Battery A m
Designator: 05-F A-2g
Building: Non roflding

Source Description Mittgatloa of taw Source

* # *
' Mitigathe

Description Assumptions Reference Reference

Fire and Snoke Cabling 1-FNA-035 Refeforced Fire
4Concrete Nazards

Walls (two) Report
and Metal
Panels (two)

Battery |
Racts (IB and 10)

Class A
Doors

- Itydrogen
Ibnitors
$n Eshaust
Ventilation
$gstem

MVAC Duct
Ionization
Detectton

P Mfssfies Transtent Sources
M
8

(n *

4.n

I

%

3

,

h

&

0
t > .

.

0416G061186EENR
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SCENARIO TABLE

Location Name: Control Bu11 ding. Nest Battery Area
Des 8gnator: IT-f A-79
Sullding: C5aTr67 Dutiding

,

Scenarfo Summary of
Synopsis Considered ()nantificatlan
of the Paths of Propagation for Further Results and Remarks

gn j ggs (pr'I)Type Source Source Portion Mitigatt6e y Further
"

Type To e as

Fire and Cabtfag. 1 Confined. Proalet ty Adjacent Yes. 10*3 (camparfson) Smoke could get througheitSmoke Battery, or Battery contral building and ruelTranstent Rack hand 11ag building viaFuel ventilation.
2. Engulfing. Closed Incapable Tes. 10-4 No action

Doors of Propa- (subset of
gation scenario I).

3. Engulfing. Open North CS-FA-2e Tes. 5 m 10-5 No actionDoor (subset of
CS-FA-2e.
scenarts 51.

4. Engulflag. Open East CB-FA-2f its. < 10-5 No act9en
Door (subset of

CS-F A-2 f.
scenario 4).

5. Engulfing. Open West FM-FZ-5 Tes. < 10-5 No action small smoke effect. Lar
dilutton, smoke rfslag. geO

*
Door (additional

failures noty important).

$ Missiles Not considered as 1ikely.

0416GO61186EENR

O O O
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LOCATION INVENTORY'to3IFICATION TABLE

tocation Name: Control Buf1 ding 4.160V $=f tchgear 10 Area
Designator: IB TA-Ja
Building: Control Dutiding

Sheet 1 of 3

*
or Safety Pump Valve Reference Remarts/Assunptions
Olvision Power Control Ins trumentation

MU EP-1 A 1

MU MU-P-18 i

MU MU-P-2A 3.11-19

EF EF-P-2A 1

,
EF EF-P-2A 1

AN X E D-43A Fall Closed on loss of
AN ED-4B air, which is sfgniff-
AN X AM-0-445 Cant.

AR RR-P-14 1

i RR RR-P-1A I

DR OR-P-1A 1

DN DN-P-14 1

!'
EP 4,160s X X 1,

SWGR-10 1-FMA-035

! EP Bus Ser Plant Visit
to IE

O SWGR
* freey
g Analli-

U1 ary
y Trans-

former
'

EP A 480V ESV 3.11-16
CC-14

EP A 480V ES 3.11-16i

SWCR-IP

EP A 400V $N ES 3.11-16
SWGR-IR

MU MU-V-14A 5-31

MU MU-V-164 5-31

Mu MU-V-16e 5-31 i

MU EV-36 . 5-31 Will be rerouted-
MU MU-V-3 5-31

MU MU-V-4 5- 31

EF EF-V-304 5-31,

EF EF-V-30C 5- 31

FW FN-P-1A 5-34
'

FW FW-P-It 5-31
|

| | i < i -
4

04160031286EENR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

location Name: Contro1 Bulldf ag 4,160V Switchgear 19 Area
Designator: EB-F A-3a
Building: Tontrol hfl4f ag

Sheet 2 of 3

# *' '
or Saf ty Pump Valve Reference Remark s/As sumptions

T
Olvision Power Control Instrunentation

FW FW-P-1A 5-31

FW FW-V-18 5-31

MS MS-V-3A, MS-V-38, 5-31
MS-V-3C, MS-V-3C,
MS-V-3E, MS-V-3F

MS MS-V-4A 5-31

MS PCI-V-10A 5- 31

MS MX-V-13A 5-M

A5 A$-V-4 5-31

DM DM-t-4A 5- 31

DM DM-V-5A 5-31

DM DN-V-6A $.31

85 85-V-3A 5- 31g

'. a It IC-V-3 5-31 Nfil be rerouted.
I

U1 AN AN-E-1A 5-31
CD

AN AN-E-18A 5-31

AN AN-0-27A 5-31
AN-D-24A

AN AN-D-43A, AM-0-443 5-31

AN Aff-0-41 A 5- 31

AN AN-D- 5-31
43A
AH-0-
44D

AN I AN-0- 5-31
438
AH-0-
448

AN AN-0-43C 5-31
AN-0-44C

AN AN-0-430 5-31
AM-0-440

AN AN-0-101 5-31

NS MS-V-52A 5- 31

MS NS-V-53A 5-31

0416G031286EEMR
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LOCATION INVENTORY CODIFI ON TABLE (continued) .

Location Name: Control Sullding 4.160V Switchgear ID Area
Destgnator: EU'-#A-Je
Bef1 ding: Centrol patiefne

Sheet 3 of,3
*" "System / Electrical Other'# * ' "* " ' * * '*"'Trala Cattnet ItemsCivisfon Power Control Instrimentation

_

M M-V-I A 5-31

| 4 M-V-3 5-31

,

M M-V-4A 5-31
1

j NR M-V-10A 5-31

M M-V-105 5-31

DR DR-V-1A 5- 31

RR RR-V-14 5-31
5

EP ED-5GES-ID I I 5-31

EP ED-5GES-1E 5- 31

EP EG-T-I A 5-31

EP EG-V-18 5- 31

i EP EG-SEC-IC 5-31 Mill be rerouted.p
M EP EG- 5-31
h CCESSN-1A

*
EP EM-OP-1M 5-31

r

|

,

4

e

!.

i f
, , a n. ~ '

C4160D31286EENR'

4

5
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SOURCE AND MITIGATION TABLE

Location Name: Control Bulldf aq 4160V 5=f tchoaar ID Area
Dqsfymator: CB-FA-34
Sufidf ag: { oil h fiding

Source Description Mf tigation of the Source

Source Type
.

*
Mitigattve

Descr4 tion Assumptions Reference Reference

Fire and Smoke Cabilng 1-FMA-035 Re f eforced Fire
Concrete Mazards
Walls Report
(three)
and Metal
Panel (one)

,

ISw:tcligear
.4 4160V

Class A
Doors

NVAC Duct
Smok e
Detectors

locatton
CB-FA-3d

Portable
O

Cheatcal.

%a Eatte-
a gutshers;

O HalonO Extin-
guIsher -

Ionfratten
Detector

stfssfies Transtent Sources

0416G031286EEHR
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SCENARIO TABLE

Location Name: Control Bu11 ding 4.160V Switcheear ID Area
Destgnator; IT-# a.Ja
Building: Lontrol Bulldfnq

Scenarfo Sunnary of
Synopsis Considered Quantification *

, , ,
; of the paths of propagation for Further Results and Remark s'

IfP' Source Source portion Mitt tien Analysts (yr-y ) Further '

'*"
Type To Action s

Fire and Ca61tne. I. Localfred. Yes. 3 a 10-3 No action * Smoke gould pt throughout
Smoke Cabinels, or onlyoneIrain controu butletag and fuel

Transient of electrfC handitag buildtag via
Fuel power ts lost, ventilation.

and equivalent
unavailability
is we y small.

2. Engulfing. Does not Yes. 1.5 a Analyred in (See impact table.)
propa- 10-4 detati. Both offstte pouer

(3 connection bus barsgate
IPg/yr affected by direct
; .s ' - ffre impingement.
gw. fire)
a (0.3
severity
factor) x
(0.5 mon-
suppres-
ston) -n t

|
*

3. Engulflag. Open best CS-FA-3b Tes. 3 a 10-6 (comparison) Open door to fight fire;
g Door (3 a 10-3 smoke damese to IE cabinetst

e. per year $s very unlikely; fire -
~. fire) ffghters util take special

n (0.1 precaution when in
door to CS-FA-3b; fire fighting
CS-FA-3b mishap, such as dropping
used) a of fire hose or accidental
(0.01 fire sprayng of IE cabinet. "

fightin
mishap)g

4. Engulfing. Open South CA-FA-3d Yes. 1.5 a 10-4 (comparison) open door to fight fire;
Soer shoke damage.

Missiles not considered as Itkely.

!
.

*
4 y ?

<

1

0416G061786LEHR
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IMPACT TABLE

Location Name: 4,160V Switchgear 10 Area
Designator: CB-FA-3a
Buidling: Control Building

Scenario Summary: Fire; Scenario 1

System Cost Components Affected by the Hazard

Electric Power Train A Fire damage tc 4,160V switchgear 10.

LOOP Offsite power connection (bus bar) to
4,160V switchgears ID and 1E smokes; direct
fire damage, or must be deenergized for
fire fighting.

MU/A, MU/B Control cables to MU-P-1A and MU-P-18.
Al so , valves MU-V-16A, MU-V-168, and
MU-V-14A failed.

EF/2A Power and control cables to EF-P-2A.

FW Feedwater valve and pumps affected (both
pumps).

MS/ Partial Steam dump into the condenser partially
affected.

O

. -62
0416G061786EEHR
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LOCATION INVENTORY CODIFICATION TABLE

iocation Name: Control Building 4.160V Switchgear IE Area
Destgnator:

Co-fA-JbM Butiding
05

Buf1 ding:

Sheet 1 of 3

#
*# *# P"'' v* '' Reference emarks/ AssumptionsT tOfviston Power Control Instrumentation

MU MU-P-I A 5-31 Will be protected.

MU MU-P-18 5-31

MU MU-P-IC 5-31

EP 8 4.160V X 1 [Sket-1E 1-FMA-035

t EP' S ESV CC-18
'

(CS-7)

EP 8 $UGR-15

EP 8 SWER-IT

AH X AH-D-43C Fall closed on a loss
4 0-430 of air, etch is
AH-D-44C significant.
AN-D-440

EF EFer-28 1. 5-31 Changed

*b EF EF-P-25 1. 5-31
4
5 NS MS-P-1C 5-31cn
W Rt RR-P-1B 1

RR
~

RR-P-18 1

DH DN-P-18 5- 31 Changed

MU E V-144 5-31 -

MU MU-V-148 5-31

, MU MU-V-16C 5-31
!

MU MU-V-160 5-31

MU MU-V-36 5-31
,

i MU E V-37 5- 31

MU MU-V-24 5-31

FRf MU-V-28 5-31

MU IRP-V-3 5-31

EF EF-V-304 5-31
i EF EF-V-30C 5-31

FW FW-P-1A 5 - 31,

FW FW-P-18 5-31

-

I

I
.

0416G031286EENA
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LOCATION INVENTORY CODIFICATION TABLE (continued)
Location Name: Control Building 4,160V Switchgear if Area
Designator: C5 TAT
Sutidfag: C M E T Bu11 ding

Sheet 2 of 3

*
or 5. ety Pg Valve Reference Remarks / Assumptions
Division Power Control lastrumstatin

*
FW FW-V-1A 5-31

Fw FU-V-18 5- 31

MS MS-V-3A 5-31
MS-y-X

MS-V-3C
MS-y-30

MS-V-3E
MS-V-3F

MS MS-V-4A 5-31

MS MS-Y-48 5- 31

AS AS-Y-4 5- 31

DM DM-V-48 5- 31

DH DH-V-58 5-31

85 BS-V-2 5-31

9 85 85-V-2A 5-31
N
I BS ' BS-y-28 5-31m
A DH DH-V-758 5-31

DH DN-V-768 5-31

IC IC V-2 5-31

IC IC-V-3 5-31

IC IC-Y-4 5-31

AN AM-E-18 5- 31

AN AN-P-8A 5-31
M-P-88

AM AH-D-39 5-31

AN AM-D-42 5-31
AN-D-448

AN I AH-D-43C 5-31
AH-D-44C

AH X AH-D-4 3D 5-31
AM-D-44D

NS MS-V-528 5-31

NS NS-V-538 5-31

NR NR-V-48 5-31

0416G031286EEHR
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- LOCATION INVENTORY CODIFICA TABLE (continued)
Locatica Home: Control Suf1 ding 4.160V Switchgear IE Area
Designator: (s-e n-D
Sutiding: EdiirrsT9wfiding

Sheet 3 of 3

*
or Safety Pump Valve Reference Remarts/Assumptlens

Division Poner Control Instrumentation

NR M-V-100 5-31

BC DC-P-18 5-31

*
DR DR-P-lO 5-31

RR RR-V-# 5-31

RR RR-V-4D 5-31 .

EP ED-SGE5-ID 5-31

EP ED-5GES-1E I I 5-31

EP EG-T-1A 5-31

EP EG-T-18 5-31

EP EE-5GES-IP 5-31

EP EE-5EES-15 I 5-31

1 n EP I EE-5GE55N-1R 5-31

b EP EE-5GE55N-IT I 5-31

1 I
EP EG-5EC-IC 5-31g
EP EM-DP-1M 5-31;

>

,

a

4

4
N % +

,

0416G031286EENR
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SOURCE AND HITIGATION TABLE

Location Name: Control Bulldtag 4.160V Switchgear 1E frea
Dest rator: CB-a a-3b
Sulldlag: Untrol sulldfag

Source Descrfption Mitigation of the Source

I "Descrfptica Assumptions Reference Reference

F3re and Sacke Cabil , 4.160V I-FMA-035 Retaforced Ffre
W-I Concrete Mazards

Walls (two) Report
and Metal
Panels (two)

Class A The southwest door is permanently locked.
Doors

NVAC Ouct
Smok e
Detectors

Iontratton
Detector

O.

I

cTm
Go

0416G0312861[NR

O O O
A



.

K
b^

SCENARI0'iABLE

Location Name: Con"r i B fidf as 4.160V Sultc..aear IE Area
Designator: - -

Butiding: Control Building

Scenarfo Summary of
Synopsis Considered quantification

,
of the Paths of propagation for Further Results and Remark sIype Source Source Portion N1tigation Analysis (pr-I) Further

'"
Type To Action s

Fire and Cabling. I. Localtred. Yes. I a 10-5 (comparison) Smoke is judged to affect
smoke Cabinets (3 a 10-3 electrical equipment and

or Iranstent per year relay cabinets.
Fuel fire)

a 88.0 Smoke could get throughout

Tac.tric
control building and fuel

.I hand 18mg batiding via
m (0.2 ventilation. It is assanied
failure to that conditional frequency
suppress) of a hot short in one of the
n (0.05 three IC valves is almost
sever 1ty) unity. (See impact
a (0.3 table.)
hot shorts)

2. Engulfing. Closed Incapable Ves. No acttCn
Doors of Propa- (subset of

pation scenario I).
3. Engulfing. Open East Cg4A-Ja Ves. 5 a W-i (comparison) It ts unlikely for the door

O. Door (3 a 10-3 from CS-FA-3a to be opened
per ear because it ts not theN
fire primary acesss path.
a (0.05 5moke can damage suitchgear

y door to only under rare conditions.
CS4A-Ja Fire fighters util take
open and special precastless when
lef t open) only mater hoses are in fire
(0.01 fire settchgear area.
fighting
alshop)

4. Ingulfing. Open hest CS-FA-3c Tes. 2.7 a 10-8 No action
boer (no additional

fagertant
failures).

Missiles Not Considered as likely.

.

|

0416GU61186LENR
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IMPACT TABLE

Location Name: 4,160V Switchgear 1E Area
Designator: CB-FA-3b
Building: control Building

Scenario Summary: Fire; Scenario 1; Localized Fire Affecting Cables
and Cabinet within This Zone

System Cost Components Affected by the Hazard

Electric Power Train B Switchgear 1E and cables to switchgears IS
and IT.

MU/All Control cables to all three MU pumps in
the area; cable for MU-P-1A to be
protected. Also, several MV valve cables.

EF/B EF-P-28 power and contrrl cable.

NS/C NS-P-10 control cable.

RR/B RR-P-1B power and control cable.

DH/B DH-P-1B control cable.

IC/All Hot shorts in at least one of control
cables for IC-V-2. Valves IC-V-3 or
IC-V-4 would not be affected because
their associated breaker is opened.

DC/B Control cable for DC-P-1B.

DR/B Control cable for DR-P-18.

CV Damper failure because of loss of train B
of electric power.

.

~

0416G061786EEHR
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LOCATION INVENTORY CW FICATION TABLE

Location Name: Control Sulldf ag ESAS Area
Designator: I5'-t a-x*

Butidtag: E5ETFoTButiding

Sheet 1 of 4.

**'
or se ety Pump Valve Reference Remorts/ Assumptions

' Olvision Power Control Instrumentation

Mu A MU-P-1A 1

Mu MU-P-1B 5 - 31 - 8

Mu MU-P-IC 5- 31

Mu MU-V-14A 5-31

NG MU-V-145 5-31

< MU M-V-16A 5-31

MU W-V-168 5-31

i Mu W-V-16C 5- 31

MU M-V-160 5- 31

Ac tuat9on A Actuat1on X X 1-FM-035
"A" Cabs

e Ac tua tf on X X 1-FNA-035
n '8* Cabs

b Eng meered I X 1-FNA-035
8 Saraguard
g Relay Cabs'

AN A X AH-D- Falls closed on a lost
440 of afr which is

sf gnifIcant.

AN AN-E-1A 5-31

AN AM-E-18 5-31

AN AN-E-IC 5-31
'

AH W E-ISA 5-31

AN AN-P-8A 5-31

AN AN-D-39 5-31

AN AH-0-41A 5-31

AN AH-D-438 5 - 31
AN-0-448,

; AN ED-43C
E D-44C

AN AH-D-43A. 5-31
AN-0-444

4

AN E D-43D 5-31
AN-0-440
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LOCATION INVENTORY CODIFICATION TABLE (continued)

tocation name: Control 8ellding M prea
Designator: IT-C. -
Sullding: Lon tro.7all h

Sheet 2 of 4

I '*
or ety Pump Valve Reference Remarks / Assumptionsg
Dtviston Power Control Instrumentation

twent A and B Events Cable Vray
MonI tering Non1toring Dramlags

Trafas A
and B

(At A DH-P-1A 5-31

DH B DM-P-38 5-31

DN DH-V-1 5-31

DH DH-V-2 5-31

DN CH-V-4 A 5-31 Discharge isolation
valves. Normally
closed MOV.

DH DH-V-48 5-31 Discharge isolation
valves. Notinally
closed MOV.

DH DH-V-5A 4 5-31 Discharge isolation
, i valves. hormallyg

.

| | closes MOV.
M -

3 DH a8-3-54 i 5-31 Discharge isolationu
| valves. Normally

O-
5

+ closed MOV.

DH DH-V-754 5-31 Ofscharge isolation
valves. Normally
closed MOV.

DH DH-V-758 5-31 Discham, isolation
valve;. moraally
closed MOV.

DM DH-V-76A 5-31 Discharge isolation
valves. Normally
closed MOV.

DH DH-V-768 5-31 Discharge iso;ation
valves. hormally
closed MOV.

MU MU-V-17 5-31

Mu MU-V-18 5-JI
MU MJ-V-36 5-31

MU MU-V-J7 5-31

MU MU-V-2A 5-31

MU MU-V-28 5-31

MU MU-V-3 5-31

EF EF-V-JOA 5-31

D4IMObl?tsb1EHR
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I LOCATION INVENTORY CODIFICMn0N TABLE (continued)

Location Name: Control Butiding ESAS Area

Desi p tor: La-rA-x
Sullefag: ConU oT Du11dfno

* $heet 3 of 4

*'
or Sa ety Pump Valve Reference Remart s/ Assumptionsg
Diefslon Power Control Instrumentation,

EF ET.V-30C 5-31

MS MS-V-34. EV-3 5-31
ses-V-3C. & V-3D.'

Its-V-3i, WV-F

MS IIS-V-4A 5-31

M5 185-V-4B 5- 31
,

85 95-V-34 5-31
*85 85-V-3B 5-31

85 85-V-2A 5-31

es SS-V-2B 5-31

IC IC-Y-2 5-31
1

It IC-V-3 5 - 31

IC IC-V-4 5-31

MS NS-P-1 A 5-31,

4

{ us us-P-1C 5-31
"

ut M-P-1 A 5-31

HR NR-P-IC 5-31
i
'

M M-V-4A 5-31

M M -V-48 5-31

MR M-V-105 5-31

BC OC-P-1 A 5-31

OC DC-P-18 57

DR DR-P-1A

DR cit-P-15 ..

RR RR-P-1A 5-31
,

RR M-P-1 B b-31

I RR RR-T-4A 5-31

Rh RR-V-48 5-31

RR RR-V-4C 5-31

RR RR-V-40 5-31

1 EP EG-T-14 5-31 *

t . + > i, ,
,

4
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LOCATION INVENTORY CODIFICATION TABLE (continued)

Eocation Mane: Contre' Suf14fn* E5Ai Area
Designator: ITTKx
Bufidfag: ChiaW T Bus gag

Sheet 4 ef 4

or Sa ety Puup Valve Reference Resurts/ Assumptions
t

Ofotston Power Control Instrumentation

EP EG-Y-18 5-31

EP EG-5EC-IC 5-31

EP EE-5GES-IP 5-31

EP E E-5M S-15 5-31

EP EE-SESSH- 5-31
la

EP EE-SGE55H- 5-31
1T

EH EM-OP-1M 5-31

O
.

I
N
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. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SOURCE AND MITIGATION TABLE (continued)
Location Name: Control Bufidtag ESAS Area
Desfgnator: 05-P A-x
Buildtag: C56Yr3T h tiding

Sheet 2 of 2
Source Cescriptfon Mf tigation of the Source

* #" *Mf tigativeDescrfptlen Assugtlons Reference Reference

D ire Hose
Protection

Splash Plant
Shields on Visit
tSe Top of
the
Cabinets

Missile .ran feet Scurces
_ . . _

.

I
4
A

G416G031286EEPR
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C ()%O
SCENARIO TAE8c

locattoa name: C etrol Buildine ESAS Area
Dest ato ITTT-x
soslInng:r: tsarr6rs., m n.

hScenarse Su ary of
Synopsis Crasideraf Quantification$ ,, , ,
of the Paths of Prepagattee for Further Results and Romert s

IJF'yIIyp' Souste Source portion
Mi'.1{ tion 3,ty,gs Further

Type To Actions

fire and Cabling 1. Cable burntag Proalmit/ Adjacent Tes. 10-4 (craportan t Smete could get threoghout
Smoke due to as Cabinet (2 a 10'd control tullatag and fuel

electrical per par handling be13 ding via
short er fire p seatilation. (See lupact
transtent fuel. s (I.0 table.)
Confined fire. ric

a (0.,5f.fim e to

}stI
severity)

Tes. 10-42. Engulflag. sed g- gle
Prvsa- scenario 1).
ga tten

3. Engulflag. Open East CB-FA-3b Tes. Ile Action. Smoke affects SasGt-1E when
Deer -door is . very unlikely

O for set te fall.
* Therefore, the overall fapacty

is the same as scenarle 5.g

Y
us 4. Engulfing. Open Stalr- Iso. < 10-5 to action

Igorth mell (seell (no important
Door effect) additional
(if equipment $s
another lostl.
door en
the stafr-
well is
area. the
fire could
spread to
another
level)

5. Engulftag. Open Isest FN-FZ-5 me. < 10-5 300 action Smoke 411stlos. rtsing.
Dow (no feportant

addftional
equipment is,

lost).
6. Engulfing. Open CS-TA-34 Tes. 5 s IG-5 alo action

' South (subset of
d Door Cm-FA-3d

scenar1os).

>

h
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IMPACT TABLE

Location Name: ESAS Area
Designator: C B-FA-3c
Buidling: Control Building

Scenario Summary: Fire; Scenario 1

System Cost Components Affected by the Hazard

MU/All Control cables for MU-P-1A, MU-P-18,
MU-P-1C, MU-V-14A, MU-V-16A, MU-V-16B,
:4U-V-16C, and MU-V-160

ESAS Actuation cabinets.

AH/1A, AH/13, AH/1C Control cables for AH-E-1A, AH-E-1B, and
AH-E -1C .

Instrumentation Instrumentation cables of train A and
train B.

Both Power Trains E Control cables for switchgears IP,15,
IR, and IT (this event is recoverable).

DH/All Control cables for DH-P-1A, DH-P-1B, and
several DH valves.

Condenser Steam Dump Cables for MS-V-3A, MS-V-38, MS-V-30,
MS-V-30, MS-V- E, and MS-V-3F.

BS/All Control cables for BS-V-3A and BS-V-38.

IC/All Spurious closure of IC-V-2 protected;
valves IC-V-3, and IC-V-4 would not
be affected because breaker is open.

NS/A and NS/C Control cables for NS-P-1A and NS-P-1C.

NR failure unlikely because of spurious
closure of more than one valve.

DC/All Control cables for DC-P-1A and DC-P-1B.

RR/All Control cables for RR-P-1A and RR-P-10.

Partial loss of EF injection path.

O

0416G061786EEHR
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LOCATION INVENTORY IFICATION TABLE

i Locatten name: Centrol Buildlas Rein Room Arve -i

Sestpater: cs-re-Je,

Sulletag: Lentros sufidfan
.

-t...,

* *'er f ty Pump Valve Reference Romerts/Assemptlens
D8 vision Pomer Centrol Instrumentatten

J

Electrical Centrol Red I 14M-035
OR Power '

,

Cebs ,

t

Centrei and 3 34 pen-gg
38 Centrol
Cabs

Aelty 3. Flan-035
Ceinets

, MCL. 10C.

| end ICA

Relay 3-FIth SM' Cabinets
kPL and 2708

Power ty d 3.FM-0M
Cabinet I

toests r

fleetterleg
Trales A

n. and a
Y
I 8818 SGf-P-IA
4 8El-P-lO
M IW-P-3C

EF . sg.p.2A

EF-P-23
.

DC 'gc.p.lA
DC-P-38

IC IC-P-IA
IC-P-IS

M 911-P.lA
SIl-P-lO

k ER AR-P-IA ,

an-P-Is

88 IR-P-IA
W-P-lO

d IE-P-IC !

0 88 916-P.l A
! en-P-Is i
4-

85 NS-P-IA -

us ms-P-30

i 11 1 35-P-It
8 '18 seu-P-2A 5-31

. .

d

. MitGobl7setEIIR

.j +

J - j

j
<
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LOCATION INVENTORY CODIFICATION TABLE (continued)
locatfos hame: (catrol Butidtaq Relay poom Area
DeSigq ter: T IA-Jd f

4ellding: C wtral Dutidiat

se t e .f 7

*or ety Fump Valve Reference Remarts/Assumptueas
,

Oletsfon Power Control lastrumentatice

MU MU-P-3A 5-31

eau h P-23 5-31

MU E P-Je 5 31

MU hP-i'C 5-31

esJ MU-P-3C 5-31

NU E V-12 5-33

IWJ E V-14A 5-31

Mu W V-448 5-31

MU S V-16A 5-31

MU prJ-b-168 5-31
i

Mu e -w-16C 5-31

O Mu WW-160 5-31

MU D V-17 5-31
1

y h4f OV-18 5-31

NU MU-V-2t? 5-31

MU h v-20 5-31

MU MU-V-32 X 5-31

MU MU-V-36 5-31

Mu 941-V-37 5-31

MU h W-1A 5-31

MU OV-18 5-31
|

MW % V-2A 5-31

MU pm-V-28 5-31

M'-V-3 5-31MU J

MU MU-V-4 5-31

MU N V-8 5-31

MU pthW4A 5-31

MU MU-V-68 5-31

|MU 88U-V-II A 5-31

MU MU-V-Ilb 5-31

041%i41756([NR
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LOCATION If4VENTORY CODIFICATION TABLE (continued)
locatten kames C m trol 8diding Relay Roon Area
Desigwater: IB~-IA-Jd
Building: UEIT6T 4vlidsan

sheet 4 of 7

'*'
er 5a ety Pus, Valve Reference Remark s/Assumpticas

Dietsten Power Control Instrumentation
-

M5 MS-V- 8 3A 5-31

Ms MS- V-l Js 5-31

AS A5-V-4 5-31

DM DN-V-l 5-3)

t#M DM-V-2 5-31

DN 34-V-3 8 5-31

DM DN-V-4A 5-31

DN DN-V-48 5-31

DM DH-V-SA 5-31

DM DN-V-SS 5-31

IA Im-V 4A 5-31
i

DM DN-V-68 5-31

*
45 85-V-3A 5-31y

85 85-V-38 5-31
O

85 BS-t-29 5-33

DM DM-V-75A 5-33

DH
'

DM-V-758 5-31

DN DM-V-76A 5-31

DN DH-V-768 5-31

IC IC-y-IA 5-31

IC IC-V-18 5-31

IC IC-V-2 5-33

IC IC-V-3 5-31

JC IC-V-4 5-31

IC IC-y-79A 5 31

IC IC-V-738 5-31

10 IC-V-79C 5-1I

3C IC-V-790 5-31

AN AN-E-1A 5-33

AN AM-E-IS 5-31

(416GD63 7metthR
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- - - --



. _ _ _ _ ._ _ _

0 ~

(V'

LOCATION INVENTORY CODIFI ON TABLE (continued) -

Location Names Control tell4fne Rela d oom Area
Dest p tor: Es-#A-Je
Sullatng: CiaTT6TBell41ae

Sheet 5 of 7

or ety Pump Valve -
#

Aeference Remarts/Asseertions
Division Pener Control Instrumentatton

AN h t-IC 5-31

AN E L-ISA 5-31

AN AN-E-188 5-38

AN E D-27A 5-31
4 1-244

AN AN-P-6A 1 5-31
h P-at

AN AH-P-9A I 5-31
AN-P-98

AN AN-D-28 5-31

AN AN-S-36 5-31

AN AN-0-38 5-31 ,

AN E D-39 5-38

9 AN AN-0-4 M 5-31

7 AN E D-418 5-31

-a AM h 434 6-31
E D-44A

J
AN E D-101 6-31

AN E D-102 5-31

N5 NS-V-52A 5-35

mi NS-V-528 5-31

N5 NS-y-52C 5-33

N5 MS-V-5JA 5-31

N5 NS-V-538 5-33

N5 NS-V-h3C 5-31

NR sm-V-lA 5-38

NR MR-V-19 5-33

NR m-V-IC 5-31-

. NR NR-V-3 5-31i
NA NR-V-5 5-38

j NA NR-V-44 5-31

1 NR am-V-4s 5-31

i *

; D41MDbl/86LLNR

,

i

4
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LOCATION INVENTORY CODIFICATION TABLE (continued)
tocatloa hame: Control Building Relay Rae Area
Designator: IE-TX'-TJ
Dullning: Control Dulldf at

Sheet e of 7

*
or 54 ty Pg Valve Reference Remart s/Assgtf oes

btvision Power Control Instrumentation i

NR NR-V-6 5-31

WR NR-V-lu 5-33

hR hR-t-10A 5-3)

NR NR-V-IDS 5-31

NR NR-V-ISA 5-31

ma mR-V-15e 5-31

DR DR-V-1A 5-31

DR DR-V-IS 5-31

RR RR-V-1A 5-31

kN RR-V-18 5-31

RR RR-V-3A 5-31

RR RR-V-33 5-31
g
*

RR RR-V-3C 5-31q
I

CD RR RR-V-4A 5-31
N

RR RR-V-45 5-31

RR RR-V-4C 5-31

RR RA-V40 5-31

RR RR-V-5 5-31

EP ED-5GE5- 5-31
10

EP tD-5GES- 5-3.
IE

EP EG-V-1A 5-38

EP EG-V-18 5-33

EP EE-5GES- 5-31
IP

EP EE-5GE5- 5-31
15

EP EE-5GES$H. 5-31
IR

EP EE-5GES$H- 5-31
II

EP EG-5EC-10 5-31

0416Gobl7eetEHR
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LOCATION INVENTORY CODIFIC TION TABLE (continued)
Location home: Centrol Settdfee pelar Reen kee
Destyeater: EU-fA-34;

Bellelag: Lestrel Delldinu

Sheet F of 7
,

Train Cables *

N' "I'
( or Safety Pump Valve Reference Ammarts/Assemptient

'*'" ' * * " II'** "pf els tens Pomer' Centrol Instrumentatteni

l

] EP firCCE5 W '5-31
|

'"
.

} EP 5-33
EG.-CCESSN-i4

4

#

(P EM-AP IN I 5-31 .

.
4

+-

1

i

b

,

i !
- n !
, .

t
*

'CD, W
]

t
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SOURCE AND MITIGATION TABLE

location hanse: Coat ol e I f ag Reg, Loom Area
best nator: IT-I C-T
Bull ing: W rot )et t 1[ng

Source Description nttigatlee of the Source

Description Assug tfons Reference Referenc e

Fire and Smuke Cabling 3-FHA-035 metaforced Fire
Concrete Nazards
Walls Report

Relay Cabinets
ICL, 200, XCR. Class A
XPL and APCR Doors

Marinite
Boards
between
Redundan t
Cable
Trays

Power suppl { Low
Cabinet P5-s Pressere

Carboe
Diostde
System
Actaated

g by Meat
Detectars.

M
e Control Rod or uvAC Duct

CD Power and Centrol smoteA Cabinets Detectors

Nonnuclear and lenfration
Integrated Control Fire
System Panels Detection

Analo9 Portable
Multiplener Dry

CheeIcal
tu tt a-
gu'sherm

AmsuncIator togic Nelon
Cabinet tu tt e-

guf sher

F N-F Z- 5

Portable
C0 Eatin-
gufshers

,

Fire Hose
Protection

0416GMIFe6tthR

O O O
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SCENARId' TABLE

tocatten Name: teatrol Sulldine pelay Rece Area

best p ter: II-FA.3d
Outletag: CanMildf an

Scenarlo Summary of

Synopsis Consfeered Omants fication
* #

of the Paths of Propagatten for Further Results and Renart s
Type Searce ,ource Portfon Nitigatten an 3ysg, (yr* ) Further

**
Type le Actless

.

. Fire and Cabling 1. Confined. Center of Adjacent Ves. 2 m 10-6 Comparison. Operettens cae ese the
sauke Cable burning the noen igulpment (7 alternate shetenma systen

due to an 10- r to recover from the fire
electrical fire 0.0b effects.
short er geenetrtC
transient Facter) a

8 fuel. (0.1
severity
facter) a .

'
(o.3 men-
suppres-
steel n
(0.2
operator
error)

1 2. Engulfing. Closed Tes. No Actlen
Doors (subset of

scenerlo 1).i

O 3. Engulfing. epen 1. No. Impact the same as
uorth CS-FA-Ja Cs-fA-3e er CD-fA-3c*

Y Deer fire.

CD
(11 2.

1 Co-FA-3c
i

4. Engulflag. Open mest FN-FZ-5 me. Smoke or fire would not
, Deer have adverse effects on
1 safets cables in Fu-FZ-S
l because of distance.

.

.

N

!

i
'

.

I
.

.

I .j
!

'

1

]
. . r

4

*
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LOCATION INVENTORY CODIFICATION TABLE

Location llame: Control Solld1Castrumentyv Area
Designator: ET-FE4
Suilding: Control Batiding

-

or ety Pump Valve Reference Remarts/Asseptit u
,

Otvision Power Control lastrumentation

be temponents of f aterest in thls location.
I I i

O.

I
C3
m

64!%U61786ttMR

. O O O
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SOURCE AND MITIGATION TABLE

tocattee same: Centret Sulldf ae Instrument Shop Area *

Designator: LT-TEsa
Butleing: C5iiY'r5T Befldfeu

5eurte Descriptfen Mitigattee of the Source

* *
I MittpativeDescrfptfee Assumptfees Reference Reference

Fire and Smoke Cab 11ag (campeter 14114-0M Aetaforced Fireequipment) Concrete plazards

Malls Repor t
>

Seeks la Library Class A
Doors

Transients migh
Pressere
Malen 1301
Suppresstem
system for
Camputer
Subfloor
Area.

3 Actested
by
lentsatfee
Setectors

. Fire
BamperP 5eparatleg

y Campeter
g Areas of

co tocations
N CS-FA-4a

and 46

! Portable
try
Chemical

| htt e-
getsher,

Portable
j gu r

. Fire Door
l (can be *

dropped)
, acros s

utmeow
seperettag.,

: Shift
'

; .

Super-
sete d et*s
Office
and

g Centrol
Room

flood Plumblag 148tA-0M

i

h

i
I i

4
i

k
1
4

4 I

a
1

. ~ - - . - . . - . . - - .,-----=..-e.--.....------,,..e,r- .c., m w.,---. -=m-r --,-,u---w--3.- r,=.~..--e---e,.m.t-.-,-x ., . - . . ~m..e--sw..w.,,,, ,, .c ~ .- .=- ,, - < - , . - - , , - ,. .. _ . , ,



SCENARIO TABLE

tocation names Control 8vildf 4 lestrument Shop Area
besignator: IT-TA-ee
Bullaleg: Corttrol Bu_flejn2

Scenarte Summaary of

Synopsis Consfdered Quantf f Scation,
of the Paths of Propagettaa for Further Results and Remarks

IFP' Source Sourse Perttee Mitigation Analysts (Jr I Further
**

Type To Actions

Fire and Cabling Catte burning due
Smok e (competer to an electrical

equipment) short or transient
fuel.

Smoke could travel throughout
1. Engulfing. opes Fire C3-F A-46 me. 10-5 control building and fuel

Da v r er (large handling building via
Open East fire, wentilation.
Door smoke

move
throqb
ductss

flood Plumbing 2. A pige break me. < 10-5 First, it would have to get
occurs. past two doors.

Second, the equipment $s of f
the ground.

Third, it is such a well.

(") traveled area,and the
- source not huge, se it would
y be spotted very soon.

.
CD

Dal6Gool1%llun

9 O O
- - -- - -- - -
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LOCATION INVENTORY CODIFICATION TABLE,

,

tocation Name! Control Sulldfne Control ps.m Area
Destpator: [5-FA-4b
Bulleing: Lontrol Duffetas

Sheet I of 6

**'or ty Pump valve Reference Romerts/Assemptfees
Division Pouer Control lastrumentation

Nuclear 14NA-435
lastrumen-
tattom and
Beacter
Protectfen
Panels A. 9,
C. and D

Safets- 14NA-035
Related
Control
Ceaseles
and Panels

Evoet Cable Tray
Monttssing DrawfessIrefas A
and 8

MU E P-IA 5-38

MU MU-P-1B 5-33

p MU ses-P-3C 5-38

7 MU IIU-P-2A 5-35
m
so MU E P-3A 5-31

MU esu-P-28 5-31

MU MU-P-38 5-31

MU MU-P-2C 5-31

MU $4f-P-3C 5-31

MU mV-12 5-31

90 0 84f-V-14A 5-31
- MU m V-14e 5-33

MU 84f-V-16A 5-31
l MU IEU-V-168 b-31

MU MU-V-16C 5-34

MU MU-V-160 5-31
i

MW MU-V-I F 5-31

MU MU-V-18 5-31
'

feu leu-V-217 5-31

MU MU-V-20 5-31

t 9
4

D4It4061786Ethe
i
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LOCATION INVENTORY CODIFICATION TABLE (continued)
L xation Name: Control Bullding Eontrol Soom Area
Destgestor: E llb
butiding: T&ilF6T)uf tdine

. Sheet 2 of 6
_

*
or afety Pump Valve Rsference Remarts/Assesyttons
Dielston Power Control lastrumentation

MU MU-t-32 5-31

nu nu-V-Je 5-31

MU pal-V-37 6-31

MU MU-V-IA 5-31

MU MU-V-IS 5-31
mg MU-V-2A 5-31

nu E U-28 5-31

MU E V-3 5-31

MU BP'-V-4 b31

MU E V-8 5-31

MU MU-V-6A 5-31

MU DG-V48 5-31O
*

nu E V-IIA 5-31g

b mu E V-IIS 5-31

(F EF-P-2A 5-33

(F LF-P-28 5-31

EF EF-V-2A 5-31

EF EF-V-28 5-31

EF EF-V-30A 5-31

(F EF-t-308 5-31

LF EF-V-30C 5-31

EF LF-V-300 5-31

EF EF-t-52 5-31

(F EF-V-63 5-31
,

EF EF-V-54 5-31

EF LF-V-bb 5-31

(F EF-NSP5-A 5-38

EF EF-NSP5-8 5-31

FW FW-P-IA 5-31

FW FW-P-18 5-41

041e&OblFhetEHa
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LOCATION INVENTORY C0DIFICATION TABLE (continued)
Location Naam: Control Sutiding Control Room Area
Destgaator: LB-pA-4b .

Sutiding: Control Building

sheet 4 of 6

*
er ety Pump valve Reference Romart s/ Assumptions

Dietsten Power Control Instrumentation

IC IC-P-14 5-31

IC IC-P-la 5-31

10 IC-V-IA 5-31

IC IC-V-18 5-33

IC IC-V-2 5-31

IC IC-y-3 5-33

IC IC-V-4 5-31

IC IC-V-79A 5-31

10 IC-V-798 5-31

1C IC-V-790 5-31

IC IC-V-790 5-31

AN AN-E-IA 5-31
g
q AN AH-E-la 5-31*

I
to AN AN-E-IC 5-31
to

AN AM-E-18A 5-33

AN AM-t-168 5-31

AN AH-D-27A 5-31
AN-1-24A

AN AN-P-8A I 5-31
AN-P-68

AN AH-P.9a. I 5-31
E P-98

AN AH-D-28 5-31

AN AN-D-36 5 31

AN AN-D-38 5-31

AN E D-39 5-31

AH E D-4tA 5-33

AN AN-D-418 5-31

AN AN-0-lOI 5-33

AN AM-D-lO2 5-31

h5 NS-P-1A 5-3I
1

0416GU61786ftNR
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LOCATION INVENTORY CODIFlugION TABLE (cor:tinued) ''

Lecation base: Centrol Sulldf at Control Room A_ rte _
Destgaatsr2 IT-FE4h
solleteg: Control Dutidine

Sheet b of 6

**
or ts Pump valve Reference Romerts/Assenyttens
Divisten Power Control Instrumentation

e5 ms-P-18 5-31

NS us-P-IC 5-33

mi uS-y-52A 5-35

h5 us-V-528 5-31

u5 b5-V-52C 5-38

NS as-V-53A 5-35

m5 NS-V-538 5-38

as NS-V-53C 5-33

mR Ift-P-I A 5-31

mR NR-P-le 5-31

mR ut-V-IA 5-31

at NR-V-IB 5-31g

h.
mR mR-V-1C 5-33

e ma NR-V-3 5-31
w

mR M-V-5 5-33

mR NR-V-4A 5-31

NR M-V-48 5-31

mR Ist-V-6 5-31

.
NR MR-V-IS 5-31

M mR-V-10A 5-31

MK In-V-108 5-34;

|
mA MR-V-ISA 5-31

hR mR-V-155 5-31
!
; DC OC-P-IA 5-31

i DC DC-P-It 5-31

DR SR-P-IA 5-31

| M N -P-38 5-31

DR M-V-?A 5-31

BR BR-V-It 5-31

RR . RB-P-IA 5-31

|

'

,

6416GO617t6tEMR
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LOCATION INVENTORY CODIFICATION TABLE (continued)

locaties hame: Control pullding Eontrol Acco Aree
Designator: [5-F A-4b
Sullding: Lontrol Buildina

Sheet 6 of 6

*
er 5 fety Pump Valve peference Remarks / Assumptions
Otvisten Power Centrol t estrumentatten

RR RR-P-1B 5-31

RR RR-V-1A 5-31

RB RR-V-18 5-31

RR RR-V-3A 5-31

RR RR-V-38 5-33

SR RR-V-JC 5-38

RR RR-V -4 A 5-31

kB RB-V-44 5-31

RR R2-V-4C 5-33

BR RR-V-40 5-31

RR RB-V-5 5-31

EP I 10-5Gl5- 5-31
O. 10

M LP E D-%ES- 5-38
& it

IP EG-V-1A 5-31

(P EG-V-18 5-33

EP EE-%is- 5-31
IP

EP El-5GES- 5-31
15

EP E E-%E 55H- 5-33
1R

LP (E-5&E55M- 5-31
II

EP EG-5IC-10 5-31

LP EG-CC155N- 5-38
1A

EP EG-CC155H- 5-33
la

EP EM-DP-IN 5-33

0416Gu617eettNR

O O O
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SOURCE AND MIhdiTIG2 TABLE

tocatles hame Control gefidine Centrol Room Arha
DesIgnater1 05-F A-4b
eetletas: EL'aT/6T Bofidine

Sheet I of P
Source Description Mitigatten of the $eurce

"MitteettreDescripties Ass g tfens Reference Reference

Fire and Smoke Cabileg 1 FNA-035 Refeforced Fire
Concrete Nazares
Mall s Report

NVC Instructlens Class A
and Reactlen Doors
Protectlee Panels
A B C, and D

Ceepeter Input and Nigh
Output Pressure
and Pertpheral Malen 1301
Cabinets Suppressfee

for
Analog local Impet Camputer

Sefloor
legsc Impet and Area and
Output; Pertpheral Cable
Input Trench

Actuated
by

n lentsatten
. Betectors
4
8 Centrol Ientsatten

O Consoles and FireW Panels Detectfen
laster
Safety-
Related
Centrol
Casseles
and Pamels

atS and RSA
Transferwrs
I A and IS

Co p ter Portable
Censole CO,
Dest Eatin-

golshers

Portable
Nelen
Eatle-
guf shers

Portable
Wa ter
t a tt e-
guishert

Locatlem

FN-FZ-5
Fire .

hose
Protection _

> a ,

04144dabl7tttthm
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SOURCE AND HITIGATION TABLE (continued)

location Name: Control gufiding Control poom Area
pessgaator: tr-rr *I;

tulleteg: Lontrol Byfl(ing

Sheet 2 ef 2
Source Descriptioa .itigation of the Source |

* * * 'n- a--"
.8t8,.iies

Description Assemyttens Reference Reference
, ,,

Fortable
00j (atte-
gulsher s

Portable
Dry
Cheetcal
Estle-
gutshers

O
.

I
e
@

041 %D61786tthe
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SCENARIO TABLE

tocatten namez Centrol Butiding Centrol Ream Area
DesIgnaters ts-ea-se
Buildfag: TENTTUT*Duf tdtng

Scenarfe Summary of
Synopsis Coastdered Quantif 8cattea* #ef the paths of Propagetfee for Further Results and Romerk s

Type Senarce 5eurte Porties Mt tfgettee Analysts IFF'iI FurtherPertfee
Type To Actlens

Fire and Cabling. 3. Centrol panel Confined Ves. 3.0 m Campertsen Fire occurs to panel CC
Smete electrical fire in pemels to taso 10-6 and CR and fetis a large

and CC and Ct. panels (4.9'3/yr set of vital centrol
electrentC fire) circuits. Operators
campenents, s (0.01 without alternete shutdese
and geometrfC system to ottigste the
transient factor) a fire. ' laumes errer rate is
fuel. 80.05 estabitshed for jedysment.

human

1

2. Ffre ceaffned he. Impact fielted to more vital
to panels systems or systems whose
other than failure does not directly
CC and Ca. lead to core damage.

3. Engulfing. Open CS-FA-da he. Very unlikely and plant -
: O Worth fepaCE is att worse them

* Door scenarte 1.N

; h Open hest FN-FZ-5 *

y Deer

-

,i

!

,

1

'
0416G0105eFEEsut

s

l

I

'
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LOCATI O INVENTORY CODIFICATI O TABLE

tocation name: 5tatrwell, hwth of Control Tower
Designator:
Butiding:

# *I
er f ts Pump valve Reference Remarts/ Ass g ttens
stetston Power Control Instrumentatten

'"
sted

Water
Pipes
Chillers
la Base-
erat to
Faas la
CA4Z-Sa
CA4Z-56

O
.

I
to
CD

041M(4I JMt[NE
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SOURCE AND MITIGATION TABLE i
.

1

1 6

tocatien llamer Stafruell North of Centrol Tomer
Destyneter:

,

,

j Dulletag: . t
I

>

4 Source Descr$pties Mittgetlen of the Seerte L

I !5*-c*'n' * = - * *
..ti ,eti.eDescripties Assgtfees Reference *

_- _ _ . - - - [Feature

< Fleed pip e tre ek Plant Stairs
] W1 sit med Doors

,

r
?
L

k
a a

4

.i

i
s

hg

!
'

,

> O.
.

i
-

to '

to I

I

|
< e

I :

4 :

1
4
t

' . t
I

1 i

i

;

i

.

i !,

,'

i

(

' !
-

.

?

t

t

{

4 |

e

4

E
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. etl a n ata

* |

|
,



SCENARIO TABLE

tocaties mane: Staf rwell korth of Control T0wer
Designator:
Sullding:

-

Scenarie Launary of
$ynopsis Considered Quantificatten

,
of the Paths of Pggetles for further Results and Remarks

IFP' Source Sourte Portion Mitigatten anagfsg, (prd) Further

Type To Actions

Flem Centrol I. Pipe breaks. Stairs and in-fz-6 Yes. 10-4 (CS-NVAC) Dominated by fleed searces
hater Open Door 1a fu-fK-4.
P1pe

.

.

8
-

O
O

041eW6lluttum
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SOURCE AND HITIGATI O TABLE

tocation Name: Coatect Syjljf ag. North, perfjiat and Ventilatten (2yfpsvet Area
CT-TT-Fa

.De61gaa ter:aiIeIag: Tela ieTbyJJM

se.me .,. ge... it...t.. .f the so.m e
__

* #" *
_

Mitigati.eDescriptfen u tsaptfens Ref reece Reference

fire and Sede C4bilag 3-ThA-035 Relaforced fire Smoke is met assumed to fapact egalpatat.
Leacrete Hazards
Walls Report

I ans NW AC Duc t
Sad e
Detectors

AH-F-34 Charteal Charcoal
(free filters) Systems

Thermal fire These are water me2330s $aside the
Heaters Detec tors system. drales leadtag to the outside.
AN-C-bA and fleer draf as (plant elsjt).

Aetmatic
Deluge
Mater $ pray
system

flood Chilled Wat;; Plant Vfsit All the NVAC Plant #8 sit
System Pfplog Gatts are em

Pedestal s;O 6 laches.*

y e.s(ep t,f.o ri .. i
that arem

o en IS Inches;
na ISA em

4 feet

fire Protectlen Plant Visit Also, fleers
System Ptplag Kane Drales

near Fllters
(AN-f-3A)

041eGubl7a6ttMR
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SCENARIO TABLE

Location Name: Control Building leerth. HeattnG and Ventilation Eaufgeent Area >

Designator: cs-tA-ba >

Butiding: pflding *

.

Scenarfo Sumnery of
synops u Cons!dered Quantification$m, ,
of the Paths of Propagation for Furtie r pesults and homerk s

I/P' Source Source Portion Nitigation Analysis IJF'yI Further'"
Type lo Actions

Fire and Cabling. Cable burning dee Fire must fall several
Smoke etc . to en electrical cables; need relatively

short Cr translent severe fire to damage all
fuel. cables of interest of

redundant trains.
I. Confined. Proalmity Adjacent Ves. 3a 6 (CS-HVAC)

Equf g,- (10' r
ment fire

n (0.3
geometric
factor) x
(0.6 fallora
to sup-
press) m
(0.2
severity
factor)

ss
* ' 2. Engulfing. Open West FN-FZ.5 Yes. < 10-5 #o action. No equfpment of importancep Door (upper in apper FN-FZ-b

portfod),

h Flood Control 3. Pipe break. Open West FN-FZ-5 No. fmpc t 10-4 Required failure of floor
Water or Decr limited to a drains.
Feeduater few components.
Pipe

4 Pipe break. Confined impact 10'3
to Area .fmited to a

few components.

*
I

041bGDbl?86tLHR
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I

LOCATION INVENTORY CODIFICATION TABLEs

trication Nasr : Control Bulldf an So sth M and V Equfzument Area
D951gnater: EFFZ-5b
Suf idt ag : Lontrv6 Butiding

''er fety Pump Valve Reference Remarks / Ass g tfons
Division Power Control Instrumentation

,

|
AN I X AH-t-168 14 HA-036 r y went supply |

AM 3 X AN-E-17h 14 MA-036 Normal duty supply
fan B. i

!
I ^" * i"ntill U"Ir*,'*L1h'is' '*" !

'

{s r.nuica.s.
- . + , . 5-,, !

,
1

| AN AN-D-39 5-31 |\
|
|
1

|
|

O
.

e
s

O
|

94;6GC61186EEsa
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SOURCE AND MITIGATION TABLE

~4
^ Ltcation liane: Cont %1311 dine. South, feeattne and Ventilation Eantoment Area

Dest CA'T-5F
sosilmater:tag: goatiiGrittbi

P

Source Description Mitigation of the Source
a

,

Source Type d'Mikigattva
Descriptfon Atsamurtionf. Reference * *

isature
a

' Fire and 5seke Cabl199 l-fha-035 reinforced Fire % eke is asamed not to tapact
Concrete Nazards equfpamat.
Walls Report

;
Iant HVAf Du

Smoke
DoctectGrs

[ AK-F.33 Charcoal Charcoal
*(from filters) Systems*

Thermal
Heater Fire
AH-C.58 Detectors

i Automatic
Actuation
Drige
Eeur Spray
54stee

Locatteno FN-EZ-5.

tire Mose4,

Protectfos3 i=

O"
a

e Flood Chil?ed Mater Plant distt Ficors Nave Plaat Visit,
i

I D-atas near" | ' System Pfping .

Filters1
(An-r-3s)

'

'j
Fire Protectia.a Plant vis't All the
System Pfplag WVAC Units9

' Are on ,

Podestals of
at least -j ; t
6 Inches -

_

-

6

.1

3

*

I
$ i '

*

i
i

{ 0416G0617861LNR-
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LOCATION INVENTORY ttOIFICATION TABLE

Location Name: Reactor Building Outside Secondary Shteld North
NBDesfgnator:
Ne~-F l- 3 aacYo B u11 dingOufIding: ,

t

*
or ty Pump Valve Reference Remart s/ Assumptions
Division Power Control Instrumentation

AH X AH-E-Al 1 AH-E-1A (reactor8

butiding ventilation
ontt ene cab 11ag CG-21,
22).

AH X AH-E-1B 1 E E-15 (reactor
building ventilatfon
unf t and cab 11mg CH-14,
15).

AH X AH-E-1C 1 AH-E-1C (reactor
butidinq ventilation
unf t ene cabling C5-99,
100).

RC X 1 RC-3A-PT3 cables.
RC X 1 RC-3A-P14 cables.
RC 1 1 RC-4A-TE3 Cables.
AH AH-T-1 1-FMA-017 Water storage tank (not

considered se fan
cooler analysis).

cn AN E E-4A 1-FMA-037 Fan.I
"

AN AH-E-3A l-FMA-017 Fan.

I 1-FMA-017 RG16A cable.
WDL WDL-P-23 1-FMA-017 Steam generator drafn

Pump.

WPL WPL-P-16 1-FMA-017 Reactor drafn pump.
X 1 FMA-017 CG-23A cable.

I l-FMA-Ol? Chemical feed tank.
WDL WDL-T3 1-FMA-017 Reactor coolant draf n

tank.

FW4

FM-C-1A 1-FMA-017 FW-C-1 A steam generator
hot drafn cooler. '

FW.

FW-C-It 1-FNA-017 FW-C-It steam generator
hot drafn cooler.

]' FW Pfpfag E-304-083

DH Pfplag,

DH CH-V-1 X 5-31

; DH DH-V-2 X 5-31
A

IC IC-9 s. 5-31

IC IC-V-19C 5-31

0415G022786EENR
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SOURCE AND MITIGATION TABLE

Location Name: Reactor Building Outside Secondary Shield, North
Designator: us-tz-la
Bu11 ding: lleactor ButIdf ag

Source Descrfption Mittgation of tne Source

Source Type Remart s
Description Assumptions Reference Reference

Fire and Smoke Electric Cables 1 Halon Fire 1 and 11 stations in RS-FZ-la.
1-FMA-Cl7 Stations 1-FMA-017 I f a R342-la
1-FMA-022 Fire Hose

Station

tube 011 Systems 1 Portable I and 1 fn RS-F2-Ic
IJHA-017 Water 1-FMA-017
14HA-022 Ea tinguisher

*

Motors 1 Iontration 1 and
1-FHA-017 Fire 1 FHA-017
14MA-022 DetectIca

1 Ventilation 1 and
1-FMA-017 1-FMA-017
1-FHA-022

1 Doors I and
1-FKA-017 1-FHA-017
1.FMA-022

g

1 Walls I and
1-FMA-017 1-FHA-017n. 1-FMA-022

00
I 1 Radiant I and

N 1-FMA-017 Energy Heat 1-FMA-017
1-FHA-022 Shfelds for

Cables

Flooding hata Feedwater 1-FHA-017 Drafn Pop Plant Visit
Pfpe Breat through fa RS-F2 lc

3-FHA-022
E-304-081

,

Decay Heat Pipe Plant Drafn Pu q This pipe is normally isolated at
Break Vfstt f a RS-F2-Ic two ends and contains small volume

of water. %

Fire Mose System. Fire System
Pfpe Break or Pump under
Initiation Normal

Conditlans

Steam Mafn Feedwater E-304-081 RB5 E-304-713
Pipe Breat Reactor I-FHA-017

8stidfag
Emergency
Cooltag

Decay Heat Pipe E-304-641 RSS E-304-713 Decay heat pfptog ts not pressurfred
Breat Reactor bFHA-017 because of Isolation valves.

Bulldfag
Emergency
Coollag

Pfpe Whip Main Feedwater Plant Visit Pfpe Plant Vist",

Suroorts
walls

,

0415G022786EEHR
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SCENARIO ~ TABLE

Location Name: Reactor Bu11df ag Outside Secondary Shield, North
*

Designator: Rs-H -ta
Bu1Idfag: E adter But; ding

Scenarfo Svens ; of
Synopsis Considered Quantificatfoe* "#of the Paths of Propagation for Further Results and Remarts

Type Source Source Portton Mitigation gnag gg, (yr-Ily Further
*"

Type To Actions

Fire Motor tube 1. Localized. AH-E-15 Yes. 10-3 (system)
Ofl Cabling AH-E-3C

AH-E-1A
AE-18
AE-1C

Confined. Wfpes out
room only.

2. Spreading via RS-FZ-Ib Ves. 10-4
general (10-3 m(10gfon) In addition to the fan(no ac

coolers, some instru-
openings. fire) severity mentation cables may be

factor) damaged.

3. Spreadfag vfa as-FZ-Ic Yes. 10-4 (no actlan) In addition to the fan
general coolers, some instre-
openings. mentation cables may be

damaged.

4. Spreadfag via Re-FZ Id Yes. 10-4 (no action) In addition to the fan
general coolers, some fastre-

O openings, mentation cables may be*
damaged,

b 5. Spreading vfa RS-FZ-le Ves. 10-4 (no action) In addf tion to the fan
general coolers, some instre-
openings. mentation cables may be

damaged.

6. Spreadfag ufa RS-FZ-Z No very
general unIlkely
openings. to propagate.

Flood. Mata Feed- 7. Open RS-FZ-1b The feed- Yes. 8 x 10-6 (comparison) About 9 feet of water on
Steam and water Pipe (water). RB-FZ-Ic water peps (pfpe the floor. Very uniftely.Pfpe Whip Break - RS-FZ-14 will trip break

RS-FZ-le and will frequency)
RS-FZ-3 not empty

(fteam) RS-FZ-2 het woul Pipe whip may impact one
fato con- feeduater unit and cables
talmnent. fa RB-FZ-la.

Smok e Fire 8. Open. R$-FZ-Ib No. 10-3 Smoke does not have short-
R8-FZ-Ic term effect on safety

'

Local 1 zed. RS-FZ-Id equipuent.
RB-FZ-le
RS-FZ-Z
RS-FZ-3

t'

;

e i i .

0415G0Z2786EENR

4

. . ~ , , _ , _ - - - . . . _ _ . - - , - . - . _ . . , - _ _ . - .. - - , , . - - - - - - . . - . , . - - , - , - . >-, _ - . _ , . . . . . _ . - - - . . - - .. - - - . ~ , . . , . ._



LOCATION INVENTORY CODIFICATION TABLE

Location Name: Reactor Suf1 ding Outside Secondary Shield. Southeast
Designator: EB-F Z-Ib
Butidtag: RERY5FBu11 ding

'
Trate Cables

System / Electrical Other
p p

I'''" * *
otetston Power Control Instrumentattaa

SP X 1 SP-1 A-LT1 cables: sewage
puging (RE-7, A).

SP X 1 SP-6A-PT1 cableF; sewage
pumping (RE-7. ).

SP X 1 3P-6A-PT2 cables; sewage
' pumping (RE-7, A).

RC I I RC-3A-PT3 cables.

RC X 1 RC-3A-P14 cables.

RC X 1 RC-4A-TE2 cables.

PC X 1 AC-4A-TE3 cables.

RC I 1 RC-1-LT1 cables
RFC-156A and RFC-71A.

RC X 1 RC-1-LT2 cables.

RC X 1 RC-1-LT3 cables.

RC X 1-FMA-017 RG16A cable for
c) RC-3A-PT3.

8

A RC I 1-FHA-017 RGITA cable for
RC-3A-TE2.

RC X 1-FHA-017 RE109A cabie for
SP-6A-PTI.

RC TR-7 1-FHA-017 TR-7.

RC I 1-FHA-017 RE156A for RC-1-LTI.

RC I J18 1-FHA-017 J18 junctica box.

MV Pfptng Isometric
Draw 1ng

DH DH-F-1 5-31

CH DH-V-2 5-31

0415G022786 EEHR
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SOURCE AND MITTGATION TABLE

Location Name: Reactor ButIdf ag Outside Secondary Shield. Southeast
Designator: NB-F l-Ib
Bulldf ag: lisEUF Buildtag

Source Description flittpation of the Source

*Description Assumptions Reference Reference

Fire and Smo6e Concrete Coating 1 Fire Mose 1 One station en at-F2 lb.
,14MA-Ol7 Station 1-FNA-Ol?

I-FM-422 1-FM-022 |

l'Electric Cables I, Malen Fire 1 thee station. '. 1-FNA-017 Station I-FNA-Ol7
l-FM-022 14M-022
1 Portable 1 One in RS-FZ-IC.1-FM-017 Nater 1-FM-Ol7
I-FM-022 Extingutsher I-FNA-022

. .

3 Ventflation 1
1-FM-Ol7 l-FM-Ol7
l-FNA-022 3-FM-022

1 Doors 1
1-FM-417 1-FNA-017
l-FM-022 1-FM-022

1 Mells 1
1-FMA-037 1-F M-Ol79 l-FM-022 1-FM-022

'P i. n.di-t i.Os 1-FNA-017 Energy 1-FM-017 .
1-FM-022 Moot 1-FM-022 -

Shfelds
for Cables

i, sans i.
1-FM-03 7 1-FMA-017
I-FNA-022 1-FM-022

Flooding fiskeup Let down 1 Drafn Suny
I *FM-017 A seeII pfece of makeup pipe in the area.related 1-FMA-017 - la RS-FZ-Ic 1- RCP seal-related pfpes are dry underpiplag 1-FM-022 1-FM-022 ' normal condf tfons.

Pipe Whip Makeup , Plant Vfsit Pfpe Plant Vistt
gts.

Steam festeep .' Plant Visit RSS. . Plant Vfstt
heactor
Bu1Idfag
Emergency
Coeling ,

I

,

b

'

6 6

0415G022786EENR
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SCENARIO TABLE

tocation Name: deactor Bulldfne Outside 5ccendary Shfeld. SoetheadDesignator: EU-F I-i b
Buf1 ding; Reactor Butidfn2

Scenarlo Summary of s
Synopsis Considered Quantificatf on3 , g
of the Paths of Propagatfos a for Further Results and Remarks

M1tIgation Analysis (yr-II Further
IyP' Source Source Portfon '*"

Type To Actions

Fire Cabling I. Localized. Cable ves. 10-3 (comparison) One trafn.and Trays
Concrete Confined. Room

I,Coating Only

2. General RS-FZ la Yes. 10-4 (no action) Addltional failures.openings. (10*3 Assuntng

(10jzffre scenarlo 1
falls all

severfty) fastructions.
3. General RB-FZ-Ic ho,

openings. very
uni f t ely.

4. General RS-FZ-Id No.
openings. very

unlikely.

5. General Rs-FZ-le No.O openings. very
-

unilkely.03

h 6. Sta f ruay. RS-FZ-2 No.
very
uniftely.

Flood Makeup 7. Open RS-N -la Yes. 8 a 10-6 (system) Only a few feet of materand Pipfag (flooJ). RS-fZ-Ic (pfpe on the floor.Steam RS-FZ-Id break BWST not af fected.PS-F Z-l e f requency) RCE seal utth f all f f anLocaltred RS-F Z-3 addltIonal faflure(pfpe whtp). occurs.
Open The Rest |

(s team), of Reac- |
ter
Butidf ag

Smoke Fire 8. Opening. The Rest No. 10-3 No short te-m impact on )of Reac- important components.
tor

-

Building

0415G06tl86EEDR
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LOCATION INVENTORY

Location Name: Reactor Building Outside Secondary Shield. Southwest
Designator: us- u-ic
Bulldtag: Ke'ictor llutiding

Sheet I of 1

or fety Pump Valve eference .-Tarts / Assumptions
tOlvision Power Control lastrumentation

AH X l AH-E-1A reactor!
building ventilation
unit cables (CG-21, 2.*i.

| AH X l M-E-1B reactor
building ventilation
unit cables (Cs-14,15). -

-

AH X 1 AH-E-1C reactor
building ventilattoo
pit cables (CG-99,
100).

5P X 3 SP-14-LTI cables,
sewage.

SP X 1 $P-IS-LT1 cables,
sewage.

$P X- I SP-4b..Pil cables,
sewage.

SP X 1 SP-6A-e *f cables.O
. sewages

|
CD SP X 1 SP-68-Pil cables,( sewage.

RC X 1 RC-3A-PT3 cables.
RC X l RC-3A-PT4 cables.
RC X 1 RC-38-PT3 cables.
RC X 1 at-4A-TE2 cables.
RC X 1 RC-4A-TE3 cables.
RJ X l RC-48-TE2 cables

(RG-61Al.
RC X 1 RC-48-TE3 cables. '

RC X 1 RC-54-TE2 cables.
RC X 1 RC-5A-TE4 cables.
RC X 1 AC-58-TE2 cables.
RC X 1 RC-5B-TE4 cables.
RC X l RC-1-LTI cables.
RC X 1 RC-1-LTZ cables.

' ;
6 |1

0415G030186EEMt
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LOCATION INVENTORY CODIFICATION TABLE (continued)
location Name: Reactor Sufiding Outside Secondary Shield Sogthwest
Desfgnater: lIlf-TT-Ic
Building: Reactor Butidtag

Sheet 2 ef 3

*
or e ty Pump Valve Reference Remarts/ Assumptions
Ofwlsion Pour Control Instrumentation

RC E 1 RC-1-LT3 cables.

NI I I NI-I Cables (RG-1 A.
RG-2a. and RG-4 ).

et I 1 MI-2 cables.

NI I 1-FMA-017 RGI A cable for NI-1.

RC X I-FRA-017 RG17A cable for
RC-4A-TE2.

Se X 1-THA-017 RE71A cable for
SP-1A-LTI.

$P I l-FHA-017 RG16A cable for
RC-3A-PI3 and RC-58-P18.

MU MU-V-1 A MU-C-1A E-304-661 Letdown Cooler A.
1-fMA-017

MU-V-18 MU-C-18 1-FMA-017 tetdown cooler 8.
1-FMA-023O

*
MU MU-V-2A

h MU-V-28 TR-6 1-FMA-022 TR-6.
1-FMA-017

AN AH-E-38 1-FMA-017 Fan.

DH DN-V-2 I l-FMA-017 Drop 11ae isolation
valve.

SP X 1-FMA-017 RG 202A cable for
RC-3A-PT3 and RC-88-PT3.

SP | X 1-FMA-017 RE 177 cable for
RC-5A-TE2 and others.

SP I 1-FMA-017 RE 72A cable for
SP-18-LTI.

SP X 1 SP-68-PT2.

SP/RC Tray 1-FMA-Cl? Cable tray.*
815

ST/RC Tray 1 FMA-017 Cable tray."
816

DH CH-V-1 I 5-31

IC IC-V-1A X 5-31

IC IC-V-18 I I 5-31

* Includes cab *es for SP+18-LT1. SP-68-Pil. SP-68 e12. RC-5A-TE2.RC-5A-TE4. RC-58-TE2, RC-58-TE4. and RC-1-L11.
** Includes cables for SP-1 A-LTI. SP-6A-Pil. SP-6A-PT2. RC-1-LT2. and RC-I-LI3.

0415G061186EEHR

O O O



, . -.

-
>

1.:p .
t-

!
LOCATION INVENTORY CODIFICATION TABLE (continued)

. -. . .

,

t.ecation Name: Reactor Butidf ag Outside Secondary Shfeld, Southwest
Desfgnator: Its-f t-ac

Suilding: Teactor Building
.

Sheet 3 of 3

*'
or ty Pump valve Reference Remarks /Assesuptions .

'

Ofvtston Power Central Instrumentation

IC IC-V-2 X X 5-31 *

IC IC-y-794 5-31

IC IC-V-798 5-31

IC IC-V-79C 5-31

IC IC-V-790 5-31

SP/AC Pene- l-FMA-017 Penetratfen.
'

tratten
[

204E -

SP/aC Pene. 1-FM-017 Penetratten.
tratfon
20$E

SP/AC Pene- 1-W.A-017 Penetratten.
tratten i

313E +

Sump 1-FM-Ol 7 Samp under letdown i

O cooser.
CD feu Piplag Isometric I

Draulags

Det 'Pfpfag Isometric >

Draufsgs *

PSS Pipfeg Isometric
Draufsgs

'k

,

h

!

i

I

4 { I # f -fe .

f

0415G022706EElst '
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SOURCE AND MITIGATION TABLE

Location Name: Reactor Building Outside Secondary Shield. Southwest-
Designator: NIGM-i c
Building: Reacr g Build'n_g

Source Pascription Hitigation of the source

Source Type ' *
Hitigative

Descriptica Assumptions Reference Reference

Fire and Smoke Electric Cables 1 Water Fire 1,
1-FHA-017 E ntinpisher 14HA-017
l-FHA-022 3-FHA-022
1-FHA-023 1-FMA-023

d

Concrete Coating 1 Fire Mose I,
14HA-017 Station 1-FHA-017
1-FHA-022 54HA-022
1-FHA-023 14 HA-023

DN-V-2 Motor 1 Iontzation I.
1. FHA-Cl? Fire 1-FHA-017
I-FHA-022 Detection 14HA-022
14HA-023 14HA-023

Portable 1 Located outside personnel access hatch on
Helen 14HA-017 Elevation 306'0* of the turbine building.
Eatin- 1-FHA-022

'guishers 14HA-023

DN-V2 Fire I. Manually actuated dry pfpe fire
Protection 14HA-017 suppression system utta a single closedO I-FHA-022 head nozzle.*

14HA-023

i Radiant 1, see Reference 1.o Energy Meat 1-FMA-Cl?
Shfelds for I-FHA-022
Specified 14HA-023
Cables

Walls I.
1-FHA-017
I4HA-022
3-FMA-023

Flood RB5 Pipe Break Plant Visit Drafn Sump plant Vfsit

Makeup Pipe Break Plant Vf sit Drafe Sump Plant Visit
Decay Heat Pipe Plant Visit Drain Sug Plant Visit
Break

Steam Makeup Pipe Break Plant Visit RB5 Plant Visit Let doun related 'f plag.
Keactor
Butiding
Emergency
Coollag

Decay Heat Pfpfng Plant Visit R85 Plant Visit Check valves prevent the decay heat pfpe
Reactor in this regf on to be pressurtzed.
Building
Emergency
Coollag

Pipe Whtp Makeup Plant Visit Pfpe Plant Visit
Supports

Plant Visit Walls Plant Visit
-
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SCENAR F TABLE

Location Name: Reactor Bufiding Outside Secondary Shield. Southwest
Destpator: WB-FE-Ic -

Buftatng: HiaZWBu11 d_f n2

Scenarfo
Synopsis Summary of

Considered Quantif fcationof the Paths of Propagation for Further Fnwy
Results and Remark sIFP' Source Source Portion " $ % '" Analysis (yrd) Further

Type To .

Actions

Fire Cables or 1. Localfred. (See Source Ves. 10-3 (comparison)Concrete and Mitf ea-Coating tion table.)
Confined to (See Source*

room only. and Mitiga-
tion table.)

Decay i

Hea t-VZ
Motor

Z. General RS-FZ-la (See Source Yes. 10'4 (no action)openings. and Mftiga- A sutset oftfon table.) scenario I.
3. General As-FZ-Ib (See Source ho,

openings. and Mttiga- very
tion table.) unifkely.

O 4 General RS-FZ-Id (See Source Mo,*
opentags, and Mttf ga- veryp, tion table.) uniftely.

-

5. General RS-FZ-le (See Source Mo,m

openings. and Mitiga- very
tion table.) unitkely.

6. Staf rway RS-FZ-Z (See Source No.
-

and Mittpa- very
tion tabse.) selftely.

Flood Pipe areak 7 Open. As-FZ-la (See Source me. 2 a 10-5in RSS RS-FZ-I b and Mitiga- impact.
RS-FZ-id tion table.)

[ Re-FZ-le
As-FZ-3

sFlood and Makeur 8. Open. Same as (See Source Yes. 3 x 10-6 (comparison) May cause loss of RSS fromPfpe Whip Scenario and Mtties- (0.1 for pipe uhlp.7 tfon table.) pfpe uhlp
damage)

steam Pfoe 8reak 9. Open. Rest of (See Source No. 8 x 10-0
,

Makeup Reactor and M1tf ga- very
Bulldfag tion table.) small

steam
impact.

Smoke Fire 10. Opening. All (See Source No. 10-3
Reactor and Mf tf pa- No short-term ef fects on the
Bafidfag tion tabse.) exposed components.
Zones

i
,

s

.

0415G030786EEle
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LOCATION INVENTORY CODIFICATION TABLE

location Name: Reactor Butiding Inside Secondary 5>1 eld, East
Designator: RB-FI-1a
Pulldtag: IfeTcloButiding

2eet 1 of 2

*
or Sa ety Pump Valve Reference Remarks / Assumptions
Division Power Control Instrumentation

RC I I Pressurizer heater
Group 8.

RC X l Pressurfrer heater
Group 9.

RC I I RC-4A-TI2 cables..

RC X 1 RC-4A-T13 cables.

RC X 1 RC-5A-T;2 cables.

RC M 1 RC-5A-TE4 cables.

RC RC-N-1A 1-FitA-017 Steam generator A.

RC X l-FHA-017 RE 178A cable for
RC-54-TE2.

RC X 1-FNA-017 RG 17A cable for
RC-4 A-TE2.

RC RC-P-1A 1-FMA-017 Reactor coolant pump A.O
RC RC-P-18 l-FMA-017 Reactor coolant pump 8.

*

O)
RC RC-T2 1-FHA-017 Pressurfrer.

N
RC RC-RV-2 I Pilot-operated relfef

valve (PORV).
kC RC-y-2 X PORY block valve.,

RC RC-V-1 I Pressurizer spray ifne
fselatton,

RC 8 RC-V-3 X Pressertzer spray line
isolation.

RC RC-V-4 I Auxiliary peessurizer
spray isolation from
DHR.

RC RC-RV-IA Presserfrer safety
relief valves.

RC RC-RV-15 Presserfrer safety
relief valves.

MV Seal Isometric
Injec- Drawings
tfon-
Related
Pfpfeg

0415G030786([HR
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LOCATION INVENTORY CODIFIG TION TABLE (continued)

location Name: Reactor Butiding Inside Secondary Shield, East
Designator: 554 I-34
Building: Te3M 37Duftdfag

3

Sheet 2 of 2
* 'or Safety Pump Valve eeference Romerks/ AssumptionsDivisfon Power Contral Instrumentation

6

Main FW Pfplag. Isometric
Feed- Orawings
water
Injec-
tion *

fate
Once-

-Through-
Steam-
Genera-
ter,

[F
Pfptog Isometric

Orawfags
MS Piplag Isometric

Drawfags
RCS Pfplag Isenetric

Drawings

O
.

8
-

N

$

.

9

0

!

L ,

0415G022786EENR
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SOURCE AND HITIGATION TABLE

Location flee: Reactor Building Inside Secondary Shield. East
Designator: Ra-t z-Id
Sullding: Ne7 E r huftding

Pa ge 1 e f 2

Source Description Mitigation of 114 Source

Source Type Remark s

Description Assumptions Reference Reference

Fire and Sede RCP Motor and tube 1 RCP 011 1

011 System 1-FNA-017 5 plash 1-FMA-017
through Guard and through
14HA-022 Reservoirs 1-FMA-022

Walls

Ele tric tables 1 Fire Mose 1 One near the shleId door on the north
14HA-017 Stations 1-FHA-017 boundary outside RB4Z-14.
through through One at the top of the shfeld wall.
1-FHA-022 l-FMA-022

Ionfration I.
Fire 1 FHA-017
Detection through

1-FHA-022

Halon Fire 1 Located outside the y rsonnel access
Entin- 1-FHA-017 hatch on Elevation Jua"0* of the
guishers through turbine butidfag.

1-FMA-022

O Radiant 1 See Reference 1.
* Energy Heat 1-FMA-017

[ Shfelds for through
Spec 1ffed 1-FMA-022_.

& Cables

Flood Main Feeduater Pipe 14MA-017 Drafn Sump 1-FMA-017
Break through through

14HA-022 14HA-022

Emergency Feeduater 14HA-017 Drafn Swp 14HA-017
Pipe Break through through

14HA-422 1-FMA-022

Makeup Pfpe Sreak 1 -FMA-017 Drafn Sunp l-FMA-017
through thmugh
1-FHA-022 1-RA-022

RCS Pipe Break 1-FNA-Cl? crafn Sump 1-FMA-017
through through
1-FHA-022 1-THA-022

Steam Maf n Feeduater Pf pe 1-FNA 017 RSS 14HA-017
ureak throup Reactor through

1. FHA-022 Sulldfag 1-FHA-022
Emergency
Cooling

Main Steam Pfpe 1 -FMA-Ol ? R85 1-THA-017
Break through Reactor through

1-FMA-022 Buf1 ding I-FHA-022
Emeroency
Coollag

0415G022786fEHa
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O9GATION TABLE - V
SOURCE AND HI

'

Location Name: Reactor Dutidinq Inside Secondary Shfeld East
Designator: us-F I-I d

Buf1dfag: We-~aEY5FButiding

Page 2 of 2

Source Desce f ption Mitigation of the Source
Snurce Type

'
MItf(attweDescription AssunPtfons Reference Referencep

Mateup Pfpe Break 1-FNA-017 RSS 1-FMA-017
5through Reactor through

1-FMA-022 Building 1-FHA-022
Energency
Coolsag

K S Pipe Brew 1-FMA-017 Re$ 1-fMA-017
through Reactor through
I-FMA-022 Bulldlag I-FMA-022

Emergency
j Cooling

Missile 'EP Missile Ejection 1-FNA-017 Wells I-FNA-Cl ?
1-FNA-022 1-FNA-022

Pressurizer Missile 1-FNA-017 Pressurfrer 1-FNA-017
1-FMA-022 Missile 1-FNA-022

Shield

Pfpe Whfp Main Feedwater Plant Visit Pfpe Plant Visit
Supports

9 Emergency Feedwater Plant Vfstt Wells Plant Visit

[ Main Steam Plant visit Walls Plant Visit
b ,

Mateup Plant Visit Wells Plant vistt
'ACS Plant Visf t Walls Plant Visit

e

e

1

r

t

I &
# #

4

0415G022786EENR
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SCENARIO TABLE-

Location Name: Reactor Sullding Inside Secondary Shield, East
Desfgnator: RB-FI-Id .
Buftding: IIeT415F Butiding

Sheet I of Z
Scenarlo Summary of

Synopsis Considered QuantIf f cation
" ""*"'#of the Paths of Propagation for Further Results and Remart s

M g yon Analysts (yrd)IYP' Source Source Portion Further
Type To Actions

Fire E P Motor I. K P oft leaks localfred. (See Source res. 19-2 h ;mparison) Only cables may be af fected.
Lube Oil out and and Mitiga-
Cables, or Ignites on hot (fon table.)
Transient surf aces, or
Fuel other coseus-

ttbles Ignfie
from Internal
causes.

2. 'IP s11 leaks General RS-FZ-la (See Source No. Iti fire has to be very
out ad openings, and Mitiga- very severe and overcome long
ignf tes on h* t tfon table.) un1thely. distances of low combus-
surf aces, or tfble loads to propagate.
other combus-
ttbles ignite
from f aternal
causes.

3. EP ell leaks General RB-FZ-lb (see source No. The fjre has to be very
out and openings, and Mitiga- very severe and overcome long

O Ignites on hot tion table.) uniftely. distances of low combus-
- surfaces, or tfble loads to propagate.
CD other codms-
1 ttbles Ignite

from 1 sternal,
causes.

4 E P 011 leaks General RS-FZ-1c (See Source Mo. The fire has to be very
out and openings, and Mitiga- very severe and overcome long
ignites on het tion table.) unittely. distances of low combus-
surfaces, or ttble loads to propagate.
ether combus-
ttbles ignite
from laternal
causes.

5. EP oil leaks General RS-FZ-le (See Source No. The fire has to be very
out and openings, and Mitiga- very severe and overcame long
ignites on het tion table.) unlikely. distances of low coseus-
surfaces, or ttble loads to propagate.
other combus-
ttbles Iggite
free laternal
causes.

6. K P ell leaks General RS-FZ-2 (See Source Mo. The fire has to be very
out and openings, and Mitfga- very severe and overcome long
ignites om het tion table.) unifkely. distances of low combus.
surfaces, or ttble loads to propagate,
other combus-
tfbles fgnite
from f aternal
causes.

04I5G030786EEMR
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SCENARIO TABL (continued)
tocation Name: Reactor Sutiding Inside Secondary Shield. East
Deslpator: m z-Idi
Bullaing: Reactor Bu11 ding

Sheet 2 of 2
Scenario so-ary of

synopsis Considered Quantiffcation7of the Paths of Propagation for Further Results and Remark sType Source source Portion Mitigation Analysis IJF'yI Further"-
Type To Act1ons

F. RCP oil leaks General RS-FZ-3 (See Source Ves. 10-3 (no action) Smoke damage not importantout and openings. and Mitiga- (10-2 x Additional to safety.
tgnttes on hot tion table.) IO- ) fallure not
surfaces, or important.
other combus-
tIbles ignite

., from faternal
causes.

Flood. Main Feed- 8. Main fee < heater (steam) Rest of (see Source Yes. 8 x IO-' (event tree) Steam may impact tPe RCPS.Steam water Piping would Openings. Reactor and Mitiga- (pfpe Flood would cause aboutand Pipe Break initially Sulldfag tion table.) break 9 feet of water on theWhip flash untti frequency) floor; steam jet affects
cooled to (flood) Rest of PORV cables; conservatteelybelling point. Openings. Reactor assesse half of emergency
then spill Sullding feetheater and makeup are

,

i as water. lost.

Pfpe whip may fall makeup
p or emergency fee &ater

Pfpfsg.
CD Flood Emergency 9. Pipe break openfag Rest of (See Source Ves. 10-6 (no action) About 9 feet of water oni Feeduater may empty CST Reactor and Mitiga- (8 a 10-6 Same as emer- the floor.[ Piptag faside the sufiding tion tabre.) pipe break) gency fee < heater

containment. m (0.3 pipe break
emergency and no other
feetheater failurss.

4 in opera-
tion

Flood and Makeup 10. Pfpe break. Opening Rest of (See source Tes. 2 x 10 5 (no action) May degrade ACP seats.Steam Reactor and Mitfga- (tuo make- Same as Pipe whip 1s judged to beDu11dfag tfon table.) up pipe makeup pfpe of f asefrfctent energy
sections) break and no to cause any scenario

other failure, damage.Steam and Main Steam II. Pipe break. Opentne Rest of (See Source Tes. 8 a 10-6 (event tree)Pipe Whip (steam) Reactor and Mitiga-
Bulldfag tion table.)

Local-
fred May impact euer y feed-

water, esta fee ter, and(ptpe makeup pf ptag.whip)
,

Missiles RCP or 12. Opening as-FZ-3 (See Source me. May fall RL spray pfpfag.Pressurizer and Mitiga- very
; Missile tion table.) uniftely. May damage pressurizer.

Steam. Reactor 13. General Rest of (5ee Source No additic.41Flood. Coolant openings. Reactor and Mittpa- fallures notand Pipe Pfpfag (pfpe whfp Buf1df ag tion table.) leportant.Whip localfred)
Smok e Fire 14. General Rest of (see Source No. 10-3 Smoke does not have a short-openings. Reac tor and M1tfga- term effect on safety

Butiding tion table.) etlufpment.

0415G06tl86EE M

_ _ _ . _ _ - _ _ _ - _ _ _ - - _ _ _ _ - - _ - - - - - -- -- --



_ _ _ _ _ _

.

LOCATION INVENTORY CODIFICATION TABLE

Location Name: Reactor Building faside Secondary Shield. West
Designator: RB TTTe
Sulldtag: We7 Yo~r h fiding

*r5 ty Pump Valve
T Reference Remark s/As ,umptionsDivision Power Control Instrianentation

RC
X 1 RC-48-TE2 cables

(RG-61A).
RC X 1 RC-48-TE3 cables.
RC I 1 RC-5A-Tt2 cables

(RE 178A and Rf-177A).
RC I 1 RC-5A-TE4 cables.
RC

I I RC-58-TE2 cables
(RE-182A and RE-177A).

RC X 1 RC-58-TE4 cables.
RC RC-N-18 1-FHA-017 Steam generator 8.
RC X J17 1-FMA-017 J17 junction box.
RC X 1-FMA-017 RE 182A for RC-58-TE2.
RC X 1-FMA-017 R661A for RC-48-Ti2.

O DH DH-V-1 X 1-FMA-017 Dropilne Isolation-

valve.
8

RC RC-P-IC 1-FHA-017 Reactor coolant ptop C.*
RC RC-P-10 1-FMA-017 Reactcc coolant pump D.
MS Piping Isometric

Drawings
FW Pfptng Isometric

Drawings
EF Pfplag Isometric

Drawings
HU Piping Isometrfc

Drawfags
RCS Pfpfag Isometric

Drawings

0415G030786EtHR
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SOURCE AND MIT TION TABLE

tocatten dame: Seacter Sulldf ag Inside Secondary Shield Nest
Designator: En-se
Building: Reacter Building

Page I of 2
|Source Description Nftigatten of the Source

Source lype
Remart sDescrfptfen Assumptfens Reference Reference,

Fire and 5sete RCP 9 toter and tube 1 ACP Off 1 '

Oil System 14:en.0l? 5 plash 1-F M-017 ''
,,

through Guard and through
I-Flea-022 meservefr I-FM-022

.

IElectric Cables 1 Fire Isose I. One near the shfeld deer en the north '

141eA-017 Stattens 14M-OlF boundary outsfde AS 42-Id.
thraup throu$ One at the top of the shield mall.
14MA-022 14M-022
3 lenfratlen I.
14NA-Cl? Fire 14NA-OlF
through Detection throup
1-FitA-022 1414A-022

1 IIslen Fire - I. Located outside the personnel access
141tA-Cl? Entle- 141en-Ol? hatch on Elevatten 308*0* of thethroup gufshers through turbine buildfag.
1-FNA-022 1-FM-022

1 Radfant 1 See Reference 1.9 1-FIIA,-Ol F Ener%eids 1 4104 ,017throu Neoc throuCD 14 tea-022 for 1 4I04-022
Specfffed-*

M) Cables

1 BM-VI Fire 1 Ilmuually actuated fire suppression1414A-017 Protectlen 1 4114-017 system utth a single, closed head nozzle.through throup
14N4422 1-Flea-022

1 idells 1
I4 NA-017 14M-01F
through throup
1 4114-022 1-FNA-022

Fleed leatn Feeeseter Pipe I-FNA-OlF Drafn Suny 1-FNA-OlFtrsek E-301-081 E-301-001
14MA-022 34NA-022

Emergency Feeeseter 14NA-0I T Drafn Suny _ 14114-Cl ?Pipe treak E-301-004 E-303-001
1-FBIR-022 1-FNA-022

IInkeup Pfpe Break 1-FMA-Ol? Orain Suny 14M-OlF
E-308-Oel E-301-041
3-Flen-022 1-FMA-022

* ACS Pipe treak 1-FNA-0IF Drain Semp 14NA-017
E-301-088 E-301-081 -
14NA-022 14 NA-022

-

I '

0415G022786EENR



SOURCE AND MITIGATION TABLE

tocation Naw: Reactor Building Inside Secondary Sleid. West
Designator: RB-F I-l e
Buf1dfag: Re7 A ufiding

Page 2 of 2

Soerce Descrfption Mitigation of the Source

M1tigativeDescrfptIon Assunwtions Reference Reference

Steam Main Steam Pfpe Break 1-FMA-017 R85 1-FHA-017
E-301-088 Reactor E-301-081
1-FMA-022 Butiding 14HA-022

Emergency
Cooling

Main Feedwater Pipe 1-FitA-017 R85 1-FMA-017
Break E-301-081 Reactor E-301-081

1-FMA-022 Bulldfag 1-FMA-022
Emergency
Cooling

Makeup Pfpe Break 1 -F MA-017 885 14HA417
E-301-081 Reactor E-301-081
1-FMA-022 Butidfag 1-FMA-022

Emergency
Cooling

RC5 Pfpe Break 1-THA-017 RSS 1-FHA-017
E-301-081 Reactor E-301-081
1-FMA-022 Building 1-FMA-022

9 ng

[ Missfle RCP Missile Ejectfon 1-FNA-017 Walls 1-FHA-017
ru
O

. E-301-081 E-301-081
1-F;3A-022 1-FHA-022

Pipe Whfp Main Steam Plant Vf stt Pfpe Plant Vfstt
Supports

Mafn Feeesater Plant Vislt Walls Plant Vfstt
Emergency Feedwater Plant Vf sit Plant VfsIt
Makeup Plant Vfstt Plant Vistt
RC5 Plant Vfstt Plant Vf stt

0415G022786EEHR
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SCENARIO

toca*fon Name: Reactor OutIdiaq Inside Secondary Shteld. WestDetfgaator: N5-F I-3 e
Outidtag: Keactor Building

Sheet 1 of 3
5cenarto

Synoosts Suenary of
, Considered Quantf ficationof the 7Paths of Propagation for Further Results and Res=.t sType Source Source Portion "My** Analysts (yr*y)

Further
Type To Actions

Fire EP Motor I. K P oft leaks loca1tred. (See Source Yes 10-3 tcompartson) Only cables are damaged;t.ube 091 out and and Mitiga- fire is severe butSystem. Ignites on het Confined to tion table.1Cables, or surfaces. or room only. eechanical equipment, such
Transtent other Combus- as pfpes and valves, reesta
Fuel ttbles ignite funCitonal (valve motors

from laternal would f att). No
causes. severe structural damage

can be envisioned because
concrete valls are very2. EP ett leaks General RB-FZ-la (See Source he, thick and no feportantout and openings. and Mittge- veryfgnf tes on hot tion table.) unlikely. structe*al parts are

surfaces or Ismaedf ately above the EPs.
other combus-
ifbles fgnite
free faternal
causes.

3. EP ell leets General RS-FZ-Ib (See source No.out and openings, and Ritiga- veryO f gnites on het tion table.) unlikely.*

CD ?arfaces. or
ether combu s- ,k tfbles ignite | .f,

,

free f ater am

cause s.

4 KP oil leans General RS-FZ-Ic (See Source No.out and openings, and Rfttga- very
ignites on hot tion tabee.1 unific 3y.
surfaces, or

other com6st-
tlbles ignfte
from internal
reuses.

6. EP eli leaks General RS-FZ-Id (See Source me,
out and opentngs, and Mitfga- very
fgnf tes og het (fon table.) uni f tely.
surfaces, or
etner comeus-
tlbles ignite
from internal

# causes.

6. KP oli leaks General RS-FZ-Z (See Source Iso,out and openings. and Mitiga- very
ignites on het tfon table.) unittely,
surfaces, or
other combus-
titles ignite i

free faternal
causes.

.



SCENARIO TABLE (continued)

tocation name: Reactor sut1 ding Inside 5ecoadery Shield. West
Designator: as-tz-se
Building: Neattet Butiding

Sheet 2 of 3
Scenarfe Susmeary of

synop.ss -- - Considered Quantificattomg ,,, yof *.%e Paths of Propagation for Further Results and Remarks

My[e" Analysts (yr-y)IJP' 5,urce source Portion Further,

Type Te Actions

F. RCP ott leaks General RS-FZ-3 (See source No.
out and openings. and Mitf ea- addf tfonal
Ignites on het tion table.) damages not
surfaces, or important.
ether combus-
ttbles fgatte
from f aternal
causes. ,

Flood. Main Feed- 8. Pipe break. General test of (see Source 8 a 10-6 (ET) About 9 feet of water onSteam. water opentags. Reacter and Mitiga- the floor; steam jet mayand Pipo Bulldfag tfon table.) damage cables; assume that
(ptpe makeup and emergency
whty feedeater supply in the
local- area affected.
fred)

Makeup 9. Pipe break. General Rest of (See soins e . 2 a 10-5
opentags. Reactor and Mittg. - (Two pipeO Suf1 ding tion table.) (sections)

p
m loca l-
m fred)

RCS 10. Pipe break. General Rest of (See Source 8 a 10-0
openings. Reactor and Mittpa-

Bulldfag tien table.)
(pfpe
whip
loca l-
taed)

Steam Male steam II. Pipe break. General Rest of - (See Source S a 10-6 (ET)and epeatags. Reactor and Mitiga-
Pfpe ButIdfag ties tableJ)
thip (pfpe

uhlp
local-
tsed)

Missfie RCP Missile 12. Pfpe break. General RS-FZ-3 (See Source 10-5
opealogs. (plpe and Mttiga-

whip tion table.)
loca l-
taed)

Flood and Emergency 13. Pfpe break. General Best of (See Source so. very About 9 feet of water onPipe Whip Feeesater openings. Reactor and Mitiga- anifkely the floor.
Sulldtag tion table.) since pipe
(ptpe la staney,
dip
loc a l-
f atd >

0415G061186 EEHR
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SCENARIOTABLEfc>ontinued) O
locatten seeme: Reactor Sulldf ag Inside Secondary Shield, liest
Designator: nu- u -se
Buildfag: WEY3Fhildf ag

Sheet 3 of 3
Scenarfe 5menery ofSynapsis

, . Considered Quantification,, ,of the Paths of Propagstfon for Further Results and Renart sType source so;rce Portion % gen anag ggs (yrd)y Further
Type To Actions

Snake Fire 16. See five General nest of (See Source 173 Smoke does not have & sluwt-sources. Openings Reacter and M1 tips- ters offect en safety |

i

Duftding tien table.)
Istre equipment.

uhtp
t

local- 1

fred) i

'

O
.

I
N
W

e

0415G030786EElm



LOCATION INVENT 0P'' CATTON TABLE

I tocation Isaae; Reactor Sullding fmtside Secondary Shield
| Designator: sa-FI-2

utiding: RERY37 Sutidiga

Sheet 1 of 2

'or ty Peep valve Reference Remarts/ Assumptions
Olvisten Power Control Instrumenta tion

~

t' X I Presserfrer heater
group 8.

RC X l Pressurfrer heatir
group 9.

$P I l SP-6A-PT1 cables.
W

X 1 SP4A-PT2 ce6tes.
*P I I $P45-PT1 cables.
7 M I $P48-PT2 cables.
I!C I I RC-3A-PT3 cables.
iac I 1 RC-3A-PT4 cables.
tc I I fT-38-PT3 cables.
AN AH-E-2A 3-FMA-018 Renctor campartment

weetflation unf t A.
AH AM-E-28 1-FMA-018 3eactor compartment

CD vestflatie 6 omit 8.
I AM

$85-12- I-FMA-018 Rfdney filter plenue.
AH4-12

CF CF-T 1A 14MA-018 Core flooding tarA A.
CF CF-T-18 14MA-018 Core floodtag tank 8.
SP Tray 800 14HA-C18 Cable tray.*
SP Tray 823 1-F MA-018 Cable tray.*
ES J24 84MA-018 J24 j u tfoe loop.

AC i 1-FMA-018 RC 16A cable for8

RC-3A-PI) and RC-38-PT3.
RC I l-FMA-018 RG 201A Cable for

RC-3A-PT3 and RC-38-PT3.
SP X l-FNA-018 RE 109A cable for

SP 4A-P TI .
SP 2 1.FMA-018 | RE 110A cable for

| SP45-PT).
SP/RC Yray $15 1-FMA-018 Cable tray.**

SP/RC % l-Fila-GI 8 RG 202A cable for
RC-3A-F13 and RC-38-PT3.

&

* Includes cables for $P-68-Pil and $P-68-PT2.
** Includes (Oles for SP-15-LT1, $P4B-PT1, SP-68-PT2, RC44-TE2, RC-5A-ft4, RC-58-T[2, RC-58-TE4, aos RC-I-LTI.

0415G022766fENA
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LOCATION INVENTORY CODIFICA TADLE (continued)
tecetten llame: Heactor Sullding Outsfde Secondary 9teld
Dest RB-H-75.tihretor;m wra S iident

seet t er 2

*
. er ety Pump Valve peference Asmarts/Assumyttees

Otetston Pe=er Control Instrumentation

IC IC-y-2 C. Adams Intermediate coollag -
Letter return isolation.
6/19/84

IC IC-y-79A C. Adams ACP-1 A cooler inste
Letter contalement outlet
6/19/84 1selatten.

IC IC-V-798 C. Adams ACP-15 cooler inside
Letter containment outlet

i 6/19/84 tsolatten.
|

IC IC.V 79C C. Adams ACP-IC cooler inside
Letter containment entiet
6/19/64 tseletten.

IC IC-V-790 C. Adams ACP-10 coster Inst e,

| | Letter contalet outlet
I 6/19/84 tselatton.

MS Piping Isometr1C
Drentags

C~ Fid Piplag Isometric
Drawings

b ff Pf ing Isometric jPm Drewtegs

MU Piptog Isometric
Drawings

CF Pipfag Isometric |

Drastags I

BJ Pfplag Isometric
Drawings

DH In-V.) I $-31
lhi DM-T-2 5-31

.

D

1

041%D63Ie6f EM
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SOURCE AND HIVIGATIO TABLE

Lotation Name: Reactor Building Outs 11e Secondary Shield *

Desfgnater: 38-FI-2
Set 1 ding: T*RYo7 Ylif ag

Page 1 of 2

Sourte Descrf tton Mitfeation e' :eP

Source IFPe ' '
M' ti ga t f we

Descrfption Assumptfens Reference Re f erenc e

Fire and Snuke Charcoat in the 1 Water fire 1 1-f MA -018 One f a RS-F2-2.
Eldney Filter Plenum 14 HA-018 fatinguisher PIantVisit

Plant Visit

flectric Cables 1, Fire Mose 1, I-FMA-018 Tuo in R842-2.
1-FMA-018 Statices Plant Visit
Plant Vfstt

Concrete Coating 1 Iontration I, 1-FNA-018
1-FMA-018 Fire Plant Visit
Plant Vf39t Detection

Self- 1,14MA-018 f or charcoal in the kidney f fiter plenum.
Contained Plant Visit
Automatic
Deluge Water
System

Radfant 1 14HA-018 See Reference I.
Energy Heat P|antVfstt
Shields for
Spectfled

f Cables

Flood Mafn Feedseter Pipe 14HA-018 Drafn Samp I 1 'MA-018,
FO Sreak 14HA-022 in RS-FZ-It Pfant Vf stt
on Plant Vf sf t

fuergency Fee < heater 1-FRA-018 Drafn Sump 1 1-FuA-018,
Pf pe Break 14M4-022 fa RS-F2-Ic P,iant Vf sit

Plant Visit

Mateep Pfpe Greek 14 HA-018 Drafn 1, 1-FHA-018,
1-FMA-022 in RS-FZ- c Plant Vistt
Plant Visit

Core Flood Pf e/ Tant 14MA-018 Drafn Sump 1, 14 MA-018,F
Break 1-FMA-022 in R8-Fl-Ic Plant Visit

Plant Visit

RBS Pfte Breat or 1-FMA-018 Drafn S g I, 1-FMA -018
Inadvertent Actuatina 14HA-022 fa RB4 2-Ic Plant Visit

,
Plant Visit

Steam Main 5 team Pfpe Break 14MA-Cl8 A95 Plant Visit
1. fha-022 Reactor
Plant visit Befiding

Emergency
CoolIag

Main Feekster Pfpe 3-lhA-018 RB5 Plant Visit g
Dreak 14 HA-022 Reactor i

Plant Vfsft Buildfag
f uergenc y
Cooling

- -

0415G022786ffMA
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SOURCE AND MITIGATION TABLE (continued)

Location llame: Deactor Soliding Outside Secondary Shf eld |Designator: re-ez-z 4

Building: -TERT 6r Bulldlag )
,1

Page 2 e2 2 -)Source Description Mttigation et the Source

*Description Assugtfons Reference Reference

Energency Fecewater 14MA-018 RS5 Pfant VfsitPfpe greak 1."NA-022 Reactor
6

Plant Visit tullding
Emergency
Cooling

Pr:eu. Pfpe Breat 14HA-018 385 Plant Visit
14HA-022 Reactor
Plant Visit Suttdlag

faergenca
Coolfsg

Core Flood Pfpe/ Tank 14HA-018 305 Plant Visit
Break 14M-022 Reacter

Plant Vfsit Duftdtng,

Pfpe M fp feafn Steam 14M-018 Pfpe Plant Visit
54M GT Sepports
Plant Vf sit

O
" flein Feeesater 14HA-018 toalls Plant Visit

14M422
Plant VisitN

N Energency Feedwater 14M-018 Walls Plant Vfsit
14M-02%
Plant Visit

Makeup 14M-018 ue11s fisnt Vf sf t
1-FMA 422
Plant Vfstt

Cere/Flead 14M-010 Walls Plant Vistt
I l-FM-022

Plant Vfstt

i

I
<

t-

I
f
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I
SCENARIO TABLE (continued)'

Locatten mane: meactor Defidine Outside 5econdary Shield
'.
i

Des 1 pater: W-rz-z
Sullefag: nea(ter Sofldine

.

Sheet 2 of ?
I

.

Scenerte Summmary of !

Synopsis - Considered Quantfricatten, ,,
of the Paths of Propagatten for Further flesults and homert s |(pr-y) Further vIFPe source Source Portion setti tien Analysis

j '*"
Type To Actlens

5tsam and feels Steam II. Pipe breast. General Rest of (See Source ves. 2 m 10-5 (eeent treel 5 team Jets or pipe
j Pepe tship opentags. Reacter and petttgs- (tne pipe mesoment may damage

guilding ties table.) settlens) local cables. See
4

(pfpe lepect table. ,

I . ai,
local-
taed)

5 team, steln 12. Pf pe breat. General nest of (See Source Tes. 2 m 10-5 Ine actfen) abeet 9 feet of mater en
Impact similar the fleer.

and setttp-)fBeod f eeduater openings. Reactor
and Pfpe Butlalog tien tabse. to scenarle 11. .

Whip (ptpe
esp
local-
fred) 4

Smok e ftre 13. Pfpe break. General test of (See 5egrce es. 18'3 lapjct of poke en esposed
openings. Reacter and feltsge- equipment peng-term only.

3stletag tsen table.)
!

. O
1 .

a

e
3
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IMPACT TABLE

Location Name: , Reactor Building Outside Secondary Shield
Designator: RB-FZ-2
Building: Reactor Building

Scenario Summary: Steam and Pipe Whip; Scenario 11; Pipe Break in Main
Steam Line Piping; Steam dets and Pipe Movement
Impacts Pipes and Cables

Systems Lost Components Affected by the Hazard

One OTSG Dry Main steam line break, one pipe.

Instrumentation (lar Instrumentation cable failed from steam jet
numoer of channels) ge and pipe movement.

IC/All IC piping and IC-V-2 (single line feeding all
four RCPs).

EF to One OTSG One emergency feedwater pipe.

FW to One OTSG Main feedwater pi;;e affected from steam pipe
movement.

Makeup pipe af fected f rom steam pipe
movements,

|

|

9
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LOCATION INVENTORY C001FICATION TABLE

location Name: Reactor Butidf ag Inside and Outside Secondary ShfelJ
Designator: u s-# I-J

Butidtag: Nessle'~r 8vildfag

*or f ty Pump Valve Reference Remarks / Assumptions
Dtvision Power Control Instrenarntation

RC I 1 RC-3A-PT3 cables.
RC I I RC-3A-PI4 cables.
RC I I RC-38-PT3 cables.
al I I El-1 cables.
ut I I MI-2 cables.
RC RC-T-1 1-FMA-017 Reactor vessel.
RC I l-FMA-020 RC-3A-PT2 cables.
FN FN-A-1 14MA-023 Fuel handling bridge.
FN FN-A-2 1-FNA-023 Fuel handling bridge.
FN

I I-FMA-023 Incore instruction Jfb
crane.

FM
I 14HA-023 CDR service jf b crane.

(-) FH I l-FNA-024 Reactor butIding crane.
CD RC I l-FMA-020 RG 201 A cable forh IE-3A-PT1.

RC I l-FMA-020 RG 202A cables.
R85 Pipfag Isometric

Drawines
RC5 Pfptng Isometric

Drawings

0415GO22786flHR
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SOURCE AND HITIGATION TABLE

tocation mene. Reactor 8;stidin) Inside and Outste Secondary Shield
Destgaator: us-tz-J
Buf1 ding: TeR T67 Swfiding

9 age 1 ef 2
! Source ')escrfptlen Mitigation of the source

DesCrlption Assisept f ons Reference Reference

Fire and smote Electric Cables I, Fire Hose I, 1-FNA-020 Four in RS-F2-3.
3 -FHA-020 Stations 14NA-021
1-FHA-021 1 FNA-022
1-THA-022 1-FHA-022
14MA-023 14MA-024
54MA-024

3, Iontration I, 1-FHA-020
1-FMA-020 Fire 14MA-021
1-FNA-021 Detection 14MA-022
1-FHA-022 I-FNA-023
14MA-023 14HA-024
3 4MA-024

1 Dry Cheefcal I,14HA-020 One in RS42-3.
1-FMA-020 Fire 1-FMA-021
14 MA-021 Entin- I4 MA-022
14NA-022 gufsher 14MA-023
14NA-023 1-FNA-024
I4MA-024

Flood R85 Pf pe greak or I, Drain Sump 1,14MA420O Inadvertent Actuation 1-FMA-020 in RS-FZ-ec 3-FMA-021*

l-FNA-021 14 HA-022CD
14 MA-022 14MA-023b 14NA-023 1-FMA-024m i-F .-024

RCS Pipe / Vessel 1, I, 1-FMA-020
Break 14MA-020 1-FMA-023

14HA-021 I-FMA-022
1-FMA-022 14MA-023
14 MA-023 14NA-024
14NA-024

Stone RCS Pipe / Vessel 1 RSS 1,14MA-020
Break 1-FMA-020 Reac tor 14HA-021

34MA-02I Butiding 14NA-022
14NA-022 Inergency 14NA-023
14 NA-023 Cooling 14MA-024
14NA-024

Nfssfles CRDM Ejection 1 CRDM I , 1-F NA-020 See I-FMA-022.
3 4MA-02P Missile 14MA-021
14 MA-02% Shield I-FHA-022
14MA422 1-FMA-023
14NA-023 I-FNA-024
1-FMA-024

Falling Objects Crane I, halls I, 1-FMA-020
14HA-020 CRDM 1-FMA-0?l
14MA-021 |1t ssfle 1-THA-022
I-THA-022 shield 14HA-023
14 NA-023 14NA-024
14MA-024

1

6415G022786fENR
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SCENARIO TABLE ,'
q

. .

tocation same: Reactor Buildisq Inside and Outside Secondary Shield
Desi nator: Irs-# I- 391

Bulleing: W34ttu Belldf ag

*
Scenarte L-ry of

Sy.opsf. - - Considered Quantification,,,,
of t'ae Paths of Propagatten for Further Resmits and .Ws* NIII 8I8'" Ana!ysts fyr I FurtherType Searce Source Pors*on 9

' Type Te Actions

fire tiectric 1. Localised. (See Source be, f apact not !
Cables and Mttiga. Important.

tion table.) .
,

Corfined ream (See Source
only.r and M1tf ge- |

tien ta%le.)
5. RS42-la (5ee Source no een s'.F. General *

opentogs. and Mtt1ga- enIlkely.8 s
'tion table.)

,

# (See Sourc no very3.
. General } .R3 4Z-lb .nd m tf .e .nffteir. e C

.

|

,

,ecogs.
even tale.)

.

: I~.

)4 General RB4Z-Ic (Sce Source No very .
i openings. and M111ge- unIthely. * *

| + tien tabfe.) *

O 5. General RS4 Z-Id (See Source No, very
|openings. - and Mt11ge- un1Ikely. g |

-
e

Q3 3 tien table.) '

I |
,

6. General Rt4Z-lo (See Source No very
and Mitiga- un!ftely. ,

!openings. *>
,

tion tabse.) !:s ,

f 1,

y. General RS4 2-2 (See Source No 8ery /topenings. and Mttige- su ik ely.

ties table.) -

Flood R35 8. General Rest of (See Source to tapact 10-2 .

openings, peacter and M1ttga- unimportant. I

Sulldfag tion table.)
"

I
,,_,w ,

|

f Steam, aC5 g. General Rest of (See Source fes. 8 a 10-6 (no action) he pfpe udsfy or other j
i Flood, openings. Reacter and M1tiga. Ceestdered as important f allures,

and pipe Bulldfag tion table.) part of,inttf-
Whty Spe ating events.

local-
,

i f2ed) )

Mtssfies CRDM 30. Confined (See Source No. fapact not 10-5
to RS-FI-3. and Mitiga- feportant. i

tien table.) |

|| Falling Crane II. (See Source No, crane Insignf. Crane not operating durtag |Objects and Mittga- operated only ficant power operations.
tion table.) durtag cold

shutdown.

Smok e Fire 12. Gene.al Rest of (See Source uo, impact 10-3
openings. Reac tor and M1tiga- lon9-ters and

i Sullding tion table.) minimal. |
|

|
|
.
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